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Background: Although it is recognized that dynamic stereopsis is vital in daily life, there is still room for 
improvement in assessment methods. A novel clinical dynamic stereopsis assessment method was created 
based on an autostereoscopic display system that did not require additional auxiliary glasses. This study 
evaluated the optical parameters and clinical performance of the autostereoscopic display system for clinical 
dynamic stereopsis assessment.
Methods: The autostereoscopic dynamic stereopsis assessment device was based on a directional backlight 
technology. Experiment 1 was performed under the same environmental conditions to compare luminance, 
crosstalk, and spectrum between the autostereoscopic dynamic stereopsis assessment device and the 
conventional dynamic random-dot stereopsis measuring instrument. Experiment 2 was an observational, 
analytic, cross-sectional study involving 135 healthy participants, each of whom was asked to complete 
measurements on both the autostereoscopic and conventional devices in random order. Stereo acuity, 
operating time, acceptance, and visual fatigue scores were recorded for clinical evaluation.
Results: The autostereoscopic device had brighter luminance (139 and 140 cd/m2 for 2 eyes, respectively), 
lower crosstalk (4.50% for both eyes), and higher color restoration degree than those of the conventional 
instrument. Clinically, the novel dynamic stereopsis assessment was as accurate as the traditional method 
[170" (0.00") and 170" (0.00") respectively; P=0.317], and with more efficiency (166±58.9 and 298±116 s, 
respectively; P<0.001), higher acceptance (3.36±0.93 and 2.02±0.59 points, respectively; P<0.001), lesser 
fatigue (0.27±0.46 and 0.73±0.66 points, respectively; P<0.001). The autostereoscopic dynamic stereopsis 
assessment device with brighter luminance, lower crosstalk, and higher color restoration degree was 
more effective than the traditional instrument at displaying dynamic clues for clinical dynamic stereopsis 
assessment. Furthermore, its high-quality image and user-friendly interface provided accurate assessment 
results in all 3 dynamic stereopsis assessment task conditions, with a higher level of acceptance and lesser 
visual fatigue, than the traditional assessment method. 
Conclusions: The autostereoscopic device has excellent functions in both optical parameters and clinical 
performance, and therefore has the potential to be applied and popularized in future assessments.
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Introduction

Stereopsis is the perceptual ability to accurately judge the 
three-dimensional (3D) spatial positions of objects. It relies 
on precise coordination of the visual pathway, including 
binocular stimulus, fusion function, and visual perception 
by brain neural networks (1). A reduced level of stereopsis 
negatively impacts an individual’s ability to complete 
daily tasks (2). Therefore, stereopsis assessment plays an 
integral role in the ophthalmic examination. Furthermore, 
it is important to assess stereo acuity both statically and 
dynamically (3,4).

Clinical stereopsis testing involves 2 methods. One 
method uses static stimuli with a given static parallax (a 
depth cue that can be perceived by binoculars); the other 
uses dynamic stimuli, which include the movement or 
depth change of an object. Deficient performance in 
the observation of depth and motion could represent an 
impairment in stereopsis (5). A classical dynamic stereopsis 
program was generated by random-dot stereograms and 
kinematographs (6). In our previous study, this computer-
programmed software for  random-dot stereopsis 
measurements was displayed on a 13.3-inch color 
monitor with a 1.6-GHz dual-core Intel Core i5, 256 GB 
(MacBook Air®; Apple, Cupertino, CA, USA) using JAVA 
programming language (7). Stereopsis can also be assessed 
by measuring the depth change rate function in response 
to dynamic random-dot stimuli (8). In 2015, Allen et al. (9)  
developed a novel approach in which the investigators 
tested stereopsis by the change detection based on parallax 
and the interocular velocity difference. Although methods 
to assess dynamic stereopsis have been constantly updated, 
instruments typically require glasses (red-blue or polarized) 
to allow binocular viewing of separate colored or polarized 
images, which could generate uncomfortable and unnatural 
visual experiences for the patient (10,11). Furthermore, 
the accuracy of stereopsis examination is influenced 
by several instrumental parameters such as luminance, 
crosstalk, and spectrum (12,13). Improving the testing 
instruments’ hardware is one way to optimize stereoscopic 
measurements.

In recent years, near-eye 3D displays have experienced 
rapid growth and shown great promise in a variety of 
applications, such as entertainment, education, and health 

care (14). Presenting separate images with parallax in front 
of the viewer’s eyes without additional auxiliary equipment 
is the classical principle of computer stereoscopy (10). 
In our previous studies, we developed an interactive, 
autostereoscopic screening tool based on a directional 
backlight technology and evaluated its feasibility for visual 
function assessments (15). In this study, we combined 
the autostereoscopic display system based on directional 
backlight technology and dynamic stereopsis assessment. 
The research hypothesis was that the autostereoscopic 
display system can better display dynamic clues for clinical 
dynamic stereopsis assessment and has the accuracy 
equivalent to the conventional dynamic random-dot 
stereopsis measuring instrument. We present the following 
article in accordance with the STROBE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-6700/rc).

Methods

The autostereoscopic dynamic stereopsis assessment device

The autostereoscopic dynamic stereopsis assessment device 
was based on the directional backlight technology, which 
presented the left or right eye parallax image in separate 
periods on a liquid crystal display (LCD) (16,17). This 24-inch 
LCD panel had a resolution of 1,920*1,080 pixels and a 
refresh rate of 120 Hz. Since human eyes cannot distinguish 
intervals less than 30 Hz, both the left and right eyes could 
view different images at the same time with this device, and 
a stereo viewing effect was formed in the brain (Figure 1A).

There are three patterns in this autostereoscopic dynamic 
stereopsis assessment device including motion-only, depth-
only, and motion-depth. The test picture consisted of black 
(0, 0, 0) dots and white (255, 255, 255) dots (red-green-blue 
relative intensity format). The test target of each pattern 
was a block composed of 60×50 pixels with a movement 
speed of 10 fps (frames per second), therefore each eye saw 
a change in location every 1/10 of a second.

In addition, an intelligent eye-tracking camera in the 
device tracked human eyes to provide an accurate directional 
projection of light (Figure 1B) (18,19). Mobile phones 
were connected via Bluetooth or wirelessly and used as the 
operating terminal for participants to complete the tests.
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Dynamic stereopsis stimulus and assessment task

Slightly different left and right images presented by LCD 
could cause binocular parallax, which generated the effect of 
stereopsis. The parallax calculation formula was as follows: 

nLp
q

=  [1]

where p was the parallax, n was the pixel difference between 
the 2 eyes images, L was the width of the display screen, and 
q was the horizontal pixels of the display screen (Figure 2A).  
The dynamic stereo acuity calculation formula was as 
follows: 

180 3600p
d

α
π

= × ×  [2]

where α was the dynamic stereo acuity and d was the 
viewing distance between the participant and the screen 

(Figure 2B). This novel autostereoscopic dynamic stereopsis 
assessment device could present 4 dynamic stereo acuity 
levels at 170", 340", 510", and 680". 

Theoretically, at least 2 possible methods of generating 
dynamic stereopsis were available: one mechanism that 
detected binocular disparity at different times (depth 
only) and another one that detected interocular velocity 
differences (motion only) (20). Therefore, 3 patterns were 
involved in our novel autostereoscopic dynamic stereopsis 
assessment device: motion-only, depth-only, and motion-
depth, from which the depth and motion cues could be 
included or omitted independently. 

Motion-only pattern: the 4 blocks had an equal depth, in 
which 3 blocks performed the same horizontal displacement 
movement, while the fourth box performed a Z-shaped 
movement (Figure 3A).

Depth-only pattern: the 4 blocks executed the same 
Z-shaped movement, where 3 blocks had the same depth, 
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Figure 1 The schematic diagram of the directional backlight autostereoscopic display. (A) Graph of directional backlight technology. 
Different images were presented to the left or right eye in separate periods. (B) Diagram of eye-tracking technology. Eye-tracking cameras 
helped locate the participant’s eyes for accurate assessment. LCD, liquid crystal display.
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Figure 2 Graph of calculating dynamic stereo acuity. LCD, liquid crystal display.
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while the fourth seemed further (Figure 3B).
Motion-depth pattern: the 3 blocks with the same depth 

executed the same horizontal displacement movement, and 
the fourth performed a Z-shaped block movement and a 
different depth (Figure 3C).

Optical parameter measurements

Luminance measurement
All luminance measurements were operated using a 
calibrated PR655 luminance meter (Photo Research, Inc., 
Chatsworth, CA, USA). The brightness filtered by red and 
blue glasses was measured in the conventional instrument. 
The procedure was repeated in the left and right viewing 
zones on the autostereoscopic device.

Crosstalk detection 
The crosstalk was measured by a calibrated PR655 
luminance meter (Photo Research, Inc., USA). The ratio of 
brightness filtered by blue glasses in red versus blue image 
mode was the crosstalk of blue glass; the crosstalk of red 

glass was obtained similarly. In the autostereoscopic device, 
the crosstalk was the ratio of crosstalk light and main light 
in the left or right viewing zone.

Spectrum test
Spectrum was assessed using a calibrated spectrograph 
(USB2000+; Ocean Optics, Shanghai, China). It was 
measured through the red and blue glasses respectively 
in the conventional instrument. The same procedure 
was repeated in the left and right viewing zones on the 
autostereoscopic device.

Participants 

A total of 135 healthy participants at the Zhongshan 
Ophthalmic Center were recruited in this observational, 
analytic, cross-sectional study. The criteria of inclusion were 
as follows: patients with the best-corrected visual acuity 
of <0.1 logarithms of the minimum angle of resolution 
(logMAR) measured with the Early Treatment Diabetic 
Retinopathy Study (EDTRS) chart, and without ongoing 
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Figure 3 Drawing of 3 assessment patterns in dynamic stereopsis by autostereoscopic display system: (A) motion-only pattern; (B) depth-
only pattern; (C) motion-depth pattern.
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or previous history of ocular surgery. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and approved by the Ethics Committee 
of Zhongshan Ophthalmic Center, Sun Yat-sen University 
(No. 2016MEKY032). Informed consent was obtained from 
all participants. This study was registered at clinicaltrials.
gov (ID NCT04152122). 

Dynamic stereopsis assessment for participants 

The specific procedure for the autostereoscopic dynamic 
stereopsis assessment device began when the participant sat 
in front of the device and started the software. Eye-tracking 
cameras identified their eyes and determined whether she/
he was in an accurate position (Figure 4A). After entering 
their basic information, the participant clicked “Start” on a 
mobile phone connected to the device (Figure 4B). The test 
then ran automatically in 3 patterns. The participant chose 

the object that was different from the others and pressed 
the corresponding button on the phone (Figure 4C). This 
interactive software could tell the participant whether his/
her answer was correct (Figure 4D,4E). The stereo acuity 
was shown on the mobile phone after the completion of all 
tests (Figure 4F). 

The conventional instrument we chose was a computer-
programmed random-dot stereopsis measuring software 
displayed on a 13.3-inch color monitor with a 1.6-GHz 
dual-core Intel Core i5, 256 GB (MacBook Air®; Apple, 
USA) using JAVA programming language. The specific 
procedure was performed as described in our previous 
study (7). 

Test protocols for the 2 devices were the same. 
Participants were required to select the correct answer 
continuously 10 times at 1 stereoscopic level; those 
participants with 8 correct answers (80%) could be allowed 
to move to the next level. The examination started at 680" 

Autostereoscopic Dynamic 
Stereopsis Assessment

Motion-depth pattern

Motion-depth pattern

Retest

Retest Retest

Motion-only pattern Depth-only pattern

START
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170 170

SELECT
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Gender
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Figure 4 The instruction of the dynamic stereopsis assessment. (A) Diagram of identifying whether the participant was in the accurate 
position. (B) The mobile phone user interface: entering the participant’s basic information. (C) The mobile phone user interface: selecting 
the corresponding answer. (D) An example of stereopsis assessment when the answer is right. (E) An example of stereopsis assessment when 
the answer is wrong. (F) The mobile phone user interface: the result of dynamic stereopsis.
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and raised the stereoscopic difficulty from 680" to 170" until 
the participant was unable to advance further.

Clinical repeatability evaluation

Ten randomly selected participants were enrolled in 
dynamic stereopsis assessments twice (with intervals of 
24 hours) with the autostereoscopic device by a single 
examiner. The repeatability was evaluated by comparing the 
2 testing results.

Clinical accuracy assessment

All 135 participants were enrolled to compare the screening 
accuracy between the autostereoscopic dynamic stereopsis 
assessment device and the conventional dynamic random-
dot stereopsis measuring instrument. Each participant was 
asked to complete measurements on both devices in random 
order. A 10-minute washout period was included between 
the measurements.

Clinical acceptability judgment

The acceptance was evaluated by a 5-point grading 
questionnaire among the 135 participants. The higher the 
score, the higher the degree of favor, where 0 point meant 
“refuse it”, 1 points meant “do not refuse it”, 2 points meant 
“kind of like it”, 3 points meant “pretty much like it” and 4 
points meant “love it”.

Clinical asthenopia rating

The asthenopia was also evaluated by a 5-point grading 
questionnaire among the 135 participants. The higher the 
score, the higher the degree of fatigue, where 0 point meant 
“no fatigue”, 1 points meant “mild fatigue”, 2 points meant 
“sub-moderate fatigue”, 3 points meant “moderate fatigue”, 
and 4 points meant “severe fatigue”.

Clinical efficiency calculation

The testing time spent in the process between the novel 
clinical dynamic stereopsis assessment based on an 
autostereoscopic display system and the conventional 
dynamic random-dot stereopsis measuring instrument was 
assessed for work efficiency among the 135 participants. 
The less time spent, the more efficient the device. 

Statistical analysis

All statistical analyses were performed with the software 
SPSS 22.0 (IBM Corp., Armonk, NY, USA). The Shapiro-
Wilk test was used to examine the distribution of the 
data. When the data met a normal distribution (such 
as efficiency, acceptability, and asthenopia), a paired 
t-test was performed to evaluate the differences between 
the 2 measurements. If the data did not meet a normal 
distribution (such as a dynamic stereoscopic score), a paired 
Wilcoxon test was performed to evaluate repeatability 
and accuracy between novel versus conventional devices. 
The test level was set as a =0.05, and P<0.05 demonstrated 
statistical significance. Cases with missing data were 
excluded from the analyses.

Results

The optical parameter comparison between the 
autostereoscopic device and the conventional instrument

We focused on comparing luminance, crosstalk, and the 
spectrum between the autostereoscopic dynamic stereopsis 
assessment device based on a directional backlight 
technology system and the conventional dynamic random-
dot stereopsis measuring instrument under the same 
environment. 

Luminance measurement
The autostereoscopic device projected a luminance of  
139 cd/m2 to the left eye and 140 cd/m2 to the right eye. 
In the conventional instrument, the luminance dropped to  
3.72 and 4.32 cd/m2, respectively (Table 1).

Crosstalk detection
The crosstalk felt by both eyes was 4.50% in the 
autostereoscopic device; in the conventional instrument, the 
crosstalk felt by the left eye was 27.8% and the crosstalk felt 
by the right eye was 10.0% (Table 1). 

Spectrum test 
The wavelength of the spectrum revealed no changes in the 
color distribution in the absence of filtering glasses with the 
autostereoscopic device (Figure 5A). With the conventional 
instrument, participants were only sensitive to the light 
at around 450 nm for one eye and around 625 nm for the 
other eye, which could lead to chromatic aberration in 
binocular vision (Figure 5B). 
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The clinical evaluation between the autostereoscopic device 
and the conventional instrument

The clinical evaluation included a total of 135 healthy 
participants (103 females and 32 males) whose average 
age was 28.2±5.27 years (range: 18.0 to 45.0 years). The 
logMAR visual acuity of the participants, measured with the 
EDTRS chart was 0.04±0.02. 

Clinical repeatability evaluation
Ten participants were selected to undergo a repeatability 
test. The stereo acuities from the first and the second tests 
were 170" in 3 patterns (Figure 6A-6C).

Clinical accuracy assessment
T h e  s t e r e o  a c u i t i e s  ( M D )  m e a s u r e d  w i t h  t h e 
autostereoscopic device and the conventional instrument 
were 170" (0.00") and 170" (0.00"), respectively. The 

difference was not statistically significant (Z =−1.000; 
P=0.317). As for the motion-only pattern (M), the stereo 
acuities were 170" (0.00") with the autostereoscopic device 
and 170" (0.00") with the conventional instrument (Z 
=−0.447; P=0.656). In the depth-only mode, stereo acuities 
were 170" (0.00") with the conventional instrument and 170" 
(0.00") with the conventional instrument. Again, the test 
results had no significant difference between the 2 devices (Z 
=−0.846; P=0.400) (Figure 7A-7C).

Clinical acceptability judgment 
The autostereoscopic device had an acceptability score of 
3.36±0.93 points, indicating that most subjects were in favor of 
this device. The conventional instrument only had a score of 
2.02±0.59 points, meaning that this type of instrument was only 
acceptable for most subjects. The difference was statistically 
significant (P<0.001), indicating that the novel device was more 
popular than the conventional device (Figure 7D). 

Table 1 Comparison of luminance and crosstalk between the autostereoscopic device and the conventional instrument for measuring dynamic 
stereopsis

Optical parameter
Autostereoscopic dynamic stereopsis  

assessment device
Conventional dynamic random-dot stereopsis 

measuring instrument 

Luminance for left eye (cd/m2) 139 3.72

Luminance for right eye (cd/m2) 140 4.32

Crosstalk for left eye 4.50% 27.8%

Crosstalk for right eye 4.50% 10.0%

cd/m2, candela/m2.
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Figure 5 Comparison of spectral measurements between the autostereoscopic device and the conventional instrument. (A) Spectrum of the 
autostereoscopic device. (B) The spectrum of the conventional instrument.
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Clinical asthenopia rating
Asthenopia was evaluated based on the questionnaire. The 
score of the novel device was 0.27±0.46 points, and the 
conventional instrument was 0.73±0.66 points (P<0.001). 
This result suggested that the autostereoscopic device did 

not induce considerable visual fatigue (Figure 7E).

Clinical efficiency calculation
The testing times were 166±58.9 s for the autostereoscopic 
device and 298±116 s for the conventional instrument 
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100.00% 170" 100.00% 170" 100.00% 170"

Total =10 Total =10 Total =10

Total =10 Total =10 Total =10

Test of motion-only pattern (M) Test of depth-only pattern (D)
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Figure 6 Comparison of the 1st and 2nd autostereoscopic dynamic stereopsis assessment in (A) motion-depth pattern, (B) motion-only 
pattern, and (C) depth-only pattern.

Autostereoscopic 
device

Dynamic stereopsis test of 
motion-depth pattern (MD)

Dynamic stereopsis test of 
motion-only pattern (M)

Dynamic stereopsis test of 
depth-only pattern (D)

Autostereoscopic 
device

Autostereoscopic 
device

Autostereoscopic 
device

Autostereoscopic 
device

170"
340"

n=135 n=135

n=135

n=135n=135n=135
***

***
***

170"
340"

170"
340"
510"
680"

Autostereoscopic 
device

N
um

be
r 

of
 p

at
ie

nt
s

A
st

he
no

pi
a 

sc
or

e 
(p

oi
nt

s)

A
cc

ep
ta

bi
lit

y 
sc

or
e 

(p
oi

nt
s)

E
ffi

ci
en

cy
 (s

ec
on

de
)

N
um

be
r 

of
 p

at
ie

nt
s

N
um

be
r 

of
 p

at
ie

nt
s150

100

50

0

1.5

1.0

0.5

0.0

5

4

3

2

1

0

500

400

300

200

100

0

150

100

50

0

150

100

50

0
Conventional 

instrument
Conventional 

instrument

Conventional 
instrument

Conventional 
instrument

Conventional 
instrument

Conventional 
instrument

A B C

D E F

Figure 7 The stereo acuities distribution comparison of the autostereoscopic device and the conventional instrument includes (A) 
motion-depth pattern, (B) motion-only pattern, (C) depth-only pattern in 135 healthy participants. Comparison of scores between the 
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(P<0.001) (Figure 7F). 

Discussion

In this study, we compared the optical parameters and 
clinical indexes between the novel clinical dynamic stereopsis 
assessment based on an autostereoscopic display system and 
a conventional dynamic random-dot stereopsis measuring 
instrument. The findings showed that the autostereoscopic 
device had excellent functions in both physical condition 
and clinical performance, suggesting the potential for future 
screening applications and popularization.

 Optical parameters including luminance, crosstalk, and 
spectrum of screening equipment have a huge impact on 
displaying dynamic clues for clinical dynamic stereopsis 
assessment (12,13). Existing research shows that stereopsis 
is diminished over a range of illumination from photopic 
to scotopic light (21). In our study, the luminance of the 
autostereoscopic device was clearly within the photopic range, 
which was classified as good interior lighting (250 cd/m2) (22). 
However, when participants wore filter glasses, the perceived 
luminance dropped dramatically, with a 97.33% decrease in 
the left eye and a 96.91% decrease in the right eye, which 
caused a loss of stereopsis effects. An early study by Mueller 
and Lloyd (23) reported that the threshold of stereopsis 
decreased with changes in the field luminance from 1 cd/m2  

to the lowest values (3×10-4 cd/m2). Many investigators 
now believe that stereopsis mainly depends on the level of 
illumination. Reduced luminance produces a temporal low-
pass of neural response, resulting in secondary amplitude 
reduction and delay, which are particularly disruptive for 
stereopsis (24). The autostereoscopic device did not suffer 
a luminance decrease as the conventional instruments did, 
which demonstrated that the autostereoscopic device had a 
better ability for dynamic stereopsis assessment.

Screen performance of devices were compared: crosstalk 
de-camouflages test images. High levels of crosstalk cause a 
loss of fidelity in stereoscopic images. Therefore, it is crucial 
to maintain lower crosstalk in the stereo acuity assessment 
(25,26). Previous research revealed that 45° tilting of the 
head by participants wearing filter glasses resulted in 100% 
crosstalk in a random-dot stereopsis test (27). Degradation 
of stereopsis test accuracy by crosstalk may be associated 
with a violation of the fundamental principle of the stereo 
acuity assessment. Therefore, the examinations must 
exclude monocular cues (e.g., texture gradient, relative 
size) that would enable participants to perform correctly in 
the absence of stereo acuity. Crosstalk de-camouflages test 

images that should be detected only via stereopsis (28,29). 
In our study, the crosstalk of the new autostereoscopic 
device was significantly lower than that of the conventional 
instruments, suggesting that test results with the new 
approach would be more realistic.

The binocular chromatic aberration caused by filter 
glasses can also cause serious problems in stereo acuity 
assessment (30). Conventionally, the right eye observes 
test images through a red filter which appears red, while 
the left eye observes the images through a blue filter which 
appears blue. Although chromatic information could assist 
in stereopsis (31,32), previous studies have suggested that 
similarity, rather than difference, of color would extend the 
range of perceived stereopsis (33). The anti-correlations in 
color contrast degrades stereopsis (34). Kingdom et al. (35)  
concluded that it was unnecessary to pre-filter the image 
into separate color maps before the image underwent 
stereopsis processing for the visual system. Reports also 
tend to agree that visual features are somehow given a “label” 
based on their chromaticities and that stereoscopic matches 
with the same label are favored over those without (33,36). 
The conventional instruments had an obsolete chromatic 
stereopsis mechanism with limited stereo acuity (37). In 
contrast, the novel autostereoscopic device had a high color 
restoration degree that presented the dynamic stereopsis 
as closer to the actual state, which enabled more accurate 
dynamic assessments of stereopsis.

In the previous research, there was a dynamic stereoscopic 
measurement based on an autostereoscopic device called 
Nintendo’s 3DS (38). Compared with our device, there 
are slight differences in the technical principles of dynamic 
stereoscopic presentation. The Nintendo’s 3DS is a parallax-
barrier autostereoscopic device with no detection floor of 
high-grade stereo. But would degrade in half the resolution 
and brightness of the dynamic image received by each eye. 
Our device is based on directional backlight technology. 
It ensures that each eye receives the full resolution and 
brightness of the dynamic image, which could better display 
dynamic clues for clinical dynamic stereopsis assessment.

Clinically, our autostereoscopic device demonstrated 
excellent accuracy and repeatability in a three-pattern 
evaluation. Moreover, according to the stereo acuity 
distribution comparison, 26 of 135 healthy participants 
with an abnormal range of stereo were recruited in this 
study. For this group of people, the accuracy of the device 
remained stable at a high level. Therefore, we could 
conclude that this autostereoscopic device had satisfactory 
precision in both normal stereo acuity and reduced stereo 
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acuity, which was satisfied the requirements of dynamic 
stereopsis variability in the population assessment. 

In terms of subjective evaluations, the autostereoscopic 
device had a lower fatigue score. We believe that this 
is mainly due to the advantages of optical parameters 
compared to conventional instruments. The brighter 
luminance, lower crosstalk, and higher color restoration 
degree of directional backlight technology provide separate 
images to each eye which allows visual representation to be 
closer to the human senses (39), offering a better stereopsis 
performance and lessening visual fatigue.

Furthermore, under the same testing protocol, besides 
higher acceptance and efficiency, the conventional 
instrument had a sizeable standard deviation of testing 
time (SD =116 s), indicating that there were substantial 
differences in adaptation of this examination among 
participants. In contrast, the autostereoscopic device 
had a lower standard deviation (SD =58.9 s), suggesting 
that participants could better understand and master the 
examination process. We assume that this difference would 
be mainly caused by the optimization of a user-friendly 
screening interface. The autostereoscopic device is equipped 
with interactive software and an eye-tracking camera. 
Participants can complete the assessments independently 
without the examiner's guidance. This not only saves time 
but adds more fun to the examination procedure, thus 
increasing efficiency and acceptance. 

The novel clinical dynamic stereopsis assessment based 
on an autostereoscopic display system with excellent optical 
parameters, such as brighter luminance, lower crosstalk, 
and higher color restoration degree, could better display 
dynamic clues for clinical dynamic stereopsis assessment 
while maintaining equal accuracy as the conventional 
dynamic random-dot stereopsis measuring instrument 
does. Moreover, the novel assessment is of higher patient 
acceptance and lesser visual fatigue compared with the 
conventional assessment.

As for the limitations of this study, we believe that the 
optical parameters, such as resolution, could be further 
optimized to improve the screening ability such as 
presenting finer grade stereo and narrower spaced options. 
A thinner and lighter device that is portable can improve 
the dynamic stereopsis assessment experience either. 

Conclusions

The novel clinical dynamic stereopsis assessment based 
on an autostereoscopic display system with brighter 

luminance, lower crosstalk, and higher color restoration 
contributes to the accurate presentation of dynamic 
stereopsis. Furthermore, its high-quality image and user-
friendly interface enable the production of accurate 
screening results in all 3 dynamic stereopsis assessment task 
conditions with a higher level of acceptance and reduced 
visual fatigue. We believe that the autostereoscopic device, 
with excellent functions in both physical condition and 
clinical performance, has the potential for future screening 
applications and popularization.
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