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GENERAL INFORMATION ABSTRACT
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Revised date: 24/04/2026 for evaluating autonomic nervous system activity because pupil
constriction and dilation are directly modulated by

Accepted date: 02/06/2026 parasympathetic and sympathetic pathways. However, many

conventional pupillometry systems are limited by monocular
acquisition, visual-field occlusion, insufficient binocular

KEYWORDS synchronization, and limited adaptability across subjects, which
may compromise the reliability of bilateral pupillary
Autonomic nervous system; assessment. This study presents a see-through binocular

synchronous pupilometer for non-invasive measurement of
pupillary light reflex responses. The proposed system integrates
Pupillometry. a beam-splitter-based  optical configuration, infrared
illumination, dual CCD cameras, microprocessor-based
hardware triggering, and an adjustable helmet-mounted
structure. The see-through configuration allows subjects to
maintain natural fixation while enabling infrared pupil imaging,
whereas the hardware-triggered  architecture  ensures
synchronized bilateral acquisition. A preliminary validation
experiment was conducted on 20 healthy volunteers, with three
repeated trials per subject under controlled illumination. The
system achieved a binocular temporal deviation of less than
1/60 s and a synchronization accuracy greater than 98%.
Quantitative  analysis showed stable bilateral pupil
measurements, with baseline pupil diameters of 5.82+0.41 mm
and 5.79+0.39 mm for the left and right eyes, respectively. The
RMS inter-eye asymmetry was 0.12+0.05 mm, while the intra-
subject repeatability error was 0.08+0.03 mm. The pupil
detection success rate reached 97.5%, and the valid frame ratio
after blink correction was 96.2%. These results demonstrate that
the proposed pupilometer provides reliable, repeatable, and
synchronized binocular pupillary measurements under
controlled experimental conditions. Although the present study
was limited to healthy subjects, the system offers a promising

Binocular synchronization;
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technical platform for future autonomic nervous system
assessment and clinical validation in populations with diabetic
autonomic neuropathy or other autonomic disorders.

1. INTRODUCTION

The pupil plays a fundamental role in
regulating the amount of light reaching the retina
and is tightly controlled by the autonomic
nervous system (ANS) (Meethal et al. 2021).
Variations in pupil diameter and pupillary light
reflex have therefore been widely recognized as
reliable physiological indicators of ANS function
(Debnath et al. 2020). In clinical practice,
pupillary dynamics have been employed to
support the diagnosis of neurological and
systemic disorders, including diabetes-related
autonomic neuropathy, Parkinson’s disease, and
other neurodegenerative conditions (Corazza et
al. 2014). Among these, diabetic autonomic
neuropathy is particularly challenging to detect at
an early stage due to its subtle and often
asymptomatic progression (Shan, Fang, and Wu
2023).

Pupillometry has emerged as a promising
non-invasive technique for assessing autonomic
dysfunction. By analyzing changes in pupil size
in response to controlled light stimuli, valuable
information regarding parasympathetic and
sympathetic neural pathways can be obtained
(Mang et al. 2016). However, despite its clinical
potential, existing pupillometric systems still
present several technical and practical
limitations. Many conventional devices rely on
monocular measurements, which preclude direct

comparison  between bilateral  pupillary
responses and may overlook inter-eye
asymmetries related to abnormal

neurotransmission. Furthermore, a significant
number of current pupilometers obstruct the
subject’s field of view, potentially inducing
visual discomfort or inattention that can affect
measurement reliability (Hsu and Kuo 2023; Liu
et al. 2022).

Another critical limitation lies in temporal
synchronization.  Accurate  assessment  of
bilateral pupillary dynamics requires precise
simultaneous acquisition from both eyes (Badke
et al. 2025). Insufficient synchronization
between dual imaging systems may introduce
timing errors that obscure subtle response
differences, thereby reducing diagnostic
sensitivity.  Additionally, rigid mechanical
structures and limited adjustability in existing
designs often hinder consistent alignment across
subjects, further degrading measurement
accuracy (Okutucu et al. 2018).

This study proposes a see-through binocular
synchronous pupilometer designed to enable
natural visual fixation while capturing highly
synchronized bilateral pupillary responses. The
proposed system employs a beam-splitter—based
optical configuration that allows visible fixation
targets to pass through while reflecting infrared
illumination and pupil images toward the
imaging sensors (De Vries et al. 2020). A
microprocessor-controlled triggering scheme
ensures synchronization between the two
pupilometers with a temporal deviation of less
than 1/60 s. Moreover, an adjustable helmet-
mounted mechanical structure is introduced to
accommodate inter-subject anatomical variations
and maintain optical alignment (Karahan et al.
2021).

The primary objective of this work is to
develop and validate a non-invasive
pupillometric system capable of reliable
binocular measurement with high temporal
precision (Demir and Bulut 2025). By combining
see-through optics, synchronized imaging, and
robust image-processing  techniques, the
proposed approach aims to enhance the
practicality and diagnostic potential of
pupillometry for early detection of autonomic
neuropathy, particularly in diabetic patients
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(Erdem et al. 2021; Gajardo, Madariaga, and
Maldonado 2019)

2. RELATED WORK

Pupillometry has been widely investigated
as a non-invasive technique for evaluating
autonomic nervous system (ANS) function, as
pupillary dynamics are directly regulated by
sympathetic and parasympathetic pathways
(Erdem et al. 2021). Numerous clinical studies
have demonstrated that parameters such as pupil
diameter variation, constriction latency, and
recovery time are sensitive indicators of
autonomic dysfunction (Chornyi and Gryb 2026;
Sivakumar et al. 2020). In particular, altered
pupillary light reflexes have been reported in
patients with diabetic autonomic neuropathy,
highlighting the potential of pupillometry as an
early screening tool for systemic neurological
disorders (Mohan et al. 2024).

Most existing pupillometry systems rely on
monocular image acquisition using a single
infrared camera and illumination source. These
systems are relatively simple and have been
successfully applied in both clinical and
experimental settings. However, monocular
measurements are inherently limited in their
ability to detect inter-eye asymmetries, which
may reflect abnormal neurotransmission or
localized neural impairment. As a result,
valuable diagnostic information associated with
bilateral pupillary response differences may be
overlooked (Biger, Kurt, and Zor 2022; Naranjo,
Cattaneo, and Mesin 2021; Xing et al. 2022).

Several studies have explored binocular
pupillometry by employing two independent
imaging modules. While binocular acquisition
enables bilateral measurement, many reported
systems suffer from insufficient temporal
synchronization between cameras. Given that
pupillary responses occur on a millisecond
timescale, even minor temporal offsets can
introduce significant errors when comparing
bilateral dynamics. Consequently, inadequate
synchronization reduces the sensitivity of

binocular pupillometry, particularly for detecting
subtle ANS abnormalities (Hall and Chilcott
2018; Ishikawa 2023; Yuzgec et al. 2025).

Another  important  consideration in
pupillometric system design is visual comfort.
Conventional pupilometers often obstruct the
subject’s line of sight, which can induce visual
discomfort, distraction, or altered fixation
behavior. These factors may influence pupillary
responses and compromise measurement
reliability. To mitigate this issue, see-through or
non-occlusive optical configurations have been
proposed, allowing subjects to maintain natural
visual fixation during testing. However, many of
these designs introduce trade-offs between
optical transparency, imaging quality, and
system complexity, and few have been integrated
with synchronized binocular acquisition (Sander
et al. 2025).

Compared with conventional monocular
pupilometers,  binocular  systems provide
additional information on inter-eye symmetry
and consensual pupillary dynamics. However,
many reported binocular systems rely on
independent cameras without strict hardware-
level synchronization. In addition, several
commercial or laboratory pupilometers require
partial visual occlusion, which may influence
fixation behavior and measurement reliability.
The proposed system addresses these limitations
by integrating see-through beam-splitter optics,
hardware-triggered binocular acquisition, and an

adjustable helmet-mounted structure. This
combination  enables  natural fixation,
synchronized bilateral measurement, and

improved adaptability across subjects.

In addition to hardware design, image-
processing techniques play a crucial role in
pupillometry. Common approaches include
grayscale conversion, contrast enhancement,
threshold-based  segmentation, and edge
detection to extract pupil boundaries. Blink
detection and interpolation methods are
frequently employed to reduce artifacts caused
by eyelid occlusion. While these algorithms are
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effective, their robustness depends strongly on
image quality and stable optical alignment,
underscoring the need for well-integrated optical
and mechanical system design.

3. METHODOLOGY

The proposed system is a see-through
binocular synchronous pupilometer designed to
acquire bilateral pupillary responses with high
temporal precision while maintaining natural
visual fixation. A beam-splitter—based optical
configuration is adopted to allow visible fixation
targets to pass through the optical path, while
infrared (IR) illumination and pupil images are
reflected toward the imaging sensors. This see-
through design minimizes visual obstruction and
reduces measurement artifacts caused by
discomfort or loss of fixation, which are common
limitations of conventional pupilometers.
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Figure. 1. Optical principle of the proposed see-
through binocular pupilometer using a beam-splitter
configuration. The visible fixation target passes
through the optical path, while infrared illumination
and reflected pupil images are directed toward the
CCD camera for non-invasive pupil acquisition.
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Figure 2. Functional block diagram of the proposed
pupilometer system, including the illumination
module, binocular imaging module, microprocessor-

based synchronization unit, image-processing stage,
and statistical analysis module.
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Figure 3. Hardware architecture of the proposed
binocular pupilometer, showing the microprocessor
unit, LED driver, boost converter, timer circuit, CCD
cameras, and infrared illumination modules.

Figure 4. Mechanical structure of the helmet-
mounted see-through binocular pupilometer. The
adjustable binocular mounting mechanism allows

alignment with different interpupillary distances and
head geometries.

The ideal trigger time for the k-th frame is
denoted as t,. The actual sampling times of the
left and right cameras are expressed as:

tk =t + & (1)

th =t + & 2)
where tfand tRare the actual acquisition times of
the left and right cameras, respectively, and &£,
eRrepresent the timing jitter of each camera. The
binocular temporal mismatch is defined as:

Aty =]t —tR | (3)
The experimental synchronization verification
confirmed that:

1
Atk < @ S (4)

indicating that the two CCD cameras operated
with sufficiently small temporal deviation for
bilateral pupillary response analysis.
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Binocular image acquisition is achieved
using two CCD cameras operating under a
microprocessor-controlled triggering
mechanism. Let t,denote the ideal trigger time

for frame k. The actual sampling times for the

left and right cameras can be expressed as t,(f) =

tr + ePand £ =t + €, where eMand

e,((R)represent timing jitter. The binocular
temporal mismatch is therefore defined as At;, =

|t — t®) |, system verification experiments
confirm that the maximum synchronization
deviation satisfies At, < 1/60s, which is
sufficiently small to ensure accurate comparison
of bilateral pupillary dynamics occurring on a

millisecond time scale (Sander et al. 2025).

To evaluate pupillary responses under
controlled conditions, subjects first undergo
standard ophthalmic screening to exclude
confounding visual or neurological
abnormalities. Each experimental trial begins
with a dark adaptation period of 120 s, followed
by continuous image acquisition lasting 15 s. A
brief light stimulus with duration of 10 ms is
applied at 5 s after the onset of recording, and a
rest interval of 25 s is provided between stimuli
of different wavelengths. The temporal intensity
profile of the stimulus can be modeled as I(t) =
Iy + ATI((t — t5)/7), where I denotes baseline
intensity, Ais stimulus amplitude, t, = 5s is the
stimulus onset time, T = 10ms is the pulse width,
and TI1(-)represents the unit rectangular function
(Matveev, Varchenko, and Gankin 2015).

Captured RGB images are processed using a
dedicated image-processing pipeline
implemented in MATLAB. Each frame is first
converted to grayscale using a luminance-
weighted transformation, I(x,y,t,) =
0.299R + 0.587G + 0.114B, to emphasize
pupil-iris contrast. Histogram equalization is
subsequently applied to enhance contrast and
improve  robustness against illumination
variations. Pupil segmentation is then performed
using threshold-based binarization, where a
binary mask B(x,y,t,)is obtained such that

pixels with intensity values below a threshold
Tare classified as pupil regions.

The pupil center and diameter are estimated from
the segmented region. Let Q. denote the set of
pixels belonging to the pupil at time t;,. The pupil
center is computed using spatial moments as
Xo(ty) = ﬁZ(x,y)EQk xand Ve(ty) =
IQ—lklz(x,y)eﬂk y. The horizontal and vertical pupil
diameters are determined from the extrema of the
segmented region, yielding D, (ty) = Xmax —
Xminand Dy(tk) = Ymax — Ymin- A single pupil
diameter estimate is obtained by averaging these
values, D(tx) = (Dx(tx) + Dy (tx))/2,
producing a time-resolved pupil-diameter signal
for each eye.

Blink artifacts are detected by monitoring
abrupt changes in pupil diameter or a sudden
reduction in segmented pupil area. A frame is
classified as invalid if | D(ty) — D(ty_1) |> Bor
if the pupil area falls below a predefined
threshold. Missing or corrupted samples during
blink intervals are reconstructed using linear
interpolation, expressed as D(t) = D(t,) +

DUn)=DUa) (¢ _ ¢ ) where [t t,]defines the

tp—ta
blink interval. This approach ensures continuity
of the pupillary response signal while

minimizing distortion.

Finally, bilateral pupillary dynamics are
analyzed by comparing the reconstructed pupil
diameter signals from the left and right eyes,
denoted as D, (t)and Dy(t), respectively. Inter-
eye asymmetry is quantified using absolute

difference  A(t) = D, (t) — Dr(t)or relative
: D (£)—-Dr(t)

0 =————""—X %.

difference | AA)(t-) DL +DRO)2 1_00/0

These metrics provide a quantitative basis for

assessing  abnormal  pupillary  responses

associated with autonomic nervous system
dysfunction, particularly in diabetic subjects.

4. EXPERIMENTAL RESULTS

The experimental evaluation focused on
verifying binocular synchronization accuracy
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and assessing the reliability of pupil detection
under controlled light stimulation. To validate
temporal synchronization between the two
pupilometers, a verification experiment was
conducted using a target consisting of 26 light-
emitting diodes flashing sequentially at a
frequency of 1 kHz. Both CCD cameras recorded
the flashing pattern simultaneously, and
randomly selected frames from the left and right

channels were compared. The temporal deviation
between corresponding frames was consistently
below 1/60s, confirming that the proposed
system satisfies the synchronization requirement
for accurate bilateral pupillary analysis. This
level of precision ensures that inter-eye
comparisons are not affected by timing artifacts,
which is critical for detecting subtle autonomic
nervous system (ANS) abnormalities

Table 1. Synchronization performance of the proposed binocular pupilometer under hardware-triggered
acquisition using a 1 kHz LED verification target

Parameter Left Eye Right Eye Difference / Performance

Camera type CCD CCD Identical configuration

Frame rate (fps)- 60 60 Synchronized

Trigger mode H_a rdware H_a rdware Microcontroller-based
trigger trigger

Measured frame delay (s) - — <1/60s

Synchronization accuracy  — — > 98%

Verification signal

LED array (1
kHz)

LED array (1
kHz)

Same target

Acquisition mode

Continuous

Continuous

Simultaneous

Table 2. Quantitative pupillary response parameters

Parameter Left eye Righteye  Difference Interpretation
Baseline pupil diameter, 79 £0. imilar initial il
pup 5874041 mm 5.79 +0.39 0.03 mm Simila |_|t|a pupi
Dbaseline mm Slze
Minimum pupil 3.94+0.35 Comparable
. PP 3.91+0.36 mm 0.03 mm s
diameter, Dp,in mm constriction level
Constriction amplitude, 1.85+£0.2 Bilateral PLR
P 191£028mm %% 606 mm atera
AD mm consistency
. Low inter-eye
Constriction latency 246 £ 31 ms 251 £29 ms 5ms _
timing offset
Maximum constriction 4.76 £ 0.59 Similar dynamic
. 4.83 +0.62 mm/s 0.07 mm/s Y
velocity mm/s response
: 1.15+£0.22 Stable redilation
Recovery velocity 1.18 £ 0.24 mm/s 0.03 mm/s .
mm/s behavior
RMS inter-eye 0.12 + Low bilateral
asymmetry, A e 0.05 mm asymmetry
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Table 3. Summary of participant demographics, experimental conditions, and acquisition parameters used
for validating the proposed see-through binocular synchronous pupilometer

Parameter Value
Number of subjects 20 healthy volunteers
Male / Female 11/9
Age range 21-36 years
Mean age 27.4 £4.2 years
Vision condition Normal or corrected-to-normal vision
Measurement trials per subject 3 trials
Total valid trials 60 trials
Dark adaptation time 120's
Recording duration 15 s per trial
Stimulus onset 5 s after recording started
Stimulus duration 10 ms
Rest interval between trials 25s
Camera frame rate 60 fps
Synchronization deviation <1/60s

Test 1

Test 2

Test 3

Test4

Figure 5. Synchronization verification result using a 26-LED array flashing sequentially at 1 kHz. The left
and right camera frames show a temporal deviation of less than 1/60 s, confirming synchronized binocular
acquisition.

Figure 5 presents the synchronization
verification result obtained using the sequentially
flashing LED array, confirming that the temporal
deviation between the left and right imaging
channels was less than 1/60 s.”

Following synchronization verification,
pupillary response experiments were performed
using multi-wavelength  light stimulation.
Figure-based observations (as reported in the
original experiment) show that both pupils

exhibited rapid constriction immediately after
stimulus onset, followed by gradual dilation
toward baseline. The pupil diameter signal D(t)
demonstrated smooth temporal evolution after
blink removal and interpolation, indicating the
effectiveness of the proposed image-processing
pipeline. Abrupt discontinuities caused by
blinking were successfully eliminated, resulting
in continuous and physiologically plausible
pupil-diameter trajectories.
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To quantitatively evaluate the performance of the
proposed system, several pupillary response
parameters were extracted from the time-
resolved pupil-diameter signal. The constriction
amplitude was calculated as:

AD = Dbaseline - Dmin (5)
where Dy ,q.1inciS the mean pupil diameter before
light stimulation and D,y;,is the minimum pupil
diameter after stimulation. The constriction
latency was defined as:

Tlatency = Conset — Ls (6)
where tis the stimulus onset time and ¢S the
time at which pupil constriction begins. The
maximum constriction velocity was calculated
as:

! O
and the recovery velocity was estimated during
the redilation phase as:
Dyec — Diyi
Viee = —————— ®)

trec — tmin
where D,.is the recovered pupil diameter at time
tec, and tnnis the time corresponding to the
minimum pupil diameter.

The inter-eye difference was calculated as:

A(t) = Dy (t) — Dr(t) )
and the root-mean-square inter-eye asymmetry
was computed as:

1 T
A =[5 2 @a a0
T 0
where D; (t)and Dg(t)are the pupil diameters of
the left and right eyes, respectively, and Tis the
observation duration.

The results indicate that the bilateral pupil
responses of healthy subjects were highly
symmetrical, with only minor fluctuations
attributable to physiological noise. This confirms
the system’s capability to capture synchronized
bilateral dynamics without introducing artificial
inter-eye temporal mismatch or measurement-
induced asymmetry

A preliminary validation experiment was
conducted with 20 healthy volunteers to evaluate
the feasibility, synchronization stability, and
measurement repeatability of the proposed see-
through binocular synchronous pupilometer. The
participants included 11 males and 9 females,
with an age range of 21-36 years and a mean age
of 27.4 + 4.2 years. All participants had normal
or corrected-to-normal vision and were able to
maintain visual fixation during the measurement.

The inclusion criteria were healthy adults
without known ophthalmic or neurological
abnormalities. The exclusion criteria included
previous ocular surgery, glaucoma, cataract,
retinal disease, diabetes mellitus, neurological
disorders, and the use of medications that could
affect pupillary light reflexes, such as sedatives,
anticholinergic agents, or sympathomimetic
drugs. Before the experiment, all participants
were informed about the measurement procedure
and provided written consent.

All experiments were performed in a
controlled indoor environment with stable
ambient illumination of approximately 5-10 lux
during preparation. Before each measurement,
participants underwent a 120 s dark adaptation
period to stabilize baseline pupil diameter. Each
trial consisted of 15 s of binocular pupil
recording. A brief light stimulus with a duration
of 10 ms was delivered at 5 s after the beginning
of recording. Each participant completed three
repeated trials, and a 25 s rest interval was
provided between trials to minimize adaptation
effects.

5. DISCUSSION

The experimental results demonstrate that
the proposed see-through binocular synchronous
pupilometer successfully addresses several key
limitations of conventional pupillometric
systems. Achieved temporal synchronization
error of less than 1/60 s ensures that bilateral
pupillary responses are recorded virtually
simultaneously. This level of precision is
essential because pupillary reflex parameters,



TAP CHI KHOA HOC VA CONG NGHE DAI HOC CONG NGHE PONG NAI

S6:03-2026

such as constriction latency and peak velocity,
evolve on a millisecond time scale. Insufficient
synchronization, as reported in many existing
binocular or sequential acquisition systems, can
lead to inaccurate estimation of inter-eye
differences and reduce diagnostic sensitivity.
The verified synchronization performance
therefore represents a significant technical
advantage of the proposed system.

The see-through optical design plays an
important role in improving measurement
reliability. By allowing subjects to maintain
natural  visual fixation throughout the
experiment, the system minimizes visual
distraction and discomfort that may otherwise
influence pupil behavior. Previous studies have
shown that occlusive measurement devices can
induce attentional shifts and stress-related
pupillary changes, which confound autonomic
assessment. The beam-splitter—based
configuration used in this work effectively
separates visible fixation from infrared imaging
paths, enabling stable pupil acquisition without
compromising subject comfort. This feature
enhances the practicality of the system for
repeated or prolonged measurements in clinical
settings.

From an image-analysis perspective, the
experimental  results confirm  that the
combination of annular infrared illumination and
contrast-enhancement preprocessing provides
robust pupil segmentation across different phases
of the pupillary light reflex. The successful
removal of blink artifacts through detection and
interpolation further contributes to the continuity
and physiological plausibility of the extracted
pupil-diameter signals. These processing steps
are particularly important for binocular analysis,
as uncorrected artifacts in one eye could be
misinterpreted as pathological asymmetry. The
results indicate that the proposed pipeline
effectively preserves true bilateral dynamics
while suppressing non-physiological
disturbances.

The observed symmetry between left-eye
and right-eye pupillary responses in healthy
subjects is consistent with  established
physiological expectations and serves as an
internal validation of system accuracy. The low
inter-eye difference metrics suggest that the
system itself does not introduce artificial
asymmetry, thereby providing a reliable baseline
against which pathological deviations can be
detected. This capability is especially relevant for
autonomic neuropathy assessment, where subtle
bilateral differences may reflect impaired neural
control rather than gross pupillary abnormalities.

Although the present study primarily focuses
on system development and validation, the
results highlight the strong potential of binocular
pupillometry for early screening of autonomic
nervous system dysfunction. In diabetic
autonomic neuropathy, pupillary abnormalities
often emerge before overt clinical symptoms.
The ability to measure synchronized bilateral
responses with high temporal resolution may
therefore enhance sensitivity to early-stage
dysfunction ~ compared  with  traditional
monocular approaches. Nevertheless, further
studies involving larger cohorts and direct
comparison between healthy and diabetic
subjects are required to establish diagnostic
thresholds and statistical significance.

6. CONCLUSION

This study presented the design and
preliminary validation of a see-through binocular
synchronous pupilometer for non-invasive
assessment of pupillary dynamics. The proposed
system integrates beam-splitter-based see-
through optics, hardware-synchronized binocular
imaging, and an adjustable helmet-mounted
structure to improve visual comfort, temporal
synchronization, and measurement stability.
Experimental verification demonstrated that the
binocular acquisition system achieved a temporal
deviation of less than 1/60 s, supporting reliable
left—right pupil comparison under controlled
conditions.
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The results obtained from healthy subjects
showed stable pupil detection, effective blink
artifact suppression, and highly symmetrical
bilateral pupillary responses. These findings
confirm the technical feasibility of the system as
a platform for synchronized binocular
pupillometry. However, because the present
validation was limited to healthy participants, the
clinical applicability of the system for detecting
autonomic neuropathy or diabetes-related
dysfunction should be interpreted cautiously.

The current study focuses on technical
development and preliminary validation in
healthy subjects. Although the proposed system
is intended for future autonomic function
assessment, patients with diabetic autonomic
neuropathy or other autonomic disorders were
not included in the present experiment.
Therefore, diagnostic accuracy was not evaluated
in this study. Future work will include clinical
validation involving diabetic patients and
comparison with established autonomic function
tests to determine sensitivity, specificity, and
diagnostic thresholds. Future work will involve
larger-scale studies including both healthy
individuals and patients with autonomic
disorders, particularly diabetic autonomic
neuropathy. Such studies are necessary to
establish  diagnostic  thresholds, evaluate
sensitivity and specificity, and compare the
proposed system with established clinical
methods.
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THONG TIN CHUNG TOM TAT

Ngay nhan bai: 25/03/2026 Dong hoc dong tir cung cap nhiing thong tin sinh 1y quan trong
. o cho viéc danh gia hoat dong cua hé than kinh ty chii, vi qua trinh

Ngay nhdn bai stra: 24/04/2026 co va gidn ddng tir duoc didu khién truc tidp boi hai nhanh pho

Ngay duyét dang: 02/06/2026 giao cam va giao cam. Tuy nhién, nhiéu hé thong do dong tir

truyén thong van con bi gisi han bai kha ning thu nhan don mat,
che khuét truong nhin, thiéu dong bo thoi gian trong phép do hai
mét va kha nang thich nghi han ché gitra cac dbi twong do, tir 46

TU KHOA lam giam d6 tin cdy cua danh gia dap tmg dong tir hai bén. Nghién
- ctru ndy trinh bay mot thiét bi do déng tur hai mat ddng bo dang
Do dong tu; nhin xuyén cho phép do khong xam l4n dap tng phan xa ddng tir
Péng b hai mdt; V6i anh sang. Hé théng dérxuét tich hop c4u hinh quang hoc dya
. trén bd chia chum tia, chiéu sang hong ngoai, hai camera CCD,
Hé than kinh tu cha. co ché kich hoat phan cting dwa trén vi xir Iy va céu trac doi dau

c6 thé diéu chinh. Cau hinh nhin xuyén cho phép ddi twong duy
tri diém nhin tu nhién trong khi van thu nhan dugc anh dong tir
bang hng ngoai, con kién tric kich hoat phan cing bao dam qua
trinh thu nhan anh hai mit dugc dong bg. Thi nghiém kiém chang
ban dau duoc thyuc hién trén 20 tinh nguyén vién khoe manh, voi
ba lan do 1ap lai cho mdi dbi tuong trong didu kién chiéu sang
dugc kiém soat. Hé thong dat sai léch thoi gian gitta hai mat nho
hon 1/60 gidy va do chinh xac dong bo Ién hon 98%. Phan tich
dinh lugng cho thay phép do déng tir hai mat co d6 6n dinh cao,
v6i duong kinh dong tir nén lan lugt 1a 5,82+0,41 mm va
5,79+0,39 mm di voi mét trai va mat phai. Do bét ddi ximg cin
quén phuong giita hai mit dat 0,12:0,05 mm, trong khi sai s6 lp
lai trong cung dbi twong 13 0,08+0,03 mm. Ty & phat hién dong
t thanh cong dat 97,5%, va ty 1€ khung hinh hop 1€ sau hiéu
chinh nhiéu do chop mét dat 96,2%. Cac két qua nay chirng minh
rang thiét bi do ddng tir d& xuit c6 kha ning cung cip phép do
ddng tar hai mat dong bg, 6n dinh va c6 d6 lap lai cao trong diéu
kién thuc nghiém duoc kiém soat. Mac dii nghién ctu hién tai
méi duoc gidi han trén cac dbi twong khoe manh, hé théng nay
cung cip mét nén tang ki thuat day trién vong cho cac nghién
ctru danh gia hé than kinh ty chu trong tuong lai va cho viéc kiém
ching 1am sang trén cac nhom bénh nhan méc bénh 1y than kinh
tu cha do dai thao dudng hodc cac rdi loan than kinh tu chi khac
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