$£61% F10H/2024 E5 B/ B EXBFEHRE

iyt Bl B FFIHRE

R A0 225 ) 2y A5 LA ey A% 4 Ak 5 Tk
YIE TRFY, I HRA KEH

RN BHE K E R T S E R TR R, VLI M 2150095
uMﬂ&ﬁ%%ﬁﬂ%E&ﬁ% , LI FRM 215009

WE SLRAUR BRI B T 5 B | R S AR A B A, v B R LS () s A L] R AR R 5 PR AT IS B G
B FE . N T A I Ak ST A AR R 04 R S ] TUART AR AR SO ST S AR AR s, L S IR SR ek AR AT T 4
M AL T H rp AT B P A 00 45 28 JU AT AR o TR RS 35 T R 4017 100 v g 4 04 05 2 B DA e 40 B T R 00 B ARG IR AR T S
B 5 2 AT L A BT, S T B A LA W AR ALY, TR L T F S A 5 Wy 2 B g 1k 1Y a1 31 3 A LA I AR B4k
R S T UE TR R RO BT 6 4 S T T 10 R AN [RI AR EE R LA AR L 5 SR BT 4R Oy AR B Ak R S s
[ LAY Wiy 725 Bsf AT e 000 A4 6 b 6 3, 7 R b 2 M AR DG 2R ik 31 0. 93, AT L VE Aff i Sz e 7 300 25 BT JERAT 21 B R 00 A5 ) L AT ey
a3, BmW@ﬁfé%Jjﬁmﬁx‘Mﬁmﬁ@ﬁt{t'ﬁm%ﬁﬁﬁ%ﬁ%m%%@tﬂm%%:

KR =4EWoR; JUTEEAE; Bl PAERA PSR ET IS

mESES TN27 XHtRERL A DOI: 10.3788/LOP232351
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Abstract Three-dimensional (3D) imaging technology is widely used in augmented, virtual, and mixed realities. Dynamic virtual
spatial distortion is an important factor that affects visual comfort. This study analyzes the processes involved in 3D image
acquisition, display, and human eye perception to quantify the spatial distortion of virtual space in 3D imaging accurately. This
study also simulates different spatial distortions that may occur in the process. The point cloud data of the object in the virtual space
before and after distortion are compared and analyzed by first dividing and then aggregating. The quantitative model of static
geometric distortion is thus established. The dynamic geometric distortion quantification model is obtained by combining the static
model and the object motion attributes. The effectiveness of the proposed method is verified by simulating 10 different degrees of
geometric distortion based on six groups of point clouds and comparing the subjective and objective consistencies between the
proposed and classical method through subjective evaluation experiments. The results demonstrate that the proposed method has
the best index performance in quantifying the geometric distortion of virtual space, and the Pearson’s linear correlation coefficient
obtained is 0. 93, which accurately reflects the geometric distortion perceived by the test subjects. The research will provide a
theoretical reference for the research in geometric distortion optimization and visual comfort improvement of 3D displays.
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3D content acquisition, display and perception. (a) Image acquisition by parallel camera system; (b) the observer perceives the

virtual scene
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Table 1 Symbols used in the space coordinate transformations

Variable Geometric meaning
P Points in the object space
(X,, Y, Z) Object spatial coordinates
(X, Y, Z) Image spatial coordinates
(X Y) Camera sensor plane coordinates, X, for the
left camera and X,, for the right camera
(X.Y) Display screen plane coordinates, X, for the
o left view and X, for the right view
a Single camera view field
¥ Single eye view field
t Baseline length between the cameras
e Inter-Pupillary Distance, IPD
w. Width of the camera sensor
W, Width of the display screen
c Convergence distance of the 3D camera
system
\% Viewing distance of the 3D display system
I Focal length of the camera
h Camera sensor offset for convergence
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Fig. 2 Geometric distortions in different virtual spaces.
(a) Distortion free point cloud for accurate perception by
viewers ; (b) the distance between the eye pupil and the
baseline of the parallel camera does not match; (c) the
distance between the viewing distance of the viewer and
the convergence distance of the camera does not match;

(d) pincushion distortion
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Fig. 4 The dynamic distortion value in the set scene. (a) Similarity curve; (b) distorted velocity curve; (c) distorted acceleration curve
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Table 2 Performance indicators of different objective methods

Indicator
Method
PLCC SROCC RMSE
p2point ' 0.83 0.75 0.34
p2plane ' 0.70 0.54 0.45
3D-2D"" 0.75 0.49 0.41
PSNR-geom " 0.86 0.71 0.34
Proposed method 0.93 0. 86 0.24
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