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Binocular vision measurement of exophthalmos
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[ Abstract] In order to improve the efficiency and safety of exophthalmos measurement methods, based on the principle of
binocular vision measurement, a method for exophthalmos measurement in which the characteristic points are acquired through image
processing is proposed. First, the images of eyes are collected. Then, MediaPipe Iris is used to obtain the center of the iris combined
with threshold segmentation and contour detection to obtain the markers. Finally, the exophthalmos is calculated. In order to verify
the precision and accuracy of the binocular vision measurement method in the paper, a test platform is built to test the standard part,
head model and real person under different conditions. The experimental results show that the precision of the binocular vision

measurement method in this paper is 0.696 3 mm and the accuracy is 0.845 4 mm.
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Fig. 1 Schematic diagram of exophthalmos calculation
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Fig. 2 Flow chart of binocular vision measurement of the

exophthalmos
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Fig. 3 Images of intermediate process of binocular vision

measurement of the exophthalmos
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Fig. 4 Flow chart of image processing of temporal bony spot
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Fig. 5 Images of intermediate process of image processing of

temporal bony spot
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Fig. 6 Experiment platform
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Tab. 1 Parameters of calibration board mm
Rob o EgRN REER DREER POl R
200x150 157.5x127.5 12 7.5 15 0.01

ASCH B E R R SN -

§1280.7252  0.0000  660.653 3
M,=4 00000 12808300 514.8182; (1)
§ 0.0000 0.0000  1.0000 f
§1294.4033  0.0000  648.660 2
M,=8 00000 1294859 1 504.2205§ (2)
§ 0.0000 0.0000  1.0000 f
D, = [-0.0721 0.0762 -0.0001 0.0003 0.000 0]

(3)
D, = [-0.0766 0.0958 0.0002 - 0.0002 0.0000]
(4)

§0.9483 00050 03173
R=8-00078 09999 0.00745  (5)

§-03173 -0.0095 0.948 3f

T=1[-609973 0.5381 13.0734]" (6)
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Fig. 7 Captured images
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Fig. 8 Schematic diagram of actual size of standard part
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Tab. 2 Measurement results of standard part in static state mm

WAL IR AR NE B fi B
1 29.9562  30.5547 104.4862  34.802 3
2 29.9562  30.5547 104.4862  34.802 3
3 29.948 6 30.5547 104.4862  34.620 2
4 29.9562  30.5547 104.4862  34.802 3
5 299486  30.5547  104.4862  34.620 2
¥iE 20.9532  30.5547 1044862  34.729 5
b2 0.003 7 0.000 0 0.000 0 0.089 2
HAH 30.100 30.930 104.265 34.645
YoriRiR 2 0.146 9 0.3753 0.2212 0.122 8
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PREERS B 2] 5 SRR B A R AR EE, B
M2 UL 3, I 3 AT LIAS X T An 7%
3l 5 & A, IR Kk 58 R bR fE 2 B R (E R
0.467 0 mm; iR 22 e RIEM 0.631 3 mm; HEFE
FIBREZE M 0.130 2 mm, AR IR ZE A 0.305 8 mm;
BEHE B AR E 22 0 0.220 8 mm; ¥ 7 MR & K
0.238 3 mm, L3R 3 Ak 2, % ol 5 i 45 SR () A
HEZE RO MR R 25 35 L IR RS R A R sh 2R
[ e, BRI 7 s MR — g R 25, R A

(8)



5 2 1]

A RIS M EE 0 X AL ) 41

SEAN AL AR B BRAF SR AN
£3 AREHBHENELER

Tab. 3 Measurement results of standard part after moved mm

AL IR AR E MEE fit i

1 307332 29.808 8  104.464 34.135
2 308716  30.778 8 104.799 4  34.724 6
3 30.687 8 309705  104.468 5  34.5657
4 302136 302051  104.4634  34.743 9
5 30.8989  30.9895  104.5133  34.607 6
¥iE 30.681 0 30.5505  104.5417  34.555 4
bRt 0.247 0 0.467 0 0.130 2 0.220 8
HAE 30.100 30.930 104.265 34.645
BIriiRZE  0.6313 0.601 8 0.305 8 0.238 3
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AR 6 (£) P, A 4 MRid A, WA
SRR B A 1 AARETUE 1R ) AT
S 2(ZEHR) BRI 2, X AR B R AN
& 7(b)ﬁﬁmo %%ﬂ”%hﬁ%ﬂzﬁcum% 5 4K
18, 25 bR s R S 25 U M e SR G
2, BRI %ﬁ'@% 4, [RISK BB A TH Y FLE A
DyAfAT 3R 4 R g BEERM B T iR 2510, K 4
AL X Sk AR A A i 1k RS HRBR 5 1 B 1Y
PR 22 B K AH M 0.281 8 mm; E M5 (9 b5 1 22 Ky
0.041 5 mm; [ AYARIEZE 250.000 7 mm,
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Tab. 4 Measurement results of head model in static state mm

e FERRIREE A RIRE A fi

1 11.357 5 11.624 7 92.171 17 62.272 4

2 11.201 8 10.917 3 92.076 1 62.273 6

3 11.323 9 11.620 9 92.181 8 62.274 2

4 11.323 9 11.620 9 92.181 8 62.274 2

5 11.323 9 11.620 9 92.181 8 62.274 2

M 11.306 2 11.480 9 92.158 6 62.273 7

brifE2 0.053 8 0.281 8 0.0415 0.000 7

SLAPER R B H] 5 AR EE R EEG, B
RMEEE R 5, RSP EME L 4 T
fH., M35 TSI XSk R RS s fo il 5 1
AR 3K 2 H B AAR I 22 Be KAEM 0.344 8 mm, HJ 7R
R2E B KAE M 0.391 3 mm; HE 85 AY 5 i 22
0.086 0 mm , ¥ 5 HRIR 24 0.088 0 mm ; [ I A4 F v

#40.046 8 mm, ¥ HRIRZEN 0.047 2 mm, K
5 R 3, SKEBIRII B A5 R IR ZE T T
B vEA: 0 R AR DR 2 7 2 55000 ) B R VAN TR]
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Tab. 5 Measurement results of head model after moved mm

KEL LI AR ME#E fiE e
1 117751 109542 92,1755  62.2214
2 109914  11.0502  92.150 8  62.246 4
3 109373 113657  92.3210  62.2889
4 111215 117507  92.1856  62.230 2
5 10.7803  11.0623  92.0525  62.348 2
¥ifE 111211 112366 921771  62.267 0
brifE 2= 0.344 8 0.291 8 0.086 0 0.046 8
HAY 113062 114809 92,1586 622737
Py RiR2%E 03913 0.380 6 0.088 0 0.047 2

B XoF Sk BB AR TR | 2 g S IO A A AR i i o 3L
HARBLREE R R AN 7 (c) Fis o Sk O 4
IR AR A 5 4 IR, o A R TR AR A
MediaPipe Iris BT o0 AU BRI 5 25
W6, MK 6 1T LIAG Y X F 3k B # 1 F ok A
i, R BREE L B2 bR i 25 B KA M 0.490 6 mm; HIERE
BFR E 2% 0 0. 118 6 mm; [ BH A9 5 1 22 4
0.119 3 mm, tLEEFE 6 FIFE 4, L FFHI (TC A AR T
JERRC ) I R b HRERSE H BE A A v 22 L Sk
TR AL (A AR BE T AR E ) 1R, R &
MediaPipe Iris $ B T B 0 A — 8 132 22 5 A,
SKERREAY (TC A TR bR E ) DU B g 2R v MR R 58
L RS IR P 1) S 4 3 L S AR Y (A BT A b
IR W/, T DR R A T R A I A R A
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Tab. 6 Measurement results of head model without corneal

markers in static state mm
UL LRI AR HESE i
1 7.709 6 7.483 3 922610  60.113 1
2 6.975 3 7.154 2 92,5622  59.984 2
3 8.139 4 7.1980 922631  60.239 7
4 7.457 0 8.148 1 92.2470  59.886 1
5 6.785 0 6.764 2 92,3554 60.0417
BIfE 7.413 3 7.349 6 92.3377  60.053 0
PRifE2E 0.490 6 0.460 3 0.118 6 0.119 3
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R B A R MR, AR E 5 R WLk 7, &7
EAE AR 6 HATFIE, WFE 7 TR H X F
Sk BRI RS Sl I R BR 2% M R b oA 22 e K
{H°4 0.696 3 mm, )5 MR 225 5 KAE H0.845 4 mm;
NEFE B9 A5 7 22 4 0.080 8 mm, ¥ 7 ML iR 25 N
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Tab. 7 Measurement results of head model without corneal
markers after moved mm
A LERIRE AR NEHE fit i
1 6.864 5 81227 921691  59.621 4
2 7.506 3 7.5240  92.0720  59.888 9
3 7.963 3 6.6983  92.0720  60.261 5
4 8.958 0 6.6048  92.0720  60.016 1
5 8.171 7 71219 922752 60.126 0
¥(E 7.892 8 7.2143 92,1321  59.982 8
brif2E 0.696 3 0.559 9 0.080 8 0.218 5
HAl 7.413 3 73496 923374  60.053 0
P RiRE 0.845 4 0.576 0 0.220 7 02295

2.3.3 HEASE
XHARHLRAE A S An & 7(d) B (EL AR
WA A BTG PRIC ) o A 4 Mrid s, WA
AR B 1 AT S 1 (AR ) AR
T 2 (Z2HR) FIg & P A 2, L ADREFRR IR RS
RAE 5 MG, £ bnic s UM T3 1225 S0 B o5
BUGR S T 3, BRI i 25 2R 0L 3% 8., IEA%@?
M EAEA 7 4R, 3% 8 Rt ok 45 th BB AN 34 7 AR i
ZMH ., N 8 IT IR X F B RS, AR Bk
58 W R BB U 22 e KRB 0.269 9 mm ; HIE JE A0 7

4 0.017 9 mm; R APREZE R 0.203 4 mm,
%8 HABLIRSUBER

Tab. 8 Measurement results of real person in static state mm

EL LRI ARIRE M A
1 12.210 3 10.896 4 116.258 0 77.453 8
2 11.945 6 10.747 2 116.258 0  77.648 4
3 11.945 6 10.680 5 116.258 0  77.854 6
4 12.585 4 10.705 0 116.2950  77.856 9
5 12.506 1 10.743 1 116.2950  78.048 1
¥IA 12.238 6 10.754 4 116.273 0  77.772 4
PRifE2E 0.269 9 0.075 2 0.017 9 0.203 4

HAM N E] 5 AR E IR REER, AR
BEERIAE 9, £ 9 HIYEME N 8 P IFHIfE,

MR 9 W LIAS X T E AR S I IREk S
JE BFRUAE 22 Fe KME M 0.388 0 mm, ¥ 5 AR IR 225 K
{H°4 0.486 1 mm; MEFEYFRUEZE K 0.057 8 mm, 45
HRIRZE40.072 6 mm ;[ fE (AR E 22 80.212 5 mm,
IR 254 0.238 8 mm,

BT EL NSRS , FS B P AR BTV AR IE A, XY
HAIHLR AR EUR N E 7 (e) fs (A BIFIR A
WA AR 0 a5 ) o FL PR RERR IR RS R4 5 A
18, Horb TS {8 MediaPipe Tris R i i
OCEE, BRI 25 R L2 10, FE 10 AT RIFS
X T HNER RS I HRER 2 B A0 s v 22 B KM
47 0.474 2 mm ; BEBE FFRAEZE A 0.132 7 mm ; EFE Y

FRUEZE N 0.177 6 mm,
%9 HEABHENELER

Tab. 9 Measurement results of real person after moved mm

WHL LR AR NE 75 fift
1 12.8030  10.8674  116.2580  77.687 3
2 117737  10.6745 116.2580  77.438 8
3 125685  10.6885 116.1140  77.4023
4 127916 107821 116.2580  77.891 7
5 127205  10.6626  116.2580  77.896 8
¥ifE 125315 107350 1162290  77.663 4
FrifE 2 0.388 0 0.078 5 0.057 8 02125
A 122386 10.7544 1162730  77.772 4
PIriiRzE 0486 1 0.080 9 0.072 6 0.238 8

F10 BEA(ERRERLR)BERSNELER

Tab. 10 Measurement results of real person without corneal
markers in static state mm
U AegEIREE A TRIREE HIE BE fiz b
1 7.013 2 6.823 1 116.066 4  68.582 5
2 5.993 8 5.798 2 116.066 4  68.418 5
3 6.812 5 7.012 9 116.3373  68.944 3
4 6.645 9 6.942 2 116.3373  68.586 9
5 6.902 2 6.208 7 116.066 4  68.520 5
BIfE 6.673 5 6.557 0 116.174 8 68.610 5
Fife 22 0.360 5 0.474 2 0.1327 0.177 6
HN (AR ) BB 5 DATE A E IS

RAEEMG, AR 25 R W3R 11, 3R 11 h R EE
R 10 PRTHME, R 11 ATLUS X FEA
(TCAABEARIC ) B 3N Ja Itk pof AR BK 58 H B 14 b
Zh KA 0.645 4 mm, 275 M 1% 25 B KA M
0.689 1 mm; EFEAYPRIEZE N 0.144 5 mm 475 M 1%
2270 0.160 8 mm ; [EEEAFRIEZE N 0.206 8 mm, #5775
HRIRZEH 0.207 6 mm,
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Tab. 11  Measurement results of real person without corneal
markers after moved mm
UEL LRI ARIRE A fi B
1 6.3327 5.963 8 116.077 1 ~ 68.937 4
2 7.018 7 6.313 6 116.386 4  68.521 3
3 5.9557 5.458 2 116.386 1 68.321 7
4 7.850 7 6.160 0 116.3113  68.679 1
5 6.804 3 7.330 2 116.066 4  68.498 1
¥E 6.792 4 6.245 2 116.2455  68.591 5
bRz 0.645 4 0.614 5 0.144 5 0.206 8
HA 6.673 5 6.5570  116.1748  68.6105
WIimiRzE  0.656 3 0.689 1 0.160 8 0.207 6
3 HRIE

ARSCHFFE T R E WL R RS H R . SCH R
LN T TR B Hertel BRBRZE HTHI &2 07 1L 850K
L CT W ik R A e 4, S T A BLH
TRBE I 5 125 RS 28 B RN B | 5 2 T L
FEEXEARTRIT G FURRRIRAS R T 0 H MR, 5
g SRR X T AR MECE K% 2N 0.467 0 mm, 1
W R 0.631 3 mm; X F 3k FEEL AL, K % B
0.696 3 mm , #ER B~ 0.8454 mm; ¥ T E A 5286,
K5 B HE R 0.645 4 mm, HEBAEEH 0.689 1 mm, H A
SO0 AR B B R B AR VE R IR, T — TR IR
AW A B TOL i PG A BRFOI B3k

[ W JELYCS 65, 45 AR BRUAR W T DR 3% B 267 1
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