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Abstract 

 

Modern eye-tracking technology, a non-invasive modality that records eye movements in response 
to visual stimuli, has shown significant promise as a diagnostic tool for neurological disorders. Its 
capacity to detect subtle abnormalities in ocular motor function, often linked to underlying neural 
circuitry dysfunction, provides a distinct advantage over traditional bedside examinations, which 
may overlook these nuances and typically require more advanced or invasive diagnostic 
modalities. Moreover, these advanced methods are not always readily available in routine clinical 
practice and may not capture the valuable insights that eye-tracking can provide. 

Despite its potential, the application of eye-tracking has largely remained confined to research 
settings, often restricted by a narrow focus on specific neurological conditions and a reliance on 
individualized data analysis. This has impeded its broader adoption in clinical neurology, where 
standardized, scalable, and automated diagnostic tools are essential. 

In this project, we aimed to bridge this gap by developing a comprehensive and automated 
Diagnostic Eye-Tracking Study (DETS) tailored for routine clinical practice. We established 
standardized protocols incorporating relevant visual stimuli and tasks, and defined biometrics 
that are both informative and practical for clinical neurology. Additionally, we developed an 
advanced analytical software platform capable of generating both quantitative and qualitative 
results, ensuring robust and clinically relevant interpretations. 

To validate our approach, we conducted a pilot study that demonstrated the efficacy and feasibility 
of the protocols, as well as the validity and reliability of our automated analytical software. The 
study confirmed that our approach offers a valuable ancillary tool to enhance diagnostic accuracy 
across a range of neurological disorders. By integrating this tool into standard neurological 
assessments, we anticipate a significant improvement in patient outcomes. 
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Introduction 

 

The extensive anatomical and functional distribution of eye movement circuitry throughout the 
nervous system results in eye movement aberrations being prevalent in a wide range of 
neurological disorders.[1] This omnipresent involvement of ocular motor control underscores the 
important role of eye movement aberrations as indicators of underlying neurological conditions 
(Table 1). Detecting and evaluating specific patterns of these abnormalities, in conjunction with 
clinical features, can significantly enhance our understanding of various neurological 
disorders.[2,3]  

However, the gross bedside oculomotor examination, a routine component of neurological 
assessment, relies heavily on subjective observation, which is contingent upon the examiner's 
expertise and experience.[4] Consequently, many neurological disorders that do not directly and 
substantially affect the oculomotor system may not present with overt eye movement 
abnormalities but rather with subtle aberrations that may not be promptly captured through 
observation.[5] Furthermore, bedside examination fails to objectively quantify and qualify the 
physical characteristics of these aberrations, emphasizing the potential of high-resolution ocular 
motility assessments as a supplemental diagnostic tool to reveal disorder-specific characteristics 
of eye movement abnormalities in neurological disorders.[6] 

Recent advancements in eye-tracking technology have facilitated the precise, objective, and 
reproducible measurement of eye movement aberrations.[7] Compared to other advanced 
diagnostic modalities, modern eye-tracking systems are non-invasive, less resource-intensive, and 
do not require specialized facilities, making them suitable for use in various settings, including 
neurology clinics.[8] Recent studies have highlighted the diagnostic potential of eye-tracking 
technology across a range of neurological disorders. For instance, eye-tracking has shown promise 
in the early detection of movement disorders, identifying subtle eye movement changes that 
precede motor symptoms in Parkinson's disease, thus allowing for earlier intervention and 
monitoring before significant neuronal loss occurs.[9 15] 

Similarly, specific patterns of saccadic and pursuit impairments have been shown to correlate 
with disease severity and cognitive decline in neurodegenerative conditions such as Alzheimer's 
disease.[16 18] Eye-tracking has also been utilized to enhance stroke diagnosis by quantifying eye 
movements to detect subtle abnormalities that may be missed in early imaging, highlighting its 
potential utility in acute neurological assessments.[19,20]  Additionally, eye-tracking has been 
employed to distinguish between different types of ataxias, revealing distinct eye movement 
abnormalities among spinocerebellar ataxia subtypes, further supporting its role as a non-invasive 
biomarker for differential diagnosis.[21,22] 

The advancements and advantages in eye-tracking, combined with growing evidence of its ability 
to enhance diagnostic accuracy, prognostication, disease progression monitoring, and treatment 
efficacy across various neurological disorders, reinforce its potential as a valuable addition to 
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existing diagnostic modalities in clinical practice. Hence, expanding its application beyond current 
application, limited to research settings, could provide clinicians with objective data to improve 
decision-making processes. 

However, despite its promising potential, several limitations currently hinder the widespread 
adoption of eye-tracking in routine clinical practice. These limitations include the lack of 
standardized protocols with clinically relevant biometrics and corresponding normative data, as 
well as the recognition of characteristic-specific patterns for various neurological conditions.[8,23] 
Addressing these challenges will require the development of standardized protocols and 
automated analytical software tailored to clinical neurology. 

Current eye-tracking software solutions provided by system vendors are primarily designed for 
marketing and behavioral studies.[24] For example, platforms like Tobii® Pro Lab offer eye-tracking 
solutions that mainly focus on user interactions with presented content, generating heatmaps that 
highlight areas of high visual attention.[25] While such software are useful for general behavioral 
studies, they do not meet the nuanced requirements needed for analyzing neurological disorders, 
which often involve subtle and complex eye movement abnormalities. Despite the high precision 
and sampling rates offered by eye-tracking hardware, these software solutions lack the necessary 
granularity and precision for processing and analyzing data in clinical settings.[26,27] 

Studies investigating eye-tracking in neurological disorders often employ custom-made analytic 
software developed by research teams for specific study purposes. These systems are tailored to 
the unique hypotheses and methodologies of each study, leading to considerable variability in 
design, limited functionality, and a lack of comprehensive standardized testing protocols.[28,29] 
Additionally, these solutions often require manual intervention for case-based analysis, lacking 
the automation and scalability necessary for widespread clinical application. As a result, they are 
not suitable for automated mass testing, limiting their use to controlled research settings rather 
than routine clinical practice.[30,31] 

 

Aims and Objectives 

The aim of this project was to adopt and utilize eye-tracking as a routine diagnostic modality in 
clinical neurology akin to nerve conduction study. 

The primary objectives of this project were to: 
1. Provide an overview of eye-tracking to evaluate eye movements. 
2. Develop a comprehensive battery of eye-tracking protocols with appropriate visual stimuli for 

fixation, saccades, pursuit, optokinetic nystagmus, prosaccades, and antisaccades. 
3. Define protocol specific informative biomarkers pertinent to various neurological conditions. 
4. Develop analytical software capable of implementing advanced signal processing algorithms. 
5. Validate the software and obtain normative data through a pilot study. 
6. Present qualitative and quantitative data of selected cases that illustrate the benefit of eye 

tracking to clinical neurology  
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Gaze Stabilization 

Fixation (Foveation) 

When both the object of interest and the head are static, minuscule eye movements such as tremor, 
drift, and microsaccades enhance visual acuity by optimizing the quality of light received by foveal 
photoreceptors, thereby ensuring better spatial resolution for cortical image processing.[71,90] 
Color-specific retinal photoreceptors (L-cone, M-cone, S-cone) respond most effectively when 
exposed to a coherent and well-defined spectrum of frequencies within their activation range.[91] 
However, these photoreceptors quickly undergo desensitization (fatigue), making the small eye 
movements essential to prevent continuous activation by the same light ray.[85,92] Additionally, 
microsaccades enhance contrast sensitivity by engaging more rod receptors as well as correcting 
physiological drifts that shift the image off the fovea, a consequence of the tonic activity of 
extraocular muscles.[93] 

Oculomotor neurons exhibit characteristic burst, tonic, and inhibitory activities, leading to pulse 
and step actions. The pulse initiates eye movement by driving muscle contraction, while the step 
maintains the eye’s position through sustained muscle tonicity. Simultaneously, inhibitory 
neurons suppress activity in the antagonist muscles. These actions are coordinated by brainstem 
structures, including the nucleus prepositus hypoglossi for horizontal eye movements and the 
interstitial nucleus of Cajal for vertical movements (Figure 1). [1,94] 

 

 

Figure 1: Motor neuron firing patterns for horizontal saccades and vergence movements. [95] 

 

Dysfunctions in gaze stabilization typically manifest as intrusions during fixation. For example, 
jerk nystagmus is commonly associated with peripheral vestibular dysfunction, while central 
vestibular dysfunction, such as that resulting from brainstem or cerebellar lesions (e.g., pontine 
strokes), can present with pure vertical or torsional jerk nystagmus.[96] Pendular nystagmus is 
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frequently observed in congenital disorders like albinism, and in acquired conditions involving 
demyelination in the brainstem or cerebellum, such as multiple sclerosis.[97] Gaze-evoked 
nystagmus can be due to lesions in the cerebellum, particularly in the flocculus and paraflocculus, 
which disrupt the neural integration necessary to maintain eccentric gaze positions. This form of 
nystagmus can also indicate cerebellar degenerative diseases such as spinocerebellar ataxia, 
acute cerebellar strokes, or drug toxicity (e.g., phenytoin, carbamazepine).[98] 

Downbeat nystagmus is often associated with disorders affecting the craniocervical junction, such 
as Chiari malformation, or with lesions in the cerebellar flocculus.[99] Upbeat nystagmus can be 
linked to lesions in the medulla or midbrain, as seen in conditions like Wernicke’s 
encephalopathy.[100] Additionally, see-saw nystagmus may be observed in parasellar lesions 
affecting the optic chiasm, such as pituitary tumors.[101] Furthermore, saccadic intrusions and 
oscillations during fixation, including square-wave jerks, ocular flutter, and opsoclonus, are 
commonly seen in cerebellar disease, demyelinating conditions, or paraneoplastic syndromes.[102] 

 

Vestibulo-Ocular Reflex 

These corrective eye movements hold the image steady during brief or rapid head movement while 
the field of view remains static. The Vestibulo-ocular reflex is mediated by the semicircular canals 
and otolith organs of the inner ear, which detect head motion and send signals via the vestibular 
nuclei to the oculomotor nuclei to stabilize gaze.[1] 

 

Optokinetic Eye Movement 

When the head is static but the entire visual field moves across the retina (retinal slip), 
compensatory eye movements are triggered to stabilize the image on the retina. These movements, 
known as optokinetic nystagmus (OKN), are driven by changes in the tonic firing rate of oculomotor 
neurons that move the eyes in the direction of the visual field movement, followed by burst firing 
in neurons that move the eyes in the opposite direction, causing a rapid return to the primary 
position.[1] The accessory optic system (AOS) initiates these movements when retinal slip is 
detected; otherwise, the foveation system overrides the optokinetic response (Figure 2).[103,104] The 
gain of OKN is controlled by the cerebellum, similar to vestibulo-ocular reflexes, so lesions in this 
pathway can lead to significant deficits in both reflexes.[105] 

Clinically, the OKN response can be elicited by presenting a succession of moving visual stimuli at 
angles of 5 to 10 degrees. Responses in one direction are compared with those in the opposite 
direction. Asymmetric OKNs may indicate parietal lobe pathology, such as a mass-occupying 
lesion, whereas partial field deficits from occipital lobe lesions typically do not affect OKN. OKN 
assessment can also reveal slowed adducting saccades in subtle cases of internuclear 
ophthalmoplegia and accentuate nystagmus in the abducting eye. Additionally, OKN abnormalities 
may appear early in the course of progressive supranuclear palsy.[105 107] 
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Gaze Shifting 

Saccadic Movements 

Saccades are brief, rapid eye movements that redirect the eyes toward visual targets. During a 
saccade, the visual system suppresses incoming visual input, making these movements generally 
unnoticeable.[1,109] The visual association cortex ensures visual constancy by integrating 
information from each fixation into a seamless representation of the visual world. The superior 
colliculus plays a key role in guiding saccades by integrating visual, auditory, and somatosensory 
information, while the cerebellum fine-tunes saccadic accuracy and provides adaptive 
control.[110,111] 

 

Saccades Circuitry 

The frontal eye field (FEF) generates command signals to initiate eye movements in the 
contralateral direction. Neurons in the FEF calculate the direction and amplitude of these 
movements, sending motor signals to the caudate nucleus and the superior colliculus via the 
internal capsule, crus cerebri, and corticotectal tract. The superior colliculus then relays these 
signals to the vertical and horizontal gaze centers located in the midbrain and paramedian pontine 
reticular formation (PPRF), respectively (Figure 3).[112] 

 

 

Figure 3: Supranuclear Control.[95] 
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The vertical gaze center, located in the midbrain reticular formation, controls the lower motor 
neurons in the oculomotor and trochlear nuclei. The horizontal gaze center, located in the PPRF, 
controls the lower motor neurons in the ipsilateral abducens nucleus and, via the contralateral 
medial longitudinal fasciculus, controls the contralateral oculomotor nucleus. The superior 
colliculus receives afferent inputs from the retina, inferior colliculus (which processes auditory 
information), visual association areas of the parietal lobe, and basal ganglia. These inputs allow 
the superior colliculus to modulate the signals that determine the amplitude and direction of 
saccades (Figure 4).[113,114] 

 

 

Figure 4: Horizontal saccades pathway. EBN, Excitatory Burst Neuron Area; IBN, Inhibitory Burst Neuron 
Area.[95] 

 

Basal ganglia structures, including the caudate nucleus and substantia nigra, modulate the activity 
of the superior colliculus through direct and indirect pathways. The caudate nucleus receives 
excitatory input from the FEF and sends inhibitory signals to the substantia nigra. The substantia 
nigra, in turn, sends inhibitory signals to the superior colliculus. However, this inhibition is 
controlled by the direct input from the caudate nucleus. The role of the substantia nigra pars 
reticulata in inhibiting the superior colliculus is essential for the suppression and voluntary 
control of saccades (Figure 5).[115,116] 
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Figure 5: Superior colliculus pathways. [95] 

 

The superior colliculus sends axons to the gaze centers via the tectospinal tract and can initiate 
and control saccades independently of the FEF.[117] While the FEF primarily initiates voluntary and 
memory-guided (task-specific) saccades, the superior colliculus is responsible for initiating 
reflexive saccades. Voluntary saccades are typically not triggered by visual stimuli; instead, visual 
control occurs after the eye movement.[115] The posterior parietal visual association cortex, part 
of the dorsal visual stream, assesses whether the visual target has been successfully acquired and 
sends corrective signals to the FEF and superior colliculus if the target is not in view. Additionally, 
the FEF plays a role in predicting and anticipating target motion, which is essential for initiating 
predictive saccades.[114] 

Saccadic dysfunction can result from lesions in the FEF, parietal cortex, superior colliculus, 
cerebellum, brainstem, and basal ganglia. Lesions in the FEF typically cause a transient inability 
to generate contralateral saccades, as observed in acute strokes affecting the FEF. In contrast, 
chronic FEF lesions may lead to increased latency and decreased accuracy of voluntary saccades. 
Damage to the parietal cortex, particularly the intraparietal sulcus, can impair the initiation and 
accuracy of visually guided saccades. This is exemplified in Balint’s syndrome, where patients 
have difficulty shifting gaze to visual stimuli, a condition known as oculomotor apraxia.[34,47,113,118] 
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Lesions in the superior colliculus can lead to reduced saccade frequency, increased saccade 
latency, and impaired visual attention. For instance, in Parkinson’s disease, dysfunction of the 
basal ganglia and its projections to the superior colliculus can result in hypometric saccades and 
increased latency due to impaired saccadic initiation and reduced dopaminergic input. Lesions in 
the basal ganglia, particularly the caudate nucleus, can disrupt the initiation and control of 
saccades. In Huntington’s disease, slow and hypometric saccades are characteristic, stemming 
from impaired saccadic burst neuron activity. Additionally, saccadic intrusions and square-wave 
jerks are commonly observed in neurodegenerative disorders such as progressive supranuclear 
palsy and multiple system atrophy.[34,119,120] 

Hypometric saccades are generally indicative of cerebellar dysfunction, specifically involving the 
cerebellar vermis, which plays a role in controlling the amplitude of saccades. Hypermetric 
saccades are often associated with dysfunction in the cerebellar output pathways, particularly 
involving the fastigial nucleus also known as the fastigial oculomotor region. The fastigial nucleus 
is involved in controlling saccadic accuracy, and lesions here can lead to overshooting 
(hypermetric saccades) due to impaired inhibitory control. For example, cerebellar ataxia often 
presents with hypermetric saccades due to disrupted cerebellar output to the brainstem saccadic 
generators. Slow saccades can also be a sign of brainstem lesions. Lesions affecting the PPRF can 
lead to horizontal saccade slowing, while lesions in the midbrain, particularly those involving the 
rostral interstitial nucleus of the medial longitudinal fasciculus (riMLF), can impair vertical 
saccades.[34,47,121] 

 

Pursuit Movements 

Pursuit movements are voluntary, smooth, and continuous eye movements, with their velocity and 
trajectory determined by the motion of the visual target.[77] These movements require a moving 
visual stimulus to initiate and can smoothly track speeds up to approximately 30 degrees per 
second; beyond this speed, pursuit movements often become interspersed with catch-up saccades 
to maintain foveation.[122] Interestingly, this threshold velocity correlates with the brain's 
processing capacity for high-acuity vision, as the visual cortex processes dynamic visual 
information at approximately 15 frames per second, and the fovea covers about 2 degrees of the 
visual field.[123 127] 
 

Pursuit Circuitry 

Neurons in the temporal eye field (TEF), located in the medial superior temporal (MST) and inferior 
parietal cortex, are involved in the initiation and guidance of smooth pursuit eye movements by 
computing the direction and velocity of a moving visual target.[128] These neurons project to the 
dorsolateral pontine nucleus (DLPN) and also send input to the FEF neurons, which, in turn, 
project to the DLPN. The FEF neurons initiate smooth pursuit based on input from the TEF neurons 
but do not directly guide the pursuit. The MST area is specifically responsible for processing 
motion signals and integrating them to generate appropriate smooth pursuit responses.[129,130] 
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The DLPN computes the direction and velocity of eye movement necessary to match the moving 
target’s trajectory and sends excitatory projections that decussate and terminate in the 
contralateral cerebellum. Within the cerebellum, the flocculus and paraflocculus are particularly 
important for the modulation and maintenance of eye movements. These cerebellar regions send 
projections to the vestibular nuclei, which are involved in coordinating the antagonist muscle 
activities. The vestibular nuclei then send projections to the paraabducens nuclei.[130,131] 

This double crossing in the horizontal smooth pursuit pathway results in eye movements in a 
direction ipsilateral to the cortical neurons. Through continuous feedback and adjustment, the 
cerebellum ensures that smooth pursuit remains accurate and stable, accommodating changes in 
target motion and maintaining foveation on moving objects. The MST area is involved in processing 
motion signals and integrating them to generate pursuit movements, while the cerebellar flocculus 
and paraflocculus are essential for maintaining the accuracy and stability of these movements 
(Figure 6).[98,102,131] 

 

 

Figure 6: Smooth Pursuit pathway. [95] 
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Lesions in the FEF can lead to deficits in initiating smooth pursuit and impair predictive tracking 
of moving targets. Patients with FEF damage often struggle to initiate pursuit and may rely more on 
catch-up saccades due to impaired predictive control. This is particularly evident in patients with 
stroke or traumatic brain injury affecting the frontal lobes.[132] Lesions in the parietal cortex, 
especially the posterior parietal cortex, disrupt the integration of visual motion signals and 
attentional mechanisms necessary for smooth pursuit. This disruption can result in decreased 
pursuit gain and increased reliance on catch-up saccades to maintain foveation on moving targets. 
For example, patients with lesions in the right parietal cortex may exhibit ipsilateral pursuit 
deficits, such as reduced smooth pursuit velocity and accuracy when tracking rightward-moving 
targets.[133] 

Basal ganglia involvement, particularly in diseases like Parkinson’s disease, can affect smooth 
pursuit by disrupting the modulation of pursuit gain and the initiation of eye movements. 
Parkinsonian patients often exhibit hypometric smooth pursuit with frequent catch-up saccades, 
reflecting the diminished dopaminergic input to the pursuit pathways.[134] Lesions in the superior 
colliculus can also impair smooth pursuit by disrupting the integration of sensory input and motor 
output necessary for smooth tracking, resulting in both decreased pursuit gain and an increased 
number of catch-up saccades.[135,136] 

Lesions involving the cerebellum, particularly the flocculus and paraflocculus, lead to a reduction 
in pursuit gain and an increased frequency of catch-up saccades. For instance, individuals with 
cerebellar degeneration or atrophy may present with severely impaired smooth pursuit, 
characterized by low gain and numerous catch-up saccades to compensate for the inability to 
smoothly follow moving objects. Disorders such as spinocerebellar ataxia often demonstrate these 
pursuit abnormalities.[1,22,45] Lesions in the dorsal pontine nuclei can disrupt the relay of visual 
motion information from the cortex to the cerebellum, resulting in pursuit impairments. 
Additionally, damage to the vestibular nuclei, which integrate signals for head and eye movements, 
can impair pursuit, especially during head movements, as seen in conditions like lateral medullary 
syndrome (Wallenberg’s syndrome).[137,138] 
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Eye Tracking 

Historically, various methods have been used to capture and analyze eye movements. 
Electrooculography (EOG) measures the electrical potential difference between the front and back 
of the eye using electrodes placed around the eyes. While effective for detecting large eye 
movements, EOG lacks the precision required for detailed gaze tracking. Scleral search coil 
systems, which involve placing a contact lens embedded with a wire coil on the eye, offer high 
precision by measuring induced voltage as the coil moves within a magnetic field. However, this 
method is invasive and uncomfortable for the patient.[139] 

Modern eye trackers utilize cameras to capture images of the eye illuminated by infrared light 
(Figure 7). These systems are non-invasive, highly accurate, and well-suited for clinical 
applications. Unlike other methods, infrared eye trackers do not require direct contact with the 
eye and can achieve high precision in detecting eye movements, often with spatial resolutions 
below 0.1 degrees of visual angle. They typically employ infrared LEDs that provide consistent, 
non-intrusive illumination, invisible to the human eye (700-900 nm), and high-speed cameras 
capable of capturing images at rates ranging from 300 Hz to over 1200 Hz. This high capture rate 
is particularly advantageous for detecting subtle eye movement abnormalities.[140 142] 

 

 

Figure 7: Tobii Pro Spectrum eye tracker.[143] 

 

Visual stimuli are presented to the subject on a display, which can either be integrated with the 
eye tracker or connected to a separate monitor. A dedicated processing unit calculates the point of 
gaze from the captured images in real-time and transmits the data to a connected computer, where 
specialized software manages data acquisition. To determine the point of gaze, the camera 
captures reflected infrared light, producing images that emphasize the bright pupil and corneal 
reflection. The infrared light reflecting off the retina creates a bright pupil effect, similar to the red-
eye effect in photography, enhancing the contrast between the pupil and the surrounding iris. 
Additionally, the infrared light reflects off the cornea, producing a glint or corneal reflection.[141] 
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The point of gaze is determined by analyzing the relative positions of the pupil and the corneal 
reflection. Advanced image processing algorithms, such as the Hough Transform, are employed to 
detect the circular shape of the pupil in the captured images. Techniques like edge detection and 
thresholding further isolate the pupil from the surrounding iris, enhancing detection accuracy. 
Geometric relationships between the eye's center, the corneal reflection, and the camera are then 
used to calculate the gaze point. Polynomial regression is applied to map the detected 3D geometry 
of the eye position to screen coordinates. Subsequently, post hoc data analysis software extracts 
and interprets information from the recorded eye movement data (Figure 8).[144 146] 

 
Figure 8: 3D coordinate system.[147] 

 

Eye-Tracking Test 

The eye-tracking test is designed to evaluate various aspects of eye movement through a 
systematic and controlled procedure. The patient is comfortably seated with a clear view of the 
screen, and their head is stabilized using an adjustable chinrest to minimize head movements. The 
eye tracker should be centrally positioned at an arm length distance from the patient's eyes to 
ensure measurement accuracy. Patients receive clear instructions about the procedure and its 
purpose, emphasizing the importance of remaining still, maintaining focus on the visual target, and 
following the stimuli with their eyes while avoiding head movements. Regular rest intervals may 
be provided to prevent eye strain and ensure sustained performance throughout the test. 

The testing environment should be controlled for lighting and distractions to maintain consistent 
conditions for all patients. Proper screening for patient factors that might influence the results, 
such as visual acuity, cognitive status, fatigue, or medication use, is essential to ensure the 
reliability and validity of the test outcomes. Overall, the patient's ability to comprehend and adhere 
to the instructions, their physical capability to perform the test, the precise setup of the equipment, 
and the control of external variables are all critical components for obtaining reliable eye-tracking 
data.[8,142,148,149] 
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Calibration Process 

During calibration, a series of targets are displayed sequentially at various points on the screen for 
a few seconds, and the patient is instructed to fixate on each target as it appears. The eye tracker 
collects data on the patient's eye position, creating a personalized model of the eyes' geometrical 
characteristics and the spatial relationship between the eyes and the screen. This process is 
repeated until acceptable accuracy is achieved. Calibration defines and adjusts the parameters 
necessary to transform the 2D image of the eye, captured by the tracker, into accurate 3D 
coordinates. These parameters account for the user's specific eye characteristics within the 
testing environment and can be influenced by individual anatomical variations, device positioning, 
and environmental conditions such as lighting. Proper calibration ensures that this transformation 
is precise, enabling the system to correctly and reliably map the 3D gaze coordinates.[142,150,151] 

 

Visual Stimuli 

During the eye-tracking test, a series of protocols are employed, each designed to evaluate specific 
aspects of eye movement. These protocols involve presenting visual stimuli on the display along 
with a task tailored to the purpose of the test and the aspect of eye movement being analyzed. For 
example, a moving dot across the screen with a task to follow it is used for the assessment of 
smooth pursuit.[123,140] Static stimuli include stationary targets, such as dots, which the patient is 
instructed to fixate on. These are useful for assessing fixation stability and identifying disorders 
related to fixational eye movements. Dynamic stimuli involve moving targets, such as a dot 
traveling across the screen in a predictable pattern, and are used to evaluate smooth pursuit. 
Complex stimuli require the integration of higher-order cognitive functions with ocular motor 
control, such as anti-saccades, where the patient must look in the opposite direction of a 
stimulus.[152,153] 

 

Data Processing 

The eye tracker continuously captures the patient's eye gaze data in response to stimuli with high 
spatial and temporal resolution. This data is streamed in real-time to a connected computer, where 
specialized software records the raw data and applies advanced algorithms for processing and 
analysis. The data processing workflow includes transformation, interpolation, denoising, and 
normalization.[142] Transformation algorithms convert the raw 3D geometric coordinates of eye 
positions, initially recorded in pixels, into units of interest such as millimeters or degrees. After 
transformation, interpolation techniques fill short periods of data loss to maintain continuity while 
preserving data integrity. These algorithms estimate the missing data points based on the 
surrounding data, commonly using linear interpolation.[30,145] 
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The raw data typically consists of time-series coordinates (x, y) representing gaze points over time. 
However, this data is often contaminated with noise and artifacts from various sources, including 
blinks, eye tracker hardware, environmental disturbances, and the intrinsic electronic digitization 
of analog input. Several techniques can be employed for denoising and smoothing the data, each 
with its own advantages and limitations. The choice of method depends on the study's objectives 
and the nature of the data. Effective denoising should differentiate genuine eye movement signals 
from noise while retaining the essential characteristics of the original signal, particularly edges 
and deflections that may correspond to true eye movement aberrations. Distortion of these 
features can lead to incorrect and potentially misleading results.[148,154,155] 

Low-Pass Filter: This simple method is commonly used to remove high-frequency noise and 
interference, such as muscle contractions in EEG signals. However, it is not well-suited for eye-
tracking because it removes high-frequency components that are not noise while retaining low-
frequency noise, which is more common in eye-tracking data.[156] 

Moving Average: This method replaces each data point with the average of its neighbors within a 
sliding window. The effectiveness depends on the window size in a manner in which a larger 
window may blur important transitions, while smaller windows may fail to filter out noise 
effectively. Additionally, it is also prone to smoothing noise, making it appear as genuine eye 
movement.[157] 

Gaussian Filter: This method uses weighted averaging based on a Gaussian distribution. It offers 
better edge preservation than a simple moving average but may still significantly smooth out 
deflections if the data does not follow a Gaussian distribution, which is often the case with eye 
movement data.[158] 

Moving Median: This method reduces noise by smoothing out spikes and irregularities, replacing 
each data point with the median value within a sliding window. It is reliable for addressing short-
term fluctuations with a small window size but can significantly distort data with long-term 
fluctuations when a large window size is used.[159] 

Wavelet Transform: An advanced computational method, wavelet transform decomposes the 
signal into different frequency components and applies thresholding to remove noise. It is a time-
based derivative of Fourier transform and is highly effective for waveform signals, such as digital 
audio noise cancellation in headphones.[160] 

𝑊𝜓(𝑠, 𝑢) =  ∫ 𝑥(𝑡)𝜓 (
𝑡 − 𝑢

𝑠
)  𝑑𝑡  

𝑊𝜓(𝑠, 𝑢) is the wavelet transform coefficient, 𝑥(𝑡) is the input signal, 𝜓(𝑡) is the mother wavelet, 𝑠 is the scale 

parameter, 𝑢 is the translation parameter, and 𝜓 denotes the complex conjugate of the mother wavelet. 
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Savitzky-Golay Smoothing: This advanced computational method fits a polynomial to a window of 
data points and evaluates the polynomial at the central point. This process is repeated for each 
data point within a sliding window, resulting in a smooth approximation that preserves the 
integrity of the original signal. The polynomial coefficients are calculated using the least squares 
fitting method, making this technique particularly effective in preserving edges and 
deflections.[161] 

𝑦𝑖 =  ∑ 𝑐𝑗𝑥𝑖+𝑗

𝑘

𝑗=−𝑘
 

𝑦𝑖  is the smoothed data point, 𝑥𝑖+𝑗  are the raw data points, 𝑐𝑗  are the coefficients derived from the least 

squares polynomial fitting, and 𝑘 is the half-window size. 

 

Following denoising, normalization is applied to correct systematic errors, ensuring that variations 
due to hardware inconsistencies or environmental factors are minimized. This process helps 
ensure that the recorded gaze points accurately represent the actual gaze points. These 
adjustments are based on the technical parameters of the eye tracker, such as its accuracy, 
precision, and degree of error.[162] 

 

Data Analysis 

Accurate calculation of biometric parameters relies on the precise detection of specific eye 
movement events. Event detection involves identifying fixations (where the eye remains relatively 
stationary) and saccades (rapid eye movements between fixations). This phase is particularly 
challenging due to physiological variations, noise, artifacts, and movements unrelated to the actual 
task. Common methods, such as velocity thresholds, are used to delineate these events.[19,142] 

Following event detection, biometrics such as average fixation duration, spatial dispersion of 
fixations, saccade amplitude, peak velocity, and saccade duration are calculated. Additionally, 
visual representations of eye movement data, such as heat maps and fixation distributions, are 
generated to illustrate areas of high fixation concentration and variability in fixation points.[8,148] 
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Methods 

 

All procedures involving human subjects were conducted in accordance with the ethical standards 
and guidelines of the institutional and national research committee, and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards. Prior to the 
commencement of the study, the research protocol was reviewed and approved by the University 
of KwaZulu-Natal Biomedical Research Ethics Committee (BREC/00006696/2024), the Provincial 
Health Research Committee of the KwaZulu-Natal Department of Health (NHRD Ref: KZ 202403 
020), and Inkosi Albert Luthuli Central Hospital in Durban, South Africa (Appendix 3). 

 

Experimental design 

Participants 

Participants were recruited through voluntary participation from the staff and patient population 
of the Department of Neurology at Inkosi Albert Luthuli Central Hospital, University of KwaZulu-
Natal, Nelson Mandela School of Medicine, Durban, South Africa, between June 24, 2024, and 
August 1, 2024. The healthy group comprised staff members from the Departments of Neurology 
and Neurophysiology, with study sessions conducted at their convenience during off-duty hours. 
The patient group included individuals from the Neurology outpatient clinic and inpatients 
admitted to the Neurology ward. For clinic patients, the study was conducted on the same day as 
their clinic visit, while for ward patients, it was conducted at a time convenient for them during 
their hospital stay. 

Prospective participants received general information about the study, and those expressing 
interest underwent eligibility assessments, including a health and diagnostic review. Detailed 
medical histories were collected to identify potential confounding factors such as current 
medications, comorbidities, and primary diagnoses. Comorbidities were categorized using a 
predefined list, including: cardiovascular disease, diabetes mellitus, hypertension, 
immunocompromised conditions, kidney disease, hepatic disease, none, pulmonary disease, 
raised body mass index, psychiatric disorders, rheumatologic disease, and smoking. Ethnicity was 
also categorized using a predefined list: African, Asian, European, Middle Eastern, Mixed, Other, 
or South American. 

Primary diagnoses were similarly categorized as follows: AIDP, atypical parkinsonism, 
autoimmune disorder, autonomic disorder, brainstem disorder, cerebellar disorder, 
channelopathy, CIDP, cognitive impairment, COVID-related disorder, cranial nerve disorder, 
dyssomnia, dystonia, encephalitis, encephalopathy, headache, hereditary neuropathy, HIV-
associated disorder, HTLV-1–associated disorder, Huntington disease, hyperkinesia, idiopathic 
intracranial hypertension, intracranial hypotension, ischemic stroke, leukoencephalopathy, 
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meningitis, metabolic neuropathy, migraine, mononeuropathy, mononeuropathy multiplex, motor 
neuron diseases, movement disorder, MOGAD, multiple sclerosis, myelitis, myelopathy, 
neuromuscular disorder, neuropathic pain, NMOSD, normal, normal-pressure hydrocephalus, 
Parkinson disease, plexopathy, prion disease, sarcoidosis, seizure disorder, secondary 
malignancy, structural disorder, transient ischemic attack, tremor, and vascular disorders. 

Candidate suitability was further assessed through the Mini-Mental Status Exam (MMSE). For the 
healthy group, visual acuity and fundoscopic examinations were not conducted, as participants 
were included based on known acceptable visual acuity. Similarly, in the patient group, these 
assessments were not repeated, as all neurology patients at the hospital routinely undergo visual 
acuity and fundoscopic examinations during their clinical evaluations, with results documented in 
their medical records. Patients with significant peripheral visual field deficits or enlarged blind 
spots were excluded. 

The study's setup required a functional visual field extent of 44° horizontally and 22° vertically 
(normal visual field: 180° horizontal, 135° vertical). The blind spot is located approximately 12–15 
degrees temporally and 2 degrees caudally.[163] Given the localization of the blind spot within the 
eye-tracking testing field, blind spot enlargement was considered a significant factor impacting the 
performance of the eye-tracking study. Consequently, blind spot assessment was a specific focus 
during participant evaluation. 

Informed consent was obtained from individuals meeting the inclusion criteria (Appendix 2). The 
consent process involved providing participants with comprehensive information about the 
study's purpose, procedures, potential risks, and benefits, ensuring their full understanding and 
voluntary agreement to participate. Data handling procedures were meticulously designed to 
ensure the security and integrity of the collected information, with all data anonymized and 
securely stored to prevent unauthorized access. 

 

Inclusion and Exclusion Criteria 

Participants were divided into two groups: healthy subjects and patients with neurological 
diseases. Inclusion criteria included being 18 years of age or older, having normal or corrected-to-
normal vision, the ability to understand and follow instructions, willingness and ability to provide 
informed consent, and the clinical and physical capability to complete the eye-tracking study. 
Exclusion criteria included a history of comorbid psychiatric conditions, a history of eye diseases 
or surgeries, a history of photosensitive migraine or epilepsy, a history of illicit substance abuse, 
current use of medications that may affect eye-tracking performance, and any other condition that 
could interfere with the eye-tracking testing. 
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Participants were seated (or positioned, if in a wheelchair) at a desk in front of the display, with 
their heads resting on an adjustable chinrest. A calibration procedure was conducted before each 
test, during which the chinrest height and the eye tracker were adjusted for both the participant's 
comfort and to align their primary line of sight with the center of the screen. Participants were 
offered breaks between protocol sessions, and if a break was taken, the calibration process was 
repeated. Participants could also request breaks at any point during the recording, with the 
recording process being restarted as needed. During each recording, the proctor monitored real-
time gaze location on the host monitor using vendor-provided software (Tobii Pro Lab) to ensure 
compliance. The ambient luminance of the testing room was maintained at 60 ± 10 lux throughout 
the experiment, and participants were shielded from external distractions to maintain focus 
during the test sessions (Figure 9). 

The calibration process was conducted using the default protocol provided by the Tobii Pro Eye 
Tracker Manager software. Through calibration, after verifying head position, a five-point 
calibration was performed, during which participants were instructed to fixate on calibration 
targets as they appeared on the screen. If necessary, the calibration process was repeated until 
satisfactory accuracy was achieved. Following calibration, the main diagnostic eye-tracking study 
protocol battery was conducted. The stimuli were presented using the vendor-provided software, 
Tobii Pro Lab. The entire eye-tracking test session lasted approximately 15 minutes. 

A custom software application was developed by the principal investigator to automate the entire 
testing process (Appendix 1). This software was coded to streamline the testing procedure, data 
processing, artifact elimination, data analysis, and the qualitative and quantitative presentation of 
results. It manages participant information acquisition, including demographics, initiates the 
"Tobii Pro Eye Tracker Manager" for calibration, and subsequently launches "Tobii Pro Lab" for 
stimuli presentation and recording. Upon completion of all recordings, the software automatically 
exports the recorded data from Tobii Pro Lab, performs data processing and analysis, calculates 
biometrics, generates trajectory plots, and creates a PDF report, thereby eliminating the need for 
manual interactions or case-based adjustments. Additionally, the software stores the quantitative 
results in a built-in database (Data Bank) for future meta-analyses. 

  

Figure 9: Eye-tracking test setup (subjects consented to publish these images).  
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Technical Parameters 

The Tobii Pro Spectrum eye tracker used in this project offers a sampling frequency of 600 Hz. The 
device's accuracy is notable, with head-supported accuracy down to 0.15 degrees and precision 
maintained at 0.06 degrees RMS (Root Mean Square) under optimal conditions. The mean latency 
of the eye tracker is less than 2 milliseconds, with a gaze recovery time of less than 150 
milliseconds. The eye tracker is equipped with a 23.8-inch IPS LED backlight screen (EIZO 
FlexScan EV2451) featuring a 16:9 aspect ratio and a resolution of 1920 × 1080 pixels, pre-mounted 
for stimuli presentation. 

Given the operating distance of 55-70 cm from the screen, the maximum horizontal gaze angle is 
±25 degrees from the center (50 degrees visual angle), and the maximum vertical gaze angle is ±14 
degrees from the center (28 degrees visual angle). The eye tracker supports binocular eye tracking 
and provides raw, unprocessed gaze data. The Tobii Pro Spectrum is managed using the Tobii Pro 
Lab software platform, which facilitates stimuli presentation and data recording. Data export 
options include timestamps and 3D pixel coordinates of each eye gaze in Comma-Separated Values 
(CSV) or Microsoft® Excel (XLSX) file formats. The Tobii Pro Spectrum eye tracker complies with 
various international quality and safety standards. 

The connected computer used for stimulus presentation, data recording, processing, and analysis 
was a Dell® Precision 3580 Mobile Workstation with a 15.6-inch screen, Core i7-1360P processor, 
16GB RAM, 512GB SSD, and Nvidia RTX A500 graphics card, running Windows 11 Pro. Tobii Pro 
Lab software was utilized for presenting the visual stimuli and recording the raw eye movement 
data, which was saved in XLSX format. The DETS software application was developed using 
Microsoft® Visual Basic (Visual Studio .NET Version 16.9). Visual stimuli were created using 
Microsoft® PowerPoint (Microsoft 365 Version 2407). 

 

Visual Stimuli 

The design of the stimuli target features a small red dot (RGB 255,0,0) with sharp borders, enclosed 
within a larger white dot (RGB 255,255,255) with fading borders, all set against a black background 
(RGB 0,0,0). The diameter of the red center is set to 0.2 degrees of visual angle to ensure full foveal 
coverage (Figure 10). Initially, the target appears at 200% magnification and then gradually shrinks 
to its specified size within one second. This approach ensures that the target is clearly visible at 
first, reducing the risk of visual strain or difficulty in locating the target while minimizing noise. 
The specified small size ensures that the patient's eyes remain precisely focused on the target. 
Larger targets, which exceed the spatial resolution detection of the eye tracker, can cause the 
patient's gaze to shift within the target area, introducing noise and potentially hindering the 
accurate detection of abnormal eye movement intrusions. 
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The choice of a red dot is based on color perception, as the red wavelength primarily stimulates 
the L-cone photoreceptors (Long/Red), which are more numerous than other types of cones in the 
human fovea. [164] The sharp border of the red dot provides a clear and distinct target for the patient 
to focus on, minimizing fixation errors. The larger white dot with fading borders on a black 
background elicits a strong response from contrast-detecting rod photoreceptors. The gradient 
effect creates a soft transition that naturally guides the patient's gaze toward the red dot at the 
center, facilitating focus. The overall target design captures the patient's attention, maintains 
fixation without causing distraction or discomfort, minimizes fixation errors, and enhances the 
accuracy and reliability of the eye-tracking measurements. 

 

a.   b.  

Figure 10: a. Full screen stimuli target; b. Enlarged target. 

 

Biometrics 

Among quantifiable biometrics, the following metrics were defined to balance the ease and 
accuracy of automated calculation with the need for comprehensive, relevant, and informative 
measures in the context of clinical neurology. These biometrics provide insights into the functional 
integrity of the oculomotor network, thereby facilitating the understanding of various neurological 
disorders. By encompassing all aspects of oculomotor function, from voluntary and reflexive 
saccades to smooth pursuit and fixation stability, these measures ensure a thorough assessment 
of the neural circuits involved in eye movement control. 

▪ Accuracy: The percentage to which the recorded gaze positions remain within tolerance 
limits of the actual stimuli target the patient is focusing on. 

▪ Variation: The average degree and maximum deviation of data points from the actual 
stimuli target the patient is focusing on. 

▪ Congruency: The average degree and percentage of the mean Euclidean distance between 
the right and left eyes' pairs of data points. 
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▪ Saccadic Latency: The average time delay (in milliseconds) between the appearance of a 
target and the initiation of a saccadic movement towards it. 

▪ Saccadic Gain: The ratio of the amplitude of the saccade to the actual amplitude of the 
target from the initial gaze position. An ideal saccadic gain is close to 1, indicating that the 
eye movement reaches the target accurately. 

▪ Saccadic Velocity: The average speed of eye movements during saccades (degrees per 
second). Although saccadic duration is also noted in literature, it is directly dependent on 
latency and velocity, making it a redundant measurement. Additionally, saccadic duration 
is test-dependent and not a constant measure for establishing normative data. 

▪ Pursuit Phase Shift: The average phase (in degrees) of eye movements relative to the 
periodic target motion, analogous to latency in saccades. 

▪ Pursuit Gain: The ratio of the amplitude of the eye position to the actual amplitude of the 
target during smooth pursuit. An optimal pursuit gain is close to 1, suggesting accurate 
tracking of the moving target. 

▪ Optokinetic Nystagmus (OKN) Gain: The average difference between the amplitude of the 
eye positions at primary gaze and the actual primary gaze position. 

▪ OKN Variation: The average degree of variation in the optokinetic response amplitude over 
time. 

▪ Prosaccades and Antisaccades Correct Rate: The accuracy of saccadic eye movements 
towards (prosaccades) and away from (antisaccades) visual targets. 

▪ Prosaccades and Antisaccades Latency: The average time delay (in milliseconds) between 
the appearance of a target and the initiation of eye movements. 

 

Protocol Battery 

A comprehensive battery of 17 test protocols was designed to evaluate various aspects of eye 
movement, with each protocol incorporating specific stimuli, relevant tasks, and biometric 
measurements. These protocols aimed to identify and analyze eye movement aberrations 
associated with or relevant to different neurological conditions. To ensure the highest quality of 
visual stimuli, each presentation was created using Microsoft® PowerPoint at a resolution of 1920 
× 1080 pixels, perfectly aligning with the aspect ratio of the presenting screen to avoid any 
distortion. The stimuli were then converted to the Moving Picture Experts Group MPEG-4 Part 14 
(MP4) video format. The conversion process was executed at a high frame rate of 170 frames per 
second, ensuring smooth and continuous playback. 
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Fixation 

To assess Gaze Stabilization across the visual field. A static target is presented on the screen and 
the patient is instructed to fixate on the target for 12 seconds. Testing is conducted at the center 
(primary gaze) and at directional gaze angles. 

▪ Fixation Center: The target is positioned at the center of the screen. 

▪ Fixation Right: The target is positioned at +22 degrees visual angle from the center of 
screen in horizontal plane. 

▪ Fixation Left: The target is positioned at -22 degrees visual angle from the center of screen 
in horizontal plane. 

▪ Fixation Up: The target is positioned at +11 degrees visual angle from the center of screen 
in vertical plane. 

▪ Fixation Down: The target is positioned at -11 degrees visual angle from the center of 
screen in vertical plane. 

For each protocol, qualitative results are presented by two graphs (horizontal and vertical gaze 
angles over time) to visualize intrusions or instability. Quantitative results are presented by a table 
which includes accuracy, variation, and congruency biometrics for each eye. 

 

Saccade 

To assess task-specific saccadic eye movement (Gaze Shifting) for related neural pathways and 
identifying saccadic dysfunctions. Two targets appear alternately between two positions at the 
periphery of screen. Each remains static for 3 seconds before displacement, and the cycle is 
repeated 6 times. Testing is conducted across both horizontal and vertical directions. 

▪ Saccades Horizontal:  Targets are positioned at +22 degrees and -22 degrees visual angle 
from the center of screen in horizontal plane for a total displacement of 44 degrees. 

▪ Saccades Vertical: Targets are positioned at +11 degrees and -11 degrees visual angle from 
the center of screen in vertical plane for a total displacement of 22 degrees. 

For each protocol, qualitative results are presented by a graph plotting gaze angle over time to 
demonstrate saccadic abnormalities. Quantitative results are presented by a table which includes 
accuracy, variation, congruency, latency, gain, and velocity biometrics for each eye. 
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Pursuit 

To assess smooth pursuit eye movement (Gaze Shifting) for related neural pathways and 
identifying dysfunctions. A target moves smoothly between two positions at the periphery of 
screen at a velocity of 5.5 degrees per second, completing 6 revolutions. The patient is instructed 
to follow the moving target with their eyes. Testing is conducted across both horizontal and vertical 
directions. 

▪ Pursuit Horizontal: The target moves between +22 degrees and -22 degrees visual angle 
from the center of screen in horizontal plane for a total displacement of 44 degrees. 

▪ Pursuit Vertical: The target moves between +11 degrees and -11 degrees visual angle from 
the center of screen in vertical plane for a total displacement of 22 degrees. 

For each protocol, qualitative results are presented by a graph plotting gaze angle over time to 
demonstrate smooth pursuit aberrations. Quantitative results are presented by a table which 
includes accuracy, variation, congruency, phase shift, and gain biometrics for each eye. 

 

OKN (Optokinetic Nystagmus) 

To assess optokinetic reflex function (gaze stabilization) for related neural pathways and to identify 
dysfunctions. A series of targets, spaced 5 degrees of visual angle apart, move across the screen at 
a velocity of 5.5 degrees per second. This cycle is repeated 20 times. The patient is instructed to 
count the number of targets that appear at the center of the screen. Testing is conducted in both 
horizontal and vertical directions, with movement toward both the right and left. 

▪ OKN Right: Targets move horizontally to the right. 

▪ OKN Left: Targets move horizontally to the left. 

▪ OKN Up: Targets move vertically upward. 

▪ OKN Down: Targets move vertically downward. 

For each protocol, qualitative results are presented by a graph plotting gaze angle over time to 
demonstrate OKN abnormalities. Quantitative results are presented by a table which includes gain 
and variation biometrics for each eye. 
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ProSaccades 

To assess cognitive function, including attention, executive function, and response inhibition. 
Three targets are displayed on the screen. The patient is instructed to fixate on the center target as 
the primary focus. When one of the peripheral targets begins to blink, the patient shifts their gaze 
to the blinking target until it stops blinking. This cycle is repeated six times in a non-alternating 
fashion to resemble randomness and eliminate the anticipation confounder. Testing is conducted 
across both horizontal and vertical directions. 

▪ ProSaccades Horizontal: Targets are aligned horizontally. 

▪ ProSaccades Vertical: Targets are aligned vertically. 

For each protocol, qualitative results are presented by a graph plotting gaze angle over time. 
Quantitative results are presented by a table which includes error rate and latency biometrics for 
each eye. 

 

AntiSaccades 

To further assess cognitive function, including attention, executive function, and response 
inhibition. Three targets are displayed on the screen. The patient is instructed to fixate on the 
center target as the primary focus. When one of the peripheral targets begins to blink, the patient 
shifts their gaze to the opposite static target until the blinking stops. This cycle is repeated six times 
in a non-alternating fashion to resemble randomness and eliminate the anticipation confounder. 
Testing is conducted across both horizontal and vertical directions. 

▪ AntiSaccades Horizontal: Targets are aligned horizontally. 

▪ AntiSaccades Vertical: Targets are aligned vertically. 

For each protocol, qualitative results are presented by a graph plotting gaze angle over time. 
Quantitative results are presented by a table which includes error rate and latency biometrics for 
each eye. 
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Data Analysis 

Compared to popular programming languages such as Python or R, VBA is limited in its availability 
of advanced mathematical and processing libraries and functions, necessitating the development 
of many components from scratch. Despite these limitations, VBA was selected for its strong 
integration with Excel and the need to compare automated analysis with manual processing for 
accuracy assessment, and our team's familiarity and expertise with VBA allowed for rapid 
development and implementation of the necessary code, leveraging existing skills to expedite the 
research process. 

 

Data Processing 

Importing & Segmentation 

The initial step involves identifying different test protocols and importing them into separate files 
based on protocols in a directory named by participant number and date of study. Next, the 
recorded parameters in each file are sorted and reordered for further processing. 

 

Transformation 

For each eye, the horizontal (x) and vertical (y) gaze points of the raw samples (3D pixel coordinate 
geometry) were converted to spherical angles in degrees, with the patient’s eye as the center and 
the patient’s distance to the display as the radius. We employed the arctangent theorem for each 
data point in time to ensure the gaze angle calculation remains precise, accounting for any head 
movement that may alter the viewing distance. The screen’s center was assigned as 0 degrees in 
both horizontal and vertical angles, with angles to the right or up defined as positive and angles to 
the left or down as negative. 

𝛼° =
180

𝜋
arctan (

hypotenuse

adjacent
) 

 

Interpolation 

We developed an advanced method to estimate and impute missing values by leveraging the time-
series properties of the data. This approach dynamically incorporates the slope of the known data 
points preceding and following the gap, thereby capturing the underlying dynamics and stochastic 
properties of eye movements. By considering these temporal relationships, our method offers 
superior accuracy compared to commonly used imputation techniques. 

 













 

34 

Event Detection 

The calculation of biometrics first involves the precise identification of specific eye movement 
events. Since all video stimuli are precisely time-locked to the tasks and related events, a pilot 
time-series dataset representing the actual stimulus movement is added to the data set for event 
detection processes. 

 

Saccadic Start and End Points Identification 

Potential saccadic events surrounding the actual stimulus event of interest are identified by 
iterating through the data points and assigning them to a window. The distance between each data 
point in this window and the expected maximum deflection is calculated using the Euclidean 
distance formula. The data point with the least distance is marked as the start or end of the saccade 
accordingly. Multiple conditions are implemented to prevent noise or aberrations from being 
incorrectly marked as event points. 

 

Baseline or Expected Trajectory Cross Points Identification 

The same principle is applied to identify potential cross points. For each candidate cross point 
within the interval encompassing the actual stimulus event, the local minimum point is verified by 
comparing it with neighboring points. If the absolute eye position matches the baseline value and 
is a local minimum, the point is considered a cross point. After identifying cross points, interval 
validation is performed to ensure that detected points are sufficiently spaced apart, avoiding false 
positives due to noise or aberrant eye movements. The result is a refined list of cross points that 
accurately mark where the eye movements cross the baseline. 

 

Peak (Maxima) and Trough (Minima) Points Identification 

This process employs an approach similar to calculating the area under the curve. If the sum of 
the eye positions in a specified sliding window exceeds that of the preceding and succeeding 
intervals, it is considered a peak. Similarly, if the sum of the eye positions in a specified sliding 
window is the minimum, it is considered a trough. To avoid false positives, the function verifies 
that each detected point remains the highest or lowest within its interval by comparing it with 
neighboring points within a larger interval, ensuring it is the most significant peak or trough. 
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Biometrics Calculations 

Accuracy 

By iterating through each data point, the difference between the gaze point and the actual target is 
calculated. If this difference exceeds a predefined tolerance (set by technical parameters), it is 
counted as an error. The accuracy percentage is then derived by subtracting the proportion of 
errors from 1 and multiplying by 100. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 % =  (1 – 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠

𝑛
) ×  100 

Variation 

The average and the maximum differences between each gaze point and the actual target. 

𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 ° =
∑ √(𝑔𝑎𝑧𝑒 𝑝𝑜𝑖𝑛𝑡 − 𝑡𝑎𝑟𝑔𝑒𝑡)2

𝑛
 

Congruency 

The average Euclidean distances between the paired gaze points of the right and left eyes.  

𝐶𝑜𝑛𝑔𝑟𝑢𝑒𝑛𝑐𝑦 ° =
∑ √(𝑔𝑎𝑧𝑒 𝑝𝑜𝑖𝑛𝑡𝑟𝑖𝑔ℎ𝑡 − 𝑔𝑎𝑧𝑒 𝑝𝑜𝑖𝑛𝑡𝑙𝑒𝑓𝑡)

2

𝑛
 

Latency 

The average time difference between the identified saccadic initiation events and the onset of the 
target appearance. 

𝐿𝑎𝑡𝑒𝑛𝑐𝑦 𝑚𝑠 =
∑(𝑡𝑖𝑚𝑒 𝑜𝑓 𝑠𝑎𝑐𝑐𝑎𝑑𝑒 − 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑠𝑡𝑖𝑚𝑢𝑙𝑢𝑠)

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑐𝑐𝑎𝑑𝑒𝑠
 

Gain 

The ratio of the sum of the actual gaze amplitude to the sum of the target amplitude. 

𝐺𝑎𝑖𝑛 ° =
∑(𝑔𝑎𝑧𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒)

∑(𝑡𝑎𝑟𝑔𝑒𝑡 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒)
 

Velocity 

The average change in gaze positions between initiation and termination of events over the 
duration of intervals. 

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 °/𝑠 =
𝛥 𝑔𝑎𝑧𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝛥 𝑡𝑖𝑚𝑒
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Phase Shift 

The average phase differences between the gaze cross points and the target cross points. 

𝑃ℎ𝑎𝑠𝑒 𝑆ℎ𝑖𝑓𝑡 ° = (
180

𝑐𝑦𝑐𝑙𝑒 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛
) × (𝑡𝑖𝑚𝑒 𝑜𝑓 𝑔𝑎𝑧𝑒 − 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑡𝑎𝑟𝑔𝑒𝑡) 

Correct Rate 

The total number of correct responses based on predefined criteria, such as moving the gaze to the 
target within a specified time, direction, and magnitude. 

 

Statistical Analysis 

All statistical analyses were performed using R version 4.4.1 (The R Project for Statistical 
Computing, Vienna, Austria). A significance level of 0.05 was considered statistically significant. 
Given the exploratory nature of this pilot study, the primary statistical objectives were to validate 
the DETS protocols and establish normative biometric values with high precision. The sample size 
was determined based on preliminary estimates, and post hoc analyses to ensure adequacy. 
Specifically, the narrow 99% confidence intervals across all analyzed biometrics confirmed that 
the sample size was sufficient to yield reliable and robust estimates, indicating that the collected 
data are representative of the population. 

The normality of data distribution was assessed using the Kolmogorov-Smirnov test to guide the 
selection of appropriate statistical methods for subsequent analyses. Welch's t-test was chosen 
over the traditional Student's t-test for comparing DETS performance, given the potential for 
unequal variances between groups, thereby providing a more robust comparison. Cohen’s d was 
utilized to measure effect size, quantifying the magnitude of observed differences between groups. 
For each eye-tracking biometric, the lower and/or upper bounds of the 99% confidence intervals 
were calculated to establish normative values, offering a reference range for distinguishing 
between normal and pathological findings with high confidence. Additionally, the DETS software 
generated qualitative visualizations of eye movement trajectories, which were evaluated in 
conjunction with the statistical data. 
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Results 

 

The primary aim of this project was to develop the Diagnostic Eye-Tracking Study (DETS) software 
(Appendix 1) to automate comprehensive testing and analysis relevant to clinical neurology, and to 
validate its accuracy, efficacy, and performance through a pilot study. 

The main user interface of DETS includes several fields for patient information: a unique 
institutional ID number, last name, first name, date of birth, and study date. Additionally, it 
features sections for biological sex (with toggle buttons for male and female), ethnicity (selectable 
from a dropdown menu), Mini-Mental State Examination (MMSE) score, diagnosis (selectable from 
a dropdown menu), and comorbidities (multi-select checkboxes), as well as a text box for 
additional notes (Figure 11). The interface also includes several action buttons for tasks such as 
creating a new record, importing a recording, analyzing data, reviewing reports, re-analyzing data, 
and accessing the data bank. 

 

 

Figure 11: DETS main user interface.  
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The statistical analysis comparing the healthy cohort and the patient cohort revealed no significant 
differences across the variables assessed. The chi-square test for gender distribution showed no 
significant difference between the groups, with a chi2-statistic of 0.015 and a p-value of 0.903. 
Similarly, the ethnic distribution between the cohorts did not differ significantly, with a chi2-
statistic of 0.889 and a p-value of 0.828. Overall, we can conclude that the demographic of the 
healthy cohort and the patient cohort in this study are not significantly different in terms of 
biological sex distribution, ethnic distribution, and the presence of comorbid conditions. This lack 
of significant differences suggests that the two groups are relatively well-matched across these key 
variables. However, it's important to note that the small sample size, especially in the patient 
group, may limit the power of these statistical tests to detect differences, especially for age 
distribution, and these results should be interpreted with caution. 

 

DETS Validation 

The validity and reliability of the Diagnostic Eye Tracking System (DETS) were assessed through a 
multifaceted approach, comparing its accuracy, effectiveness, and data integrity against manual 
measurements and/or unprocessed raw data. Cross-validation techniques were applied to ensure 
the generalizability of the results, and inter-rater reliability was assessed to confirm consistency 
in manual measurements. 

 

Data Loss and Artifact Rate 

Data loss was calculated as the percentage of total data points that were unavailable for analysis 
due to technical failures (signal loss during data collection). The overall data loss across all 
participants was found to be 1.6%. This was further stratified by participant group, revealing a data 
loss of 1.3% in healthy participants and 2.1% in patients. To determine if the difference in data loss 
between the healthy participants and patients is statistically significant, Welch’s t-test was 
performed due to the potential inequality of variances between groups. The test resulted in a p-
value of 0.13, indicating that the difference in data loss between the healthy participants and 
patients is not statistically significant. 

The artifact rate was assessed as the percentage of data points contaminated by clinically non-
relevant signals, such as blinks or signal noise, in the unprocessed data. The overall artifact rate 
was 11.7%, with a rate of 11.5% in healthy participants and 12.1% in patients. A Welch’s t-test for 
artifact rates yielded a p-value of 0.81, suggesting no significant difference between the two 
groups. After post-processing, the artifact rate was significantly reduced to 4.2% overall, with 3.7% 
in healthy participants and 4.9% in patients, with no statistical significance between the two 
groups (p-value 0.64). 
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Signal-to-Noise Ratio Improvement 

The Signal-to-Noise Ratio (SNR) was quantified to assess the effectiveness of the denoising 
process. SNR was measured both before and after the application of the denoising algorithm. The 
SNR of the raw signal was calculated by comparing the power of the signal component to the power 
of the noise component. Results demonstrated a substantial improvement in SNR, with an overall 
increase of approximately 20 dB. The improvement was slightly more pronounced in healthy 
participants, with a 21 dB increase, compared to a 21 dB increase in patients. The effect size for 
healthy group, calculated using Cohen’s d, was approximately 5.63, indicating a large effect and 
the significant impact of the denoising algorithm. A Welch’s t-test comparing the SNR improvement 
between the healthy participants and patients yielded a p-value of 0.52, indicating no statistically 
significant difference between the groups (Figure 12). 

 

Distorted Signal Rate and Root Mean Square Error 

The distorted signal rate was quantified as the percentage of the total clinically relevant signal that 
was considered altered after processing with DETS. These distortions could arise from various 
sources, such as over-smoothing, non-blink signal removal, or reduction in amplitude. The overall 
distorted signal rate across all participants was 0.01%, with a similar distribution between healthy 
participants and patients (0.0096% and 0.0098%, respectively). Moreover, the Root Mean Square 
Error (RMSE) was employed as a metric to quantify the accuracy of the signal reconstruction post-
processing. RMSE was calculated by comparing the original raw signal with the denoised signal, 
providing an average measure of the magnitude of error between these two signals. The overall 
RMSE across all participants was 0.01. When stratified by group, the RMSE was 0.01 for healthy 
participants and 0.03 for patients. 

 

Statistical Validation 

A Kolmogorov-Smirnov test was conducted to compare the distributions of raw data with the 
results of DETS to evaluate if the data processing introduced any significant alterations in the data 
distribution. The result indicated no significant difference between the distributions for all results, 
supporting the integrity of the data after processing (overall p = 0.16, healthy average p = 0.19, 
patient average p = 0.11). 

 

Qualitative Feedback 

Qualitative feedback was gathered from participants post-testing, with no participants reporting 
difficulties in locating the target, losing concentration, or experiencing strain during the tests. 
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Protocols Reports 

The DETS report provides quantitative biometrics results in the form of a table at the bottom of 
each protocol report. Complement to the quantitative results, it also offers a qualitative result 
through time-series trajectory plots (Figure 13). These graphs show the eye movement trajectory 
in both horizontal and vertical planes to capture the full spectrum of ocular motor performance for 
a visual inspection. Table 3 provides a statistical overview of the eye-tracking biometrics across 
various protocols for the healthy participants. The defined 99% confidence intervals provide 
benchmarks (Normative Values) for identifying deviations from normal range, which could be 
indicative of underlying neurological conditions (Table 4). 

 

Fixation 

The analysis of fixation protocols across different directions (center, right, left, up, and down) 
consistently demonstrated high accuracy levels, with mean values exceeding 98% across all 
directions. Central fixation exhibited the highest mean accuracy of 98.91% (SD = 1.75), with 
minimal variability, as indicated by the relatively low standard deviation. This suggests that 
healthy participants maintain their gaze centrally with high precision and consistency. The 99% 
confidence interval (CI) lower bound of 97.32% establishes a threshold below which accuracy may 
be indicative of abnormal fixation performance. 

Right and left fixation accuracy was slightly lower, with mean values of 98.57% (SD = 1.96) and 
98.71% (SD = 2.78), respectively. The 99% CI lower bounds of 96.78% for right fixation and 96.18% 
for left fixation serve as benchmarks for potential clinical significance. The increased standard 
deviation for these directions suggests greater variability in maintaining gaze compared to central 
fixation. Upward and downward fixations showed mean accuracies of 98.59% (SD = 2.26) and 
98.90% (SD = 2.52), with corresponding 99% CI lower bounds of 96.53% and 96.60%. 

In terms of fixation variation, central fixation had the lowest mean variation at 0.13 degrees (SD = 
0.06), with an upper bound of 0.19 degrees in the 99% CI. Variations in right and left fixations were 
slightly higher, with means of 0.17 degrees (SD = 0.13) and 0.15 degrees (SD = 0.08), respectively. 
The upper bounds of 0.29 degrees for right fixation and 0.23 degrees for left fixation indicate that 
deviations beyond these values may signify instability or intrusions. Upward and downward 
fixations exhibited slightly greater variations, with means of 0.19 degrees (SD = 0.16) for up and 
0.14 degrees (SD = 0.08) for down, with upper bounds of 0.33 degrees and 0.21 degrees in the 99% 
CI, respectively. 

Congruency biometrics revealed consistent performance, with central fixation demonstrating the 
most stable congruency at 0.25 (SD = 0.13) and an upper bound of 0.37 in the 99% CI. Right fixation 
had a mean congruency of 0.35 (SD = 0.11) and an upper bound of 0.45, suggesting slightly more 
variability in eye alignment. Left fixation showed the highest mean congruency at 0.41 (SD = 0.18) 
and the broadest variability, with an upper bound of 0.57 in the 99% CI. Upward and downward 
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fixations exhibited congruency means of 0.37 (SD = 0.15) and 0.43 (SD = 0.13), with 99% CI upper 
bounds of 0.50 and 0.55, respectively. 

The fixation protocols’ graphical illustrations confirmed participants' ability to maintain steady 
gaze positions across all directions, with minimal drift from the fixation point. The plotted data 
showed consistency with the high accuracy and low variability biometrics observed, and 
corroborated the system's sensitivity in detecting subtle physiological deviations, such as 
microsaccades, which remained within normal ranges for the healthy cohort (Figure 14). 

 

 

Figure 13: DETS Report; Fixation Center. 
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a. b.  

c.  d.  

Figure 14: DETS report; a. Fixation Right, b. Fixation Left, c. Fixation Up, d. Fixation Down.





 

46 

Saccades 

Horizontal saccades demonstrated a mean accuracy of 91.74% (SD = 3.36), with a 99% CI lower 
bound of 88.68%. The lower accuracy compared to fixation protocols is consistent with the more 
challenging nature of saccadic movements, where maintaining precision is inherently difficult. The 
standard deviation suggests moderate interindividual variability in saccadic accuracy. The mean 
variation in horizontal saccades was 0.96 degrees (SD = 0.26), with an upper bound of 1.20 degrees 
in the 99% CI, indicating that variability beyond this threshold could be clinically relevant. 
Congruency in horizontal saccades had a mean of 0.38 (SD = 0.09) and a 99% CI upper bound of 
0.46, demonstrating reliable consistency with fixation protocols. 

Horizontal saccadic latency, a critical parameter in assessing saccadic performance, showed a 
mean of 253.72 milliseconds (ms) (SD = 45.50) and an upper bound of 295.16 ms in the 99% CI. 
Latencies exceeding this upper bound may indicate clinically significant delays in saccade 
initiation. The gain analysis for horizontal saccades revealed a mean of 0.98 (SD = 0.02) with a 99% 
CI range from 0.97 to 1.00. Deviations from this range could suggest abnormal saccadic control, 
potentially due to feedback mechanism dysfunctions. The mean velocity of horizontal saccades 
was 186.26 degrees/sec (SD = 41.06), with a 99% CI lower bound of 148.87 degrees/sec, indicating 
that velocities below this threshold may reflect sluggish saccadic responses. 

 

a.  b.  

Figure 15: DETS report; a. Saccades Horizontal, b. Saccades Vertical.  
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Vertical saccades exhibited similar patterns, with a mean accuracy of 91.85% (SD = 6.95) and a 
99% CI lower bound of 85.52%. Vertical saccadic latency averaged 234.91 ms (SD = 53.83), with an 
upper bound of 283.93 ms in the 99% CI. The mean velocity of vertical saccades was 96.48 
degrees/sec (SD = 18.63), with a 99% CI lower bound of 79.51 degrees/sec. The reduced velocity in 
vertical saccades, compared to horizontal, aligns with the amplitude-dependent nature of saccadic 
velocity due to the shorter total displacement of the target stimulus in the vertical protocol. The 
mean gain for vertical saccades was 0.97 (SD = 0.07) with a 99% CI range from 0.91 to 1.03. 

The saccade trajectory plots, capturing the rapid eye movements between fixed points, revealed 
sharp transitions typical of normal saccadic behavior. The time-series data corroborated the 
statistically observed latencies and velocities, confirming expected saccadic performance with 
minimal overshoot or undershoot, indicative of precise and accurate saccadic control (Figure 15). 

 

Pursuit 

Horizontal pursuit accuracy was high, with a mean of 98.83% (SD = 2.10) and a 99% CI lower bound 
of 96.91%, reflecting strong performance in tracking horizontal motion. The mean variation in 
pursuit was 0.30 degrees (SD = 0.13), with an upper bound of 0.42 degrees in the 99% CI, suggesting 
that greater variations may indicate difficulties in maintaining smooth pursuit. Congruency for 
horizontal pursuit was 0.39 (SD = 0.10) with an upper bound of 0.48 in the 99% CI. The gain for 
horizontal pursuit had a mean of 0.95 (SD = 0.17) and a 99% CI range from 0.81 to 1.11. Deviations 
from this range could be indicative of neurological deficits. The phase shift, a measure of the 
difference between eye movement timing and target motion, had a mean of 0.04 degrees (SD = 0.47) 
with a 99% CI range from -0.38 to 0.47 degrees, with significant deviations potentially reflecting 
abnormal pursuit dynamics such as catch-up saccades. 

Vertical pursuit accuracy was similarly high, with a mean of 98.75% (SD = 1.39) and a 99% CI lower 
bound of 97.48%. The mean variation was slightly lower at 0.27 degrees (SD = 0.13), with an upper 
bound of 0.38 degrees in the 99% CI, indicating consistent vertical pursuit control. Congruency 
biometrics were aligned with horizontal pursuit, showing a mean of 0.37 (SD = 0.09) and an upper 
bound of 0.45 in the 99% CI. The gain for vertical pursuit averaged 0.95 (SD = 0.18) with a 99% CI 
range from 0.78 to 1.11. Phase shift exhibited a broader range (mean = -0.39 degrees SD = 1.16) 
with a 99% CI range from -1.44 to 0.67 degrees, possibly due to the shorter displacement of the 
stimulus. 

Pursuit protocol graphs illustrated smooth and continuous eye movements closely tracking the 
moving target. The steady and consistent eye movements observed in both horizontal and vertical 
pursuit graphs confirmed the high accuracy and congruency biometrics found in the quantitative 
analysis, with phase shifts and minor variations remaining within physiological norms (Figure 16). 
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a.  b.  

Figure 16: DETS report; a. Pursuit Horizontal, b. Pursuit Vertical. 

 

Optokinetic Nystagmus (OKN) 

OKN responses, measured in four directions (right, left, up, down), revealed gain values for 
horizontal OKN of 1.06 (SD = 0.62) for right and 0.94 (SD = 0.64) for left. The 99% CI ranges for right 
OKN were 0.76 to 1.14, and for left OKN were 0.65 to 1.11, indicating a broader normal range 
relative to saccades. 

Vertical OKN responses, both upwards and downwards, demonstrated lower gain values with 
means of 1.26 (SD = 0.54) for up and 1.02 (SD = 0.35) for down. The 99% CI ranges for upward and 
downward OKN were 0.65 to 0.96 and 0.61 to 0.87, respectively, suggesting that while vertical OKN 
responses are generally consistent, abnormalities may still be present if these thresholds are 
exceeded. 

OKN protocol visualizations depicted the characteristic nystagmus patterns, with slow eye 
movements followed by rapid resetting saccades, indicative of a healthy vestibulo-ocular reflex. 
Time-series analysis confirmed that the gain values, despite higher variability, remained within 
expected physiological ranges, with minimal deviations from the norm (Figure 17). 
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a.  b.  

Figure 17: DETS report; a. OKN Horizontal (Right, Left), b. OKN Vertical (Up, Down). 

 

Prosaccades and Antisaccades 

The analysis of prosaccades and antisaccades provided insights into cognitive executive and 
inhibitory control. Horizontal prosaccades exhibited a mean latency of 523.66 ms (SD = 129.95), 
with an upper bound of 642.01 ms in the 99% CI, indicating that latencies beyond this threshold 
could reflect delayed saccadic initiation or processing. The correct rate for horizontal prosaccades 
was 3.94/6 (SD = 1.95), with a 99% CI lower bound of 2.16/6, suggesting suboptimal performance 
below this level. Vertical prosaccades showed a slightly longer latency (mean = 564.91 ms SD = 
144.14) with an upper bound of 696.19 ms in the 99% CI. The correct rate was slightly higher at 
4.34/6 (SD = 1.29), with a 99% CI lower bound of 3.17/6. 

Horizontal antisaccades, requiring inhibition of a reflexive saccade and generation of a voluntary 
saccade in the opposite direction, exhibited a mean latency of 634.72 ms (SD = 147.59) with an 
upper bound of 769.14 ms in the 99% CI, reflecting the additional cognitive processing required for 
inhibitory control. The correct rate for horizontal antisaccades was 5.25/6 (SD = 0.57), with a 99% 
CI lower bound of 4.73/6. Vertical antisaccades showed a mean latency of 624.47 ms (SD = 131.57) 
and an upper bound of 744.30 ms in the 99% CI, with a correct rate of 4.34/6 (SD = 1.10) and a 99% 
CI lower bound of 3.35/6, suggesting that individuals with correct rates below this threshold may 
exhibit deficits in antisaccadic task performance. 
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Trajectory graphs for prosaccades and antisaccades highlighted differences between errors and 
errors with subsequent quick corrections. Combined with latency biometrics, these findings 
provide a comprehensive interpretation of cognitive and oculomotor control in subjects (Figure 
18). 

 

a.  b.  

Figure 18: DETS report; a. ProSaccade (Horizontal, Vertical), b. AntiSaccade (Horizontal, Vertical). 
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Discussion 

 

This study represents a pioneering effort to integrate the Diagnostic Eye-Tracking Study (DETS) as 
a diagnostic tool in routine clinical practice. Existing eye-tracking methodologies have been 
constrained by their narrow focus, lack of granularity, and cumbersome data analysis processes, 
limiting their applicability in routine clinical settings. These systems often focus on specific 
conditions with limited aspects of eye movement assessment, and necessitate manual, case-by-
case processing, calculation, and analysis, which is impractical in routine clinical settings. In 
contrast, DETS was designed to meet the specific needs of clinical neurology, offering a 
comprehensive battery of protocols that capture a wide spectrum of eye movements, along with 
automated data processing, analysis, and biometric calculations. This approach not only enhances 
diagnostic accuracy but also streamlines the integration of eye-tracking into clinical practice. 

DETS was developed with a multidisciplinary approach, integrating advancements in clinical 
neurology, mathematics, physics, and software engineering. One of the key innovations of the 
DETS project is its ability to preserve the unique characteristics and integrity of subtle ocular 
motor aberrations through advanced signal processing algorithms such as dynamic window-size 
Savitzky-Golay filter. This ensures that subtle yet diagnostically significant abnormalities, such as 
minute intrusions that are often easily masked by artifacts, are accurately captured and analyzed. 
The ability to differentiate between genuine pathological signals and artifacts is particularly 
important in clinical settings, where reliable diagnosis is critical. However, existing methods, 
which often rely on static filtering techniques, tend to over-smooth data, potentially obscuring 
subtle but clinically significant eye movement abnormalities. 

Furthermore, DETS prioritizes automation and scalability, ensuring that its implementation in 
clinical practice does not require extensive manual processing, which is a major limitation of many 
current systems. By automating data processing and analysis, DETS reduces the likelihood of 
human error and ensures consistent and reliable results across different clinical environments, 
thereby extending its benefits to a broad patient population and improving the overall quality of 
neurological care. Additionally, when compared with generic eye-tracking software, such as the 
system evaluated by Ehinger et al. (2019) (Figure 30), DETS showed superior performance.[166] 
While alternative platforms are more suited to research applications, the ability of DETS to 
produce clinically relevant results offering a broader range of protocols and automated analysis 
with minimal manual intervention set DETS apart from other systems. 
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Figure 30: Comparison to results provided by generic software.[166] 

 

The validation of the DETS software was conducted through a limited pilot study including both 
healthy participants and patients with neurological disorders. The DETS pilot study demonstrated 
a data loss rate of only 1.6%, which is notably low compared to other studies in clinical settings. 
For instance, Niehorster et al. (2018) reported that data loss in typical eye-tracking studies can 
range from 5% to 20%, particularly in less controlled environment.[167] 

Additionally, studies have shown that eye-tracking data can be highly sensitive to noise and 
artifacts, particularly in older populations. The study by Opwonya et al. (2023) highlights the 
challenges of using eye-tracking in elderly patients, where data loss and artifacts are often 
exacerbated by difficulties in maintaining steady gaze and cognitive decline.[168] The study by 
Leharanger et al. (2024) showed that careful post-processing can significantly reduce artifact 
rates, similar to what was achieved in the DETS study, where artifact rates were reduced from 
11.7% to 4.2%.[169] This demonstrates the effectiveness of the denoising algorithms used in DETS, 
which maintained data integrity across different populations and in a clinical settings where 
patient compliance were variable. 

The enhancement in signal-to-noise ratio (SNR) is particularly important as a high SNR ensures 
that the true signal is not overshadowed by noise and retains high quality for analysis. The study 
also evaluated the extent to which the signal was distorted during processing. The distorted signal 
rate was found to be extremely low (0.01%), which is a noteworthy achievement that indicates the 
denoising process preserved the integrity of the original signal, and therefore the diagnostic 
information derived from the data is both accurate and reliable. The study also employed statistical 
validation techniques, including the Kolmogorov-Smirnov test, which confirmed that the data 
processing steps did not introduce any significant alterations in the data distribution. 

DETS incorporates a comprehensive protocol battery composed of 17 distinct protocols to assess 
different aspects of eye movement, ensuring that the stimuli and tasks are clinically relevant and 
capable of revealing subtle abnormalities in eye movements. The DETS application generates a 
comprehensive report that includes both quantitative biometrics and qualitative graphs by plotting 
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gaze angle trajectory over time, providing fine visual representations of eye movement patterns 
and abnormalities to facilitate the identification of unique eye movement signatures associated 
with various neurological disorders. 

The fixation protocols in the DETS software were designed to assess gaze stabilization by requiring 
participants to fixate on a static target positioned at various angles in the visual field. The goal was 
to evaluate the subject's ability to maintain a steady gaze across different directions. Across 
healthy participants, the fixation protocols demonstrated consistently high accuracy across all 
tested directions. For instance, the central fixation accuracy had a mean of 98.91% with a 99% 
confidence interval (CI) lower bound of 97.32%. The accuracy in other directions—right, left, up, 
and down—was similarly high, with 99% CI lower bounds ranging from 96.18% to 96.78%. These 
findings align closely with normative values reported in the literature, such as those by Ionescu et 
al. (2023) and Andersson et al. (2017), indicating that fixation accuracy in healthy individuals 
typically hovers around 98.90%, particularly in controlled settings where external distractions are 
minimized.[19,34] 

Saccadic protocols were integral to the DETS assessment, focusing on task-specific eye 
movements that require rapid shifts in gaze between two peripheral targets, testing both the speed 
and accuracy of these movements. In healthy individuals, the mean accuracy for horizontal 
saccades was 91.74%, with a 99% CI lower bound of 88.68%, while vertical saccades had a slightly 
lower mean accuracy of 91.85%, with a 99% CI lower bound of 85.52%. Saccadic latency was also 
within expected norms, with mean latencies of 253.72 ms for horizontal saccades (99% CI upper 
bound: 295.16 ms) and 234.91 ms for vertical saccades (99% CI upper bound: 283.93 ms). Studies 
by Leigh and Zee (2015) and Anderson and MacAskill (2013) report similar latency ranges for 
saccadic movements, typically between 150-250 milliseconds in healthy adults.[1,34] Additionally, 
the saccadic gain in these participants was close to the ideal value of 1.0, with a 99% CI between 
0.97 and 1.00. This is in line with the expected performance in healthy populations, as documented 
by Imaoka et al. (2020), who found that saccadic gain typically remains close to 1.0 under normal 
conditions.[170] 

However, the saccadic velocity measurements presented some discrepancies. The mean velocity 
for horizontal saccades was 186.26 degrees per second with a 99% CI lower bound of 148.87 
degrees per second. For vertical saccades, the mean velocity was notably lower at 96.48 degrees 
per second, with a 99% CI lower bound of 79.51 degrees per second. These values are lower than 
the broader range typically reported in the older literature (1974-1988), where saccadic velocities 
are usually between 300 and 700 degrees per second.[171 173] The discrepancy can be attributed to 
the amplitude-dependent nature of saccadic velocity, where larger saccades generally exhibit 
higher velocities, a relationship well-documented in the "main sequence" of saccades by Guadron 
et al. (2022), Gibaldi et al. (2021), and Anderson and MacAskill (2013).[34,109,174] The saccades tested 
in the DETS protocols were of moderate amplitude, with a total displacement of 44 degrees for 
horizontal saccades and 22 degrees for vertical saccades. This moderate amplitude likely accounts 
for the lower velocity measurements. In studies where larger saccadic amplitudes are used, higher 
velocities are typically observed, supporting the notion that the velocity of a saccade is not fixed 
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but scales with the amplitude of the eye movement. This relationship should be considered when 
comparing velocity measurements across different studies. 

The pursuit protocols in the DETS evaluated the ability of participants to smoothly follow a moving 
target with their eyes, with pursuit gain and phase shift serving as critical performance biometrics. 
Among the healthy participants, the horizontal pursuit exhibited a mean accuracy of 98.83%, with 
a 99% CI lower bound of 96.91%, while the vertical pursuit demonstrated a mean accuracy of 
98.75%, with a 99% CI lower bound of 97.48%. These high levels of accuracy are consistent with 
what has been documented in similar studies. In terms of pursuit gain, DETS recorded values that 
closely approximated 1.0, a benchmark indicating ideal performance. Specifically, the 99% CI for 
horizontal pursuit gain ranged from 0.81 to 1.11, while for vertical pursuit gain, the CI ranged from 
0.78 to 1.11. The high accuracy and narrow confidence intervals in pursuit Protocols observed in 
this study align with the findings of recent studies.[175,176] Moreover, Lima et al. (2023) highlighted 
the importance of minimizing noise in achieving accurate pursuit gain measurements with 
consistency of close to 1.0 in healthy populations when measured under optimal conditions.[175] 
These comparisons not only reinforce the validity of the DETS findings but also position the system 
as a reliable tool for assessing smooth pursuit eye movements. 

The Optokinetic Nystagmus (OKN) protocols implemented in the DETS application were designed 
to assess reflexive eye movements in response to a moving visual field. The results from healthy 
participants in the study provided robust data that align well with established physiological norms. 
For horizontal OKN, tracking rightward motion and leftward motion, the 99% CI ranged from 0.76 
to 1.14, and for vertical OKN, tracking upward motion and downward motion, the 99% CI ranged 
from 0.61 to 0.96. These results showed slightly wider range for vertical OKN, yet consistent with 
previous findings by Leigh and Zee (2015) and more recent study by Lemos et al. (2021), which also 
reported similar directional discrepancies in OKN gain, particularly noting the tendency for 
vertical OKN gains to be slightly higher.[1,177] Additionally, Norouzifard et al. (2020) reported that 
OKN gain can exhibit slight variations due to factors such as age or fatigue. The study also noted 
that narrow CIs, as seen in DETS, are indicative of the reliability and precision of the OKN 
measurements, underscoring the robustness of the DETS application.[178] 

The ProSaccades and AntiSaccades protocols in DETS were designed to evaluate the participants' 
abilities to execute directed saccades toward a target (ProSaccades) and to inhibit a reflexive 
saccade in favor of a voluntary saccade in the opposite direction (AntiSaccades). These tasks are 
used in assessing cognitive functions such as attention, executive function, and response 
inhibition. In the ProSaccades protocols, the mean latency for the horizontal protocol was 
observed to be slightly lower than the vertical protocol, with a 99% CI upper bound of 642.01 ms 
for horizontal and 696.19 ms for vertical. This discrepancy, although unexpected, aligns with 
findings from other studies that have noted the impact of vertical versus horizontal saccades on 
latency times.[179,180] The observed lower correct response rates for horizontal ProSaccades, with 
a 99% CI lower bound of 2.16 from 6, compared to 3.17 from 6 for vertical ProSaccades, could be 
attributed to the sequence in which the tasks were administered and the lack of practice sessions, 
potentially influencing the participants' performance. Hutton (2008) and Ettinger et al. (2003) 
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reported this variability in response times and accuracy based on task difficulty and participant 
readiness.[181,182] 

For the AntiSaccades protocols, the horizontal protocol showed a 99% CI upper bound latency of 
769.14 ms, while the vertical protocol had a slightly shorter latency with a 99% CI upper bound of 
744.30 ms. These results are consistent with normative values reported by Munoz and Everling 
(2004), who found that AntiSaccades typically exhibit longer latencies due to the cognitive 
demands of inhibiting a reflexive saccade and initiating a voluntary movement in the opposite 
direction.[183] The correct response rates in the DETS study, 5.25 from 6 for horizontal 
AntiSaccades (with a 99% CI lower bound of 4.73) and 4.34 from 6 for vertical AntiSaccades (with 
a 99% CI lower bound of 3.35), are also in line with the performance metrics reported by 
Antoniades et al. (2013), further validating the DETS system's effectiveness in assessing cognitive 
control during AntiSaccades tasks.[184] 

The qualitative results, particularly those presented in the "Patient Cases" section, highlight the 
clinical performance of DETS. For instance, in the case of a 33-year-old female with Myasthenia 
Gravis, DETS detected intra-saccadic fatigue, a finding that substantiates the identification of 
Pseudo-INO rather than true bilateral INO. These qualitative assessments not only affirm the 
diagnostic validity of DETS but also demonstrate its capability to elucidate intricate patterns of 
oculomotor abnormalities unique to specific neurological conditions. 

The development of DETS protocols and biometrics were suited to capture a broad spectrum of 
neurological disorders through a comprehensive assessment of various aspects of ocular motor 
function. Each protocol's relevance is intrinsically linked to the neural pathways involved in 
various neurological conditions. For instance, disorders such as Progressive Supranuclear Palsy 
(PSP), Parkinson's Disease (PD), and certain cerebellar disorders often present with fixation 
instability, a consequence of disruptions in the brainstem, cerebellum, and basal ganglia. These 
disruptions can be quantitatively assessed using biometrics such as accuracy, variation, and 
congruency, while qualitative observations can reveal specific patterns, like direction-changing 
nystagmus.[48] 

In conditions like Multiple System Atrophy (MSA), mass lesions, and strokes, biometrics such as 
increased saccadic latency, reduced velocity, increased gain, and dysmetria are informative both 
for localizing the dysfunction to the frontal eye field, superior colliculus, or cerebellum, and for 
differential diagnosis, as demonstrated in differentiating MSA from Parkinson’s disease.[37] 

Additionally, disorders such as Spinocerebellar Ataxias (SCA), Huntington’s Disease, and PD often 
exhibit impaired smooth pursuit with reduced pursuit gain and increased catch-up saccades, 
indicating dysfunction in the parieto-occipital regions, cerebellum, or basal ganglia. These 
biometrics can also aid in the early diagnosis, as studies have shown that pursuit abnormalities 
may precede motor symptoms in early-stage Huntington’s Disease.[185] Similarly,  early diagnosis 
of neurodegenerative disorders such as Alzheimer’s Disease and Frontotemporal Dementia has 
been assessed by analyzing prosaccades and antisaccades biomarkers, such as correct rate and 
latency.[186] 
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Limitations and Future work 

The current DETS software, while effective for rapid prototyping and leveraging existing expertise, 
requires further refinement. The choice of VBA programing language necessitated the reliance on 
vendor software (Tobii Pro Lab) for stimuli presentation and data recording. This dependency 
limited the application's full control over the eye-tracking hardware. To overcome this, future 
development should consider using more robust coding platforms, such as Python or C++, which 
would allow for direct communication with eye-tracking hardware. This change would enable the 
use of dynamic stimuli instead of pre-made videos, thus allowing more flexibility in protocols and 
accurate event timing. 

The screen size of eye-tracker displays limit the maximum measurable angles for peripheral 
vision, particularly in the vertical axis. This physical constraint may lead to incomplete or less 
accurate assessments of vertical gaze impairments. This limitation could be overcome by 
integrating Virtual Reality (VR) goggles into the system. VR technology offers a more immersive and 
controlled environment for eye-tracking studies, allowing for the presentation of dynamic stimuli 
without the constraints of a fixed screen. VR goggles can also track head movements in real-time, 
providing more flexibility to introduce Vestibulocochlear reflex protocols and more accurate data, 
particularly in tasks that involve peripheral vision or head movements. 

Since the primary objective of this project was to develop and validate the DETS application, the 
pilot study's sample size was relatively small which limited stratification of results across different 
demographic groups. This limitation is particularly significant in generating normative data, which 
is crucial for clinical diagnostics. Future research should prioritize expanding the sample size and 
including participants from various demographic and age groups. By including a broader range of 
participants, we can better understand how demographic factors such as age, gender, and 
ethnicity may influence eye movement characteristics, leading to more accurate and personalized 
diagnostic criteria. 

While the current study has shown the potential of DETS in identifying specific neurological 
conditions, further research is needed to evaluate its sensitivity and specificity across a wider 
range of disorders. Future work should focus on systematically testing DETS in patients with 
various neurological conditions, including those with overlapping symptoms, to determine how 
well the tool can differentiate between them. Such research should aim to identify condition-
specific eye movement patterns that can serve as biomarkers for early diagnosis, disease 
progression monitoring, and treatment response evaluation. 

The diagnostic efficacy of eye-tracking technology is inherently limited by the physical abilities and 
cognitive capacities of the patients. Cognitive disorders often affect a patient's ability to perform 
eye-tracking tasks. Although studies have demonstrated that visual and cognitive impairments 
significantly impact task performance in eye-tracking, these criteria varied across different 
research settings.[187] To enhance the robustness of future studies, it would be beneficial to 
standardize the cognitive inclusion criteria and possibly develop alternative protocols tailored to 
patients with severe cognitive impairments. 
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Finally, future work should prioritize collaborations with other research groups and institutions 
for larger-scale, multicenter studies. These collaborations would allow for the collection of more 
extensive and diverse data, contributing to the robustness of the normative datasets and the 
validation of DETS across different clinical environments. Multicenter studies could also facilitate 
the standardization of DETS protocols and ensure that the tool is adaptable to various healthcare 
settings, including those with limited resources. By working together, research teams can 
accelerate the development of DETS and its integration into routine neurological assessments, 
ultimately improving patient outcomes on a broader scale. 

 

Conclusion 

The project "Utilization of Automated Eye-Tracking as an Ancillary Diagnostic Test in Neurological 
Disorders" set out to address the need for a standardized, scalable, and automated diagnostic tool 
in clinical neurology by leveraging the potential of eye-tracking technology. The project 
successfully developed and implemented a comprehensive Diagnostic Eye-Tracking Study (DETS) 
designed specifically for clinical neurology. This included the creation of a battery of eye-tracking 
protocols aimed at evaluating both reflexive and voluntary eye movements, such as fixation, 
saccades, smooth pursuit, optokinetic nystagmus, prosaccades, and antisaccades. The protocols 
were designed with clinically relevant stimuli, ensuring that the visual tasks presented to patients 
were appropriate for assessing neurological function. Key biomarkers pertinent to different 
neurological conditions were identified and defined, providing a robust framework for analyzing 
eye movement data. These biomarkers included saccadic latency, saccadic gain, pursuit gain, and 
fixation stability, among others. 

The DETS software was developed to automate the entire process, from data acquisition to 
analysis, incorporating advanced signal processing algorithms to ensure accurate and reliable 
results, and presenting the result both qualitatively and quantitatively. The software was validated 
through a pilot study conducted on a small cohort of participants, including both healthy 
individuals and patients with neurological disorders. The results of the pilot study confirmed the 
efficacy and reliability of the DETS protocols and the analytical software. The study demonstrated 
that DETS could successfully detect subtle eye movement abnormalities. The case studies 
included in the thesis illustrated how DETS could enhance diagnostic accuracy across a range of 
neurological disorders and provide additional insights into the underlying neural mechanisms of 
these disorders. The project successfully achieved all its aims and objectives, establishing a strong 
foundation for future optimizations that have the potential to significantly improve patient 
outcomes. 
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Appendices 

 

Appendix 1: DETS Software 

Option Explicit 
 
Public Sub Main() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim fm As Object 
     
    Set fm = VBA.UserForms.Add("UF_Main") 
    fm.Show 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Public Sub InitAppSetts() 
    With Application 
        .ScreenUpdating = False 
        .EnableEvents = False 
        .CutCopyMode = False 
        .DisplayAlerts = False 
        .Calculation = xlCalculationManual 
        .WindowState = xlMinimized 
    End With 
End Sub 
 
Public Sub TermAppSetts() 
    With Application 
        .ScreenUpdating = True 
        .EnableEvents = True 
        .CutCopyMode = True 
        .DisplayAlerts = True 
        .Calculation = xlCalculationAutomatic 
    End With 
End Sub 
 
Public Sub ClsApp(callerWb As Workbook, callerFmCaption As String, saveWb As Boolean) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wb As Workbook, fm As Object 
     
    For Each wb In Application.Workbooks 
        If wb.Name <> callerWb.Name Then 
            If saveWb Then 
                wb.Close SaveChanges:=True 
            ElseIf Not saveWb Then 
                wb.Close SaveChanges:=False 
            End If 
        End If 
    Next wb 
     
    For Each fm In VBA.UserForms 
        If Not fm.Caption = callerFmCaption Then Unload fm 
    Next fm 
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    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Public Sub ErrorHandler() 
    Call InitAppSetts 
    Dim FileNumber As Integer 
    FileNumber = FreeFile 
     
    Open ThisWorkbook.Path & "\" & "ErrorLog.txt" For Append As #FileNumber 
    Print #FileNumber, ">>>>> Error <<<<<" 
    Print #FileNumber, "Error occurred at: " & Now 
    Print #FileNumber, "Error Number: " & err.Number 
    Print #FileNumber, "Error Source: " & err.Source 
    Print #FileNumber, "Error Line: " & Erl 
    Print #FileNumber, "Error Description: " & err.Description 
    Print #FileNumber, "-----------------" 
    Close #FileNumber 
     
    MsgBox "Error #" & Str(err.Number) & vbNewLine & _ 
    " was generated by " & err.Source & "Error Line: " & Erl & vbNewLine & _ 
    err.Description, vbExclamation, "Error" & vbNewLine & _ 
    "Error Log created. Please contact administrator: hadikarimi@outlook.com" 
     
    Call ClsApp(ThisWorkbook, "Diagnostic Eye Tracking Study", False) 
End Sub 
 
Public Sub ClsForm(fm As UserForm) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim ctl As MSForms.Control, i As Integer 
     
    For Each ctl In fm.Controls 
        Select Case TypeName(ctl) 
            Case "TextBox" 
                ctl.Text = "" 
            Case "CheckBox", "OptionButton", "ToggleButton" 
                ctl.Value = False 
            Case "ComboBox" 
                ctl.ListIndex = -1 
            Case "ListBox" 
                If ctl.MultiSelect = fmMultiSelectMulti Or ctl.MultiSelect = fmMultiSelectExtended 
Then 
                    For i = 0 To ctl.ListCount - 1 
                        ctl.Selected(i) = False 
                    Next i 
                Else 
                    ctl.ListIndex = -1 
                End If 
        End Select 
    Next ctl 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Public Sub Progress() 
    Dim fm As Object 
    Set fm = VBA.UserForms.Add("UF_Progress") 
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    fm.Show 
    Call UpdateProgress(0) 
End Sub 
 
Public Sub UpdateProgress(addVal As Single) 
    Call UF_Progress.Update_Progress(addVal) 
    UF_Progress.Show 
    DoEvents 
End Sub 
 
Option Explicit 
    Dim i As Integer, j As Integer 
    Dim selectedItemsIndex As Variant 
 
Private Sub UserForm_Initialize() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Call LoadSettings 
    ComboBoxEthnic.List = Settings.PtSettings("Ethnicity") 
    ComboBoxDx.List = Settings.PtSettings("Diagnosis") 
    ListBoxComorbs.List = Settings.PtSettings("Comorbidities") 
    BoxNotes.Value = " " 
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub FrameNum_Enter() 
    If BoxNum.Value = "0000000000" Then BoxNum.Value = "" 
End Sub 
 
Private Sub BoxNum_KeyPress(ByVal KeyAscii As MSForms.ReturnInteger) 
    If Not IsNumeric(Chr(KeyAscii.Value)) And KeyAscii.Value <> 8 Then 
        KeyAscii.Value = 0 
    End If 
End Sub 
 
Private Sub FrameNum_Exit(ByVal Cancel As MSForms.ReturnBoolean) 
    BoxNum.Value = Format(BoxNum.Value, "0000000000") 
    If BoxNum.Value = "0000000000" Then BoxNum.Value = "" 
End Sub 
 
Private Sub FrameDoB_Exit(ByVal Cancel As MSForms.ReturnBoolean) 
    If Not IsDate(BoxDoB.Value) Then 
        BoxDoB.Value = "" 
    Else 
        BoxDoB.Value = Format(BoxDoB.Value, "yyyy-mm-dd") 
    End If 
End Sub 
 
Private Sub FrameDoS_Enter() 
    If BoxDoS.Value = Format(Date, "yyyy-mm-dd") Then BoxDoS.Value = "" 
End Sub 
 
Private Sub FrameDoS_Exit(ByVal Cancel As MSForms.ReturnBoolean) 
    If IsDate(BoxDoS.Value) Then 
        BoxDoS.Value = Format(BoxDoS.Value, "yyyy-mm-dd") 
    Else 
        BoxDoS.Value = Format(Date, "yyyy-mm-dd") 
    End If 
End Sub 
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Private Sub TogButtonMale_MouseDown(ByVal Button As Integer, ByVal Shift As Integer, ByVal x As 
Single, ByVal y As Single) 
    TogButtonFemale.Value = False 
End Sub 
 
Private Sub TogButtonFemale_MouseDown(ByVal Button As Integer, ByVal Shift As Integer, ByVal x As 
Single, ByVal y As Single) 
    TogButtonMale.Value = False 
End Sub 
 
Private Sub BoxMMSE_KeyPress(ByVal KeyAscii As MSForms.ReturnInteger) 
    If Not IsNumeric(Chr(KeyAscii.Value)) And KeyAscii.Value <> 8 Then 
        KeyAscii.Value = 0 
    End If 
End Sub 
 
Private Sub FrameMMSE_Exit(ByVal Cancel As MSForms.ReturnBoolean) 
    If Not BoxMMSE.Value = "" Then 
        If CInt(BoxMMSE.Value) > 30 Or CInt(BoxMMSE.Value) < 1 Then 
            BoxMMSE.Value = "" 
        End If 
    End If 
End Sub 
 
Private Sub FrameComorbs_Enter() 
    SaveSelectedItems 
    FrameComorbs.Height = 86 
    ListBoxComorbs.Height = 70 
    ListBoxComorbs.IntegralHeight = True 
    RestoreSelectedItems 
End Sub 
 
Private Sub FrameComorbs_Exit(ByVal Cancel As MSForms.ReturnBoolean) 
    SaveSelectedItems 
    FrameComorbs.Height = 39 
    ListBoxComorbs.IntegralHeight = False 
    ListBoxComorbs.Height = 16 
    RestoreSelectedItems 
End Sub 
 
Private Sub SaveSelectedItems() 
    ReDim selectedItemsIndex(1 To ListBoxComorbs.ListCount) 
    j = 0 
    For i = 0 To ListBoxComorbs.ListCount - 1 
        If ListBoxComorbs.Selected(i) Then 
            j = j + 1 
            selectedItemsIndex(j) = i 
        End If 
    Next i 
End Sub 
 
Private Sub RestoreSelectedItems() 
    For i = LBound(selectedItemsIndex) To UBound(selectedItemsIndex) 
        If Not IsEmpty(selectedItemsIndex(i)) Then 
            ListBoxComorbs.Selected(selectedItemsIndex(i)) = True 
        End If 
    Next i 
End Sub 
 
Private Sub CmdBtnRec_Click() 
    'On Error GoTo ErrorHandler 
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    Dim ahk As String, ahkFile As String, tobiiManager As String, tobiiLab As String, tobiiProject As 
String, tobiPtNum As String 
     
    If IsFormEmpty(Me) Then 
        MsgBox ("Please complete information!") 
        Exit Sub 
    End If 
     
    If Not Settings.PtInfo Is Nothing Then Settings.PtInfo.RemoveAll 
    If Not Settings.PtPaths Is Nothing Then Settings.PtPaths.RemoveAll 
    Call LoadPtInfo(True) 
     
    ahk = Chr(34) & Settings.AppSettings("AutoHotKey Address") & Chr(34) 
    ahkFile = """" & Settings.AppSettings("AutoHotKey Record File Address") & """" 
    tobiiManager = Chr(34) & Settings.AppSettings("TobiiPro EyeTracker Manager Address") & Chr(34) 
    tobiiLab = Chr(34) & Settings.AppSettings("TobiiPro Lab Address") & Chr(34) 
    tobiiProject = Chr(34) & Settings.AppSettings("Tobii DETS project Address") & Chr(34) 
    tobiPtNum = Chr(34) & Settings.PtInfo("Number") & Chr(34) 
     
    Shell ahk & " " & ahkFile & " " & tobiiManager & " " & tobiiLab & " " & tobiiProject & " " & 
tobiPtNum, vbNormalFocus 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub CmdBtnImpRec_Click() 
    'On Error GoTo ErrorHandler 
    Dim ahk As String, ahkFile As String, tobiiManager As String, tobiiLab As String, tobiiProject As 
String, tobiPtPath As String 
    Dim folderObj As Object 
    Dim oldFolderPath As String, newFolderPath As String 
     
    If IsFormEmpty(Me) Then 
        MsgBox ("Please complete information!") 
        Exit Sub 
    End If 
     
    If Not Settings.PtInfo Is Nothing Then Settings.PtInfo.RemoveAll 
    If Not Settings.PtPaths Is Nothing Then Settings.PtPaths.RemoveAll 
    Call LoadPtInfo(True) 
     
    ahk = Chr(34) & Settings.AppSettings("AutoHotKey Address") & Chr(34) 
    ahkFile = """" & Settings.AppSettings("AutoHotKey Import File Address") & """" 
    tobiiLab = Chr(34) & Settings.AppSettings("TobiiPro Lab Address") & Chr(34) 
    tobiiProject = Chr(34) & Settings.AppSettings("Tobii DETS project Address") & Chr(34) 
    tobiPtPath = Settings.PtPaths("Patient Data Folder Address") 
     
    If Not IsFolder(Settings.PtPaths("Patient Data Folder Address")) Then 
        MkDir Settings.PtPaths("Patient Data Folder Address") 
    ElseIf IsFolder(Settings.PtPaths("Patient Data Folder Address") & "Data export - DETS") Then 
        Set folderObj = CreateObject("Scripting.FileSystemObject") 
        oldFolderPath = Settings.PtPaths("Patient Data Folder Address") & "Data export - DETS" 
        newFolderPath = oldFolderPath & "_Old" 
        folderObj.MoveFolder oldFolderPath, newFolderPath 
    End If 
     
    Shell ahk & " " & ahkFile & " " & tobiiLab & " " & tobiiProject & " " & tobiPtPath, vbNormalFocus 
     
    Exit Sub 
ErrorHandler: 
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    Call ErrorHandler 
End Sub 
 
Private Sub CmdBtnAna_Click() 
    'On Error GoTo ErrorHandler 
    Dim folderObj As Object, foundFile As Object 
    checkPass = True 
     
    If IsFormEmpty(Me) Then 
        MsgBox ("Please complete information!") 
        Exit Sub 
    End If 
     
    If Not Settings.PtInfo Is Nothing Then Settings.PtInfo.RemoveAll 
    If Not Settings.PtPaths Is Nothing Then Settings.PtPaths.RemoveAll 
    Call LoadPtInfo(True) 
     
    If Not IsFolder(Settings.PtPaths("Patient Data Folder Address") & "Data export - DETS") Then 
        MsgBox "No recording data was found!" 
        Exit Sub 
    Else 
        Set folderObj = CreateObject("Scripting.FileSystemObject") 
        For Each foundFile In folderObj.GetFolder(Settings.PtPaths("Patient Data Folder Address") & 
"Data export - DETS").Files 
            If IsEmpty(foundFile) Then 
                MsgBox "No recording data was found!" 
                Exit Sub 
            Else 
                Exit For 
            End If 
        Next foundFile 
    End If 
     
    Me.Hide 
    Call Progress 
    Call Import 
    If checkPass Then 
        Call Process 
        Call DeNoise 
        Call Pilot 
        Call Analyze 
        Call Publish 
        Call PlayBeep 
    End If 
    Call InitAppSetts 
    Me.Show 
     
    Call ClsApp(ThisWorkbook, Me.Caption, True) 
    Call ClsForm(Me) 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub CmdBtnReAna_Click() 
    'On Error GoTo ErrorHandler 
 
    If BoxNum.Value = "" Then 
        MsgBox "Please input patient number!" 
        Exit Sub 
    End If 
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    If Not Settings.PtInfo Is Nothing Then Settings.PtInfo.RemoveAll 
    If Not Settings.PtPaths Is Nothing Then Settings.PtPaths.RemoveAll 
    Call LoadPtInfo(False) 
 
    Me.Hide 
    If Not SelectFile("Raw.xlsx") Then 
        Me.Show 
        Exit Sub 
    End If 
     
    Call Progress 
    Call Process 
    Call DeNoise 
    Call Pilot 
    Call Analyze 
    Call Publish 
    Call PlayBeep 
    Call InitAppSetts 
    Me.Show 
     
    Call ClsForm(Me) 
    Call ClsApp(ThisWorkbook, Me.Caption, True) 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub CmdBtnRep_Click() 
    'On Error GoTo ErrorHandler 
 
    If BoxNum.Value = "" Then 
        MsgBox "Please input patient number!" 
        Exit Sub 
    End If 
     
    If Not Settings.PtInfo Is Nothing Then Settings.PtInfo.RemoveAll 
    If Not Settings.PtPaths Is Nothing Then Settings.PtPaths.RemoveAll 
    Call LoadPtInfo(False) 
     
    Me.Hide 
    If Not SelectFile("port.pdf") Then 
        Me.Show 
        Exit Sub 
    End If 
     
    Shell "cmd /c start """" """ & Settings.PtPaths("Patient Report File Address") & """" 
     
    Call InitAppSetts 
    Me.Show 
     
    Call ClsApp(ThisWorkbook, Me.Caption, True) 
    Call ClsForm(Me) 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub CmdBtnDataBank_Click() 
    'On Error GoTo ErrorHandler 
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    Call ClsApp(ThisWorkbook, Me.Caption, True) 
    TermAppSetts 
    Shell "cmd /c start """" """ & ThisWorkbook.Path & "\Data_Bank.vbs" & """" 
    ThisWorkbook.Saved = True 
    Application.Quit 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub UserForm_QueryClose(Cancel As Integer, CloseMode As Integer) 
    'On Error GoTo ErrorHandler 
     
    Call ClsApp(ThisWorkbook, Me.Caption, True) 
    TermAppSetts 
    ThisWorkbook.Saved = True 
    Application.Quit 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Function SelectFile(fileExt As String) As Boolean 
    'On Error GoTo ErrorHandler 
    Dim folderObj As Object, foundFile As Object 
    Dim listItemsArray As Variant, listArray As Variant, ptPathsArr(1 To 2)  As Variant 
    Dim selectedIndex As Integer 
    SelectFile = False 
     
    i = 0 
    If IsFolder(Settings.PtPaths("Patient Data Folder Address")) Then 
        Set folderObj = CreateObject("Scripting.FileSystemObject") 
        For Each foundFile In folderObj.GetFolder(Settings.PtPaths("Patient Data Folder 
Address")).Files 
            If Right$(foundFile.Name, 8) = fileExt Then 
                i = i + 1 
            End If 
        Next 
    Else 
        MsgBox "Patient Data does not exist!" 
        Exit Function 
    End If 
     
    If i = 0 Then 
        MsgBox "Patient File does not exist!" 
        Exit Function 
    End If 
     
    ReDim listItemsArray(1 To i) 
    ReDim listArray(1 To i) 
    j = 0 
    For Each foundFile In folderObj.GetFolder(Settings.PtPaths("Patient Data Folder Address")).Files 
        If Right$(foundFile.Name, 8) = fileExt Then 
            j = j + 1 
            listItemsArray(j) = "   " & Left(Right(Settings.PtPaths("Patient Data Folder Address"), 
11), 10) & "                    " & Left(foundFile.Name, 10) 
            listArray(j) = Left(foundFile.Name, 10) 
        End If 
    Next 
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    selectedIndex = SelectItem(listItemsArray) 
     
    If selectedIndex > 0 Then 
        ptPathsArr(1) = Array("Patient Data Folder Address", "Patient Raw Data File Address", "Patient 
Processed Data File Address", _ 
            "Patient Analyzed Data File Address", "Patient Report File Address") 
        ptPathsArr(2) = Array(Settings.PtPaths.Item(0), _ 
            Settings.PtPaths("Patient Data Folder Address") & listArray(selectedIndex) & "_Raw" & 
".xlsx", _ 
            Settings.PtPaths("Patient Data Folder Address") & listArray(selectedIndex) & "_Processed" 
& ".xlsx", _ 
            Settings.PtPaths("Patient Data Folder Address") & listArray(selectedIndex) & "_Analyzed" & 
".xlsx", _ 
            Settings.PtPaths("Patient Data Folder Address") & listArray(selectedIndex) & "_Report" & 
".pdf") 
         
        For i = LBound(ptPathsArr(1)) + 1 To UBound(ptPathsArr(1)) 
            Settings.AddSetting Settings.PtPaths, CStr(ptPathsArr(1)(i)), ptPathsArr(2)(i) 
        Next i 
         
        SelectFile = True 
    End If 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Sub LoadPtInfo(allFields As Boolean) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim ptInfoArr(1 To 2) As Variant, ptPathsArr(1 To 2) As Variant, selectedListItems As Variant 
     
    ptInfoArr(1) = Array("Number", "Last Name", "First Name", "Birth Date", "Study Date", _ 
            "Biological Sex", "Ethnicity", "MMSE", "Diagnosis", "Comorbidities", "Notes") 
    ptPathsArr(1) = Array("Patient Data Folder Address", "Patient Raw Data File Address", "Patient 
Processed Data File Address", _ 
        "Patient Analyzed Data File Address", "Patient Report File Address") 
     
    If allFields Then 
        ReDim selectedListItems(1 To ListBoxComorbs.ListCount) 
        j = 0 
        For i = 0 To ListBoxComorbs.ListCount - 1 
            If ListBoxComorbs.Selected(i) Then 
                j = j + 1 
                selectedListItems(j) = ListBoxComorbs.List(i) 
            End If 
        Next i 
         
        ptInfoArr(2) = Array(CStr(BoxNum.Value), CStr(BoxLName.Value), CStr(BoxFName.Value), 
CStr(BoxDoB.Value), CStr(BoxDoS.Value), _ 
            CStr(IIf(TogButtonMale.Value = True, "Male", "Female")), CStr(ComboBoxEthnic.Value), 
CStr(BoxMMSE.Value), CStr(ComboBoxDx.Value), _ 
            selectedListItems, CStr(BoxNotes.Value)) 
 
        For i = LBound(ptInfoArr(1)) To UBound(ptInfoArr(1)) 
            Settings.AddSetting Settings.PtInfo, CStr(ptInfoArr(1)(i)), ptInfoArr(2)(i) 
        Next i 
         
        ptPathsArr(2) = Array(Settings.AppSettings("Patients Recordings Storage Folder Address") & 
Settings.PtInfo("Number") & "\", _ 
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            Settings.AppSettings("Patients Recordings Storage Folder Address") & 
Settings.PtInfo("Number") & "\" & Settings.PtInfo("Study Date") & "_Raw" & ".xlsx", _ 
            Settings.AppSettings("Patients Recordings Storage Folder Address") & 
Settings.PtInfo("Number") & "\" & Settings.PtInfo("Study Date") & "_Processed" & ".xlsx", _ 
            Settings.AppSettings("Patients Recordings Storage Folder Address") & 
Settings.PtInfo("Number") & "\" & Settings.PtInfo("Study Date") & "_Analyzed" & ".xlsx", _ 
            Settings.AppSettings("Patients Recordings Storage Folder Address") & 
Settings.PtInfo("Number") & "\" & Settings.PtInfo("Study Date") & "_Report" & ".pdf") 
         
        For i = LBound(ptPathsArr(1)) To UBound(ptPathsArr(1)) 
            Settings.AddSetting Settings.PtPaths, CStr(ptPathsArr(1)(i)), ptPathsArr(2)(i) 
        Next i 
    Else 
        ptInfoArr(2) = Array(CStr(BoxNum.Value), "", "", "", "", "", "", "", "", "", "") 
        Settings.AddSetting Settings.PtInfo, CStr(ptInfoArr(1)(0)), ptInfoArr(2)(0) 
         
        ptPathsArr(2) = Array(Settings.AppSettings("Patients Recordings Storage Folder Address") & 
Settings.PtInfo("Number") & "\", "", "", "", "") 
        Settings.AddSetting Settings.PtPaths, CStr(ptPathsArr(1)(0)), ptPathsArr(2)(0) 
    End If 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
 
Private Sub UserForm_Initialize() 
    Call InitAppSetts 
    ListBox.Clear 
End Sub 
 
Private Sub ButtonOpen_Click() 
    If ListBox.ListIndex > -1 Then Me.Hide 
End Sub 
 
Private Sub ButtonCancel_Click() 
    ListBox.ListIndex = -1 
    Me.Hide 
End Sub 
 
Public Property Get SelectedItemIndex() As Integer 
    SelectedItemIndex = ListBox.ListIndex 
End Property 
 
Public Property Let ItemsList(items As Variant) 
    ListBox.List = items 
End Property 
 
Option Explicit 
 
Public Sub Update_Progress(addVal As Single) 
    Dim tempVal As Single 
     
    With Me 
        tempVal = .ProgressBar.Value + addVal 
        If tempVal > 99 Then tempVal = 99 
        .ProgressBar.Value = tempVal 
        .TextBoxProgress.Value = "Processing...  " & Round(tempVal, 0) & "%" & " please wait!" 
    End With 
End Sub 
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Option Explicit 
    Public Settings As Class_Settings 
    Public checkPass As Boolean 
 
Private Sub InitSettings() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Set Settings = New Class_Settings 
    Settings.Initialize 
 
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Public Sub LoadSettings() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Call InitSettings 
     
    Dim appSettsArr(1 To 2) As Variant 
    appSettsArr(1) = Array("AutoHotKey Address", "AutoHotKey Record File Address", "AutoHotKey Import 
File Address", _ 
        "TobiiPro EyeTracker Manager Address", "TobiiPro Lab Address", "Tobii DETS project Address", _ 
        "Patients Recordings Storage Folder Address", "Data Bank Address") 
    appSettsArr(2) = Array("C:\Program Files\AutoHotkey\v2\AutoHotkey64.exe", "C:\Program 
Files\AutoHotkey\DETS\AHK_Record.ahk", "C:\Program Files\AutoHotkey\DETS\AHK_Import.ahk", _ 
        
"C:\Users\IALCH_Neurology\AppData\Local\Programs\TobiiProEyeTrackerManager\TobiiProEyeTrackerManager.e
xe", "C:\Program Files\Tobii\Tobii Pro Lab\Bin\TobiiProLab.exe", "C:\Program Files\Tobii\Tobii DETS 
Project\tobii.project", _ 
        "C:\Users\IALCH_Neurology\DETS\Data\", "C:\Users\IALCH_Neurology\DETS\DataBank.xlsx") 
         
    Dim pilotArr(1 To 2) As Variant 
    pilotArr(1) = Array( _ 
        "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down", _ 
        "Saccades Horizontal", "Saccades Vertical", "Pursuit Horizontal", "Pursuit Vertical", _ 
        "OKN Right", "OKN Left", "OKN Up", "OKN Down", _ 
        "ProSaccades Horizontal", "ProSaccades Vertical", "AntiSaccades Horizontal", "AntiSaccades 
Vertical") 
    pilotArr(2) = Array( _ 
        Array(0), Array(22), Array(-22), Array(11), Array(-11), _ 
        Array(22, -22, 6, 3), Array(11, -11, 6, 3), Array(22, -22, 6, 8), Array(11, -11, 6, 4), _ 
        Array(6), Array(-6), Array(6), Array(-6), _ 
        Array(9, -9, 9, 3), Array(9, -9, 9, 3), Array(9, -9, 9, 3), Array(9, -9, 9, 3) _ 
        ) 
     
    Dim tablesArr(1 To 2) As Variant 
    tablesArr(1) = Array( _ 
        "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down", _ 
        "Saccades Horizontal", "Saccades Vertical", "Pursuit Horizontal", "Pursuit Vertical", _ 
        "OKN Right", "OKN Left", "OKN Up", "OKN Down", _ 
        "ProSaccades Horizontal", "ProSaccades Vertical", "AntiSaccades Horizontal", "AntiSaccades 
Vertical") 
    tablesArr(2) = Array( _ 
        Array("Accuracy", "Variation", "Congruency", "", "", "", "", "", " %", " " & ChrW(176), " " & 
ChrW(916) & ChrW(176), "", "", "", "", "", "", " max" & ChrW(176), " %", "", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "", "", "", "", "", " %", " " & ChrW(176), " " & 
ChrW(916) & ChrW(176), "", "", "", "", "", "", " max" & ChrW(176), " %", "", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "", "", "", "", "", " %", " " & ChrW(176), " " & 
ChrW(916) & ChrW(176), "", "", "", "", "", "", " max" & ChrW(176), " %", "", "", "", "", ""), _ 
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        Array("Accuracy", "Variation", "Congruency", "", "", "", "", "", " %", " " & ChrW(176), " " & 
ChrW(916) & ChrW(176), "", "", "", "", "", "", " max" & ChrW(176), " %", "", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "", "", "", "", "", " %", " " & ChrW(176), " " & 
ChrW(916) & ChrW(176), "", "", "", "", "", "", " max" & ChrW(176), " %", "", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "Latency", "Gain", "Velocity", "", "", " %", " " 
& ChrW(176), " " & ChrW(916) & ChrW(176), " ms", "", " " & ChrW(176) & "/s", "", "", "", " max" & 
ChrW(176), " %", "", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "Latency", "Gain", "Velocity", "", "", " %", " " 
& ChrW(176), " " & ChrW(916) & ChrW(176), " ms", "", " " & ChrW(176) & "/s", "", "", "", " max" & 
ChrW(176), " %", "", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "Phase Shift", "Gain", "", "", "", " %", " " & 
ChrW(176), " " & ChrW(916) & ChrW(176), " " & ChrW(176), "", "", "", "", "", " max" & ChrW(176), " %", 
"", "", "", "", ""), _ 
        Array("Accuracy", "Variation", "Congruency", "Phase Shift", "Gain", "", "", "", " %", " " & 
ChrW(176), " " & ChrW(916) & ChrW(176), " " & ChrW(176), "", "", "", "", "", " max" & ChrW(176), " %", 
"", "", "", "", ""), _ 
        Array("Gain", "Variation", "", "", "", "", "", "", "", " " & ChrW(176), "", "", "", "", "", 
"", "", "", "", "", "", "", "", ""), _ 
        Array("Gain", "Variation", "", "", "", "", "", "", "", " " & ChrW(176), "", "", "", "", "", 
"", "", "", "", "", "", "", "", ""), _ 
        Array("Gain", "Variation", "", "", "", "", "", "", "", " " & ChrW(176), "", "", "", "", "", 
"", "", "", "", "", "", "", "", ""), _ 
        Array("Gain", "Variation", "", "", "", "", "", "", "", " " & ChrW(176), "", "", "", "", "", 
"", "", "", "", "", "", "", "", ""), _ 
        Array("Correct", "Latency", "Error", "", "", "", "", "", "", " ms", "", "", "", "", "", "", 
"", "", "", "", "", "", "", ""), _ 
        Array("Correct", "Latency", "Error", "", "", "", "", "", "", " ms", "", "", "", "", "", "", 
"", "", "", "", "", "", "", ""), _ 
        Array("Correct", "Latency", "Error", "", "", "", "", "", "", " ms", "", "", "", "", "", "", 
"", "", "", "", "", "", "", ""), _ 
        Array("Correct", "Latency", "Error", "", "", "", "", "", "", " ms", "", "", "", "", "", "", 
"", "", "", "", "", "", "", "") _ 
        ) 
     
    Dim chartsArr(1 To 2) As Variant 
    chartsArr(1) = Array( _ 
        "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down", _ 
        "Saccades Horizontal", "Saccades Vertical", "Pursuit Horizontal", "Pursuit Vertical", _ 
        "OKN Right", "OKN Left", "OKN Up", "OKN Down", _ 
        "ProSaccades Horizontal", "ProSaccades Vertical", "AntiSaccades Horizontal", "AntiSaccades 
Vertical") 
    chartsArr(2) = Array( _ 
        Array("420", "10", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("420", "10", "0", "30", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("420", "10", "-30", "0", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("420", "10", "0", "30", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
        Array("420", "10", "-30", "0", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
        Array("580", "43", "-30", "30", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("580", "43", "-30", "30", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
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        Array("580", "56", "-30", "30", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("580", "29", "-30", "30", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
        Array("350", "20", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("350", "20", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("350", "20", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
        Array("350", "20", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
        Array("350", "40", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("350", "40", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle"), _ 
        Array("350", "40", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye 
Horizontal Angle", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical Angle"), 
_ 
        Array("350", "40", "-15", "15", "Down", "Up", "Right Eye Vertical Angle", "Left Eye Vertical 
Angle", "-15", "15", "Left", "Right", "Right Eye Horizontal Angle", "Left Eye Horizontal Angle") _ 
        ) 
     
    Dim processSettsArr(1 To 2) As Variant 
    processSettsArr(1) = Array("Frequency", "Time unit base to Second", _ 
        "Horizontal pixel count", "Vertical pixel count", _ 
        "Max Horizontal Angle", "Max Vertical Angle", _ 
        "Low pass", "High pass", "Threshold", "Tolerance") 
    processSettsArr(2) = Array(600, 1000, _ 
        1920, 1080, _ 
        22, 11, _ 
        50, 0.1, 0.1, 1) 
         
    Dim ptSettsArr(1 To 2) As Variant 
    ptSettsArr(1) = Array("Ethnicity", "Comorbidities", "Diagnosis") 
    ptSettsArr(2) = Array( _ 
        Array("African", "Asian", "Europian", "Middle Eastern", "Mixed", "Other", "South American"), _ 
        Array("CVD", "DM", "HTN", "IC", "KD", "LD", "None", _ 
            "RD", "BMI", "PsD", "RhD", "Smoking"), _ 
        Array("AIDP", "Atypical Parkinsonism", "Autoimmune Disorder", "Autonomic Disorder", "Brainstem 
Disorder", "Cerebellar Disorder", _ 
            "Channelopathy", "CIDP", "Cognitive Impairment", "COVID-Related Disorder", "Cranial Nerve 
Disorder", "Dyssomnia", "Dystonia", _ 
            "Encephalitis", "Encephalopathy", "Headache", "Hereditary Neuropathy", "HIV-Associated 
Disorder", "HTLV-1–Associated Disorder", _ 
            "Huntington Disease", "Hyperkinesia", "Idiopathic Intracranial Hypertension", 
"Intracranial Hypotension", "Ischemic Stroke", _ 
            "Leukoencephalopathy", "Meningitis", "Metabolic Neuropathy", "Migraine", "Mononeuropathy", 
"Mononeuropathy Multiplex", _ 
            "Motor Neuron Diseases", "Movement Disorder", "MOGAD", "Multiple Sclerosis", "Myelitis", 
"Myelopathy", "Neuromuscular Disorder", _ 
            "Neuropathic Pain", "NMOSD", "Normal", "Normal–Pressure Hydrocephalus", "Parkinson 
Disease", "Plexopathy", "Prion Disease", _ 
            "Sarcoidosis", "Seizure Disorder", "Secondary Malignancy", "Structural Disorder", 
"Transient Ischemic Attack", "Tremor", _ 
            "Vascular Disorders") _ 
        ) 
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    Dim i As Long, j As Long 
    For i = LBound(appSettsArr(1)) To UBound(appSettsArr(1)) 
        Settings.AddSetting Settings.AppSettings, CStr(appSettsArr(1)(i)), appSettsArr(2)(i) 
    Next i 
 
    For i = LBound(pilotArr(1)) To UBound(pilotArr(1)) 
        Settings.AddSetting Settings.PilotSettings, CStr(pilotArr(1)(i)), pilotArr(2)(i) 
    Next i 
     
    For i = LBound(tablesArr(1)) To UBound(tablesArr(1)) 
        Settings.AddSetting Settings.TablesSettings, CStr(tablesArr(1)(i)), tablesArr(2)(i) 
    Next i 
     
    For i = LBound(chartsArr(1)) To UBound(chartsArr(1)) 
        Settings.AddSetting Settings.ChartsSettings, CStr(chartsArr(1)(i)), chartsArr(2)(i) 
    Next i 
 
    For i = LBound(processSettsArr(1)) To UBound(processSettsArr(1)) 
        Settings.AddSetting Settings.ProcessSettings, CStr(processSettsArr(1)(i)), 
processSettsArr(2)(i) 
    Next i 
 
    For i = LBound(ptSettsArr(1)) To UBound(ptSettsArr(1)) 
        Settings.AddSetting Settings.PtSettings, CStr(ptSettsArr(1)(i)), ptSettsArr(2)(i) 
    Next i 
 
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
 
Private mAppSetts As Scripting.Dictionary 
Private mPilotSetts As Scripting.Dictionary 
Private mTablesSetts As Scripting.Dictionary 
Private mChartsSetts As Scripting.Dictionary 
Private mProcessSetts As Scripting.Dictionary 
Private mPtSetts As Scripting.Dictionary 
Private mPtInfo As Scripting.Dictionary 
Private mPtPaths As Scripting.Dictionary 
 
Public Sub Initialize() 
    Set mAppSetts = New Scripting.Dictionary 
    Set mPilotSetts = New Scripting.Dictionary 
    Set mTablesSetts = New Scripting.Dictionary 
    Set mChartsSetts = New Scripting.Dictionary 
    Set mProcessSetts = New Scripting.Dictionary 
    Set mPtSetts = New Scripting.Dictionary 
    Set mPtInfo = New Scripting.Dictionary 
    Set mPtPaths = New Scripting.Dictionary 
End Sub 
 
Public Property Get AppSettings() As Scripting.Dictionary 
    Set AppSettings = mAppSetts 
End Property 
 
Public Property Get PilotSettings() As Scripting.Dictionary 
    Set PilotSettings = mPilotSetts 
End Property 
 
Public Property Get TablesSettings() As Scripting.Dictionary 
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    Set TablesSettings = mTablesSetts 
End Property 
 
Public Property Get ChartsSettings() As Scripting.Dictionary 
    Set ChartsSettings = mChartsSetts 
End Property 
 
Public Property Get ProcessSettings() As Scripting.Dictionary 
    Set ProcessSettings = mProcessSetts 
End Property 
 
Public Property Get PtSettings() As Scripting.Dictionary 
    Set PtSettings = mPtSetts 
End Property 
 
Public Property Get PtInfo() As Scripting.Dictionary 
    Set PtInfo = mPtInfo 
End Property 
 
Public Property Get PtPaths() As Scripting.Dictionary 
    Set PtPaths = mPtPaths 
End Property 
 
Public Sub AddSetting(ByRef dict As Scripting.Dictionary, dickey As String, dicvalue As Variant) 
    dict.Add dickey, dicvalue 
End Sub 
 
Option Explicit 
 
Public Sub Import() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wb As Workbook, ws As Worksheet, srcWB As Workbook, srcWS As Worksheet 
    Dim folderObj As Object, srcFile As Object 
    Dim wsName As String, oldFolderPath As String, newFolderPath As String 
    Dim lastRow As Long, lastCol As Integer, i As Integer, j As Integer 
    Dim rawHeaders As Variant, colHeaders As Variant, dataArr As Variant, colData As Variant 
     
    If Not IsFolder(Settings.PtPaths("Patient Data Folder Address") & "Data export - DETS") Then 
        MsgBox "No recording data was found!" 
        checkPass = False 
        Exit Sub 
    End If 
     
    If IsFile(Settings.PtPaths("Patient Raw Data File Address")) Then 
        MsgBox "Recordings already imported! Please select Re-Analyze." 
        checkPass = False 
        Exit Sub 
    End If 
     
    Set folderObj = CreateObject("Scripting.FileSystemObject") 
    For Each srcFile In folderObj.GetFolder(Settings.PtPaths("Patient Data Folder Address") & "Data 
export - DETS").Files 
        If Not IsFile(srcFile.Path) Then 
            MsgBox "No recording data was found!" 
            checkPass = False 
            Exit Sub 
        Else 
            Exit For 
        End If 
    Next srcFile 
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    Set wb = Workbooks.Add 
    wb.SaveAs Filename:=Settings.PtPaths("Patient Raw Data File Address") 
    Set ws = wb.Sheets(1) 
    ws.Name = "Report" 
     
    Call FormatIDSheet(ws) 
         
    For Each srcFile In folderObj.GetFolder(Settings.PtPaths("Patient Data Folder Address") & "Data 
export - DETS").Files 
        Set srcWB = Workbooks.Open(srcFile.Path) 
        Set srcWS = srcWB.Sheets(1) 
        lastRow = srcWS.UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row 
        lastCol = srcWS.UsedRange.Columns.Count 
        colHeaders = srcWS.Range(srcWS.Cells(1, 1), srcWS.Cells(1, lastCol)).Value2 
         
        For i = 1 To lastCol 
            If colHeaders(1, i) = "Timeline name" Then 
                wsName = srcWS.Cells(10, i).Value2 
                Exit For 
            End If 
        Next i 
         
        rawHeaders = Array("Recording timestamp", _ 
            "Gaze point right X", "Gaze point left X", "Gaze point right Y", "Gaze point left Y", _ 
            "Eye position right Z (DACSmm)", "Eye position left Z (DACSmm)") 
         
        Set ws = wb.Sheets.Add(After:=Sheets(1)) 
        ws.Name = wsName 
        ReDim dataArr(1 To lastRow, 1 To 7) 
         
        For i = LBound(rawHeaders) To UBound(rawHeaders) 
            For j = 1 To lastCol 
                If rawHeaders(i) = colHeaders(1, j) Then 
                    colData = srcWS.Range(srcWS.Cells(1, j), srcWS.Cells(lastRow, j)).Value2 
                    dataArr = OverWriteArray(dataArr, colData, i + 1) 
                    Exit For 
                End If 
            Next j 
        Next i 
         
        ws.Range(ws.Cells(1, 1), ws.Cells(lastRow, 7)).Value2 = dataArr 
         
        srcWB.Close SaveChanges:=False 
        Call UpdateProgress(0.5) 
    Next srcFile 
     
    Call Sort_Sheets(wb) 
     
    wb.Save 
     
    Set folderObj = CreateObject("Scripting.FileSystemObject") 
    oldFolderPath = Settings.PtPaths("Patient Data Folder Address") & "Data export - DETS" 
    newFolderPath = Settings.PtPaths("Patient Data Folder Address") & "Data export - DETS_" & 
Settings.PtInfo("Study Date") 
    folderObj.MoveFolder oldFolderPath, newFolderPath 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub FormatIDSheet(ws As Worksheet) 
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    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim i As Integer, tempArr As Variant 
     
    With ws 
        With .Cells 
            .RowHeight = 20 
            .ColumnWidth = 16 
            .HorizontalAlignment = xlCenter 
            .VerticalAlignment = xlCenter 
            .IndentLevel = 0 
            .ShrinkToFit = False 
            .NumberFormat = "@" 
            .WrapText = False 
            With .Font 
                .Name = "Aptos Display" 
                .Size = 12 
                .ColorIndex = 1 
                .Bold = False 
            End With 
        End With 
         
        With .Range("$A$1:$I$6") 
            .HorizontalAlignment = xlLeft 
            .Borders.ColorIndex = 1 
            With .Borders(xlEdgeLeft) 
                .LineStyle = xlContinuous 
                .Weight = xlMedium 
            End With 
            With .Borders(xlEdgeTop) 
                .LineStyle = xlContinuous 
                .Weight = xlMedium 
            End With 
            With .Borders(xlEdgeBottom) 
                .LineStyle = xlContinuous 
                .Weight = xlMedium 
            End With 
            With .Borders(xlEdgeRight) 
                .LineStyle = xlContinuous 
                .Weight = xlMedium 
            End With 
            .Borders(xlInsideHorizontal).LineStyle = xlNone 
            .Borders(xlInsideVertical).LineStyle = xlNone 
        End With 
         
        With .Range("$A$1:$I$1") 
            .IndentLevel = 1 
            .Interior.Color = RGB(65, 50, 125) 
            .Font.ColorIndex = 2 
        End With 
         
        With .Range("$A$1") 
            .Value2 = "DIAGNOSTIC EYE TRACKING STUDY (DETS)" 
            .HorizontalAlignment = xlLeft 
            With .Font 
                .Size = 14 
                .Bold = True 
            End With 
        End With 
     
        With .Range("$I$1") 
            .Value2 = "Hadi Karimi" 
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            .HorizontalAlignment = xlRight 
            With .Font 
                .Size = 10 
                .Bold = False 
            End With 
        End With 
         
        With .Range("$A$2:$A$6") 
            .IndentLevel = 1 
        End With 
         
        .Range("$B$2:$C$6").Font.Bold = True 
        .Range("$E$2:$I$6").Font.Bold = True 
        .Range("$G$2").Font.Bold = False 
                 
        For i = 2 To 6 
            .Cells(i, 1).Value2 = Settings.PtInfo.Keys(i - 2) & ":" 
            .Cells(i, 2).Value2 = Settings.PtInfo.items(i - 2) 
            .Cells(i, 4).Value2 = Settings.PtInfo.Keys(i + 3) & ":" 
            If i = 6 Then Exit For 
            .Cells(i, 5).Value2 = Settings.PtInfo.items(i + 3) 
        Next i 
         
        .Cells(5, 2).Value2 = Format(Settings.PtInfo("Birth Date"), "yyyy-mm-dd") 
        .Cells(5, 3).Value2 = Abs(DateDiff("yyyy", Settings.PtInfo("Birth Date"), Date)) 
        .Cells(6, 2).Value2 = Format(Settings.PtInfo("Study Date"), "yyyy-mm-dd") 
        tempArr = Settings.PtInfo("Comorbidities") 
         
        For i = LBound(tempArr) To UBound(tempArr) 
            If i > 5 Then Exit For 
            .Cells(6, i + 4).Value2 = tempArr(i) 
        Next i 
         
        .Cells(2, 7).Value2 = Settings.PtInfo.Keys(10) & ":" 
        .Range(Cells(3, 7), Cells(5, 9)).Merge 
        .Cells(3, 7).WrapText = True 
        .Cells(3, 7).VerticalAlignment = xlTop 
        .Cells(3, 7).Value2 = Settings.PtInfo.items(10) 
    End With 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub Sort_Sheets(wb As Workbook) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim ws As Worksheet, i As Integer, wsOrder As Variant 
 
    wsOrder = Array("Report", "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", 
"Fixation Down", _ 
        "Saccades Horizontal", "Saccades Vertical", "Pursuit Horizontal", "Pursuit Vertical", _ 
        "OKN Right", "OKN Left", "OKN Up", "OKN Down", _ 
        "ProSaccades Horizontal", "ProSaccades Vertical", "AntiSaccades Horizontal", "AntiSaccades 
Vertical") 
     
    For i = UBound(wsOrder) To LBound(wsOrder) Step -1 
        On Error Resume Next 
        Set ws = wb.Sheets(wsOrder(i)) 
        On Error GoTo 0 
        If Not ws Is Nothing Then 
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            ws.Move before:=wb.Sheets(1) 
            Set ws = Nothing 
        End If 
    Next i 
         
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
    Dim calibAngle(1 To 4) As Double 
     
Public Sub Process() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wb As Workbook, ws As Worksheet 
    Dim freqRowCount As Integer, startRow As Integer, endCol As Integer, endRow As Long 
    Dim tolerance As Double 
    Dim rawHeaders As Variant, dataArr As Variant 
     
    tolerance = Settings.ProcessSettings("Tolerance") 
    freqRowCount = Settings.ProcessSettings("Frequency") * 1.11 
    startRow = freqRowCount * 2 
    Set wb = Workbooks.Open(Settings.PtPaths("Patient Raw Data File Address")) 
     
    For Each ws In wb.Worksheets 
        With ws 
            If Not .Name = "Report" Then 
                endRow = .UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row 
                endCol = .Cells(1, .Columns.Count).End(xlToLeft).Column 
                rawHeaders = .Range(.Cells(1, 1), .Cells(1, endCol)) 
                dataArr = .Range(.Cells(startRow, 1), .Cells(endRow, endCol)).Value2 
                 
                Call Convert(ws, dataArr, rawHeaders, freqRowCount, startRow, tolerance) 
                Call UpdateProgress(0.25) 
            End If 
        End With 
    Next ws 
     
    wb.SaveAs Settings.PtPaths("Patient Processed Data File Address") 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub Convert(ws As Worksheet, ByRef coDataArr As Variant, ByRef coRawHeaders As Variant, ByVal 
freqRowCount As Integer, ByVal startRow As Integer, ByVal tolerance As Double) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wsName As String 
    Dim lastCol As Integer, lastRow As Long, i As Long, j As Long, k As Long, m As Long 
    Dim disAvg(1 To 2) As Double, startTime As Double 
    Dim processedHeaders As Variant 
     
    With ws 
        coDataArr = FillEmptyData(coDataArr) 
         
        lastRow = UBound(coDataArr, 1) 
        lastCol = UBound(coDataArr, 2) 
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        k = 0 
        For i = lastCol - 1 To lastCol 
            k = k + 1 
            disAvg(k) = CalcAverage(OneDimArray(coDataArr, i)) * 3.6432 
            For j = 1 To lastRow 
                If IsEmpty(coDataArr(j, i)) Then 
                    coDataArr(j, i) = disAvg(k) 
                Else 
                    coDataArr(j, i) = coDataArr(j, i) * 3.6432 
                End If 
            Next j 
        Next i 
                 
        coDataArr = ConvertToAngle(coDataArr, coRawHeaders) 
         
        processedHeaders = Array("Time", _ 
            "Right Eye Horizontal Angle", "Left Eye Horizontal Angle", "Right Eye Vertical Angle", 
"Left Eye Vertical Angle") 
         
        .UsedRange.ClearContents 
         
        For i = LBound(processedHeaders) To UBound(processedHeaders) 
            .Cells(1, i + 1).Value2 = processedHeaders(i) 
        Next i 
         
        coDataArr = ResizeArrayShrink(coDataArr, 1, 5, 1, lastRow) 
         
        Call Calibrate(ws, coDataArr, tolerance) 
    End With 
         
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Function FillEmptyData(ByRef fillDataArr As Variant) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, k As Long, m As Long, lastRow As Long, lastCol As Integer 
    Dim afterIndex As Long, beforeIndex As Long 
    Dim afterValue As Double, beforeValue As Double, Slope As Double 
     
    lastRow = UBound(fillDataArr, 1) 
    lastCol = UBound(fillDataArr, 2) 
     
    For i = 1 To lastCol 
        For j = 1 To lastRow 
            If IsEmpty(fillDataArr(j, i)) Then 
                k = j 
                Do While IsEmpty(fillDataArr(k, i)) And k < lastRow 
                    k = k + 1 
                Loop 
                If k > lastRow Then 
                    afterValue = 0 
                    afterIndex = lastRow 
                Else 
                    afterValue = fillDataArr(k, i) 
                    afterIndex = k 
                End If 
                 
                k = j 
                Do While IsEmpty(fillDataArr(k, i)) And k > 1 
                    k = k - 1 
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                Loop 
                If k < 1 Then 
                    beforeValue = 0 
                    beforeIndex = 1 
                Else 
                    beforeValue = fillDataArr(k, i) 
                    beforeIndex = k 
                End If 
                 
                If afterIndex - beforeIndex <> 0 Then 
                    Slope = (afterValue - beforeValue) / (afterIndex - beforeIndex) 
                    For m = beforeIndex + 1 To afterIndex - 1 
                        fillDataArr(m, i) = Slope * (m - beforeIndex) + beforeValue 
                    Next m 
                End If 
            End If 
        Next j 
    Next i 
 
    FillEmptyData = fillDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function ConvertToAngle(ByRef dataArr As Variant, ByRef rawHeaders As Variant) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, lastRow As Long, lastCol As Integer, startTime As Double 
 
    lastRow = UBound(dataArr, 1) 
    lastCol = UBound(dataArr, 2) 
 
    For i = 1 To UBound(rawHeaders, 2) 
        If rawHeaders(1, i) = "Recording timestamp" Then 
            startTime = dataArr(1, i) 
            For j = 1 To lastRow 
                dataArr(j, i) = (dataArr(j, i) - startTime) / Settings.ProcessSettings("Time unit base 
to Second") 
            Next j 
        ElseIf rawHeaders(1, i) = "Gaze point right X" Then 
            For j = 1 To lastRow 
                dataArr(j, i) = CalcAngle(CDbl((dataArr(j, i) - (Settings.ProcessSettings("Horizontal 
pixel count") / 2))), _ 
                CDbl(dataArr(j, lastCol - 1))) 
            Next j 
        ElseIf rawHeaders(1, i) = "Gaze point left X" Then 
            For j = 1 To lastRow 
                dataArr(j, i) = CalcAngle(CDbl((dataArr(j, i) - (Settings.ProcessSettings("Horizontal 
pixel count") / 2))), _ 
                CDbl(dataArr(j, lastCol))) 
            Next j 
        ElseIf rawHeaders(1, i) = "Gaze point right Y" Then 
            For j = 1 To lastRow 
                dataArr(j, i) = CalcAngle(CDbl(((Settings.ProcessSettings("Vertical pixel count") / 2) 
- dataArr(j, i))), _ 
                CDbl(dataArr(j, lastCol - 1))) 
            Next j 
        ElseIf rawHeaders(1, i) = "Gaze point left Y" Then 
            For j = 1 To lastRow 
                dataArr(j, i) = CalcAngle(CDbl(((Settings.ProcessSettings("Vertical pixel count") / 2) 
- dataArr(j, i))), _ 



 

99 

                CDbl(dataArr(j, lastCol))) 
            Next j 
        End If 
    Next i 
 
    ConvertToAngle = dataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcAngle(ByVal angleBase As Double, ByVal angleLeg As Double) As Double 
    'On Error GoTo ErrorHandler 
    Dim angleTan As Double, angleRadian As Double, angleDegree As Double 
     
    If angleBase = 0 Then 
        CalcAngle = 0 
    Else 
        angleTan = angleBase / angleLeg 
        angleRadian = Atn(angleTan) 
        angleDegree = angleRadian * (180 / Application.WorksheetFunction.Pi()) 
        CalcAngle = angleDegree 
    End If 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Sub Calibrate(ws As Worksheet, ByRef caDataArr As Variant, ByVal tolerance As Double) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim i As Long, j As Long, lastRow As Long 
    Dim avg As Double, diff As Double, w As Double, beta As Double, dNout As Double, tempCalibAngle As 
Double, calibAngle(2 To 5) As Double 
     
    With ws 
        lastRow = UBound(caDataArr, 1) 
         
        If ws.Name = "Fixation Center" Then 
            For i = 2 To 5 
                tempCalibAngle = 0 - CalcAverage(OneDimArray(caDataArr, i)) 
                calibAngle(i) = IIf(tempCalibAngle < tolerance, tempCalibAngle, 0) 
            Next i 
        End If 
         
        For i = 2 To 5 
            For j = 1 To lastRow 
                caDataArr(j, i) = caDataArr(j, i) + calibAngle(i) 
            Next j 
        Next i 
         
        beta = 1 
        dNout = 1 
     
        For i = 2 To 5 Step 2 
            For j = 1 To lastRow 
                avg = (caDataArr(j, i) + caDataArr(j, i + 1)) / 2 
                diff = Abs(caDataArr(j, i) - caDataArr(j, i + 1)) 
                w = 1 / (1 + Exp(-beta * (diff - dNout))) 
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                caDataArr(j, i) = caDataArr(j, i) * (1 - w) + avg * w 
                caDataArr(j, i + 1) = caDataArr(j, i + 1) * (1 - w) + avg * w 
            Next j 
        Next i 
         
        .Range(.Cells(2, 1), .Cells(lastRow, 5)).Value2 = caDataArr 
    End With 
         
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
 
Public Sub DeNoise() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wb As Workbook, ws As Worksheet 
    Dim arrColIndex As Integer, freqRowCount As Integer, lastRow As Long, tolerance As Double, 
threshold As Double 
    Dim dataArr As Variant, tempArr As Variant 
     
    freqRowCount = Settings.ProcessSettings("Frequency") 
    tolerance = Settings.ProcessSettings("Tolerance") 
    threshold = Settings.ProcessSettings("Threshold") 
    Set wb = Workbooks.Open(Settings.PtPaths("Patient Processed Data File Address")) 
     
    For Each ws In wb.Worksheets 
        If Not ws.Name = "Report" Then 
            With ws 
                lastRow = .UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row 
                dataArr = .Range(.Cells(2, 2), .Cells(lastRow, 5)).Value2 
                 
                For arrColIndex = 1 To 4 
                    tempArr = OneDimArray(dataArr, arrColIndex) 
                    tempArr = Medianize(tempArr, freqRowCount \ 100) 
                    tempArr = DeBlink(tempArr, freqRowCount \ 100, freqRowCount, threshold, tolerance) 
                    tempArr = Regressize(tempArr, 385, 5, -4) 
                    tempArr = Normalize(tempArr, freqRowCount \ 100) 
                    dataArr = OverWriteArray(dataArr, tempArr, arrColIndex) 
                    Call UpdateProgress(1) 
                Next arrColIndex 
                 
                .Range(.Cells(2, 2), .Cells(lastRow, 5)).Value2 = dataArr 
            End With 
        End If 
    Next ws 
     
    wb.Save 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Function Medianize(ByRef medDataArr As Variant, ByVal medWinSize As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, halfWinSize As Integer 
     
    n = UBound(medDataArr) 
    halfWinSize = medWinSize \ 2 
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    For i = halfWinSize + 1 To n - halfWinSize 
        medDataArr(i) = CalcMedian(GetWinArr(medDataArr, i, medWinSize)) 
    Next i 
     
    Medianize = medDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function DeBlink(ByRef blDataArr As Variant, ByVal blWinSize As Integer, ByVal interval As 
Integer, ByVal threshold As Double, ByVal tolerance As Double) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, k As Long, m As Long, n As Long, p As Long, foundBlink As Boolean 
    Dim tempSlope As Double, tempAvg As Double, tempVal As Double, slopeArr() As Double, avgArr() As 
Double 
     
    ReDim slopeArr(1 To UBound(blDataArr)) 
    ReDim avgArr(1 To UBound(blDataArr)) 
     
    For i = blWinSize * 2 + 1 To UBound(blDataArr) - blWinSize * 2 
        tempSlope = CalcSlope(GetWinArr(blDataArr, i - blWinSize, blWinSize * 2)) 
        tempAvg = CalcAverage(GetWinArr(blDataArr, i - blWinSize, blWinSize * 2)) 
        If Abs(tempSlope) > threshold And Abs(tempAvg) > tolerance Then 
            slopeArr(i) = tempSlope 
            avgArr(i) = tempAvg 
        Else 
            slopeArr(i) = 0 
            avgArr(i) = tempAvg 
        End If 
    Next i 
     
    k = 0 
    ReDim blinkPoint(1 To 100) 
     
    For i = blWinSize * 20 + 1 To UBound(blDataArr) - blWinSize * 20 
        If slopeArr(i) = 0 Then 
            foundBlink = False 
            For j = 1 To blWinSize * 20 
                If slopeArr(i - j) * slopeArr(i + j) < 0 And Abs(avgArr(i - j) - avgArr(i + j)) < 
tolerance Then 
                    For m = j To blWinSize * 20 
                        If slopeArr(i - m) * slopeArr(i + m) = 0 Then 
                            For p = m To blWinSize * 20 
                                If slopeArr(i - p) = 0 And slopeArr(i + p) = 0 And Abs(avgArr(i - p) - 
avgArr(i + p)) < tolerance Then 
                                    foundBlink = True 
                                Else 
                                    foundBlink = False 
                                End If 
                            Next p 
                            If foundBlink = True Then Exit For 
                        End If 
                    Next m 
                    If foundBlink = True Then Exit For 
                End If 
            Next j 
             
            If foundBlink = True Then 
                If k < 1 Then 
                    k = k + 1 
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                    blinkPoint(k) = i 
                Else 
                    If i > blinkPoint(k) + interval Then 
                        k = k + 1 
                        blinkPoint(k) = i 
                    End If 
                End If 
            End If 
        End If 
    Next i 
     
    If Not k = 0 Then 
        For i = 1 To k 
            tempVal = (blDataArr(blinkPoint(i) - blWinSize * 20) + blDataArr(blinkPoint(i) + blWinSize 
* 20)) / 2 
            For j = blinkPoint(i) - blWinSize * 20 To blinkPoint(i) + blWinSize * 20 
                blDataArr(j) = tempVal 
            Next j 
        Next i 
    End If 
     
    DeBlink = blDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function Regressize(ByRef sgDataArr As Variant, ByVal maxWinSize As Integer, _ 
ByVal minWinSize As Integer, ByVal threshold As Double) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, j As Long, dyWinSize As Integer, edgeAvg As Double, dyWinReg As Variant 
     
    n = UBound(sgDataArr) 
     
    edgeAvg = CalcAverage(GetWinArr(sgDataArr, (maxWinSize \ 4) + 1, maxWinSize \ 2)) 
    For i = 1 To maxWinSize * 2 \ 3 
        sgDataArr(i) = edgeAvg 
    Next i 
     
    edgeAvg = CalcAverage(GetWinArr(sgDataArr, n - (maxWinSize \ 4), maxWinSize \ 2)) 
    For i = n - maxWinSize * 2 \ 3 To n 
        sgDataArr(i) = edgeAvg 
    Next i 
     
    For i = maxWinSize \ 2 + 1 To n - maxWinSize \ 2 
        j = 0 
        dyWinSize = maxWinSize 
        If dyWinSize Mod 2 = 0 Then dyWinSize = dyWinSize + 1 
        Do While dyWinSize >= minWinSize 
            j = j + 1 
            dyWinReg = CalcRegress(GetWinArr(sgDataArr, i, dyWinSize)) 
            If dyWinReg(1) > 10 ^ (threshold + j) Then 
                dyWinSize = dyWinSize \ 2 
                If dyWinSize Mod 2 = 0 Then dyWinSize = dyWinSize + 1 
            Else 
                sgDataArr(i) = dyWinReg(2) 
                Exit Do 
            End If 
        Loop 
    Next i 
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    Regressize = sgDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function Normalize(ByRef normDataArr As Variant, ByVal normWinSize As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, halfWinSize As Integer 
     
    n = UBound(normDataArr) 
    halfWinSize = normWinSize \ 2 
    For i = halfWinSize + 1 To n - halfWinSize 
        normDataArr(i) = CalcAverage(GetWinArr(normDataArr, i, normWinSize)) 
    Next i 
     
    Normalize = normDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Option Explicit 
 
Public Sub Pilot() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wb As Workbook, ws As Worksheet, freqRowCount As Integer 
     
    freqRowCount = Settings.ProcessSettings("Frequency") * 1.11 
    Set wb = Workbooks.Open(Settings.PtPaths("Patient Processed Data File Address")) 
     
    For Each ws In wb.Worksheets 
        If Not ws.Name = "Report" Then 
            Call TargetAngle(ws, freqRowCount) 
            Call UpdateProgress(0.25) 
        End If 
    Next ws 
     
    wb.Save 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub TargetAngle(ws As Worksheet, ByVal freqRowCount As Integer) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wsName As String, lastCol As Integer, lastRow As Long, i As Long, j As Long, startRow As Long, 
endRow As Long 
    Dim dataArr As Variant, tempArr As Variant 
     
    With ws 
        wsName = ws.Name 
        lastRow = .UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row - 1 
        lastCol = .Cells(1, .Columns.Count).End(xlToLeft).Column 
        dataArr = .Range(.Cells(2, 2), .Cells(lastRow, 5)).Value2 
        ReDim tempArr(1 To lastRow) 
        startRow = freqRowCount 
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        Select Case wsName 
            Case "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down", 
_ 
                "OKN Right", "OKN Left", "OKN Up", "OKN Down", "OKN Horizontal", "OKN Vertical" 
                tempArr = FillArray(tempArr, 1, lastRow, CDbl(Settings.PilotSettings(wsName)(0))) 
                 
            Case "Saccades Horizontal", "Saccades Vertical" 
                tempArr = FillArray(tempArr, 1, startRow, 0) 
                For j = 1 To CDbl(Settings.PilotSettings(wsName)(2)) 
                    endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If endRow > lastRow Then Exit For 
                    tempArr = FillArray(tempArr, startRow, endRow, 
CDbl(Settings.PilotSettings(wsName)(0))) 
                    startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If startRow >= lastRow Then Exit For 
                    endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If endRow > lastRow Then Exit For 
                    tempArr = FillArray(tempArr, startRow, endRow, 
CDbl(Settings.PilotSettings(wsName)(1))) 
                    startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If startRow >= lastRow Then Exit For 
                Next j 
                If Not startRow >= lastRow Then tempArr = FillArray(tempArr, startRow, lastRow, 0) 
         
            Case "Pursuit Horizontal", "Pursuit Vertical" 
                tempArr = FillArray(tempArr, 1, startRow, 0) 
                endRow = startRow + Settings.PilotSettings(wsName)(2) * 
Settings.PilotSettings(wsName)(3) * freqRowCount 
                If endRow > lastRow Then endRow = lastRow 
                For j = startRow To endRow 
                    tempArr(j) = Settings.PilotSettings(wsName)(0) * Sin(2 * WorksheetFunction.Pi() * 
(j - startRow) * Settings.PilotSettings(wsName)(2) / (endRow - startRow)) 
                Next j 
                startRow = j 
                If Not startRow >= lastRow Then tempArr = FillArray(tempArr, startRow, lastRow, 0) 
             
            Case "ProSaccades Horizontal", "ProSaccades Vertical", "AntiSaccades Horizontal", 
"AntiSaccades Vertical" 
                tempArr = FillArray(tempArr, 1, startRow, 0) 
                endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                If endRow > lastRow Then endRow = lastRow 
                tempArr = FillArray(tempArr, startRow, endRow, 
CDbl(Settings.PilotSettings(wsName)(0))) 
                startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                For j = 1 To 2 
                    endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If endRow > lastRow Then Exit For 
                    tempArr = FillArray(tempArr, startRow, endRow, 0) 
                    startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If startRow >= lastRow Then Exit For 
                    endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If endRow > lastRow Then Exit For 
                    tempArr = FillArray(tempArr, startRow, endRow, 
CDbl(Settings.PilotSettings(wsName)(1))) 
                    startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If startRow >= lastRow Then Exit For 
                Next j 
                For j = 1 To 2 
                    endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If endRow > lastRow Then Exit For 
                    tempArr = FillArray(tempArr, startRow, endRow, 0) 
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                    startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If startRow >= lastRow Then Exit For 
                    endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If endRow > lastRow Then Exit For 
                    tempArr = FillArray(tempArr, startRow, endRow, 
CDbl(Settings.PilotSettings(wsName)(0))) 
                    startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                    If startRow >= lastRow Then Exit For 
                Next j 
                endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                If endRow > lastRow Then endRow = lastRow 
                If Not startRow >= lastRow Then tempArr = FillArray(tempArr, startRow, lastRow, 0) 
                startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                endRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                If endRow > lastRow Then endRow = lastRow 
                If Not startRow >= lastRow Then tempArr = FillArray(tempArr, startRow, endRow, 
CDbl(Settings.PilotSettings(wsName)(1))) 
                startRow = startRow + Settings.PilotSettings(wsName)(3) * freqRowCount 
                If Not startRow >= lastRow Then tempArr = FillArray(tempArr, startRow, lastRow, 0) 
        End Select 
         
        .Cells(1, lastCol + 1).Value2 = "Target Angle" 
        .Range(.Cells(2, lastCol + 1), .Cells(lastRow, lastCol + 1)).Value2 = TransposeArray(tempArr) 
    End With 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
 
Public Sub Analyze() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wb As Workbook, ws As Worksheet 
     
    Set wb = Workbooks.Open(Settings.PtPaths("Patient Processed Data File Address")) 
     
    For Each ws In wb.Worksheets 
        If Not ws.Name = "Report" Then 
            Call Compute(ws) 
            Call UpdateProgress(0.5) 
        End If 
    Next ws 
     
    wb.SaveAs Settings.PtPaths("Patient Analyzed Data File Address") 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub Compute(ws As Worksheet) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim wsName As String, lastCol As Integer, plane As Integer, direct As Integer, freqRowCount As 
Integer, rn As Integer 
    Dim lastRow As Long, i As Long, j As Long 
    Dim tolerance As Double, maxPilot As Double 
    Dim dataArr As Variant, headersArr As Variant, tempArr(1 To 8) As Variant, pointsArr As Variant, 
acvaArr As Variant, paSaccArr As Variant, oknArr As Variant 
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    freqRowCount = Settings.ProcessSettings("Frequency") 
    tolerance = Settings.ProcessSettings("Tolerance") 
     
    With ws 
        wsName = .Name 
        lastRow = .UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row 
        lastCol = .Cells(1, .Columns.Count).End(xlToLeft).Column 
        dataArr = .Range(.Cells(2, 1), .Cells(lastRow, lastCol)).Value2 
        maxPilot = Settings.PilotSettings(wsName)(0) 
         
        Select Case wsName 
            Case "Fixation Center" 
                plane = 0 
            Case "Fixation Right", "Fixation Left", "Saccades Horizontal", "Pursuit Horizontal", 
"ProSaccades Horizontal", "AntiSaccades Horizontal" 
                plane = 1 
            Case "Fixation Up", "Fixation Down", "Saccades Vertical", "Pursuit Vertical", "ProSaccades 
Vertical", "AntiSaccades Vertical" 
                plane = 2 
            Case "OKN Right" 
                plane = 1 
                direct = 1 
            Case "OKN Left" 
                plane = 1 
                direct = 2 
            Case "OKN Up" 
                plane = 2 
                direct = 1 
            Case "OKN Down" 
                plane = 2 
                direct = 2 
        End Select 
                 
        Select Case wsName 
            Case "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down" 
                acvaArr = CalcFixAccVar(dataArr, freqRowCount, tolerance, plane) 
                tempArr(1) = acvaArr(0) 
                tempArr(2) = acvaArr(1) 
                tempArr(3) = CalcCongruency(dataArr, tolerance) 
                tempArr(4) = Array("", "", "", "", "") 
                tempArr(5) = Array("", "", "", "", "") 
                tempArr(6) = Array("", "", "", "", "") 
                tempArr(7) = Array("", "", "", "", "") 
                tempArr(8) = Array("", "", "", "", "") 
                 
            Case "Saccades Horizontal", "Saccades Vertical" 
                pointsArr = DeflectPoints(dataArr, freqRowCount, maxPilot, plane) 
                acvaArr = CalcSacPurAccVar(dataArr, freqRowCount, tolerance, plane) 
                tempArr(1) = acvaArr(0) 
                tempArr(2) = acvaArr(1) 
                tempArr(3) = CalcCongruency(dataArr, tolerance) 
                tempArr(4) = CalcLatency(dataArr, pointsArr) 
                tempArr(5) = CalcSaccGain(dataArr, pointsArr, freqRowCount, plane, maxPilot) 
                tempArr(6) = CalcVelocity(dataArr, pointsArr, freqRowCount, plane) 
                tempArr(7) = Array("", "", "", "", "") 
                tempArr(8) = Array("", "", "", "", "") 
                 
            Case "Pursuit Horizontal", "Pursuit Vertical" 
                pointsArr = CrossPoints(dataArr, freqRowCount, plane, 0, freqRowCount) 
                acvaArr = CalcSacPurAccVar(dataArr, freqRowCount, tolerance, plane) 
                tempArr(1) = acvaArr(0) 
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                tempArr(2) = acvaArr(1) 
                tempArr(3) = CalcCongruency(dataArr, tolerance) 
                tempArr(4) = CalcPhase(dataArr, pointsArr, plane) 
                tempArr(5) = CalcPursGain(dataArr, pointsArr, freqRowCount, plane) 
                tempArr(6) = Array("", "", "", "", "") 
                tempArr(7) = Array("", "", "", "", "") 
                tempArr(8) = Array("", "", "", "", "") 
                 
            Case "OKN Right", "OKN Left", "OKN Up", "OKN Down" 
                pointsArr = BeatPoints(dataArr, freqRowCount, plane) 
                oknArr = CalcOKNMetrics(dataArr, pointsArr, plane, direct) 
                tempArr(1) = oknArr(0) 
                tempArr(2) = oknArr(1) 
                tempArr(3) = Array("", "", "", "", "") 
                tempArr(4) = Array("", "", "", "", "") 
                tempArr(5) = Array("", "", "", "", "") 
                tempArr(6) = Array("", "", "", "", "") 
                tempArr(7) = Array("", "", "", "", "") 
                tempArr(8) = Array("", "", "", "", "") 
             
            Case "ProSaccades Horizontal", "ProSaccades Vertical", "AntiSaccades Horizontal", 
"AntiSaccades Vertical" 
                pointsArr = StartPoints(dataArr, freqRowCount, plane, 0) 
                paSaccArr = CalcProAntiSaccades(dataArr, pointsArr, plane, freqRowCount) 
                tempArr(1) = paSaccArr(0) 
                tempArr(2) = paSaccArr(1) 
                tempArr(3) = paSaccArr(2) 
                tempArr(4) = Array("", "", "", "", "") 
                tempArr(5) = Array("", "", "", "", "") 
                tempArr(6) = Array("", "", "", "", "") 
                tempArr(7) = Array("", "", "", "", "") 
                tempArr(8) = Array("", "", "", "", "") 
             
        End Select 
         
        headersArr = Settings.TablesSettings(wsName) 
        For i = LBound(headersArr) To UBound(headersArr) 
            .Cells(1, lastCol + i + 2).Value2 = headersArr(i) 
        Next i 
         
        For j = 1 To 8 
            For i = 2 To 5 
                If IsNumeric(tempArr(j)(i - 1)) Then 
                    rn = IIf(j = 5, 2, 1) 
                    .Cells(i, lastCol + j + 1).Value2 = Round(tempArr(j)(i - 1), rn) 
                Else 
                    .Cells(i, lastCol + j + 1).Value2 = tempArr(j)(i - 1) 
                End If 
            Next i 
        Next j 
    End With 
 
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Function CalcFixAccVar(ByRef avDataArr As Variant, ByVal freqRowCount As Integer, ByVal 
tolerance As Double, ByVal plane As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim n As Long, i As Long, j As Long, errRt As Long, errLt As Long 



 

108 

    Dim diffRtHor As Double, diffLtHor As Double, diffRtVer As Double, diffLtVer As Double, diffRt As 
Double, diffLt As Double, _ 
    maxDiffRt As Double, maxDiffLt As Double, sumDiffRt As Double, sumDiffLt As Double, avgRtHor As 
Double, avgRtVer As Double, avgLtHor As Double, avgLtVer As Double 
    Dim pPoint As Variant, accuracy(1 To 4) As Variant, variation(1 To 4) As Variant 
     
    n = UBound(avDataArr) 
     
    avgRtHor = CalcAverage(OneDimArray(avDataArr, 2)) 
    avgLtHor = CalcAverage(OneDimArray(avDataArr, 3)) 
    avgRtVer = CalcAverage(OneDimArray(avDataArr, 4)) 
    avgLtVer = CalcAverage(OneDimArray(avDataArr, 5)) 
     
    For i = 1 + freqRowCount To n - freqRowCount 
        If plane = 0 Then 
            diffRtHor = IIf(Abs(avDataArr(i, 2) - 0) < Abs(avDataArr(i, 2) - avgRtHor), avDataArr(i, 
2) - 0, avDataArr(i, 2) - avgRtHor) 
            diffLtHor = IIf(Abs(avDataArr(i, 3) - 0) < Abs(avDataArr(i, 3) - avgLtHor), avDataArr(i, 
3) - 0, avDataArr(i, 3) - avgLtHor) 
            diffRtVer = IIf(Abs(avDataArr(i, 4) - 0) < Abs(avDataArr(i, 4) - avgRtVer), avDataArr(i, 
4) - 0, avDataArr(i, 4) - avgRtVer) 
            diffLtVer = IIf(Abs(avDataArr(i, 5) - 0) < Abs(avDataArr(i, 5) - avgLtVer), avDataArr(i, 
5) - 0, avDataArr(i, 5) - avgLtVer) 
        ElseIf plane = 1 Then 
            diffRtHor = IIf(Abs(avDataArr(i, 2) - avDataArr(i, 6)) < Abs(avDataArr(i, 2) - avgRtHor), 
avDataArr(i, 2) - avDataArr(i, 6), avDataArr(i, 2) - avgRtHor) 
            diffLtHor = IIf(Abs(avDataArr(i, 3) - avDataArr(i, 6)) < Abs(avDataArr(i, 3) - avgLtHor), 
avDataArr(i, 3) - avDataArr(i, 6), avDataArr(i, 3) - avgLtHor) 
            diffRtVer = IIf(Abs(avDataArr(i, 4) - 0) < Abs(avDataArr(i, 4) - avgRtVer), avDataArr(i, 
4) - 0, avDataArr(i, 4) - avgRtVer) 
            diffLtVer = IIf(Abs(avDataArr(i, 5) - 0) < Abs(avDataArr(i, 5) - avgLtVer), avDataArr(i, 
5) - 0, avDataArr(i, 5) - avgLtVer) 
        ElseIf plane = 2 Then 
            diffRtHor = IIf(Abs(avDataArr(i, 2) - 0) < Abs(avDataArr(i, 2) - avgRtHor), avDataArr(i, 
2) - 0, avDataArr(i, 2) - avgRtHor) 
            diffLtHor = IIf(Abs(avDataArr(i, 3) - 0) < Abs(avDataArr(i, 3) - avgLtHor), avDataArr(i, 
3) - 0, avDataArr(i, 3) - avgLtHor) 
            diffRtVer = IIf(Abs(avDataArr(i, 4) - avDataArr(i, 6)) < Abs(avDataArr(i, 4) - avgRtVer), 
avDataArr(i, 4) - avDataArr(i, 6), avDataArr(i, 4) - avgRtVer) 
            diffLtVer = IIf(Abs(avDataArr(i, 5) - avDataArr(i, 6)) < Abs(avDataArr(i, 5) - avgLtVer), 
avDataArr(i, 5) - avDataArr(i, 6), avDataArr(i, 5) - avgLtVer) 
        End If 
         
        diffRt = Sqr((diffRtHor ^ 2 + diffRtVer ^ 2) / 2) 
        diffLt = Sqr((diffLtHor ^ 2 + diffLtVer ^ 2) / 2) 
         
        maxDiffRt = IIf(Abs(diffRt) > Abs(maxDiffRt), IIf(Abs(diffRtHor) > Abs(diffRtVer), diffRtHor, 
diffRtVer), maxDiffRt) 
        maxDiffLt = IIf(Abs(diffLt) > Abs(maxDiffLt), IIf(Abs(diffLtHor) > Abs(diffLtVer), diffLtHor, 
diffLtVer), maxDiffLt) 
         
        sumDiffRt = sumDiffRt + diffRt 
        sumDiffLt = sumDiffLt + diffLt 
         
        If diffRt > tolerance Then 
            errRt = errRt + 1 
        End If 
        If diffLt > tolerance Then 
            errLt = errLt + 1 
        End If 
    Next i 
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    accuracy(1) = (1 - errRt / n) * 100 
    accuracy(2) = "" 
    accuracy(3) = (1 - errLt / n) * 100 
    accuracy(4) = "" 
     
    variation(1) = sumDiffRt / n 
    variation(2) = maxDiffRt 
    variation(3) = sumDiffLt / n 
    variation(4) = maxDiffLt 
     
    CalcFixAccVar = Array(accuracy, variation) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcSacPurAccVar(ByRef avDataArr As Variant, ByVal freqRowCount As Integer, ByVal 
tolerance As Double, ByVal plane As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim n As Long, i As Long, j As Long, errRt As Long, errLt As Long 
    Dim diffRtHor As Double, diffLtHor As Double, diffRtVer As Double, diffLtVer As Double, diffRt As 
Double, diffLt As Double, _ 
    maxDiffRt As Double, maxDiffLt As Double, sumDiffRt As Double, sumDiffLt As Double, avgRtHor As 
Double, avgRtVer As Double, avgLtHor As Double, avgLtVer As Double 
    Dim pPoint As Variant, accuracy(1 To 4) As Variant, variation(1 To 4) As Variant 
     
    n = UBound(avDataArr) 
         
    For i = 1 + freqRowCount To n - freqRowCount 
        If plane = 1 Then 
            diffRtHor = avDataArr(i, 2) - avDataArr(i, 6) 
            diffLtHor = avDataArr(i, 3) - avDataArr(i, 6) 
     
            For j = i - freqRowCount To i + freqRowCount 
                diffRtHor = IIf(Abs(avDataArr(i, 2) - avDataArr(j, 6)) < Abs(diffRtHor), avDataArr(i, 
2) - avDataArr(j, 6), diffRtHor) 
                diffLtHor = IIf(Abs(avDataArr(i, 3) - avDataArr(j, 6)) < Abs(diffLtHor), avDataArr(i, 
3) - avDataArr(j, 6), diffLtHor) 
            Next j 
            diffRtVer = avDataArr(i, 4) - 0 
            diffLtVer = avDataArr(i, 5) - 0 
        ElseIf plane = 2 Then 
            diffRtVer = avDataArr(i, 4) - avDataArr(i, 6) 
            diffLtVer = avDataArr(i, 5) - avDataArr(i, 6) 
            For j = i - freqRowCount To i + freqRowCount 
                diffRtVer = IIf(Abs(avDataArr(i, 4) - avDataArr(j, 6)) < Abs(diffRtVer), avDataArr(i, 
4) - avDataArr(j, 6), diffRtVer) 
                diffLtVer = IIf(Abs(avDataArr(i, 5) - avDataArr(j, 6)) < Abs(diffLtVer), avDataArr(i, 
5) - avDataArr(j, 6), diffLtVer) 
            Next j 
            diffRtHor = avDataArr(i, 2) - 0 
            diffLtHor = avDataArr(i, 3) - 0 
        End If 
         
        diffRt = Sqr((diffRtHor ^ 2 + diffRtVer ^ 2) / 2) 
        diffLt = Sqr((diffLtHor ^ 2 + diffLtVer ^ 2) / 2) 
         
        maxDiffRt = IIf(Abs(diffRt) > Abs(maxDiffRt), IIf(Abs(diffRtHor) > Abs(diffRtVer), diffRtHor, 
diffRtVer), maxDiffRt) 
        maxDiffLt = IIf(Abs(diffLt) > Abs(maxDiffLt), IIf(Abs(diffLtHor) > Abs(diffLtVer), diffLtHor, 
diffLtVer), maxDiffLt) 
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        sumDiffRt = sumDiffRt + diffRt 
        sumDiffLt = sumDiffLt + diffLt 
                 
        If diffRt > tolerance * 1.5 Then 
            errRt = errRt + 1 
        End If 
        If diffLt > tolerance * 1.5 Then 
            errLt = errLt + 1 
        End If 
    Next i 
     
    accuracy(1) = (1 - errRt / n) * 100 
    accuracy(2) = "" 
    accuracy(3) = (1 - errLt / n) * 100 
    accuracy(4) = "" 
     
    variation(1) = sumDiffRt / n 
    variation(2) = maxDiffRt 
    variation(3) = sumDiffLt / n 
    variation(4) = maxDiffLt 
     
    CalcSacPurAccVar = Array(accuracy, variation) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcCongruency(ByRef cDataArr As Variant, ByVal cTolerance As Double) As Variant 
    'On Error GoTo ErrorHandler 
    Dim n As Long, i As Long, err As Long, tempVal As Double, sumConVal As Double, congruency(1 To 4) 
As Double 
    n = UBound(cDataArr) 
     
    err = 0 
    sumConVal = 0 
    For i = 1 To n 
        tempVal = Sqr((cDataArr(i, 2) - cDataArr(i, 3)) ^ 2 + (cDataArr(i, 4) - cDataArr(i, 5)) ^ 2) 
        sumConVal = sumConVal + tempVal 
        If tempVal > cTolerance Then err = err + 1 
    Next i 
    congruency(1) = sumConVal / n 
    congruency(2) = (1 - err / n) * 100 
    congruency(3) = congruency(1) 
    congruency(4) = congruency(2) 
     
    CalcCongruency = congruency 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function DeflectPoints(ByRef dpDataArr As Variant, ByVal freqRowCount As Integer, ByVal 
maxPilot As Double, ByVal plane As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, n As Long, dPointPi() As Long, dPointRt() As Long, dPointLt() As Long, 
addNum As Long 
    Dim tempArr As Variant 
     
    ReDim dPointPi(1 To 2, 1 To 20) 
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    n = UBound(dpDataArr, 1) 
    j = 1 
     
    For i = 2 To n - 1 
        If dpDataArr(i, 6) = maxPilot Then 
            If dpDataArr(i + 1, 6) = maxPilot And dpDataArr(i - 1, 6) < maxPilot Then 
                dPointPi(1, j) = i 
            ElseIf dpDataArr(i + 1, 6) < maxPilot And dpDataArr(i - 1, 6) = maxPilot Then 
                dPointPi(2, j) = i 
                j = j + 1 
            End If 
        ElseIf dpDataArr(i, 6) = maxPilot * -1 Then 
            If dpDataArr(i + 1, 6) = maxPilot * -1 And dpDataArr(i - 1, 6) > maxPilot * -1 Then 
                dPointPi(1, j) = i 
            ElseIf dpDataArr(i + 1, 6) > maxPilot * -1 And dpDataArr(i - 1, 6) = maxPilot * -1 Then 
                dPointPi(2, j) = i 
                j = j + 1 
            End If 
        End If 
    Next i 
     
    For i = 1 To UBound(dPointPi, 2) 
        If dPointPi(1, i) = 0 And dPointPi(2, i) = 0 Then Exit For 
    Next i 
    ReDim Preserve dPointPi(1 To 2, 1 To i - 1) 
    ReDim dPointRt(1 To 2, 1 To i - 1) 
    ReDim dPointLt(1 To 2, 1 To i - 1) 
     
    For i = 1 To UBound(dPointPi, 2) 
        For j = 1 To 2 
            If dPointPi(j, i) > freqRowCount * 1.5 And dPointPi(j, i) < n - freqRowCount * 1.5 Then 
                tempArr = ResizeArrayShrink(dpDataArr, 1, 6, dPointPi(j, i) - freqRowCount * 1.5, 
dPointPi(j, i) + freqRowCount * 1.5) 
                addNum = dPointPi(j, i) - freqRowCount * 1.5 
            ElseIf dPointPi(j, i) <= freqRowCount * 1.5 Then 
                tempArr = ResizeArrayShrink(dpDataArr, 1, 6, dPointPi(j, i) - freqRowCount + 1, 
dPointPi(j, i) + freqRowCount * 1.5) 
                addNum = dPointPi(j, i) - freqRowCount + 1 
            ElseIf dPointPi(j, i) >= n - freqRowCount * 1.5 Then 
                tempArr = ResizeArrayShrink(dpDataArr, 1, 6, dPointPi(j, i) - freqRowCount * 1.5, 
dPointPi(j, i) + freqRowCount - 1) 
                addNum = dPointPi(j, i) - freqRowCount * 1.5 
            End If 
             
            dPointRt(j, i) = FindEdge(OneDimArray(tempArr, plane * 2), dpDataArr(dPointPi(j, i), 6), 
j) + addNum 
            dPointLt(j, i) = FindEdge(OneDimArray(tempArr, plane * 2 + 1), dpDataArr(dPointPi(j, i), 
6), j) + addNum 
        Next j 
    Next i 
     
    DeflectPoints = Array(dPointRt, dPointLt, dPointPi) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function FindEdge(ByRef edDataArr As Variant, ByVal maxY As Double, ByVal pointRank As 
Integer) As Long 
    'On Error GoTo ErrorHandler 
    Dim n As Long, i As Long, maxX As Long, edge As Long, dist As Double, tempDist As Double 
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    n = UBound(edDataArr) 
    dist = 2 * n ^ 2 
    maxY = maxY * 1.5 
    maxX = 1 
     
    If pointRank = 2 Then maxX = n 
     
    For i = 1 To n 
        tempDist = Sqr((maxX - i) ^ 2 + ((maxY - edDataArr(i)) * n / maxY) ^ 2) 
        If tempDist < dist Then 
            dist = tempDist 
            edge = i 
        End If 
    Next i 
     
    FindEdge = edge 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcLatency(ByRef lDataArr As Variant, ByVal pointsArr As Variant) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, nRt As Integer, nLt As Integer, latencyRt As Double, latencyLt As Double 
    Dim latency(1 To 4) As Variant, dPointPi As Variant, dPointRt As Variant, dPointLt As Variant 
     
    dPointRt = pointsArr(0) 
    dPointLt = pointsArr(1) 
    dPointPi = pointsArr(2) 
     
    latencyRt = 0 
    latencyLt = 0 
    nRt = 0 
    nLt = 0 
     
    For i = 1 To UBound(dPointPi, 2) 
        If Not dPointRt(2, i) < dPointPi(2, i) Then 
            latencyRt = latencyRt + lDataArr(dPointRt(2, i), 1) - lDataArr(dPointPi(2, i), 1) 
            nRt = nRt + 1 
        End If 
         
        If Not dPointLt(2, i) < dPointPi(2, i) Then 
            latencyLt = latencyLt + lDataArr(dPointLt(2, i), 1) - lDataArr(dPointPi(2, i), 1) 
            nLt = nLt + 1 
        End If 
    Next i 
     
    latency(1) = "" 
    latency(2) = "" 
    latency(3) = "" 
    latency(4) = "" 
    If Not nRt = 0 Then latency(1) = Round(latencyRt / nRt * 1000, 0) 
    If Not nLt = 0 Then latency(3) = Round(latencyLt / nLt * 1000, 0) 
     
    CalcLatency = latency 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
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Private Function CalcSaccGain(ByRef gDataArr As Variant, ByVal pointsArr As Variant, ByVal 
freqRowCount As Integer, ByVal plane As Integer, maxPilot As Double) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, nLRt As Long, nHRt As Long, nLLt As Long, nHLt As Long, pVal As Double 
    Dim tempRt As Double, tempLt As Double, gLowRt As Double, gHighRt As Double, gLowLt As Double, 
gHighLt As Double 
    Dim gain(1 To 4) As Variant, dPointPi As Variant, dPointRt As Variant, dPointLt As Variant 
     
    dPointRt = pointsArr(0) 
    dPointLt = pointsArr(1) 
    dPointPi = pointsArr(2) 
             
    For i = 1 To UBound(dPointRt, 2) 
        For j = dPointRt(1, i) To dPointRt(2, i) 
            If dPointRt(2, i) < dPointPi(2, i) + freqRowCount \ 2 Then 
                pVal = maxPilot 
            Else 
                pVal = IIf(j > dPointPi(2, i), 1, maxPilot) 
            End If 
             
            tempRt = Abs(gDataArr(j, plane * 2) / pVal) 
            If tempRt < 1 Then 
                If tempRt < 0.75 Then 
                    tempRt = tempRt ^ 2 
                Else 
                    tempRt = Sqr(tempRt) 
                End If 
                gLowRt = gLowRt + tempRt 
                nLRt = nLRt + 1 
            Else 
                If tempRt > 1.25 Then 
                    tempRt = tempRt ^ 2 
                Else 
                    tempRt = Sqr(tempRt) 
                End If 
                gHighRt = gHighRt + tempRt 
                nHRt = nHRt + 1 
            End If 
        Next j 
    Next i 
     
    If Not nLRt = 0 Then 
        gLowRt = gLowRt / nLRt 
    Else 
        gLowRt = 1 
    End If 
     
    If Not nHRt = 0 Then 
        gHighRt = gHighRt / nHRt 
    Else 
        gHighRt = 1 
    End If 
     
    For i = 1 To UBound(dPointLt, 2) 
        For j = dPointLt(1, i) To dPointLt(2, i) 
            If dPointLt(2, i) < dPointPi(2, i) + freqRowCount \ 2 Then 
                pVal = maxPilot 
            Else 
                pVal = IIf(j > dPointPi(2, i), 1, maxPilot) 
            End If 
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            tempLt = Abs(gDataArr(j, plane * 2 + 1) / pVal) 
            If tempLt < 1 Then 
                If tempLt < 0.75 Then 
                    tempLt = tempLt ^ 2 
                Else 
                    tempLt = Sqr(tempLt) 
                End If 
                gLowLt = gLowLt + tempLt 
                nLLt = nLLt + 1 
            Else 
                If tempLt > 1.25 Then 
                    tempLt = tempLt ^ 2 
                Else 
                    tempLt = Sqr(tempLt) 
                End If 
                gHighLt = gHighLt + tempLt 
                nHLt = nHLt + 1 
            End If 
        Next j 
    Next i 
     
    If Not nLLt = 0 Then 
        gLowLt = gLowLt / nLLt 
    Else 
        gLowLt = 1 
    End If 
     
    If Not nHLt = 0 Then 
        gHighLt = gHighLt / nHLt 
    Else 
        gHighLt = 1 
    End If 
     
    gain(1) = IIf(1 - gLowRt > gHighRt - 1, gLowRt, gHighRt) 
    gain(2) = "" 
    gain(3) = IIf(1 - gLowLt > gHighLt - 1, gLowLt, gHighLt) 
    gain(4) = "" 
     
    If Round(Abs(1 - gain(1)), 1) = Round(Abs(1 - gain(3)), 1) Then gain(3) = gain(1) 
         
    CalcSaccGain = gain 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcVelocity(ByRef vDataArr As Variant, ByVal pointsArr As Variant, freqRowCount As 
Integer, plane As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, nRt As Integer, nLt As Integer, velocityRt As Double, velocityLt As Double 
    Dim velocity(1 To 4) As Variant, dPointPi As Variant, dPointRt As Variant, dPointLt As Variant 
     
    dPointRt = pointsArr(0) 
    dPointLt = pointsArr(1) 
    dPointPi = pointsArr(2) 
         
    For i = 1 To UBound(dPointPi, 2) - 1 
        velocityRt = velocityRt + Abs(vDataArr(dPointRt(1, i + 1), plane * 2) - vDataArr(dPointRt(2, 
i), plane * 2)) / (vDataArr(dPointRt(1, i + 1), 1) - vDataArr(dPointRt(2, i), 1)) 
        nRt = nRt + 1 
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        velocityLt = velocityLt + Abs(vDataArr(dPointLt(1, i + 1), plane * 2 + 1) - 
vDataArr(dPointLt(2, i), plane * 2 + 1)) / (vDataArr(dPointLt(1, i + 1), 1) - vDataArr(dPointLt(2, i), 
1)) 
        nLt = nLt + 1 
    Next i 
         
    velocity(1) = "" 
    velocity(2) = "" 
    velocity(3) = "" 
    velocity(4) = "" 
    If Not nRt = 0 Then velocity(1) = velocityRt / nRt 
    If Not nLt = 0 Then velocity(3) = velocityLt / nLt 
     
    CalcVelocity = velocity 
         
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CrossPoints(ByRef cpDataArr As Variant, ByVal freqRowCount As Integer, ByVal plane As 
Integer, ByVal base As Double, ByVal interval As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, n As Long, nPi As Long, nRt As Long, nLt As Long 
    Dim cPointPi() As Long, cPointRt() As Long, cPointLt() As Long, tempCPointRt() As Long, 
tempCPointLt() As Long 
    ReDim cPointPi(1 To 100) 
    ReDim cPointRt(1 To 100) 
    ReDim cPointLt(1 To 100) 
    ReDim tempCPointRt(1 To 100) 
    ReDim tempCPointLt(1 To 100) 
 
    n = UBound(cpDataArr, 1) 
    nPi = 1 
    nRt = 1 
    nLt = 1 
     
    For i = 1 + freqRowCount * 2 To n - freqRowCount \ 10 * 2 
        If Round(Abs(cpDataArr(i, 6)), 0) = base And Abs(cpDataArr(i, 6)) < Abs(cpDataArr(i - 1, 6)) 
And Abs(cpDataArr(i, 6)) < Abs(cpDataArr(i + 1, 6)) Then 
            For j = 1 To freqRowCount \ 100 
                If Abs(cpDataArr(i, 6)) > Abs(cpDataArr(i - j, 6)) Or Abs(cpDataArr(i, 6)) > 
Abs(cpDataArr(i + j, 6)) Then Exit For 
            Next j 
            If j = freqRowCount \ 100 + 1 Then 
                cPointPi(nPi) = i 
                nPi = nPi + 1 
            End If 
        End If 
         
        If Round(Abs(cpDataArr(i, plane * 2)), 0) = base And Abs(cpDataArr(i, plane * 2)) < 
Abs(cpDataArr(i - 1, plane * 2)) And Abs(cpDataArr(i, plane * 2)) < Abs(cpDataArr(i + 1, plane * 2)) 
Then 
            For j = 1 To freqRowCount \ 100 
                If Abs(cpDataArr(i, plane * 2)) > Abs(cpDataArr(i - j, plane * 2)) Or Abs(cpDataArr(i, 
plane * 2)) > Abs(cpDataArr(i + j, plane * 2)) Then Exit For 
            Next j 
            If j = freqRowCount \ 100 + 1 Then 
                tempCPointRt(nRt) = i 
                nRt = nRt + 1 
            End If 
        End If 
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        If Round(Abs(cpDataArr(i, plane * 2 + 1)), 0) = base And Abs(cpDataArr(i, plane * 2 + 1)) < 
Abs(cpDataArr(i - 1, plane * 2 + 1)) And Abs(cpDataArr(i, plane * 2 + 1)) < Abs(cpDataArr(i + 1, plane 
* 2 + 1)) Then 
            For j = 1 To freqRowCount \ 100 
                If Abs(cpDataArr(i, plane * 2 + 1)) > Abs(cpDataArr(i - j, plane * 2 + 1)) Or 
Abs(cpDataArr(i, plane * 2 + 1)) > Abs(cpDataArr(i + j, plane * 2 + 1)) Then Exit For 
            Next j 
            If j = freqRowCount \ 100 + 1 Then 
                tempCPointLt(nLt) = i 
                nLt = nLt + 1 
            End If 
        End If 
    Next i 
     
    For i = 1 To UBound(tempCPointRt) - 1 
        If tempCPointRt(i) = 0 And tempCPointRt(i + 1) = 0 Then Exit For 
    Next i 
    ReDim Preserve tempCPointRt(1 To i) 
     
    For i = 1 To UBound(tempCPointLt) 
        If tempCPointLt(i) = 0 And tempCPointLt(i + 1) = 0 Then Exit For 
    Next i 
    ReDim Preserve tempCPointLt(1 To i) 
     
    nRt = 1 
    i = 1 
    While i <= UBound(tempCPointRt) 
        If tempCPointRt(i) + interval < tempCPointRt(i + 1) Or i = UBound(tempCPointRt) Then 
            cPointRt(nRt) = tempCPointRt(i) 
            nRt = nRt + 1 
            i = i + 1 
        Else 
            For j = i To UBound(tempCPointRt) - 1 
                If tempCPointRt(j) + interval < tempCPointRt(j + 1) And tempCPointRt(j) < 
cPointPi(nRt) + interval And tempCPointRt(j) > cPointPi(nRt) - interval Then Exit For 
            Next j 
            If Not j = UBound(tempCPointRt) Then 
                cPointRt(nRt) = (tempCPointRt(i) + tempCPointRt(j) + cPointPi(nRt)) \ 3 
                nRt = nRt + 1 
            Else 
                cPointRt(nRt) = 0 
                nRt = nRt + 1 
            End If 
            i = j + 1 
        End If 
    Wend 
 
    nLt = 1 
    i = 1 
    While i <= UBound(tempCPointLt) 
        If tempCPointLt(i) + interval < tempCPointLt(i + 1) Or i = UBound(tempCPointLt) Then 
            cPointLt(nLt) = tempCPointLt(i) 
            nLt = nLt + 1 
            i = i + 1 
        Else 
            For j = i To UBound(tempCPointLt) - 1 
                If tempCPointLt(j) + interval < tempCPointLt(j + 1) And tempCPointLt(j) < 
cPointPi(nLt) + interval And tempCPointLt(j) > cPointPi(nLt) - interval Then Exit For 
            Next j 
            If Not j = UBound(tempCPointLt) Then 
                cPointLt(nLt) = (tempCPointLt(i) + tempCPointLt(j) + cPointPi(nLt)) \ 3 
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                nLt = nLt + 1 
            Else 
                cPointLt(nLt) = 0 
                nLt = nLt + 1 
            End If 
            i = j + 1 
        End If 
    Wend 
 
    For i = 1 To UBound(cPointPi) - 1 
        If cPointPi(i) = 0 And cPointPi(i + 1) = 0 Then Exit For 
    Next i 
    ReDim Preserve cPointPi(1 To i) 
 
    For i = 1 To UBound(cPointRt) - 1 
        If cPointRt(i) = 0 And cPointRt(i + 1) = 0 Then Exit For 
    Next i 
    ReDim Preserve cPointRt(1 To i) 
 
    For i = 1 To UBound(cPointLt) - 1 
        If cPointLt(i) = 0 And cPointLt(i + 1) = 0 Then Exit For 
    Next i 
    ReDim Preserve cPointLt(1 To i) 
     
    CrossPoints = Array(cPointRt, cPointLt, cPointPi) 
         
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcPhase(ByRef phDataArr As Variant, ByVal pointsArr As Variant, ByVal plane As 
Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, nRt As Integer, nLt As Integer 
    Dim phasRt As Double, phasLt As Double 
    Dim phase(1 To 4) As Variant, cPointPi As Variant, cPointRt As Variant, cPointLt As Variant 
     
    cPointRt = pointsArr(0) 
    cPointLt = pointsArr(1) 
    cPointPi = pointsArr(2) 
 
    For i = 1 To UBound(cPointPi) 
        If Not cPointPi(i) = 0 Then 
            phasRt = phasRt + (phDataArr(cPointPi(i), plane * 2) - phDataArr(cPointPi(i), 6)) 
            nRt = nRt + 1 
        End If 
        If Not cPointPi(i) = 0 Then 
            phasLt = phasLt + (phDataArr(cPointPi(i), plane * 2 + 1) - phDataArr(cPointPi(i), 6)) 
            nLt = nLt + 1 
        End If 
    Next i 
     
    phase(1) = "" 
    phase(2) = "" 
    phase(3) = "" 
    phase(4) = "" 
    If Not nRt = 0 Then phase(1) = phasRt / nRt 
    If Not nLt = 0 Then phase(3) = phasLt / nLt 
     
    CalcPhase = phase 
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    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcPursGain(ByRef gDataArr As Variant, ByVal pointsArr As Variant, ByVal 
freqRowCount As Integer, ByVal plane As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, nLRt As Long, nHRt As Long, nLLt As Long, nHLt As Long, pPoint() As Long 
    Dim tempRt As Double, tempLt As Double, gLowRt As Double, gHighRt As Double, gLowLt As Double, 
gHighLt As Double 
    Dim gain(1 To 4) As Variant, cPointPi As Variant, cPointRt As Variant, cPointLt As Variant 
     
    cPointRt = pointsArr(0) 
    cPointLt = pointsArr(1) 
    cPointPi = pointsArr(2) 
    ReDim pPoint(1 To UBound(cPointPi) - 1) 
     
    For i = 1 To UBound(pPoint) 
        pPoint(i) = (cPointPi(i) + cPointPi(i + 1)) \ 2 
    Next i 
     
    For i = 1 To UBound(pPoint) 
        For j = pPoint(i) - freqRowCount * 2 To pPoint(i) + freqRowCount * 2 
            If Abs(gDataArr(j, 6)) > 1 Then 
                tempRt = Abs(gDataArr(j, plane * 2) / gDataArr(j, 6)) 
                If tempRt < 1 Then 
                    If tempRt < 0.75 Then 
                        tempRt = tempRt ^ 2 
                    Else 
                        tempRt = Sqr(tempRt) 
                    End If 
                    gLowRt = gLowRt + tempRt 
                    nLRt = nLRt + 1 
                Else 
                    If tempRt > 1.25 Then 
                        tempRt = tempRt ^ 2 
                    Else 
                        tempRt = Sqr(tempRt) 
                    End If 
                    gHighRt = gHighRt + tempRt 
                    nHRt = nHRt + 1 
                End If 
                 
                tempLt = Abs(gDataArr(j, plane * 2 + 1) / gDataArr(j, 6)) 
                If tempLt < 1 Then 
                    If tempLt < 0.75 Then 
                        tempLt = tempLt ^ 2 
                    Else 
                        tempLt = Sqr(tempLt) 
                    End If 
                    gLowLt = gLowLt + tempLt 
                    nLLt = nLLt + 1 
                Else 
                    If tempLt > 1.25 Then 
                        tempLt = tempLt ^ 2 
                    Else 
                        tempLt = Sqr(tempLt) 
                    End If 
                    gHighLt = gHighLt + tempLt 
                    nHLt = nHLt + 1 
                End If 
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            End If 
        Next j 
    Next i 
     
    If Not nLRt = 0 Then 
        gLowRt = gLowRt / nLRt 
    Else 
        gLowRt = 1 
    End If 
     
    If Not nHRt = 0 Then 
        gHighRt = gHighRt / nHRt 
    Else 
        gHighRt = 1 
    End If 
     
    If Not nLLt = 0 Then 
        gLowLt = gLowLt / nLLt 
    Else 
        gLowLt = 1 
    End If 
     
    If Not nHLt = 0 Then 
        gHighLt = gHighLt / nHLt 
    Else 
        gHighLt = 1 
    End If 
     
    gain(1) = IIf(1 - gLowRt > gHighRt - 1, gLowRt, gHighRt) 
    gain(2) = "" 
    gain(3) = IIf(1 - gLowLt > gHighLt - 1, gLowLt, gHighLt) 
    gain(4) = "" 
     
    If Round(Abs(1 - gain(1)), 1) = Round(Abs(1 - gain(3)), 1) Then gain(3) = gain(1) 
         
    CalcPursGain = gain 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function BeatPoints(ByRef bpDataArr As Variant, ByVal freqRowCount As Integer, ByVal plane As 
Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim nMax As Integer, nMin As Integer 
    Dim i As Long, j As Long, n As Long, bPointMax() As Long, bPointMin() As Long 
     
    ReDim bPointMax(1 To 20) 
    ReDim bPointMin(1 To 20) 
    n = UBound(bpDataArr, 1) 
    nMax = 1 
    nMin = 1 
     
    For i = freqRowCount * 5 To n - freqRowCount * 8 
        If bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) > bpDataArr(i - 1, plane * 2) + 
bpDataArr(i - 1, plane * 2 + 1) And _ 
        bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) > bpDataArr(i + 1, plane * 2) + 
bpDataArr(i + 1, plane * 2 + 1) And nMax < 21 Then 
            For j = 1 To freqRowCount \ 5 
                If bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) < bpDataArr(i - j, plane * 2) 
+ bpDataArr(i - j, plane * 2 + 1) Or _ 
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                bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) < bpDataArr(i + j, plane * 2) + 
bpDataArr(i + j, plane * 2 + 1) Then Exit For 
            Next j 
            If j = freqRowCount \ 5 + 1 Then 
                bPointMax(nMax) = i 
                nMax = nMax + 1 
            End If 
        End If 
         
        If bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) < bpDataArr(i - 1, plane * 2) + 
bpDataArr(i - 1, plane * 2 + 1) And _ 
        bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) < bpDataArr(i + 1, plane * 2) + 
bpDataArr(i + 1, plane * 2 + 1) And nMin < 21 Then 
            For j = 1 To freqRowCount \ 5 
                If bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) > bpDataArr(i - j, plane * 2) 
+ bpDataArr(i - j, plane * 2 + 1) Or _ 
                bpDataArr(i, plane * 2) + bpDataArr(i, plane * 2 + 1) > bpDataArr(i + j, plane * 2) + 
bpDataArr(i + j, plane * 2 + 1) Then Exit For 
            Next j 
            If j = freqRowCount \ 5 + 1 Then 
                bPointMin(nMin) = i 
                nMin = nMin + 1 
            End If 
        End If 
    Next i 
     
    For i = 1 To 20 
        If bPointMax(i) = 0 Then Exit For 
    Next i 
    If Not i = 1 Or Not i = 21 Then ReDim Preserve bPointMax(1 To i - 1) 
     
    For i = 1 To 20 
        If bPointMin(i) = 0 Then Exit For 
    Next i 
    If Not i = 1 Or Not i = 21 Then ReDim Preserve bPointMin(1 To i - 1) 
 
    BeatPoints = Array(bPointMax, bPointMin) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcOKNMetrics(ByRef oDataArr As Variant, ByVal pointsArr As Variant, ByVal plane As 
Integer, ByVal direct As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, bPMaxVal() As Double, bPMinVal() As Double, bPDiff() As Double 
    Dim tempGain As Double, diffSum As Double, diffAvg As Double, tempVar As Double 
    Dim gain(1 To 4) As Variant, variation(1 To 4) As Variant 
     
    ReDim bPMaxVal(1 To UBound(pointsArr(0))) 
    ReDim bPMinVal(1 To UBound(pointsArr(1))) 
     
    For i = 1 To UBound(bPMaxVal) 
        bPMaxVal(i) = (oDataArr(pointsArr(0)(i), plane * 2) + oDataArr(pointsArr(0)(i), plane * 2 + 
1)) / 2 
    Next i 
    For i = 1 To UBound(bPMinVal) 
        bPMinVal(i) = (oDataArr(pointsArr(1)(i), plane * 2) + oDataArr(pointsArr(1)(i), plane * 2 + 
1)) / 2 
    Next i 
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    gain(1) = "" 
    gain(2) = "" 
    gain(3) = "" 
    gain(4) = "" 
    variation(1) = "" 
    variation(2) = "" 
    variation(3) = "" 
    variation(4) = "" 
 
    n = IIf(UBound(bPMaxVal) < UBound(bPMinVal), UBound(bPMaxVal), UBound(bPMinVal)) 
    If Not n = 0 Then 
        ReDim bPDiff(1 To n) 
         
        For i = 1 To n 
            bPDiff(i) = IIf(direct = 1, Abs(bPMaxVal(i) - bPMinVal(i)), Abs(bPMinVal(i) - 
bPMaxVal(i))) 
            tempGain = tempGain + (bPDiff(i) / 5) 
            diffSum = diffSum + bPDiff(i) 
        Next i 
         
        diffAvg = diffSum / n 
         
        gain(1) = tempGain / n 
        gain(3) = gain(1) 
         
         
        For i = 1 To n 
            tempVar = tempVar + (bPDiff(i) - diffAvg) ^ 2 
        Next i 
         
        variation(1) = Sqr(tempVar / n) 
        variation(3) = variation(1) 
    End If 
     
    CalcOKNMetrics = Array(gain, variation) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function StartPoints(ByRef spDataArr As Variant, ByVal freqRowCount As Integer, ByVal plane As 
Integer, ByVal base As Double) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, k As Long, nPi As Long 
    Dim sPointPi() As Long, sPointRt() As Long, sPointLt() As Long, avgRtArr() As Double, avgLtArr() 
As Double 
     
    ReDim sPointPi(1 To 10) 
    nPi = 1 
     
    For i = 1 + freqRowCount \ 2 To UBound(spDataArr, 1) - freqRowCount \ 2 
        If Round(Abs(spDataArr(i, 6)), 0) = base And Round(Abs(spDataArr(i + 1, 6)), 0) > base Then 
            sPointPi(nPi) = i 
            nPi = nPi + 1 
        End If 
    Next i 
     
    For i = 1 To UBound(sPointPi) - 1 
        If sPointPi(i) = 0 And sPointPi(i + 1) = 0 Then Exit For 
    Next i 
    ReDim Preserve sPointPi(1 To i - 1) 
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    ReDim sPointRt(1 To i - 1) 
    ReDim sPointLt(1 To i - 1) 
    ReDim avgRtArr(1 To UBound(spDataArr, 1)) 
    ReDim avgLtArr(1 To UBound(spDataArr, 1)) 
     
    For i = 1 To UBound(sPointPi) 
        For k = sPointPi(i) - freqRowCount To sPointPi(i) + freqRowCount * 2 
            avgRtArr(k) = CalcAverage(GetWinArr(OneDimArray(spDataArr, plane * 2), k, freqRowCount \ 
100)) 
            avgLtArr(k) = CalcAverage(GetWinArr(OneDimArray(spDataArr, plane * 2 + 1), k, freqRowCount 
\ 100)) 
        Next k 
         
        For k = sPointPi(i) - freqRowCount To sPointPi(i) + freqRowCount * 2 
            If Abs(Round(avgRtArr(k), 0)) < Abs(Round(avgRtArr(k + 1), 0)) Then 
                For j = k + 1 To k + freqRowCount \ 100 
                    If Not Abs(Round(avgRtArr(j), 1)) < Abs(Round(avgRtArr(j + 1), 1)) Then Exit For 
                Next j 
                If j > k + freqRowCount \ 100 Then 
                    sPointRt(i) = k 
                    Exit For 
                End If 
            End If 
        Next k 
                 
        For k = sPointPi(i) - freqRowCount To sPointPi(i) + freqRowCount * 2 
            If Abs(Round(avgLtArr(k), 0)) < Abs(Round(avgLtArr(k + 1), 0)) Then 
                For j = k + 1 To k + freqRowCount \ 100 
                    If Not Abs(Round(avgLtArr(j), 1)) < Abs(Round(avgLtArr(j + 1), 1)) Then Exit For 
                Next j 
                If j > k + freqRowCount \ 100 Then 
                    sPointLt(i) = k 
                    Exit For 
                End If 
            End If 
        Next k 
    Next i 
 
    StartPoints = Array(sPointRt, sPointLt, sPointPi) 
         
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Private Function CalcProAntiSaccades(ByRef paDataArr As Variant, ByVal pointsArr As Variant, ByVal 
plane As Integer, ByVal freqRowCount As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, nRt As Integer, nLt As Integer, nCRt As Integer, nCLt As Integer, 
latencyCRt As Double, latencyCLt As Double 
    Dim correct(1 To 4) As Variant, cLatency(1 To 4) As Variant, err(1 To 4) As Variant, sPointPi As 
Variant, sPointRt As Variant, sPointLt As Variant 
     
    sPointRt = pointsArr(0) 
    sPointLt = pointsArr(1) 
    sPointPi = pointsArr(2) 
     
    latencyCRt = 0 
    latencyCLt = 0 
    nCRt = 0 
    nCLt = 0 
    nRt = 0 
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    nLt = 0 
     
    For i = 1 To UBound(sPointPi) 
        If Not sPointRt(i) < sPointPi(i) And Not sPointPi(i) = 0 Then 
            nRt = nRt + 1 
            latencyCRt = latencyCRt + paDataArr(sPointRt(i), 1) - paDataArr(sPointPi(i), 1) 
             
            If CalcSlope(GetWinArr(OneDimArray(paDataArr, plane * 2), sPointRt(i) + freqRowCount \ 20, 
freqRowCount \ 10)) * _ 
            CalcSlope(GetWinArr(OneDimArray(paDataArr, 6), sPointPi(i) + freqRowCount \ 20, 
freqRowCount \ 10)) > 0 And _ 
            Abs(Round(CalcAverage(GetWinArr(OneDimArray(paDataArr, plane * 2), sPointRt(i) + 
freqRowCount * 3 \ 2, freqRowCount * 3)), 0)) > _ 
            Abs(Round(CalcAverage(GetWinArr(OneDimArray(paDataArr, 6), sPointPi(i) + freqRowCount * 3 
\ 2, freqRowCount * 3)), 0)) * 2 / 3 Then nCRt = nCRt + 1 
        End If 
         
        If Not sPointLt(i) < sPointPi(i) And Not sPointPi(i) = 0 Then 
            nLt = nLt + 1 
            latencyCLt = latencyCLt + paDataArr(sPointLt(i), 1) - paDataArr(sPointPi(i), 1) 
             
            If CalcSlope(GetWinArr(OneDimArray(paDataArr, plane * 2 + 1), sPointLt(i) + freqRowCount \ 
20, freqRowCount \ 10)) * _ 
            CalcSlope(GetWinArr(OneDimArray(paDataArr, 6), sPointPi(i) + freqRowCount \ 20, 
freqRowCount \ 10)) > 0 And _ 
            Abs(Round(CalcAverage(GetWinArr(OneDimArray(paDataArr, plane * 2 + 1), sPointLt(i) + 
freqRowCount * 3 \ 2, freqRowCount * 3)), 0)) > _ 
            Abs(Round(CalcAverage(GetWinArr(OneDimArray(paDataArr, 6), sPointPi(i) + freqRowCount * 3 
\ 2, freqRowCount * 3)), 0)) * 2 / 3 Then nCLt = nCLt + 1 
        End If 
    Next i 
     
    correct(1) = nCRt 
    correct(2) = "" 
    correct(3) = nCLt 
    correct(4) = "" 
     
    cLatency(1) = "" 
    If Not nRt = 0 Then cLatency(1) = Round(latencyCRt / nRt * 1000, 0) 
    cLatency(2) = "" 
    cLatency(3) = "" 
    If Not nLt = 0 Then cLatency(3) = Round(latencyCLt / nLt * 1000, 0) 
    cLatency(4) = "" 
     
    err(1) = 6 - nCRt 
    err(2) = "" 
    err(3) = 6 - nCLt 
    err(4) = "" 
     
    CalcProAntiSaccades = Array(correct, cLatency, err) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Option Explicit 
 
Public Sub Publish() 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
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    Dim wb As Workbook, reportWS As Worksheet, ws As Worksheet, breakRow As Integer, prevWSName As 
String 
     
    Set wb = Workbooks.Open(Settings.PtPaths("Patient Analyzed Data File Address")) 
    Set reportWS = wb.Sheets("Report") 
     
    breakRow = 7 
     
    For Each ws In wb.Worksheets 
        If Not ws.Name = "Report" Then 
            Call Charts(reportWS, ws, breakRow) 
            Call Tables(reportWS, ws, breakRow) 
            Call UpdateProgress(0.25) 
             
            If ws.Name = "OKN Right" And prevWSName = "Pursuit Vertical" Then 
                breakRow = breakRow 
            ElseIf ws.Name = "OKN Up" And prevWSName = "OKN Left" Then 
                breakRow = breakRow 
            ElseIf ws.Name = "ProSaccades Horizontal" And prevWSName = "OKN Down" Then 
                breakRow = breakRow 
            ElseIf ws.Name = "AntiSaccades Horizontal" And prevWSName = "ProSaccades Vertical" Then 
                breakRow = breakRow 
            Else 
                breakRow = breakRow + 55 
                reportWS.HPageBreaks.Add reportWS.Range("A" & breakRow) 
            End If 
             
            prevWSName = ws.Name 
        End If 
    Next ws 
     
    wb.Save 
     
    Call DataBank(wb) 
    Call UpdateProgress(0.25) 
    Call Report(reportWS) 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub Report(ByVal ws As Worksheet) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim printRng As String, titleRng As String, wsName As String 
    Dim lastRow As Long, lastCol As Integer 
     
    With ws 
        lastRow = .UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row 
        lastCol = .Cells(1, .Columns.Count).End(xlToLeft).Column 
        printRng = .Range(.Cells(1, 1), .Cells(lastRow, lastCol)).Address 
        titleRng = .Range(.Cells(1, 1), .Cells(6, lastCol)).Address 
    End With 
     
    Application.PrintCommunication = True 
    With ws.PageSetup 
        .PrintArea = printRng 
        .PrintTitleRows = titleRng 
    End With 
     
    Application.PrintCommunication = False 
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    With ws.PageSetup 
        .PrintArea = printRng 
        .PrintTitleRows = titleRng 
        .PaperSize = xlPaperA4 
        .Orientation = xlPortrait 
        .Zoom = 100 
        .FitToPagesWide = 1 
        .FitToPagesTall = False 
        .LeftMargin = Application.InchesToPoints(0.6) 
        .RightMargin = Application.InchesToPoints(0.6) 
        .TopMargin = Application.InchesToPoints(0.7) 
        .BottomMargin = Application.InchesToPoints(0.7) 
        .HeaderMargin = Application.InchesToPoints(0) 
        .FooterMargin = Application.InchesToPoints(0) 
        .CenterHorizontally = True 
        .CenterVertically = False 
    End With 
     
    Application.PrintCommunication = True 
    ws.ExportAsFixedFormat Type:=xlTypePDF, Filename:=Settings.PtPaths("Patient Report File Address"), 
Quality:=xlQualityMinimum, _ 
        IncludeDocProperties:=False, IgnorePrintAreas:=False, OpenAfterPublish:=True 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub DataBank(ByRef wb As Workbook) 
    ''On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim dbWB As Workbook, dbWS As Worksheet, ws As Worksheet 
    Dim lastRow As Integer, rowNum As Integer, i As Integer, j As Integer, k As Integer, m As Integer, 
sCount As Integer 
     
    Set dbWB = Workbooks.Open(Settings.AppSettings("Data Bank Address")) 
    Set dbWS = dbWB.Sheets("DataBank") 
    Set ws = wb.Sheets("Report") 
     
    lastRow = 
dbWS.ListObjects("DataBank").ListColumns("Number").Range.Cells(dbWS.ListObjects("DataBank").ListColumn
s("Number").Range.Cells.Count).End(xlUp).Row 
     
    For i = 1 To lastRow 
        If Settings.PtInfo("Number") = dbWS.Cells(i, 2) Then 
            rowNum = i 
        Else 
            rowNum = IIf(lastRow = 2, 3, lastRow + 4) 
        End If 
    Next i 
     
    For i = 2 To 11 
        If i < 6 Then 
            dbWS.Cells(rowNum, i).Value2 = ws.Cells(i, 2).Value2 
        ElseIf i = 6 Then 
            dbWS.Cells(rowNum, i).Value2 = ws.Cells(i - 1, 3).Value2 
        ElseIf i = 7 Then 
            dbWS.Cells(rowNum, i).Value2 = ws.Cells(i - 1, 2).Value2 
        Else 
            dbWS.Cells(rowNum, i).Value2 = ws.Cells(i - 6, 5).Value2 
        End If 
    Next i 
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    For i = 1 To 4 
        dbWS.Cells(rowNum + i - 1, 12).Value2 = ws.Cells(6, 5 + i - 1).Value2 
    Next i 
     
    dbWS.Cells(rowNum, 13).Value2 = ws.Cells(3, 7).Value2 
     
    For Each ws In wb.Worksheets 
        sCount = sCount + 1 
    Next ws 
     
    m = 15 
     
    For i = 2 To sCount 
        Set ws = wb.Sheets(i) 
        Select Case Left(ws.Name, 3) 
            Case "Fix" 
                For k = m To m + 2 
                    For j = 1 To 4 
                        dbWS.Cells(rowNum + j - 1, k).Value2 = ws.Cells(j + 1, k - m + 8).Value2 
                    Next j 
                Next k 
                m = m + 3 
            Case "Sac" 
                For k = m To m + 5 
                    For j = 1 To 4 
                        dbWS.Cells(rowNum + j - 1, k).Value2 = ws.Cells(j + 1, k - m + 8).Value2 
                    Next j 
                Next k 
                m = m + 6 
            Case "Pur" 
                For k = m To m + 4 
                    For j = 1 To 4 
                        dbWS.Cells(rowNum + j - 1, k).Value2 = ws.Cells(j + 1, k - m + 8).Value2 
                    Next j 
                Next k 
                m = m + 5 
            Case "OKN" 
                For k = m To m + 1 
                    For j = 1 To 4 
                        dbWS.Cells(rowNum + j - 1, k).Value2 = ws.Cells(j + 1, k - m + 8).Value2 
                    Next j 
                Next k 
                m = m + 2 
            Case "Pro", "Ant" 
                For k = m To m + 2 
                    For j = 1 To 4 
                        dbWS.Cells(rowNum + j - 1, k).Value2 = ws.Cells(j + 1, k - m + 8).Value2 
                    Next j 
                Next k 
                m = m + 3 
        End Select 
    Next i 
     
    dbWB.Close SaveChanges:=True 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
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Public Sub Tables(ByRef reportWS As Worksheet, ByRef ws As Worksheet, ByVal breakRow) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim tblName As String, tblPos As Integer, tblRows As Integer 
     
    tblRows = 5 
    tblName = ws.Name 
     
    Select Case tblName 
        Case "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down", _ 
            "Saccades Horizontal", "Saccades Vertical", "Pursuit Horizontal", "Pursuit Vertical", _ 
            "OKN Left", "OKN Down", "ProSaccades Vertical", "AntiSaccades Vertical" 
                tblPos = breakRow + 49 
        Case "OKN Right", "OKN Up", "ProSaccades Horizontal", "AntiSaccades Horizontal" 
            tblPos = breakRow + 21 
    End Select 
     
    Call FormatTables(reportWS, ws, tblName, tblPos, tblRows) 
    Call FillTables(reportWS, ws, "RepTbl_" & tblName) 
 
    Exit Sub 
ErrorHandler: 
    ErrorHandler 
End Sub 
 
Private Sub FormatTables(ByRef reportWS As Worksheet, ByRef ws As Worksheet, ByVal tblName As String, 
ByVal tblPos As Integer, ByVal tblRows As Integer) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim tbl As ListObject, colNum As Integer, rowNum As Integer, i As Integer 
         
    With reportWS.Range(reportWS.Cells(tblPos, 1), reportWS.Cells(tblPos, 9)) 
        .Merge 
        .Value2 = tblName 
        .HorizontalAlignment = xlCenter 
        .VerticalAlignment = xlCenter 
        .WrapText = False 
        .ShrinkToFit = False 
        .ReadingOrder = xlContext 
        .Borders.Weight = xlThin 
        .Borders(xlInsideVertical).LineStyle = xlNone 
        .Borders(xlInsideHorizontal).LineStyle = xlNone 
        .Font.Name = "Aptos Display" 
        .Font.Size = 12 
        .Font.Bold = True 
        .Interior.Color = RGB(180, 180, 205) 
    End With 
             
    Set tbl = reportWS.ListObjects.Add(xlSrcRange, reportWS.Range(reportWS.Cells(tblPos + 1, 1), 
reportWS.Cells(tblPos + tblRows, 9)), , xlYes) 
    With tbl 
        .Name = "RepTbl_" & tblName 
        .ShowAutoFilterDropDown = False 
        .ShowTableStyleRowStripes = False 
        .ListColumns(1).DataBodyRange(tblRows \ 4) = "Right Eye" 
        .ListColumns(1).DataBodyRange(tblRows \ 4 + tblRows \ 2) = "Left Eye" 
         
        .HeaderRowRange(1).Font.Color = RGB(205, 205, 230) 
         
        For colNum = 2 To 9 
            .ListColumns(colNum).Name = Settings.TablesSettings(ws.Name)(colNum - 2) 
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            If Settings.TablesSettings(ws.Name)(colNum - 2) = "" Then 
.HeaderRowRange(colNum).Font.Color = RGB(205, 205, 230) 
        Next colNum 
         
        With .Range 
            .HorizontalAlignment = xlCenter 
            .VerticalAlignment = xlCenter 
            .WrapText = False 
            .ShrinkToFit = False 
            .ReadingOrder = xlContext 
            .Borders.LineStyle = xlContinuous 
            .Font.Name = "Aptos Display" 
            .Font.Size = 11 
            .Font.Bold = False 
        End With 
         
        With .HeaderRowRange 
            .Font.Name = "Aptos Display" 
            .Font.Size = 11 
            .Font.Bold = True 
            .Interior.Color = RGB(205, 205, 230) 
        End With 
         
        With .ListColumns(1).DataBodyRange 
            .Font.Size = 11 
            .Font.Bold = True 
        End With 
     
        For rowNum = 1 To tblRows \ 2 
            .ListRows(rowNum).Range.Interior.Color = RGB(255, 250, 250) 
            .ListRows(rowNum + tblRows \ 2).Range.Interior.Color = RGB(250, 250, 255) 
        Next rowNum 
         
        For rowNum = 1 To tblRows \ 2 - 1 
            .ListRows(rowNum).Range.Borders(xlEdgeBottom).Color = RGB(255, 250, 250) 
            .ListRows(rowNum + tblRows \ 2).Range.Borders(xlEdgeBottom).Color = RGB(250, 250, 255) 
        Next rowNum 
    End With 
             
    Exit Sub 
ErrorHandler: 
    ErrorHandler 
End Sub 
 
Private Sub FillTables(reportWS As Worksheet, ws As Worksheet, ByVal tblName As String) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim tbl As ListObject, wsName As String, i As Long, j As Long 
    Dim metricsArr As Variant, symbolArr(1 To 3) As Variant 
     
    metricsArr = ws.Range(ws.Cells(2, 8), ws.Cells(9, 16)).Value2 
     
    Set tbl = reportWS.ListObjects(tblName) 
    With tbl 
        For i = 2 To 9 
            For j = 1 To 3 Step 2 
                .ListColumns(i).DataBodyRange(j).Value2 = metricsArr(j, i - 1) & 
Settings.TablesSettings(ws.Name)(i + 6) 
            Next j 
            For j = 2 To 4 Step 2 
                .ListColumns(i).DataBodyRange(j).Value2 = metricsArr(j, i - 1) & 
Settings.TablesSettings(ws.Name)(i + 14) 
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            Next j 
        Next i 
    End With 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Option Explicit 
 
Public Sub Charts(ByRef reportWS As Worksheet, ByRef ws As Worksheet, ByVal breakRow As Integer) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim chrt As Chart, dashLine As Boolean 
    Dim chrtTitle As String, yAxTitle1 As String, yAxTitle2 As String 
    Dim lastRow As Long 
    Dim chrtPos(1 To 2) As Integer, chrtHeight(1 To 2) As Integer, arrColIndex(1 To 2) As Integer, _ 
    xAxMax As Integer, yAxMin As Integer, yAxMax As Integer, i As Integer, j As Integer, k As Integer 
    Dim chrtDataArr As Variant 
     
    lastRow = ws.UsedRange.Cells.SpecialCells(xlCellTypeLastCell).Row 
    chrtDataArr = ws.Range(ws.Cells(2, 1), ws.Cells(lastRow, 6)).Value2 
     
    Select Case ws.Name 
        Case "Fixation Center", "Fixation Right", "Fixation Left", "Fixation Up", "Fixation Down" 
            j = 2 
            chrtPos(1) = breakRow + 2 
            chrtPos(2) = breakRow + 25 
            chrtHeight(1) = Settings.ChartsSettings(ws.Name)(0) 
            chrtHeight(2) = Settings.ChartsSettings(ws.Name)(0) 
            arrColIndex(1) = 6 
            arrColIndex(2) = 0 
        Case "Saccades Horizontal", "Saccades Vertical", "Pursuit Horizontal", "Pursuit Vertical" 
            j = 2 
            chrtPos(1) = breakRow + 2 
            chrtPos(2) = breakRow + 33 
            chrtHeight(1) = Settings.ChartsSettings(ws.Name)(0) 
            chrtHeight(2) = Settings.ChartsSettings(ws.Name)(0) \ 2 
            arrColIndex(1) = 6 
            arrColIndex(2) = 0 
        Case "OKN Right", "OKN Up", "ProSaccades Horizontal", "AntiSaccades Horizontal" 
            j = 1 
            chrtPos(1) = breakRow + 2 
            chrtHeight(1) = Settings.ChartsSettings(ws.Name)(0) 
            arrColIndex(1) = 6 
        Case "OKN Left", "OKN Down", "ProSaccades Vertical", "AntiSaccades Vertical" 
            j = 1 
            chrtPos(1) = breakRow + 29 
            chrtHeight(1) = Settings.ChartsSettings(ws.Name)(0) 
            arrColIndex(1) = 6 
    End Select 
     
    For i = 1 To j 
        chrtTitle = ws.Name & IIf(Settings.ChartsSettings(ws.Name)(i * 6) = "Right Eye Horizontal 
Angle", " - Horizontal Axis", " - Vertical Axis") 
        k = IIf(Settings.ChartsSettings(ws.Name)(i * 6) = "Right Eye Horizontal Angle", 1, 2) 
        xAxMax = Settings.ChartsSettings(ws.Name)(1) 
        yAxMin = Settings.ChartsSettings(ws.Name)(2 * i * i) 
        yAxMax = Settings.ChartsSettings(ws.Name)(2 * i * i + 1) 
        yAxTitle1 = Settings.ChartsSettings(ws.Name)((i + 3) * i) 
        yAxTitle2 = Settings.ChartsSettings(ws.Name)((i + 3) * i + 1) 



 

130 

 
        Set chrt = reportWS.Shapes.AddChart2(240, xlXYScatterSmoothNoMarkers, _ 
            1, reportWS.Range("$A$" & chrtPos(i)).Top, reportWS.Range("$J$" & chrtPos(i)).Left, 
chrtHeight(i), True).Chart 
         
        Call FormatCharts(chrt, chrtTitle, yAxTitle1, yAxTitle2, yAxMin, yAxMax, xAxMax) 
         
        Call ChartSeries(chrt, "Target Pilot", RGB(0, 0, 0), True, chrtDataArr, arrColIndex(i)) 
         
        Call ChartSeries(chrt, Settings.ChartsSettings(ws.Name)(i * 6 + 1), RGB(0, 0, 255), False, 
chrtDataArr, k * 2 + 1) 
         
        Call ChartSeries(chrt, Settings.ChartsSettings(ws.Name)(i * 6), RGB(255, 0, 0), False, 
chrtDataArr, k * 2) 
    Next i 
         
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub FormatCharts(ByRef chrt As Chart, ByVal chrtTitle As String, ByVal yAxTitle1 As String, 
ByVal yAxTitle2 As String, _ 
    ByVal yAxMin As Integer, ByVal yAxMax As Integer, ByVal xAxMax As Integer) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
         
    With chrt 
        .Parent.RoundedCorners = True 
        .SetElement (msoElementChartTitleAboveChart) 
        .SetElement (msoElementPrimaryCategoryAxisShow) 
        .SetElement (msoElementPrimaryCategoryAxisTitleAdjacentToAxis) 
        .SetElement (msoElementPrimaryValueAxisShow) 
        .SetElement (msoElementPrimaryValueAxisTitleAdjacentToAxis) 
        .SetElement (msoElementDataLabelNone) 
        .SetElement (msoElementLegendTop) 
        With .ChartArea 
            .ClearContents 
            With .Border 
                .Weight = 1 
                .ColorIndex = 1 
            End With 
            With .Font 
                .Name = "Aptos Display" 
                .Size = 11 
                .ColorIndex = 1 
            End With 
        End With 
        With .ChartTitle 
            .Text = chrtTitle 
            With .Font 
                .Size = 12 
                .Bold = True 
                .ColorIndex = 1 
            End With 
        End With 
        With .Axes(xlCategory, xlPrimary) 
            .HasMinorGridlines = True 
            .HasMajorGridlines = True 
            .MinimumScale = 0 
            .MaximumScale = xAxMax 
            .MajorUnit = IIf(xAxMax <= 20, 1, 2) 
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            .MinorUnit = IIf(xAxMax <= 20, 0.1, 0.2) 
            .TickLabelPosition = xlLow 
            .TickLabels.Font.ColorIndex = 1 
            .HasTitle = True 
            .AxisTitle.Characters.Text = "Time (s)" 
        End With 
        With .Axes(xlValue, xlPrimary) 
            .HasMajorGridlines = True 
            .HasMinorGridlines = True 
            .MinimumScale = yAxMin 
            .MaximumScale = yAxMax 
            .MinorUnit = 1 
            .MajorUnit = 5 
            .TickLabels.Font.ColorIndex = 1 
            .HasTitle = True 
            .AxisTitle.Characters.Text = yAxTitle1 & "  <——  " & "Angle (" & ChrW(176) & ")" & "  ——>  
" & yAxTitle2 
        End With 
    End With 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Private Sub ChartSeries(ByRef chrt As Chart, ByVal serName As String, ByVal serColor As Long, ByVal 
dashLine As Boolean, _ 
    ByRef chrtDataArr As Variant, ByVal arrColIndex As Integer) 
    'On Error GoTo ErrorHandler 
    Call InitAppSetts 
    Dim ser As Series 
         
    Set ser = chrt.SeriesCollection.NewSeries 
    With ser 
        .Name = serName 
        .AxisGroup = xlPrimary 
        .Smooth = True 
        .MarkerStyle = xlMarkerStyleNone 
        With .Format.Line 
            .Visible = msoTrue 
            .ForeColor.RGB = serColor 
            .Weight = 1.5 
            .DashStyle = IIf(dashLine, msoLineDashDot, msoLineSolid) 
        End With 
        .XValues = OneColTwoDimArray(chrtDataArr, 1) 
        If arrColIndex = 0 Then 
            Dim nullArr As Variant, n As Long, i As Long 
            n = UBound(chrtDataArr, 1) 
            ReDim nullArr(1 To n, 1 To 1) 
            For i = 1 To n 
                nullArr(i, 1) = 0 
            Next i 
            .Values = nullArr 
        Else 
            .Values = OneColTwoDimArray(chrtDataArr, arrColIndex) 
        End If 
    End With 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
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Option Explicit 
    Private Declare PtrSafe Function Beep Lib "kernel32" (ByVal dwFreq As Long, ByVal dwDuration As 
Long) As Long 
 
Public Sub PlayBeep() 
    Beep 1, 1 
    Beep 700, 250 
    Beep 800, 250 
    Beep 600, 250 
End Sub 
     
Public Function IsFolder(folderPath As String) As Boolean 
    'On Error GoTo ErrorHandler 
    Dim folderObj As Object 
     
    Set folderObj = CreateObject("Scripting.FileSystemObject") 
    IsFolder = folderObj.folderExists(folderPath) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function IsFile(fileAddress As String) As Boolean 
    'On Error GoTo ErrorHandler 
 
    IsFile = (Dir(fileAddress) <> "") 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function IsFormEmpty(fm As UserForm) As Boolean 
    'On Error GoTo ErrorHandler 
    Dim sCount As Integer, tCount As Integer, fCount As Integer 
    Dim ctl As MSForms.Control 
    IsFormEmpty = True 
     
    For Each ctl In fm.Controls 
        Select Case TypeName(ctl) 
            Case "TextBox" 
                If Trim(ctl.Text) = "" And Not ctl.Name = "BoxNotes" Then Exit Function 
                If Trim(ctl.Value) = "" And Not ctl.Name = "BoxNotes" Then Exit Function 
            Case "ComboBox", "ListBox" 
                If ctl.ListIndex = -1 Then Exit Function 
            Case "CheckBox", "OptionButton", "ToggleButton" 
                sCount = sCount + 1 
                If ctl.Value = False Then fCount = fCount + 1 
        End Select 
    Next ctl 
    If sCount <> 0 And sCount = fCount Then Exit Function 
     
    IsFormEmpty = False 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function SelectItem(ByVal listItemsArray As Variant) As Integer 
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    'On Error GoTo ErrorHandler 
    Dim fm As Object 
     
    Set fm = VBA.UserForms.Add("UF_List") 
    fm.ItemsList = listItemsArray 
    fm.Show vbModal 
    SelectItem = fm.SelectedItemIndex + 1 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function OverWriteArray(ByRef owDataArr, ByRef owColArr As Variant, ByVal colIndex As Integer) 
As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, owLastRow As Long, tempOWColArr As Variant 
     
    tempOWColArr = TransposeArray(owColArr) 
    owLastRow = UBound(tempOWColArr, 1) 
     
    For i = 1 To owLastRow 
        owDataArr(i, colIndex) = tempOWColArr(i, 1) 
    Next i 
         
    OverWriteArray = owDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function OneColTwoDimArray(ByRef twoDimArr As Variant, ByVal arrColIndex As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim arrLength As Long, i As Long, tempArr() As Double 
     
    arrLength = UBound(twoDimArr, 1) 
    ReDim tempArr(1 To arrLength, 1 To 1) 
     
    For i = 1 To arrLength 
        tempArr(i, 1) = twoDimArr(i, arrColIndex) 
    Next i 
     
    OneColTwoDimArray = tempArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function TransposeArray(ByRef transDataArr As Variant) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, j As Long, dimNum As Long 
    Dim tempArr() As Variant 
     
    dimNum = 0 
    On Error Resume Next 
    dimNum = UBound(transDataArr, 2) 
    On Error GoTo 0 
     
    If dimNum = 0 Then 
        ReDim tempArr(1 To UBound(transDataArr), 1 To 1) 
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        j = IIf(LBound(transDataArr) = 0, 1, 0) 
        For i = 1 To UBound(transDataArr) + j 
            tempArr(i, 1) = transDataArr(i - j) 
        Next i 
        TransposeArray = tempArr 
    ElseIf dimNum > 1 Then 
        ReDim tempArr(1 To UBound(transDataArr, 2), 1 To 1) 
        For i = 1 To dimNum 
            tempArr(i, 1) = transDataArr(1, i) 
        Next i 
        TransposeArray = tempArr 
    Else 
        TransposeArray = transDataArr 
    End If 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function ResizeArrayShrink(ByRef resDataArr As Variant, ByVal startColIndex As Integer, ByVal 
endColIndex As Integer, _ 
    ByVal startRowIndex As Long, ByVal endRowIndex As Long) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Integer, oldLastCol As Integer, newLastCol As Integer 
    Dim j As Long, oldLastRow As Long, newLastRow As Long 
    Dim tempArr As Variant 
     
    oldLastRow = UBound(resDataArr, 1) 
    oldLastCol = UBound(resDataArr, 2) 
    newLastRow = endRowIndex - startRowIndex + 1 
    newLastCol = endColIndex - startColIndex + 1 
    ReDim tempArr(1 To newLastRow, 1 To newLastCol) 
     
    For i = 1 To newLastCol 
        For j = 1 To newLastRow 
            tempArr(j, i) = resDataArr(startRowIndex + j - 1, startColIndex + i - 1) 
        Next j 
    Next i 
 
    ResizeArrayShrink = tempArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function OneDimArray(ByRef twoDimArr As Variant, ByVal arrColIndex As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim arrLength As Long, i As Long 
    Dim tempArr() As Double 
     
    arrLength = UBound(twoDimArr, 1) 
    ReDim tempArr(1 To arrLength) 
     
    For i = 1 To arrLength 
        tempArr(i) = twoDimArr(i, arrColIndex) 
    Next i 
     
    OneDimArray = tempArr 
     
    Exit Function 
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ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function GetWinArr(ByRef winDataArr As Variant, ByVal centerIndex As Long, ByVal winWinSize As 
Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim halfWinSize As Integer, i As Long, tempArr() As Double 
     
    If winWinSize Mod 2 = 0 Then winWinSize = winWinSize + 1 
     
    halfWinSize = winWinSize \ 2 
    ReDim tempArr(1 To winWinSize) 
     
    For i = 1 To winWinSize 
        tempArr(i) = winDataArr(centerIndex - halfWinSize + i - 1) 
    Next i 
     
    GetWinArr = tempArr 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function ResizeArrayExpand(ByRef resDataArr As Variant, ByRef expDataArr As Variant) As Variant 
    'On Error GoTo ErrorHandler 
    Dim resLastCol As Integer, expLastCol As Integer, lastCol As Integer, resLastRow As Long, 
expLastRow As Long, lastRow As Long 
    Dim i As Long, j As Long, tempExpArr As Variant, tempArr() As Double 
     
    tempExpArr = TransposeArray(expDataArr) 
    resLastRow = UBound(resDataArr, 1) 
    resLastCol = UBound(resDataArr, 2) 
    expLastRow = UBound(tempExpArr, 1) 
    expLastCol = UBound(tempExpArr, 2) 
    lastRow = IIf(resLastRow >= expLastRow, resLastRow, expLastRow) 
    lastCol = resLastCol + expLastCol 
     
    ReDim tempArr(1 To lastRow, 1 To lastCol) 
     
    For i = 1 To resLastCol 
        For j = 1 To resLastRow 
            tempArr(j, i) = resDataArr(j, i) 
        Next j 
    Next i 
     
    For i = 1 To expLastCol 
        For j = 1 To expLastRow 
            tempArr(j, resLastCol + i) = tempExpArr(j, i) 
        Next j 
    Next i 
     
    ResizeArrayExpand = tempArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function FillArray(ByRef fillDataArr As Variant, ByVal startRow As Long, ByVal endRow As Long, 
ByVal fillValue As Double) As Variant 



 

136 

    'On Error GoTo ErrorHandler 
    Dim i As Long, lastRow As Long, tempArr() As Double 
     
    lastRow = UBound(fillDataArr) 
    ReDim tempArr(1 To lastRow) 
     
    For i = 1 To startRow - 1 
        tempArr(i) = fillDataArr(i) 
    Next i 
     
    For i = startRow To endRow 
        tempArr(i) = fillValue 
    Next i 
 
    For i = endRow + 1 To lastRow 
        tempArr(i) = fillDataArr(i) 
    Next i 
 
    FillArray = tempArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function FindInArray(ByRef iDataArr As Variant, ByVal arrElement As Double) As Long 
    'On Error GoTo ErrorHandler 
    Dim i As Long 
     
    FindInArray = 0 
     
    For i = 1 To UBound(iDataArr) 
        If iDataArr(i) = arrElement Then 
            FindInArray = i 
            Exit Function 
        End If 
    Next i 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Sub SortArray(ByRef sortDataArr() As Double, ByVal low As Long, ByVal high As Long) 
    'On Error GoTo ErrorHandler 
    Dim pivot As Double, temp As Double 
    Dim i As Long, j As Long 
     
    i = low 
    j = high 
    pivot = sortDataArr((low + high) \ 2) 
     
    Do While i <= j 
        Do While sortDataArr(i) < pivot 
            i = i + 1 
        Loop 
         
        Do While sortDataArr(j) > pivot 
            j = j - 1 
        Loop 
         
        If i <= j Then 
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            temp = sortDataArr(i) 
            sortDataArr(i) = sortDataArr(j) 
            sortDataArr(j) = temp 
            i = i + 1 
            j = j - 1 
        End If 
    Loop 
     
    If low < j Then SortArray sortDataArr, low, j 
    If i < high Then SortArray sortDataArr, i, high 
     
    Exit Sub 
ErrorHandler: 
    Call ErrorHandler 
End Sub 
 
Public Function CalcMedian(ByRef mDataArr As Variant) As Double 
    'On Error GoTo ErrorHandler 
    Dim sortDataArr() As Double 
    Dim i As Long, j As Long, n As Long, middle As Long 
     
    n = UBound(mDataArr) 
    ReDim sortDataArr(1 To n) 
     
    j = 0 
    For i = 1 To n 
        If Not IsEmpty(mDataArr(i)) Then 
            j = j + 1 
            sortDataArr(j) = mDataArr(i) 
        End If 
    Next i 
     
    If j > 2 Then 
        Call SortArray(sortDataArr, LBound(sortDataArr), UBound(sortDataArr)) 
    Else 
        CalcMedian = CalcAverage(sortDataArr) 
        Exit Function 
    End If 
     
    n = UBound(sortDataArr) - LBound(sortDataArr) + 1 
    middle = LBound(sortDataArr) + (n \ 2) 
     
    If n Mod 2 = 0 Then 
        CalcMedian = (sortDataArr(middle) + sortDataArr(middle - 1)) / 2 
    Else 
        CalcMedian = sortDataArr(middle) 
    End If 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function CalcAverage(ByRef avgDataArr As Variant) As Double 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, subSum As Double 
     
    n = UBound(avgDataArr) - LBound(avgDataArr) + 1 
     
    For i = LBound(avgDataArr) To UBound(avgDataArr) 
        subSum = subSum + avgDataArr(i) 
    Next i 
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    CalcAverage = subSum / n 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function MovingAvg(ByRef normDataArr As Variant, ByVal normWinSize As Integer) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, halfWinSize As Integer 
     
    n = UBound(normDataArr) 
    halfWinSize = normWinSize \ 2 
    For i = halfWinSize + 1 To n - halfWinSize 
        normDataArr(i) = CalcAverage(GetWinArr(normDataArr, i, normWinSize)) 
    Next i 
     
    MovingAvg = normDataArr 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function CalcVariance(ByRef vDataArr As Variant) As Double 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long, mean As Double, sumSqDiff As Double 
     
    n = UBound(vDataArr) - LBound(vDataArr) + 1 
    mean = CalcAverage(vDataArr) 
     
    For i = LBound(vDataArr) To UBound(vDataArr) 
        sumSqDiff = sumSqDiff + (vDataArr(i) - mean) ^ 2 
    Next i 
     
    CalcVariance = Sqr(sumSqDiff / n) 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function CalcRegress(ByRef dyWinArr As Variant) As Variant 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long 
    Dim xVal As Double, yVal As Double, xSum As Double, ySum As Double, xySum As Double, xxSum As 
Double, _ 
    Slope As Double, intercept As Double, yPred As Double, varSum As Double, regVals() As Double 
     
    n = UBound(dyWinArr) 
    For i = 1 To n 
        xVal = i 
        yVal = dyWinArr(i) 
        xSum = xSum + xVal 
        ySum = ySum + yVal 
        xySum = xySum + xVal * yVal 
        xxSum = xxSum + xVal ^ 2 
    Next i 
     
    If n * xxSum - xSum ^ 2 = 0 Then 
        Slope = Settings.AppSettings("Max Horizontal Angle") 
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    Else 
        Slope = (n * xySum - xSum * ySum) / (n * xxSum - xSum ^ 2) 
    End If 
     
    intercept = (ySum - Slope * xSum) / n 
     
    ReDim regVals(1 To 2) 
    xVal = n - n \ 2 
    regVals(2) = (Slope * xVal) + intercept 
     
    For i = 1 To n 
        xVal = i 
        yVal = dyWinArr(i) 
        yPred = (Slope * xVal) + intercept 
        'varSum = varSum + (yVal - yPred) ^ 2 
        varSum = varSum + Abs(yVal - yPred) 
    Next i 
     
    'regVals(1) = Sqr(varSum / n) 
    regVals(1) = varSum / n 
     
    CalcRegress = regVals 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function CalcSlope(ByRef slWinArr As Variant) As Double 
    'On Error GoTo ErrorHandler 
    Dim i As Long, n As Long 
    Dim xVal As Double, yVal As Double, xSum As Double, ySum As Double, xySum As Double, xxSum As 
Double 
 
    n = UBound(slWinArr) 
    For i = 1 To n 
        xVal = i 
        yVal = slWinArr(i) 
        xSum = xSum + xVal 
        ySum = ySum + yVal 
        xySum = xySum + xVal * yVal 
        xxSum = xxSum + xVal ^ 2 
    Next i 
     
    If Not n * xxSum - xSum ^ 2 = 0 Then CalcSlope = (n * xySum - xSum * ySum) / (n * xxSum - xSum ^ 
2) 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function FindStartRow(ByRef stDataArr As Variant, ByVal wsName As String, ByVal rvThreshold As 
Double, ByVal avgThreshold As Double) As Long 
    'On Error GoTo ErrorHandler 
    Dim i As Integer, j As Integer, fStartRow(1 To 2) As Long 
     
    Select Case Right(wsName, 3) 
        Case "tal", "ght", "eft" 
            j = 1 
        Case "cal", " Up", "own" 
            j = 3 
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    End Select 
     
    For i = 1 To 2 
        fStartRow(i) = FindDeflect(OneDimArray(stDataArr, i + j - 1), avgThreshold) 
    Next i 
     
    FindStartRow = (fStartRow(1) + fStartRow(2)) \ IIf(fStartRow(1) * fStartRow(2) = 0, 1, 2) 
 
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function FindDeflect(ByRef dDataArr As Variant, ByVal avgThreshold As Double) As Variant 
    'On Error GoTo ErrorHandler 
    Dim freqRowCount As Integer, dWinSize As Integer, tempDeflect(1 To 2) As Long, i As Long, j As 
Long, n As Long 
    Dim dWinAvg() As Double, dWinPred() As Double, dWinRV() As Double, dBaseAvg(1 To 2) As Double, 
befDiff As Double, aftDiff As Double 
    Dim tempRegress As Variant 
     
    tempDeflect(1) = 0 
    tempDeflect(2) = 0 
    freqRowCount = Settings.ProcessSettings("Frequency") 
    dWinSize = freqRowCount \ 10 
    If dWinSize Mod 2 = 0 Then dWinSize = dWinSize + 1 
     
    n = UBound(dDataArr) - dWinSize 
    ReDim dWinPred(1 To n) 
    ReDim dWinRV(1 To n) 
    For i = 1 To n 
        tempRegress = CalcRegress(GetWinArr(dDataArr, i + dWinSize \ 2 + 1, dWinSize)) 
        dWinRV(i) = tempRegress(1) 
        dWinPred(i) = tempRegress(2) 
    Next i 
     
    n = UBound(dWinPred) - dWinSize 
    ReDim dWinAvg(1 To n) 
    For i = 1 To n 
        dWinAvg(i) = CalcAverage(GetWinArr(dWinPred, i + dWinSize \ 2 + 1, dWinSize)) 
    Next i 
     
    dBaseAvg(1) = 22 'CalcAverage(GetWinArr(dWinAvg, freqRowCount \ 2 + 1, freqRowCount)) 
    dBaseAvg(2) = 22 'CalcAverage(GetWinArr(dWinAvg, n - freqRowCount \ 2, freqRowCount)) 
     
    n = UBound(dWinAvg) - dWinSize 
    For i = 1 To n - 10 * dWinSize 
        j = 1 
        Do While j < 10 
            If Abs(dWinAvg(i)) + avgThreshold * j > Abs(dWinAvg(i + j * dWinSize)) Then Exit Do 
            j = j + 1 
        Loop 
        If j = 10 Then 
            j = 1 
            befDiff = 0 
            Do While j < dWinSize 
                If Abs(dWinAvg(i)) > Abs(dWinAvg(i + j)) Then Exit Do 
                aftDiff = dWinRV(i + j) 
                If aftDiff > befDiff Then 
                    befDiff = aftDiff 
                    tempDeflect(1) = i + j 
                End If 
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                j = j + 1 
            Loop 
            If j = dWinSize Then 
                tempDeflect(1) = tempDeflect(1) + dWinSize \ 2 
                Exit For 
            End If 
        End If 
    Next i 
     
    For i = n To 1 + 10 * dWinSize Step -1 
        j = 1 
        Do While j < 10 
            If Abs(dWinAvg(i)) + avgThreshold * j > Abs(dWinAvg(i - j * dWinSize)) Then Exit Do 
            j = j + 1 
        Loop 
        If j = 10 Then 
            j = 1 
            befDiff = 0 
            Do While j < dWinSize 
                If Abs(dWinAvg(i)) > Abs(dWinAvg(i - j)) Then Exit Do 
                aftDiff = dWinRV(i - j) 
                If aftDiff > befDiff Then 
                    befDiff = aftDiff 
                    tempDeflect(2) = i - j 
                End If 
                j = j + 1 
            Loop 
            If j = dWinSize Then 
                tempDeflect(2) = tempDeflect(2) + dWinSize \ 2 
                Exit For 
            End If 
        End If 
    Next i 
     
    FindDeflect = tempDeflect 
     
    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
 
Public Function FindPeak(ByRef peDataArr As Variant, ByVal maxY As Double) As Long 
    'On Error GoTo ErrorHandler 
    Dim n As Long, i As Long, maxX As Long, peak As Long, dist As Double, tempDist As Double 
     
    n = UBound(peDataArr) 
    dist = 2 * n ^ 2 
    maxX = n \ 2 
    maxY = maxY * 1.5 
     
    If maxY < 0 Then maxY = maxY * -1 
     
    For i = 1 To n 
        tempDist = Sqr((maxX - i) ^ 2 + ((maxY - peDataArr(i)) * n / (maxY * 2)) ^ 2) 
        If tempDist < dist Then 
            dist = tempDist 
            peak = i 
        End If 
    Next i 
     
    FindPeak = peak 
     



 

142 

    Exit Function 
ErrorHandler: 
    Call ErrorHandler 
End Function 
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Appendix 2: Consent Form 
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Appendix 4: Research Protocol 
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