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Optical Evaluation System for Head Mounted Display
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Abstract: In order to make a comprehensive evaluation on a head mounted display (HMD), a
simple and feasible testing method is proposed and an optical system for the test is specially
designed. According to the requirement of pupil engagement for the HMD and the testing
system, a structure of eyepiece is adopted in the optical design., and a plastic aspheric lens is
used to realize the distortion-free property. The designed optical system has a field of view of
50°, a pupil size of 4 mm and a distortion less than 0. 1%. It can keep high performance
when the testing HMD is with diopter from —4 D to 3 D. The analyses on the design show
that the evaluation system can satisfy the evaluation requirement of HMD with various
diopters.
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Fig. 1 Schematic diagram of optical matching of testing
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Fig.1 Block diagram of HMD testing system
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Table 1 Specifications of HMD testing system

eI Ei=R 1
TP B 486~656 nm
PN iER 2 mm
N SR 4 mm

M5 50°

fEHR 11. 8 mm
M A% <0.5%

A4 HMD H 5 B A i 6 B8 15 D g, 1 45
U — A —4 D~+3 D, LI KR 4 AR
e, BRI A0 HMD H 8%, % %
WHAN O, MEE—0.5D~—1D ZI[E, 4
HMD H 58 Ji o6 B2 w25 0 if . H B2t i b 4k
AR R FATVE R, BT L HMD #6045 3k 1 H 4 8
FETRE , AR HE B 48500 AS [7) i 6 32 bR 25 480 A B
R FE AL 3L

R 3 28 B 1) A 7E 5% Sk 22 115 1 e A5, 7T
VIR H Gi g5 M S I R Gyt fE R &
g5, H RS H bR S B R R A T = (R
A BT B O . FRATT R T W AR H BE
VE R 5k R 16 S5 A8 B 20 R B Sk AT A — &5
Vi G8 , IFA0 025 1) St i, DA R AIR 3 6 26 109 D £
VAR B B A i R DU SR Bk 2 A s L ek
JE A — B IS A1 (PMMA) 135 55 , 5 32 1 fi
FAEER T F T ACIE R G AET . AR ER 5 B
FARE G A4 RHE B T BA R 0 AR, W] LA
3 3 4 WA 2 ) s 9 = T e A K v T
AL %A R .

FI A 2 BT R 5% Sk 45 40 14T A0 )5 15
FM RGO E A 4 fTR . 1558 PMMA 3%
B Al 2 e v R O R R
— o +Brf(6)

1+/1— A+

HAd ¢=0.049,k=5.67,B=—4.64X10°,

P4

B4 BERLE HMD R 2 4808 3% 4
Fig. 4 Layout of staring HMD testing system

&5 Za 1 I a5 Sk A X T 25 T AR I ) M
sk, AT LVE L TARBRIE G T Rk AL
5 = G 7 B AR AMES L B T AR G A A RCR
R T TR 9 Sk i AR <220, 100 TEIT
HMD 037 5 F1 e 400 W5 728 B ] 42 A 4 1 5 K30
AT AN TR E X () F () HEAT B IE .

SR Y Sk 25 R AR o3 B R AR AE 25 pixels/ ()
LIF H L 10~20 pixels/ () JE£ ., 25 pixels/ (")



404 i3 HH 5 i N 27 4
ey UV Es DISTORTION 0.6f
ANGLEgJeg) ANGLE(deg) B \\.
230! 25.00 E 0.4F
Z 02
- 119.28 19.28 :D
. 2 o
.. 5
L13.12 13.12 2 ool
—04f
+6.65 6.65 | | | | | | L |
-5 -4 -3 -2 -1 0 1 2 3 4
Diopter of HMD/D
-0.050 -0.025 0 0.025 0.050 -1.0 -05 O 05 1.0 = . S A fe 3 i
x| 7 N . N RBE ‘|:|l 25 3] ik I :%Ja
FOCUS(MILLIMETERS) % DISTORTION & AT B EEIGE T W6k H IR
o ‘ Fig. 7 Focusing range of testing lens for different HMD
K5 HMD a5 Sk 3 ity A s A2 i 2k . .
eyepiece diopter
Fig.5 Field curve and distortion of HMD testing lens
SR
S R 0725 [y 0. 72 1p/mrad., 2630 K 5 4 085 w
JRAR S AR R 1 HMD 3 2 45 14 1 9 25 1] 080" Axis(@30 Ip/mm)
) e = 0750 —#Axis(@60 lp/mm)
WA 61 Ip/mm, K 6 45 T X TG 55 7t B AR B = “417.5%(@30 lp/mm)
5 W N N 0.70r
HMD #0624 £ 48 MTF g4k, 16 60 Ip/mm
N AN o 0.65 “v- 17.5°(@60 Ip/
b 5 0 1 MTTF {0 i 35 51 57 51 05 L 051 e o5 e
MTF 7% F 0. 5. REHE AR UE I A 225K . L 1 2560 /)
-5 -4 -3 -2 -1 0 1 2 3 4
ISTL)I(H]U][\H(I TSIT50 Dbk Diopter of HMD/D
1.0 ||| ' ||||152§00DE(;‘
% 0.9} Bl 8 A HEELET&ME K MTF {4
E 8% Fig. 8 MTF values for different eyepiece diopter
<= 0.6r
z 0.5_ S, N > N
= 04 60 Ip/mm, M T DU *ﬁmﬂ%,bhﬂﬂ
S 0.3
= 02 R A 56 B (9 HMD B 6l 1 935 19 MTF §
i I I O O g R 4FAE 0.8 LA I S 3% 1 MTF {4 ik %
0 6 12 18 24 30 36 42 48 54 60

Spatial frequency/(Ip-mm™)

6 HMD {4k MTF i £
Fig. 6 MTF curves of HMD testing lens

K7 mrgs 1T XA R DG i HMD #4730
BRI FIMID A5 00 852 Sk T f) 3 £ . L P IR qH

FE T 5 3K T B RN 4% T 1) 97 {H 2R B Sk S AR
D25 77 1) o (&1 8 2 M T A I 455 Sk A6 AN (] ) A AR 2
TR B R B MTF {A,0. 7 #)
Yy (17, 5°) Ffl o e KL% (25°) 76+ 71 FHIR R 7
] )P~ 2 MTE {5 05485333 2 30 1p/mm F

& £ X #:

FFAE 0.5 LA b Kl Bisk 5% HMD Ji 6 B 82 mi AR
/N GRERE T A A HMD f Al

4 %

T XK A R g FL AR AR UL
ARSI L 4 T fRT B AL AT 9 HMID Al 7 3% L 9 i
T O RS, K& BoR f il R 45
ML A o 50°, A K/ 4 mm, 7] T A/
M HMD PR G . X627 R G I8 foR 28
TRIPEREHEAT 1 o0 . A5 R R AR I R Sl
T —4 D~3 D JEJLE T HMD H &k,

[ 10 sRBEI 20 XU . kB BoR i KB 5 M [J]. & F % 4.2000,23(1):51-59.
+

(2] kA, R 5k E 5. M 70" ¥/ i A

Hekit [J]. ta+ -

A ,2002,13(9):913-919.



5% 3 R i R 2 N i R E 405

[ 3 ] Hiroaki H. Naosato T, Hideki M, ez al. Off-axial HMD optical system consisting of aspherical surfaces without ro-
tational symmetry [J]. SPIE, 1996,2653.234-242.

[ 4] Cheng DW, Wang Y T, Hua H, et al. Design of an optical see-through head-mounted display with a low f-number
and large field of view using a freeform prism [J]. Appl. Opti., 2009, 48(14) . 2655-2668.

(5] Pham Mo AMEE . 5. W0RHEEIR & §7E k2% 3D Wosd iy 8 [ &% #% £42.,2005,13(1) :47-52.

[ 6 ] Cakmakcl O, Rolland J. Head-worn displays: a review [J1. J. Display Technol ., 2006, 2(3):199-216.

L7 #H&3c wEalE [M] dtat bt 8 T AR, 1995 305-325.

[ 8 ] Steven H C. Automated techniques for characterizing and testing helmet mounted display [J]. SPIE, 2002,4711:
81-92.

[ 9] Howard H, Thomas H, John S, er al. Laboratory system for the evaluation of helmet-mounted displays [J].
SPIE, 2004,5442. 204-212.

[10] Williams T L, Wood T A, Bates N P, etal. A comprehensive test facility for helmet mounted displays [J]. SPIE,
1998,3362. 174-182.

[11] Glenn D B. Modulation transfer function in optical and electro-optical systems [ M]. Washington: SPIE Press,
2001 85-88.

[12] Bruce H W. Optical Design for Visual Systems [ M]. Washington: SPIE Press, 2000: 60-62.

(130 Al . ARBRIE H 8 [J]. % $4.1997,17(10): 1389-1393.

PIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

[ BR 88 {3z ) ( ST)

B AT Ao b R BT e A AR T I FR AR ) (SD A ok RT3 4. B FR A ]
6 L
SIA K 42
SI ¥ 4 Q.45 STHI B £ 4548 W o LA % 11 4 Ak ST 5k 45
5 B 4 4] (SD SI ¢ i 42
8 e 34 FEEE e mx s s
ST 4 a9 45 4 42

RERTE

1. 23 5 A NZWELEHRANEETUARE 1k, #l4.“12.5 mm+0. 2 mm” T E % “(12. 5+
0.2)mm”, 2 RFE4“12.540.2 mm”, AZ MG HEATH, 4. “A1=550 nm+2 WiXHFEFL
AR ey, 2 A “A=550X(1£0.02)nm”,

2. 2 EH L  TAEZRMFRLLEMEAN . AZ5HNEELA TG EL AT A, L8R E — K, 4
.10 00 g BAFE A Z G R RABE B 245 5 5 L4 .30 em '] mm,

3. AF L  TAZMAAKFTH ARG H, #l4. 18703 mg,

4. BFH ERTAEZHOVN,07H @ 69 45 5 Fes, #l4e.2737" K,

5. kw2 ABIAE AZMR G FMEAN LA T REA%. Hlde. (—7.050.5)~(7. 0%
0.5C,

6. AT BEFSRAZGPCAN . E2FREF 1R A NP CHEEAEZERNESTHLE,
1) 4 . (6540.5) %,





