ISSN 1004-9037, CODEN SCYCE4 http:// sjcj. nuaa. edu. cn
Journal of Data Acquisition and Processing Vol. 37,No. 1,Jan. 2022,pp. 82— 93 E-mail:sjcj@nuaa. edu. cn
DOI:10. 16337/j. 1004-9037. 2022. 01. 007 Tel/Fax: +86-025-84892742
© 2022 by Journal of Data Acquisition and Processing

MEL-YOLO:Z {55 AR E M 1R Bl & < 8 = xE L W 2%

AEE, LXE, AHE

(gl R 5105 B TS5, LI 201306)

W OEATETARZEMEL R ESE— AESHTHRBA LS AT (kB RAL B
g P2, BT TRHAMNAREEBERX R RAARSFERR T X EGRETANZEN %
MEL-YOLO. # YOLOV3 % i 5 s i 49 DS-sandglass #2325 &, £ 24 5= )2 5 3 5 A £ )2 — 4y
Yo FEAL 75 AR T M & R AL G B, OF BE B K F 51 N R 4 RS 1 (Complete intersection-over-union,
CloU) #= 3 7 % # (Mean square error, MSE) , 4 /% M & kM g6 2 51 . MEL-YOLO % £ 4o shdr
BEHCHE S5 EARRAR W B A 10090 5 B PR B e K 4k B AL A F 5 R A 98.7% A= 96.5% , £ T LK
# ¥4 UBIRIS L5 #1345 2] 92% 2 91%, 5234 REH :MEL-YOLO #& F) &% 52 LA IR AR M & 1212 5|
BoFpEE AL, B EREG BRKRD ZHREAR EBERN TIREEG A LT HEXE,

K ARZIL; BHIRA AR EML, A5 2, B3 AL %

hESES: TP301.6 MR AR A

MEL-YOLO : Multi-task Human Eye Attribute Recognition and Key Point Location
Network

WU Dongliang, SHEN Wenzhong, LIU Linsong
(College of Electronics and Information Engineering, Shanghai University of Electric Power, Shanghai 201306, China)

Abstract: The existing eye location algorithms have some disadvantages of single task and performance
degrade in complex environment such as illumination, glasses and occlusion, so a multi- efficient, light-
YOLO and lightweight neural network, MEL-YOLO, is designed for obtaining eye multi-attributes and
landmarks. Based on the YOLOV3 network, combining with the enhanced DS-sandglass block, a
denormalized coding and encoding method is used in the regression branch of key points to promote the
network positioning depth, and the complete intersection-over-union (CIoU) and the mean square error
(MSE) are introduced into the loss function, so promoting the overall performance of the network. On the
near-infrared dataset, the MEL-YOLO network achieves the position accuracy of 100% , and achieves the
attribute recognition rate and the landmark accuracy rate of 98.7% and 96.5% , while reaches 92% and
91% on the UBIRS dataset. The experimental results demonstrate that the MEL-YOLO network can
accurately obtain eye multi-attributes and key point information. Also, it is proved that MEL-YOLO is
small and robust, and has the firm generalization ability, thus applying to low-performance edge computing
devices.

Key words: human eye location; attribute recognition; convolutional neural network; eye landmark

location; lightweight algorithm
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Fig.1 System of iris (periocular) recognition
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Fig.3 Diagram of bounding box
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(b) DS-sandglass
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Fig.4 Sandglass block and DS-sandglass block
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Fig.5 Overall structure diagram of MEL-YOLO network
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Table 1 Network structure of feature extraction
iy AR L X ¢ Wik 4 15 LRI
384X 288X 3 Conv-sandglass X1 4 192X 144X 16
192X144X 16 DS-sandglass X 2 6 96 X 72X 32
96 X 72X 32 DS-sandglass X 4 4 48X 36X 64
48X 36X 64 DS-sandglass X 4 4 24X 18 X128
24X18X 128 DS-sandglass X 2 4 12X 9X 256
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MEL-YOLO £ J& PR BT 55 35 1) FAR 4 0 .

£3 AEIoU T XM # =

Table 3 Testing accuracy under different IoUs

115 WER %/ %
e 3 ElL A%
e NHREN, AR 2 gg;; IoU=0.5 IoU=0.6 IoU=0.7 IoU=0.8
EL-YOLO! N/ N 99.9 99.9 98.6 84.1
MEL-YOLO(loc) N/ N 100.0 100.0 99.9 99.1
MEL-YOLO(glass) N/ N, 98.5 98.5 98.4 94.8
MEL-YOLO(all) N N N 98.7 98.7 97.2 96.1

HE RN RESEOCHE UE LT SN R A 7R o 3R A F] UL, G H RE A P R ARG I R 22 R 2.7 00, R A L
NAGKBN T 96.500 0 F3 AT LA B L s 09 1 S5 G 00 38 22 B/, S I EN K B 1 9904 5 N MR A
918 22 fe K, IR AT 9000 Ze i o i 2 RS U e B, T AT O i i IS 67 v R (R 2 /D M RS
TR ) MU T2 < AL 0 = TR 2 > T IR 320 2% = 1 R I 30 5 > i L 320 % > SR A7 > N IR £



90 R EB L Journal of Data Acquisition and Processing Vol. 37, No. 1, 2022

R4 BEMSEXBIEMER

Table 4 Position about key points of overall and each category

25 EIEN AR £ P R £ R AR mEfliig Mg mESLO
d/% 2.7 4.0 3.9 2.8 2.5 3.1 2.3 1.8
ENHER R/ % 96.5 91.5 90.0 98.0 98.3 96.5 99.0 99.5

DN rh 3B 2 1T 9 IR B 67 2 73 S TR0 £ A X '
K8, sy R L R Fm 72 A IR, G N R A M A ._‘

IR B8 AR AT o 1 8(a D) — X RAMIL o) R N09s, LN094 () i{_é:d.9s, L_G:0.90

AR 45 1 4 38 HR % A% 2 ok XUHR I i &1 4%, o] LLE H MEL- '
YOLO 7] L4 8 58 7 IR X 38 | X 43 22 A5 HR A2 75 il R| g “
MR BT, L M e 29 ek s . B 8(c, e, DJR/R T : ,

(6) R N:0.97, L N:0.99 (d) R_G:0.99,

R P v a0 K HR DX IR % 39 Sk 2 1408 (8 4 L % O 8 2 )
0 0 319 B, AT LR B 67 3 28 I RRCR AN 2 R, B A
A e, R W MEL-YOLO RS2 R/ DRIP4 .
G F TR 2R AR BRI, A A4 SRR P45 4y IR B ARG 22 ] £ 5 5 (¢) R_N:0.99 () L_N0.89

Zoo P 8(d) 2 B S v S S s O B B o A R L A - -

Pl v R] L & S0 AL DX 3t /0y - TR T B AS R o 0 A 1
B0 2% TC R W ) B FLERAE . & 8( g, h) R4 2R

19 2 4~ 7, X 2% BE 8% 1 1l 5 B2 A7 IR 43 2 H K R IE () R Ni0:66 () L. N;0.64
TR 7 IR IR B 35 2 3 R A R R G £ 8 MELYOLO M#MWHIR

B T IO 265 43 2 1 M FE L (E1 FL A% 2K 58 25 5 15 6 9 0 4% Fig.8 MEL-YOLO network test results

Xof 3 Ml VT 440 11 1) 50 45 S 0 R E

ZE LR , MEL-YOLO a] DL v AR AR 45 % IR DL R 3 345 25 F P8 19 5% 0, BE [R) I5F 5 A HR &8 1k 31 391
SN Z TS5 BRIk B S PR I FH 2K .
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T HUE MEL-Y OLO B (i 4 34, A SCHE S A B R ROSE G il i 5 1 ) 46 285 09 (320 HE 45 2k o 30N
O A R BRBCHEAT T ARG SE 86 o Fr 2 (4) FTJT, 461 2% pR AU — AR B o H b 1R RO TT RE
S LA A AT 55, DR AR SCIR G T G A A B 8 7 L R SE IR 25 AR 5 6 iR .

R T R W 4 i A R AR RE O B2, 7E MEL-YOLO |43 5104 17 3 i AR 5F: 384X 288 X
1,384 X 288X 3 M 416X 416X 3, S 45 Fhnk 5 FioR , ol L& Bl A K/ R 384X 288 X 1 % R #5e 22 , H
S R B G R T R A B R AR T OGRS RS B L T DUR IR R A R
BN S B A ST R R RE B TR IR R I, B OGN A R I R PR T 1.1%, B AAR SO A 3k
P 384X 288 X 34 Jy MY 45 i A

o
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Table 5 Results of different input sizes

B2/ % .
¥ LTNGEE YN YR/ % S /MB
IoU=0.5 1oU=0.6 1oU=0.7 IoU=0.8
1 384X 288X 1 98.6 97.6 96.5 93.2 94.2 0.23
2 384X 288X 3 98.7 98.7 97.2 96.1 96.5 0.24

416 X416 X3 98.9 98.9 97.5 96.2 95.4 0.38
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Table 6 Results of different encoding methods

iR
WZRES W/ % Z Kk /MB
IoU=0.5 IoU=0.6 IoU=0.7 IoU=0.8
YOLO 98.8 98.6 96.5 95.2 93.2 0.24
xE\—1k 98.7 98.7 97.2 96.1 96.5 0.24

ST B A SR Y G B A g A S O T A RO BT R AN R /INTEL S Dl 384X 288X 3, #E MEL-
YOLO W2 (g Fe ity 143 948 Y OLO tfvaCs o5 G e 55 75 75 F1 25 05 — 10 0% 4 M 8 7 1k AT S 30 . S8 4%
AN 6 o, 1T LA A B T AR SC O 96 18 R 52 A5 R S S o 7 b A P BE AL 1086 7 YOL O s 5 4 i
Aty 7 2, D DR R 8 P 25 0 — 1k 1 0 17 B 05k {31 190 4% D 3% 42 98 Ll (—oo, + 00), T ANJ2[ 0, 1), Bl 2%
SE AN B 0 — 2B 4 R, AT DA AL U AT — G A o

T B AE MEL-YOLO Héﬁ%méﬁﬁ‘*h A SCAE 3F0 W 28 554 AT 1IN Rt , 45 R ik 7 B
7R, Jih DarkNet 0.25M 22 350 DarkNet 3l 38 5045 /N R R 19 1/4.
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Table 7 Results of ablation study

WAER G ORHEA

e 22 /0 e
E iy - 14 HERR R/ % ﬁiai/%%ij/ﬁfj/
GIoU CloU L, MSE IoU=0.5 ToU=0.6 IoU=0.7 IoU=0.8
1  DarkNet0.25 ~/ NG 98.7 98.7 97.6 95.8 95.2  1.53  1.31
2 DarkNet0.25 N N 99.2 98.9 98.1 96.8 96.4 153  1.31
3 MobileNetXt ~/ NG 99.3 99.3 97.6 96.7 95.3 216  1.32
4 MobileNetXt NG NG 99.6 99.5 98.7 97.2 97.8 216  1.32
5 MEL-YOLO +/ NG 98.5 98.5 96.8 95.3 94.3  0.25 0.24
6 MEL-YOLO N/ N 98.7 98.7 97.2 96.1 96.5  0.25  0.24
7 MEL-YOLO NN 98.4 98.4 97.1 95.8 94.7  0.25  0.24

RTHLE 1.3 5T 2.4.6 Hy 2 X L 5250, Pk H A 45 74 GRAE 2% 4351 i GIoU Ml CloU &
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R A AR 7R ROR B AR T S B 16 B0 T, A7 SR T LA 3 5 59 il A, 2 A5 780 1) P B 10 B
MEL-Y OLO 2 3 it 14 8 F0 6 1 4 6 s A0, o138 ] T30 40 i 4 -

Fe TR LR 2, 055 3FN A, SEES 51 6 K 3 41X B ST IS, 7E PR UE L Ath 5 56 18 T A [R] (G4 AR R R
Bt MSE i 28 ) i 48 00 B 0T S HE 5 2% pR L, K B6iE CloU Fi GIoU 3 2% pRBCE AT 55 LAY 1
it . AILLA th CloU Ml GloU #£ ToU HUAS [ 8 /L (4 1 00 T 320 HE o oy 32 1 g M 5 4E 99 %6 LA 1 B fd
CloU s &5 o5 52 A7 I BT 3R T i3y, T DAAR SCHRe 83 8% 7 CloU 48 2k BRI,

I Ja AR SCE MEL-YOLO 1 CloU 1y 5E Al 143 531K MSE 458 25 pRBUH L, 453 2% oR AR Sy 5 HE i 461 2%
PRAR, IEXT SR A R . R TSR 6.7 W LR, @ﬁﬁMSE??%&%&H#%%ErEi{ﬁﬁEUJ%ﬁ%J
97 % , T A FH L, 41 2% BB 2 5 U3 2 RAT 95 %, I LS SCHRR X 6 % T MSE i 2k e %k .

2.3 BEERMRRMERERTEE
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5 1% R R B PR BE L AR ST HE AE UBIRIS. VS0 821 1 347 8 1 1R )
Ko S AE AL AE R 1 200 5K B R AT AR T T D03, A v R 43 I
S5y & 9 A E 10(a,b) s . Al LLE HBAR MEL-YOLO A 76
A UOGE K T2 (0 MEL-YOLO # R BE 8 5 o1 AR X 46k, 47
Fe AT IRV DA B S i 5 v 22 30UAT: 55 o fe X MEL-Y OLO £ UBIRIS £ - 2 A
P FoE AL MER IR B T 9200, K A R IR F T 91% , B MEL- K9 UBIRIS B i 4035 (% &
YOLO A LA v o't 52wl , 76 11 25 v BB 0% 6 £ B IR ARAE Fig.9 UBIRIS label details
MEL-YOLO ¥ £ F1 At A HRAH OG5 1 M R n 38 8 B , mT LR 3
ARBETE NIRSE AR T A, iy HLd o] LAMES X 4 O e
T2 5 B AR B A B G B A v, K MEL-YOLO M 4%
B [ 37 508 B R BU(FLOPs) 7 0.244 GB, 2508 K
0.246 MB, Mt EL-YOLO 3k , AR SCR 25 fE G 1 — 5
200 R 1 S i 5 ) S L5 A @ RN (b R N0

S %, BAAKRSE, MEL-YOLO J& % & Al i) £ (T 55 # 10 UBIRIS B0 8 I LR
mOEASBHA AR B EITE RS BT, Fig.10 UBIRIS dataset test results

*8 AREAEMITHEHEM MR
Table 8 FLOPs and peformance of different methods
ANMREM W AR SR S e

ik e s e ey o/ MB ITRE/GE

HOG #1 SVM"™ 99.9 — — — —

T3 b LA 99.0 — — — —
EL-YOLOY! 99.9 99.9 — — 0.1199 0.140 7
MEL-YOLO 100.0 100.0 98.5 96.5 0.246 3 0.244 4

3 H#RIE

ST R AR P (O AR G 0 X3, | 22 A IR 2S5 2 75 IR 8% ) A o A s AR SR T —
AT M 26 MEL-YOLO, %M 7E YOLOV3 K FEhl 254 1 2tk B Sandglass LR, £ X S48 25 AT 55
P B0 — AR A g i D 7 2R 5 LA T 3 Ak R 8L CloU A MSE. 5 HoAth AHR 52 037 N 4% A L, MEL-
YOLO BT 45 W £, HAESFIEM e bs LA RBIR B . ZHE R 24058 0.246 3 MB, i B &4
0.244 4 GB i3 A A e 2t Bk & Lisfriee 1. LI REM , MEL-YOLO M%7 AR &
P U 0 57 357 9 1 25 98.7 %0, b AN AR B U M TR o A R 100 0, SR B 1 TR HE B 2R Ol 94.6 %05
K A5 O HE BRI R 96.5 %4, R I AE AT WG & UBIRIS %4 4 b Ja E TR 591 G B 5 8 7 Ml 5600
BIAEE] 92% F1 91 %0, AT LATE Z2 0635 B8 T o o i 0 A AR J P 5 58 B S B AT A AT 55 o AR SO Ry o
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