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Abstract: In order to measure the eye rotation angle during cataract surgery, a detection method of eye rota-
tion angle in cataract surgery based on depth feature matching is proposed, which extracts and matches the
feature points of the preoperative reference image and the intraoperative image around the corneal limbus to
calculate the intraoperative eye rotation angle. The texture features around the limbus are rich but their
similarity is high, and the features are susceptible to obvious changes due to the interference of the surgical
process and instruments. To solve these problems, a self-supervised image local feature extraction and de-
scription model is proposed, which combines attention convolution block (AttConvBlock) and adaptive skip
connection. First, AttConvBlock enhances the model’s accurate perception of orientation and spatial location
information by coordinate attention. Besides, AttConvBlock improves the capacity of the model through
conditionally parameterized depthwise convolutions, which can enhance the representation ability of the
model for feature information. Furthermore, the adaptive skip connection fuses deep semantic information
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and shallow structural information, which contributes to a more discriminative description of feature points.

The experimental results on the CATARACT dataset show that the proposed model has higher mean match-

ing accuracy under each error limit than other compared models. Additionally, the mean rotation error of the

proposed method is 0.740°, and the real-time detection speed is 36.675 frames per second, meeting the re-

quirements of accuracy and real-time detection of eye rotation angle in cataract surgery.

Key words: eye rotation angle detection; cataract surgery; deep learning; feature extraction and description; at-

tention mechanism
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SURF!H 3.038+3.118 1.457+0.746 1.534+1.856 0.922+0.634 0.995+0.442 9.035+9.585 1.166+1.459 2.592+2.712

SuperPoint™  1.896+2.526 0.943+0.230 0.754+0.338 0.50520.212 1.125+0.511  1.936+1.727

0.610£0.215 1.110+0.544

D2-Net™* 3.477+6.004 1.632+1.068 0.935+0.441 0.645+0.398 0.801+0.332  1.505+0.799 1.206£0.934  1.457+0.890
R2D20! 1.650£2.319 0.724+0.227 0.859+0.811 0.890+0.566 0.566+0.293  0.789+0.352 0.499+£0.220  0.854+0.352
A3 1.216+1.154 0.654+0.220 0.797+0.479 0.702+0.401 0.564+0.275 0.678+0.256 0.568+0.256  0.740+0.208

T MR R AL,

6 PR TR (R A 5 MIMA 15 DG 0 P 500) FE 22
2 iR,

R2 6 MREMNKFIESR MMA SRS &K xftt

fRiY MMA MVMP MMP il
05° 1° 20 &5° UL

SIFT 0.166 0.311 0.502 0.662 93 476 383
SURFM! 0.180 0.339 0.549 0.714 47 169 122
SuperPoint™ 0.208 0.397 0.667 0.892 34 35 1
D2-Net™  0.165 0.320 0.566 0.867 82 82 0
R2D204 0.233 0.436 0.696 0.875 101 107 6
Z 'S 0.236 0.443 0.718 0.902 85 90 5

. HiAFR RILHE.

6 PR L A REAF AT VT L 25 S an 3% 3 iR, Hi,
W 3% 2R R B DE E X O 2R 47 52 8 s X 43
BR), SRiELRRIRZE N 20 F A & IE A T
Be A R AE 6. AT LA R, FEF R 5t & AR ol s
i, SIFT #1 SURF AL MMA 3415, 5% VCFC %k
it B TE, Jeik X AR ERE R M R AT TR, S
# RE #; SuperPoint #EY Hy X A i JLAT 54
AR S IR, RRE S B E AR S MMA
1, H MMP A%, 2 PR ICE (4 R AE 253 R 6,

S BN B A R T S s AT AR O A R AE 0 g D
D2-Net A1) 5 5 VC i fe 2L, (2 R 25 Bl = Xt e
TE SR E PR 2 o, RRAIE S RGN 5 45 3 0 AN o
MMA BA%, LY HR 5k X I8 B 5 728 i o A 30,
PEWURRAE 25, R2D2 AU T X R fiE o5 ] 2 2 P
BT AT SRR, (43 MMA (R4 T4 50 B
by AR SRR 18 58 6 T A0 T R AE RN 25 (8] 47 AR R
HIEEICRE T, Wb T A hy B I 1% 155 DX 38 DG B A R
EAFFEA IR ZE IR T RYERIE S8 MMA i — 47t
HLRETE 3/ 1 55 5 VR 001755 A 8 S I R A1F 1
VERC. 4 AR K IERAE 2 B F R BE S S TS
X URRE & A BH IR AR, %A RIS B AR
FRIESRICS R RE Sy, VOGS Ry i,

6 PRI (PR BEXT LN 4 B, Herpr, G e
AL HG MR BR DX SR BY pof (1] | ABSTRUAREAE 5 BT FE R
IR AR AE A 0 1 5 D IC I R R0 RS £ 5 A5 it
). ATLAE H, AR SO RS R ARG 3 5 >h 36.675 s,
FEA T DL 2 P B AR v S B R I A A 45 7 K
5 R2D2 FAUA L, A SCEIR S HR A Irmsb, X
JEAF 4R TR P R TR E SR ERE. 1
J&, MTOIAR CAITEE NE L, R HEN B
2 RRAR T BRI IRAT R, B T RS AT
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IFRLREAS, FE—E e b ARG I B2 R e, TiAs
SO 3 o /N (9 T BE AR BRAT 1 B O A A Ak

PRI R R R AE SR RE ST, 0 1 N R Hh R B
2 JEE 010 0 kB DA A VR

®3 6 MIEENEHERLRERRA

f i B3 57 R Z BORAR BE T41)

38 5 57 (A b T RO )

PRI X7 55 (B2 ™ FL B TR 3 5 ASEHT)

SEHEEI 1B AR

SIFTRA

SURF

SuperPoint*4

D2-Net!*®!

R2D20e!

A3

x4 6 MIERAMERERTEL

T M /(T-s™) S8R R
SIFTHO 12.179 128
SURF!Y 21.225 64
SupePoint!*¥ 71.786 1.304M 256
D2-Net!*] 19.225 7.635M 512
R2D20 42.344 0.484M 128
AR 36.675 0.456M 128

3.4 HRELSEI

¥ R2D2 fE N HEUMEM 2, X H 4551 A
AttConvBlock FlH i b ¥k 2%, #F—H4THW
X TR PRI S AR R ).l A, 5
WEAR ST VR i NS B 850K, 45k 5 Jr
7N, A[RLEH, Hn AttConvBlock F1 A i I Bk /2
B S ok — e R T, Hdr, AENBEE

HAEE R

AR E & SR % A

=4

AT R PR RE RS 5 B W I T SIS 5 R AR
JRUCHECZE AN 6 s, nTLUE H, IR Sk v ) 4%
il = X 41 YT RN 23 (B A B RATRE T, g R B
W A B XS DE L5 5% /B 1 v, e 2% A
e HUCKE B 40 10 S0O8 S FOR ST VS BEC; 3
AttConvBlock Ji, W45t 4FAF il 25 B o E 48k i
JB, WD TR B DI U FC R U B A A A Bk
JEERG, LSS0 T IR, T AR S
HAR SR A 6] 19 7R 2 R AR5 B IX 2 B AL 5 F R
aeB; J3 A, MR BR DX I SZ e R AR R ) AN B
Rl 2), Ffi 2% ) BBl S0 a7 O JE R ) S 3504 7 A
W s R 9] 3) FTHIR BR 37 21 BH (g BF I8 A8 5 BRI
I ] 4)r, FEHER 26 3] 6 Hh 90 e 1) %
X B UC i A%4%, 1 AttConvBlock 1 [ id b Bk 2 4
Bemy gl A, BE5R TR FOR A AL B AN [E 40 4
fER R SH 568 T, 7£— R Lwi TR
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*5 BERREVHASIELER

MMA

el RE/(°) MVMP MMP
0.5° 1° 2° 5°
B % 0.854+0.352 0.233 0.436 0.696 0.875 101 107
JH I 9 24+ AttConvBlock 0.814+0.316 0.232 0.438 0.711 0.893 74 77
FEUE R 26+ 3 0 Bk )2 % 2 0.798+0.212 0.241 0.449 0.715 0.880 91 95
AR 0.740+0.208 0.236 0.443 0.718 0.902 85 90

R 6 HERSIIROHHE R LB A R R B

- w1 i 2 w3 1l 4
N HfEREE RREIR HEREG O KhERE HAgERE ARG HERE ARG
7 2 .».‘t‘v'{v 3 o e e s h = - v ‘\ Al . ]
HE I 2

FE U ) 25 +
AttConvBlock

LM
FE BN

FERVCHCH) A A SCRR A SRR, 55 L X 25 1 30, 20. N T #E— RIS BB E W HRER e 5% ) B2
FHEE, 7SSOSR Xy 152 25 Jo) 161 i e ) i B N0 P S, e A ) A T 0 % A S AT 5
IR EAER, X R BRE RS F RE BRI SRS U, RE 5, ZORANE 5 s, ATLUAR H, A S ECE R
&, EIE A T H PR TR A IR BKOE 5% A R I R BKAY) RE P94 — 5 72 B A2, D2-Net #2184 %) 52

— D 5t N S, 1 SIFT Al SURF HEH A2 W, 55 T 5201
35 ARISHFTAREK RE AYR/ M0 K18 BK;, EAFSHEEEMT, SHMBAALL, A3

FASE P, CRPRFIE SRR RS N L B bR BRI R MRS B, RE AR, HXFS%K
D Jic DX 358 ) W 5 5736 A1 JBE 1 T 49 313 4 0.85, AR A R T T,

5.0 35

30 - .,_,_a———"""'\.———-—- o
4.5 a0l
a5l 40t F\\QN\AH
35F 2.5F
e 20r C 301 <Ll
gﬂ sl gj 250 E 2.0
2.0 15F o
1.0 - L5F | A s s s s s
0 M 1.0 1.0 : — > —— e =
0.5 1 1 1 1 1 1 1 0.5 1 1 1 1 1 0'5 1 1 1 1 1 1 1 1
0.60 0.65 0.70 0.75 0.80 0.85 0.9 10 20 30 40 50 0 5 10 15 20 25 30 35 4
N Ws T
aN b. W5 c.T

—s— SIFT!'Y; —e— SURF!'Y; —a— SuperPoint™; ——D2-Net!'); —e— R2D206;; —— A3

F5 AKRESHAERER RE AR 45 R H
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AR SCAE Y — o 3 T R A 28 X 4% 1 R AT 5 4
S AR, I FHF o B R v IR BRE 7 f
JERGI. 454 AttConvBlock 5 [ i v k2 1%
P, WEGR T2 X S0 B A0 YT RS [R) A5 A RE
J7, AR P 24 A= e B L) S 1 A T R A
WFF. 7 CATARACT B4k I i) S 4 SR 1,
AR SCAFE A AT DUAE — E B L 0 AR IR BR X s
A5 5 F R 2T YT R AE 153 B 52 R, O G X
AHARLVRRAE SEAT DX A3 PRl R, A5 R AiF o VT BeORS
TR, THE R A RS I RS o

)2, ARCTAERAATE—SER R

(1) A SCREAY B SR A8 T A b X R TR S
AR Bk A2 5 H i 00 T AR rp R 5 56 0 R 9 R AIE o
VCHC )@, (H IR Bk A7 2™ EHf R Af (g 3 WA
MET %), HUCHORE BEAD IR, RoRAG Ak 248 T
RUTE BTG | 12 SO | R 44 55 TR kb
Y RFAIE SIS 5 AR BE 5.

(2) A SCO7 T ARG R S0 B SR B AT 55
ARATF B AR BRILAT S 5506 B FR DX 35k 8 9 REAE 2 4T
e, WIS HE R f R, 0Tk vity 5] v b P 324 [
15 55 K v (B 4% B 00 0 AR BR B AE AR RE . R R X
ZIT BT e, B S B 5 R A 4R
5 D P A 0 g A 30 i) — o) %A TR e ) S R o 3]
iy 14) MR B e 2 1 3 T
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