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Field Depth Based Virtual Image Viewing Distance Measurement in
Augmented Reality Optical System

Tian Fangxu, Zhang Jun’
Guangzhou Key Laboratory of Visible Light Communication, College of Science and Engineering, Jinan

University, Guangzhou 510632, Guangdong, China

Abstract Due to their subjective nature, conventional virtual image viewing distance (VID) measurement methods in AR
optical systems are easily disturbed by field depth of the photography system. To mitigate this issue, this study proposes a
method to stabilize object distances between virtual images and actual reference objects using the field depth property based
on the measurement principle of VID. In our experimental analysis, the edge-based spatial frequency response is used to
measure the relative change of image sharpness in shooting virtual images and reference objects by the same photography
system. During this process, the VID is converted into view distance at the corresponding focus position, and a
corresponding quantitative measurement is returned. Experimental results show that the VID measurement result
generated in this study (1397 mm) matches the theoretical design value of the AR waveguide lens sample (1400 mm),
which demonstrates the measurement system’s validity. Furthermore, a measurement error of 10-40 mm is observed,
which is 1.6% - 6.45% of that generated by conventional measurement methods. Because this method enables VID
measurement in common experimental optical systems, it is highly applicable across AR-equipped devices, which in turn
should help advance these devices’ design and production.
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Fig. 1 Virtual image view distance in augmented

reality optical systems
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Fig. 2 Change in depth of field caused by changing camera focus position during photographing a virtual image. (a) Relative sharpness

curve; (b) focusing at position a; (¢) focusing at position #; (d) focusing at position ¢
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based spatial frequency response measurement, e-SFR)
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Fig. 3 Experimental setup of the test system. (a) Virtual image

detection light path; (b) reference object detection light path

R G PLBE Sk BB T AR BE R a9
(Eyebox) ffriaAb o mE L5 N AR B 5 19 A& X
S A B RGP R . B 5 SR IOt
(1 3(h) ) LB ARBL T 0 S 18 R (2 25 924 IR ] 2
B MPURNS B E A SR L, S S A AL
JEHTT 1 R B — B B S AR S AL B
A LLAE BB B LA AN [ P iR 2% S 1A

R HEORS I B 0 20K . MR B 5 2 5 U IR
X 37 B AN A DA £ 2 25 S ) 1) T B 2% 1 7 52 o el
HAERFAAE o
R R GRS BN 1R TR R A SE I
R, BT (R A7 B DL B S 8O IR B A
F1 BEREMLHRMSH

Table 1 Parameters of the devices used in the

photography system

Parameter Value
Size of CMOS 1/2"
Resolution of CMOS 2048 pixel X 1536 pixel
Exposure time 50 ms
Focal length of lens 6 mm
FOV of lens 41.6°X53.8°
F/# 1.4
Colour temperature 6503 K
Distortion of lens <0.1%
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Fig. 4 Test pattern used in the measurement method. (a) Input
image displayed by AR device; (b) pattern on the

reference object
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Fig. 5 Flow of the analysis algorithm used to calculate the relative change in sharpness of the shooting image. (a) Experiment image;

(b) ROLI after pre-processing; (c) e-SFR calculation data; (d) schematic diagram of the relationship between relative sharpness

and the focus position of the camera or the object distance of the reference object
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Test 1-AR virtual images
Test 1-reference object images
Test 2-AR virtual images
Test 2-reference object images
Test 3-AR virtual images

Test 3-reference object images

SN 2 SRS AR PS8 A RE AL 1400 mm Y B
WIRTHEM AT, R0 T VID I 505 3 /9 0] 47 P Fn Sz 56
W RGN e Tk, W& 7 2 iy iR 22 e b A 1y i
PR 58 5 A L D0 SO 3 A 58 22, DA R AR S
EMZE W TR S8R 2. KB ENIRES HiE
S 0 4 R T O R R B 5 25 45 R R Y AR
501 B s, B G 57 B R R o LAY RS A W E AR
0. 89~0. 91 3 [l PN A4 9 5 3 B4 S0 B vk VID ()0 12
P22, 3R VID P (735 22 43931 2 10 mm (VID 4 I 4
gk I 1410~1420 mm) 40 mm (1350~1390 mm) .
20 mm (1400~1420 mm) , I€ /N F 1 s 3 3o 52 56 fF 15
F| ) IR G F 620 mm (800~1420 mm) . [Ntk , fr #2
T SR 1Y ARG R 48 VID I & Jy 26 Al LLSE 3
VID I 5 22 1 2 FEAIR 8T 7 ik I iR 2 AU £ 52
FEHIBIRZER 1.6%~6.45%

5 4 1w

EEXF AR G2 R 48 VID I 7 vk 3 1 38 X0
By 32 R G S TR T S A B TR R
R G IR FEE R I AR B ILEMG 5 2 % S P iE — 3L
PR D795 < b S R S A s R R —
ARG AR BAR RS % 5L 24 1 1 B 5 i
B AR AR A, S AR B 0 ER AL T X £ I R R
BRI AT 152 I A A, B4R B2 2R G0 DL I A 5007 5 P
RGENHFERES 2 RS TR RGN w0 &, A
I 5 A MoK VID $540h S % SEWITE R R G
Y, e S0 BT X AR YE2: R 4 VID By &1 &

S ZE LW VID I R G0 BT A A I e g
(1397 mm) 5 AR ¥ 5 % F ¢ & 09 2 e & i E
(1400 mm) AHAF, B uE 7 Fr i i VID Wl i RGN A
SOPE o R AL G Iy i 4 oK B 2% (620 mm) 1) B
WIR2E % VID ¥ b W R G 5 & 0 7 k%
VID I 515 22 B AIK B BoK & 2% (10~40 mm) , {2 K LA

PSR 2N 1.6%~6.45%, B &R E T AR &
gt VID (RS B . BT i3 A0 O 3238 B A L B A
0 FE A Sk I E SRS % 07 B8 S A A 2 AT LA S R
VR 9 S AR I R (5 VID A8 I 2R 45 {5 4 b 4% A B
AR &£ 0 A 7= TR & 3R 58 b, Bh g 2% 4 15 1 R0 AR
TR

2 % X #

(1] A, 8, MHR %, % . Micro-LED i H T iR &
AN BLAR G H T ] RS o, 2022, 37(6): 661-679.
ZhouZ P, LiY, Yan Y G, et al. Current situation and
trend of Micro-LLED application in near-eye display[J].
Chinese Journal of Liquid Crystals and Displays, 2022,
37(6): 661-679.

(2] B, $ysaok, 400008 1 0 i 4R OG0 O 5
TN RG] e F R, 2022, 42(10): 1006002.

Luo H, Weng J C, Li H F. Waveguide display system
based on liquid crystal polarization volume grating[J]. Acta
Optica Sinica, 2022, 42(10): 1006002.

(3] #atn, #ibde, S5, % M T FARUS 2o i R

Rk 42 OGR4 (7). O 5ot TRk R, 2022, 59
(3): 0305001.
Yang L, Jiang S L, Ji X S, et al. Preparation of
reflective volume holographic grating for plate waveguide
display[J]. Laser & Optoelectronics Progress, 2022, 59
(3): 0305001.

[4] Lin CJ, Woldegiorgis B H, Caesaron D, et al. Distance
estimation with mixed real and virtual targets in
stereoscopic displays[J]. Displays, 2015, 36: 41-48.

[5] Kang H, Ko J, Park H, et al. Effect of outside view on
attentiveness in using see-through type augmented reality
device[J]. Displays, 2019, 57: 1-6.

[6] Frémont V, Phan M T, Thouvenin I. Adaptive visual
assistance system for enhancing the driver awareness of
pedestrians[J]. International Journal of Human-Computer
Interaction, 2020, 36(9): 856-869.

[7] EIl Jamiy F, Marsh R. Survey on depth perception in
head mounted displays: distance estimation in virtual
reality, augmented reality, and mixed reality[J]. IET
Image Processing, 2019, 13(5): 707-712.

[8] Gao Q K, LiuJ, Duan X H, et al. Compact see-through
3D head-mounted display based on wavefront modulation
with holographic grating filter[J]. Optics Express, 2017,
25(7): 8412-8424.

[9] Soomro S R, Urey H. Light-efficient augmented reality
3D display using highly transparent retro-reflective screen
[J]. Applied Optics, 2017, 56(22): 6108-6113.

[10] Yoneyama T, Murakami E, Oguro Y, et al. Holographic
head-mounted display with correct accommodation and
vergence stimulilJ]. Optical Engineering, 2018, 57(6):
061619.

[11] SuY F, Cai ZJ, Liu Q, et al. Projection-type dual-view
holographic three-dimensional display and its augmented
reality applications[J]. Optics Communications, 2018,
428: 216-226.

2011017-7



$£59% F208/2022 F£ 10 B/ ¥t EXBETFEHE

(12]

Liu S X, LiY, Zhou P C, et al. Full-color multi-plane
optical see-through head-mounted display for augmented
reality applications[J]. Journal of the

Information Display, 2018, 26(12): 687-693.
Fan C K, Huang S H, Shen C, et al. Analog LCOS
SLM devices for AR display applications[J]. Journal of
2020, 28(7):

Society  for

the Society for Information Display,
581-590.

Duan X H, LiuJ, Shi X L, et al. Full-color see-through
near-eye holographic display with 80° field of view and an
expanded eye-box[J]. 2020, 28(21):
31316-31329.

ShiJ C, HualJ Y, Zhou F B, et al. Augmented reality

vector light field display with large viewing distance based

Optics Express,

on pixelated multilevel blazed gratings[J]. Photonics,
2021, 8(8): 337.

T, RS, H—1, L ETRERCH TR
ARG YRS T] 0 oF A 4, 2022, 42(7):
0723001.

Wang C, Shen Z W, Weng Y S, et al. Field-of-view
expansion of waveguide display system with double-layer
volume grating[J]. Acta Optica Sinica, 2022, 42(7):
0723001.

SN, T, SRk, AL kT BB
WM EA 1007 1E 1 WA LA 1y 12 i =063 Bos & ge (7).
T E Ok, 2022, 49(4): 0409001.

Dong H X, Yu X B, Jin Q, et al. Tabletop 3D light-field
display with 100° frontal viewing angle based on views-
segmented voxels[J]. Chinese Journal of Lasers, 2022,
49(4): 0409001.

Miletti T, Truant N, Gurabardhi E, et al. HMD quality
evaluation of projected image: hardware assessment and

software evaluation for distortions correction[J]. Proceedings

(19]

[20]

[23]

[24]

[25]

2011017-8

of SPIE, 2018, 10676: 106760C.

Paelke V, Rocker C, Bulk J. A test platform for the
evaluation of augmented reality head mounted displays in
industrial applications|[M ]/ Karwowski W, Trzcielinski
S, Mrugalska B, et al. Advances in manufacturing,
production management and process control. Advances in
intelligent systems and computing. Cham: Springer,
2018, 793: 25-35.

A, KT, BREEFD, . — e R GBI i AR SE A
HE A AR BE A T 52 J7 7 - CN108362479B[P]. 2021-08-13.
Zhang H, Liu Y L, Chen LL L, et al. A virtual image
viewing distance measurement system and virtual image
viewing distance determination method: CN108362479B
[P]. 2021-08-13.

Smith W J. Modern optical engineering: the design of
optical systems[M]. London: McGraw-Hill Professional,
2008.
1SO.
resolution and spatial frequency responses: ISO 12233:
2017[S].
Standardization, 2017.

Williams D, Wueller D, Matherson K, et al. A pilot
study of digital camera resolution metrology protocols
proposed under ISO 12233, edition 2[J]. Proceedings of
SPIE, 2008, 6808: 680804.

Li K, Lake A. 31-3: eyebox evaluation in AR/VR near-
eye display testing[J]. SID Symposium Digest of
Technical Papers, 2019, 50(1): 434-437.

I, HO A, AR, L 222 BT RIS R R
iFFEl]. Wot 5 er FoEdt i, 2022, 59(12): 1209001,
Hu R, Tian F X, Lin Q Q, et al. Multilayer holographic
planar waveguide display system[J]. Laser &. Optoelectronics
Progress, 2022, 59(12): 1209001.

Photography-electronic ~ still  picture imaging-

Switzerland: International Organization for



	1　引　　言
	2　测量原理
	2.1　VID
	2.2　景深
	2.3　VID转换为实际物距的方法

	3　测量方案
	3.1　实验环境设计
	3.2　分析算法设计

	3.2.1　预处理
	3.2.2　e-SFR计算
	3.2.3　归一化汇总
	3.3　实验流程

	4　结果与分析
	5　结　　论

