55012 1] S F o Vol. 49 No.12
2021 4E12 A ACTA ELECTRONICA SINICA Dec. 2021

R 30 AL AN e 2 4 R o T ) AT A TR )

EFHLE LR R EER AR F B RAET
(1. AP TR0 B P B 5 0 TRHHOR B b, TP 330013,
2. BB VP AP AR5 SRR BT A SC 505 T ) 330063)

 E: WSS FORRRER Y R ARG I BIRE B RN R | AR SRR S — b 3 T R AR 4 B A 39 2 A
Tl A B R AR IR s AT T 3 A 1 A B R 5 TR A B AR AR 25 6, 1 20l ek 3 26 e 2 0 o e e TR, 0
TR b PR SRRE (o SR AT 1 B VR R A, M T AR5 2 A0 3 1Y 22 Jo A G AR, SR T S 455 1) B LR AR TR 1 1Y) 3k e
TESEA TN LR LA FEI IR G . Sl R I, 76 & AN RIS 2 0 A0 o B AR P2 b, AR SOy B A [RGB AR Ak
TR RE AN [ 35 P4 45 AN [) 3 5 0 NG PRV 240 e BRSSO R RIUR: , 5 — A8 45 7 s A EL AR S PR R IR 3R T,
HIXTF VGGNet Fl Sphereface P F G HE 5 1 78 = ZHAS [RIASUR 82 00 34 P 15 4 19 ST 351350010 2R 43 31 4 15 2.18% 1 2.20% , H.
7 5 TR R R R G e

SEGEE . RDHIAJRARG; ERAESRIG AR, RN R

hESES:  TP391.4;TN9I1.73  3CEEERIRAG: A XERS: 0372-2112(2021)12-2437-12

BB FZ# URL: htp://www. ejournal. org. cn DOI: 10. 12263/DZXB. 20200599

Rotational Delta Modulation Feature and Its Application in Blurry Face
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Abstract: For the accuracy and robustness of the blurry face image recognition in various special scenarios; this paper
proposes a novel rotation delta modulation texture extraction method based on trace transform and delta modulation encod-
ing. The method combines the communication speech coding with the image transformation technology. Firstly, the whole
image is scanned by the rotating trace line based on trace transformation theory. Secondly, the sampled pixels on the trace
line are encoded used delta modulation technology. The global ordered structure features are obtained in various angles. Fi-
nally, the features are trained by support vector machine for blurry face image classification and recognition. The experimen-
tal results indicate the proposed method has the better performance of blurry face image recognition under illumination fluc-
tuations, various camera angles and image occlusions, and so on, on a variety of low-quality face image sets with different
blur levels. The average recognition ratio are increased 2.18% and 2.20% compared to VGG and Sphereface methods on the
face image sets with three blur levels, which indicates the proposed method has the higher accuracy and better robustness.
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AN NIHE FE b S g 45

F4 ANFREFEESHBETHIRNER%)

CASIA-
(ERFS ﬁf Webface AR OFb

F(1) | F(2) | F(1) | F(2) | F(1) | F(2)
256 | 96.07 | 97.33 | 97.47 | 98.08 | 98.13 | 98.33
128 | 96.97 | 97.01 | 98.33 | 98.82 | 97.88 | 97.75
64 | 96.13 | 97.33 | 97.75 | 98.58 | 97.25 | 97.75
32 [ 96.99 | 97.67 | 97.50 | 99.16 | 98.38 | 97.87
256 | 96.44 | 97.67 | 96.67 | 97.10 | 96.62 | 97.25
128 | 96.89 | 98.71 | 97.23 | 97.35 | 97.19 | 98.62
64 | 95.33 | 98.33 | 98.05 | 98.17 | 98.87 | 98.50
32 | 97.56 | 98.01 | 97.70 | 98.78 | 98.25 | 98.75

XA 4 AL, BT RO G o3 s Dl 2 TR B
AR T A 25 55, AELREAS AT LA i 007 181 3 it 2
S PEUFE R TR M R BIECR . BRRE,
ARSI B T A AR =R B4R LR B T LLLE R H
I 20 A0 T A U 22 I 255 4 5 VA AR 2B 4R 11
P AR 3K FE 70 3R WA SCRRAE $12 3007 125 76 A8 03 4
SROE R NSRS 7 A AT SE 4 O PERE DS

RDM

RBDM
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5.3 EMARETSEERERSSH

Oh U6 U T B R AE O G P54 1 8
7] P 2% 5 B 7 552 B O P, 4845k SR B 210 1) P 1500y B
RS OLE 2, A SOR DL = 2808 4 73 31l
HEAT AN TR 2 531 1) e 300 B ASRMA Ack B (R A RS KA Bl 46 )
JaFREAT U]

PR S5 R A s 3 0 A X P AR AT O A
H RO 405 22 o BEEA 4.0, X Kt 4 v 1R ot

RS

(a) JEIRPES (b) —ZATH
12

R5 KRXFTIRERESEMEIEE CASIA-Webface EATIRF 2 (%)

AT = FPAS [ AR, — ST R FH 77 1) s s Al
M B(1) , —GBOIR F 9x9 i m i iiic h B(2) , =
FUBORIR ] 1111 B s AR ek B(3) 5 881 AR ARG
J e T I MG A B oy R 5 A B0HE SR A L3/ (Y
R 40X50, 50— GASOR SR FH 3% 3 1 e AR Al , A
B 2R FH 55 0 v ST R M , = B SR FH 7x7 1Y) 1 S A
M, Tl 12 J5 i NS PRI 5 AS T AR A B 14 T A5 %
. ZERR 254 F , RDM F1 RBDM 7E = Fh&dli 4 i1
POMNBCR 73 i 5~7 Fiw .

(€) M (d) =Y

e IVVE S

R7T AXFTREEEEMEIEE OFD _EAYIRSIZE (%)

" CASIA-Webface OFD
AR FZE F(1) F(2) EERV ﬁf F(1) F(2)
B(1) | B(2) | B(3) | B(1) | B(2) | B(3) B(1) | B(2) | B(3) | B(1) | B(2) | B(3)
256 | 94.87 | 92.40 | 91.40 | 97.89 | 96.50 | 96. 67 256 | 96.75 | 96.63 | 97.25 | 97.34 | 96.08 | 97.26
RDM 128 | 93.30 | 96.10 | 91.17 | 96.89 | 95.67 | 93.83 RDM 128 | 96.63 | 97.75 | 97.63 | 97.60 | 97.03 | 96.09
64 95.67 | 97.87 | 91.83 | 98.22 | 97.83 | 94.17 64 | 98.05 | 97.13 | 97.00 | 98.28 | 98.02 | 96.03
32 97.87 | 97.77 | 94.40 | 97.11 | 97.00 | 95.83 32 97.63 | 97.13 | 97.38 | 98.75 | 96.92 | 96.67
256 | 96.98 | 94.37 | 94.62 | 97.94 | 96.62 | 96.75 256 | 96.56 | 95.62 | 95.12 | 97.87 | 96.25 | 97.71
128 | 96.91 | 96.69 | 93.75 | 97.59 | 97.77 | 97.35 128 | 97.34 | 96.04 | 95.59 | 97.56 | 96.04 | 95.12
RBDM RBDM
64 97.86 | 96.42 | 95.14 | 98.25 | 98.10 | 97.13 64 | 98.03 | 97.77 | 94.14 | 97.85 | 98.25 | 96.75
32 [ 97.95 | 97.50 | 95.33 | 98.47 | 97.91 | 97.78 32 |1 98.65 | 98.72 | 97.07 | 98.72 | 96.47 | 97.92
F6 FXAIREEEEMEIRE AR FRIRBIE %) /NIRRT R i T e M A R R T i T
- AR B TCAREE | DRI e 2R G5 S AN . X TSR
L F(1) F(2) KR A SO SR AE =R AR BRI R h
B(1) | B(2) | B3) | B(1) | B(2) | B(3) TR BRI AR IR T B i 2y L S A
256 | 97.88 | 96.70 | 97.33 | 97.51 | 97.97 | 95.51 IR E
RDM 128 | 98.79 | 98.50 | 95.67 | 95.85 | 96.24 | 95.28 B RDM .RBDM & RDM/RBDM+TT (i Eil-& 45354351l
64 98.25 | 98.54 | 95.33 | 97.62 | 96.72 | 94.99 5 LBP \ﬂp}%ﬁ% \Sphereface[m \VGG19[28] ResNet101 [29] .
32 |1 98.96 | 98.85 | 96.92 | 97.10 | 96.84 | 94.85 DenseNetBOJﬂ:ﬂ SE- ResNeXt“” DPNBN%:ETUJ:j
256 | 96.67 | 94.47 | 92.56 | 97.63 | 96.89 | 96.01 **ﬁ*ﬂﬁ%ﬁ%i # XT [Z[Z;Eg\ @1%[1#%41&1;%
REDM 128 | 97.23 | 97.45 | 93.25 | 97.33 | 95.67 | 94.73 *ﬂ\qu&jﬂ256,5ﬂ‘@1§ﬂ:@JhmF(2) 23 ?E{E,%
64 98.45 | 97.16 | 98.67 | 98.17 | 97.99 | 95.58 %jgﬁ%ﬁﬂ%\:{fﬂiﬁﬂf\‘ E?ﬁLBP\l/JI/}EﬁS,H\EﬁfiTE
32 98.90 | 98.96 | 94.25 | 98.78 | 97.44 | 96. 67 i/[l %IJ %3 T ﬁ iﬁgé Eﬁ I 2% EE .VGGI19. Sphereface /%-F %: /215

i PAE S T A 2 R R — 51
— NI AR A U1 B AR T IO R, S AT
TR Z RURAENS REMS TE 2 {8 B IR KR L AR R
S E] PR IR A B SR AR SRR 5 5 — 5 D, 24 O
JRBEGT FEIE AN AN SRR , 7T LU iR 5

FIL 5, (Bl 2 BOR B 04 38 14 B0k U 3R B R
T B 5 4, RBDM W& U T RDM 8.9 , RBDM %5 %
BT ARG R AN SIGE RE T IRER
F Jy AR AT, [R) EE 2 A ] — 2 b A e ) A () B 2
FERRAE SRR M EHMR A5 B 5 . WA L Al G
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AR AR W A SR A R R AR R T2
PR A SO R Bk B B AR R BLELAL T OISR Y

— 2B 28 #LA5 9: F VGG 19 | Sphereface 55 50 1%, 5 5256
AT .

®8 EMBIRE TAXMRE XS EMEENIRRIZE %)X L

s CASIA-Webface AR OFD
Pk B(1) B(2) B(3) B(1) B(2) B(3) B(1) B(2) B(3)
LBP 91.46 90. 10 86. 89 92.05 88.33 86.26 90. 10 86. 89 83.21
Trace transform!'™’ 90. 56 89. 66 85.13 89.91 87.26 87. 19 91.79 91.46 89.78
Sphereface!”” 95.35 96. 22 95.23 97.43 98.35 96. 63 96. 68 96. 35 95.39
VGG19PY 96. 81 96. 48 95. 87 97.24 95.42 96. 55 96.95 95.53 96.95
ResNet-101" 97.82 97.56 97.32 97.85 96. 59 95.79 97.56 97.54 96. 54
DenseNet"™”’ 97.35 97.36 97.32 97.59 97.56 97.17 97. 15 96. 32 96. 58
SE-ResNeXt"" 97. 65 98. 01 97. 65 98. 02 97.35 97. 86 97.98 98. 01 97.65
DPN 97. 67 98. 02 98. 17 98. 89 98. 02 97.82 98. 89 98.25 98.17
RDM (ours) 97.89 96. 50 96. 67 97.51 97.97 95.51 97.34 96. 08 97.26
RDM+TT (ours) 98. 95 97.33 96. 47 99. 36 98. 62 98.37 99. 01 98. 56 98. 09
RBDM (ours) 97.94 96. 62 96.75 97.63 96. 89 96. 01 97.87 96.25 97.71
RBDM+TT (ours) 98. 62 98. 12 98. 40 99. 04 98. 87 98. 59 99.29 98.23 98. 25

R T W R A SCE R R A A BT
CASIA-Webface , AR, OFD A5 R 5408 £ - (1) °F- 415501 5
Xof L B s o P 13, AR I Bk M, E = R ORI 950 1
AR SCHE Y B A AR 0 B i T AL G
LBP 5l A8 i 53k, X HE VGG 19 3k K Sphereface 5k
) - 4 PR 0 45 ) 45 5 2. 18% il 2. 20% , It H 4K 9K B
S TR 2 ) vk RN R 25 i 2 O S AROR
P A WA = NI I B Vel 7 N Ly o S ey e |
PG B NSHE IV R DL . 1A OO R AR Kbl 42
R TR E RN SR X EEREH TR
LR A TR KR AE 2 A B 2 RUE DL R 2 4 (]
V5 EURTERE 5 1 3 B R 5 = e AIE ) I HRAE , 2 —
PR 7 A SRR AE SR i . i3 TR 4 T Y
T5 e UG A0 45 R PR EA T R R PR P AL, R
Je X UG AT U (RO BRI a5 5 B SR K,
6 % o 2 X 4 A S T 1k ) A 3OS REAR g 1 2
I HL 28 5 1 B AT R AE 8 A (RIS 1) 45 [ 445 4 2 A

100

95
90
85
80
75

SEHRGIZR /%

— M gy =AM
u LBP m Trace transform »VGG-19
Sphereface = RDM mRDM+Trace transform
= RBDM ® RBDM+Trace transform

B3 ARG A E P 3R A0 L

fiE, AN AT MG ARRAE T i AN AR M A5 DRI AR SCRE T 1)
PO PERE NS (5 L
5.4 ARZMIMETHEMARIEERS D

AT SR REARTE F AR BUEAE TR [R]DG HRFIAR [ 3
PHI M G LA B OF D B4 4 b AN [R) 68 A1 3 i ARG
5. Horp AR B0PE 4247 120 2 1680 Tk A [R] i BE A K
B AE (14 5K/25) T 120 2 1440 5K 2 FioAS [ e R4 25 80 A
J6 KR 4E (6 7K/2 F/28 ) ; OFD B4R A7 1247 25 23693 5K
19 RO [RIFAER A B2 S B A (19 5K/28). Bl bR
)6 R AN T8 A RIA [ 30 124 253 55 e R o0 A
EMEREBIANIE 14 s . Hodb 14(a) 9 AR B0 5 4 AR TA]
R G s 115 14(b) R AR i 42 Ho A [R)HERS 1Y)
NI VG R A9, 3 B AL AR SRR P A T 1 5 14 () A
OFD HH 4 N [ A B I G 5o 141

Sk B0 IE B AR N [RGB [ A 5% A B DL RS [
PS5 5 T AR IS AL RE AR k8 T
PERE S0 (1) RBDM+TT B3k B A7 5% FL 3286 . 1 58 R
5. 3795 Ut AR A AR Ak B 7 0 A R R AT AR Ak
L5 B(1) B(2)F1 B(3) =Fhf 2 90 i AN RIMZ
Herfr 809% 11 I 24 , 20% 1 Jr R 4L | AR5 43 3 22 1K
AT AR B AN [R]85 5 FUOR [R] 048 AR BE T Ao
RS B R 3 SE 56, LAY B3 PR D11 b A R ) R A
R[] Iy e i 22 Sk . IR A AN o~11 iR
BEAR, e A B OK B 2358 256 , i R R ECh F(2)
B[R] 25 S8 451 R, FR AT 1K RBDM+TT 83k AL 505 13
Il — B S A R B 2 2] BRI AT T L, A5 R Ak 12
FiR .

AR B8l 5 AN TR] G BR S [ 8 24 % A5 R G (%]
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°g? 2PR

(@) ARAR[EYERE (b)

m

AR AN [P

(¢) OFD R[S E

El 14 AS[EGHR AS IR HERS RIS [RH04 A 7R 4]
=9 RBDM+TTEAENEREER AR LIRS (%)

I AR
ik B F(1) F(2)
% ey | B2 [ B3 [ B | B | B3
256 | 96.38 | 95.17 | 95.44 | 98.65 | 98.62 | 98. 56
128 | 96.21 | 95.69 | 95.35 | 98.24 | 98.45 | 96. 45
RBDM+TT
64 | 98.46 | 96.42 | 95.14 | 99.02 | 99.05 | 97.23
32 97.03]97.82 ] 96.23 [ 99.35] 99.02 | 99. 04

B 25 TR W RBDM+TT X AN [FE IR AR [ 324
ARSI IS PR B AT B i) UM BE , O AT B
PR B S AR A5 2 A S BOR I R BE B K I 5
B G, Bk — 20 M Ul W AR SCRE FE R 3 5 T Y

10 RBDM+TTZEARREIEFL KA AR ERYIRAIZR (%)

V3 AR
(N7 3 F(1) F(2)
% gy | B2 | BG) | B | BQ) | BG)
256 | 97.67 | 96.37 | 96.32 | 98.45 | 97.62 | 96. 53
Rbpyery 128 9723 ]97.69 | 96.25 | 98.19 | 97.87 | 97.85
64 |98.25(97.07 | 97.46 | 97.96 | 98.05 | 97.03
32 |97.17 | 97.89 | 97.33 | 98.33 | 98.21 | 97.33
%11 RBDM+TTZEAEHE A ER OFD LHYIRHIZE (%)
I OFD
Bk i3 F(1) F(2)
% g | B2 | BG) | B | B | BG)
256 | 97.17 | 97.33 | 97.32 | 98.96 | 98.23 | 98.25
Rppary | 128 9719 ] 96.39 | 97.17 | 97.32 | 97.25 | 98. 24
64 |98.22|98.17 | 97.65 | 98.96 | 97.33 | 98.36
32 [ 97.96 | 98.75 | 96.96 | 99.23 | 99.17 | 98.07

FREYE . MO A SCRIE AR ) 5T 4 A [R] D' HR
NI PG B 3R 331 L T8 445 28 280 Y N I P14 A 131 B .
A AEH 5 RO R P AR B i — B
PRI L T 2 A B R R PR B () R R R TG
VA A B R PSR B A SORAE AR B T R

F12 EHEIEET RBDM+TT 5 EMEEMIRAZE (%) XFLL

AR OFD

Ak NGB ENGibSE] UNGEG R3]
B(1) B(2) B(3) B(1) B(2) B(3) B(1) B(2) B(3)
LBP 93.05 89.33 86.76 91.03 87.23 86. 16 90. 17 86.29 83.31
Trace transform'"™’ 89.71 88.26 87.39 88.91 87. 16 87.01 90.29 91.56 90. 18
VGG19P¥ 97. 84 96. 02 96. 05 96. 84 95. 82 95. 85 96. 15 95. 33 96. 25
ResNet101 98. 25 96. 59 95.72 97. 85 97.59 95.79 97.26 97. 62 96. 34
DenseNet!*" 97.23 96. 16 97.27 97.49 96. 58 96.17 96. 15 95.32 95.38
SE-ResNeXt"" 98.22 97. 65 97.96 98. 02 97.05 97. 46 96. 98 97.01 97.25
DPN'* 98. 29 98. 02 97.32 98.29 97. 02 97.22 97. 89 98.25 98.15
RBDM+TT (ours) 99.35 99. 05 99. 04 99. 45 98.21 97. 85 99.29 98. 23 98.25

OFD i £ v B9 AN [R1 3428 £ 2 A AR I 1] 15 1)

SE A RR W] R E A ECH F(1) (F(OEBL T, RB-
DM+TT XA [RIFAHE AR BT ARSI UG AT 34T 1)
P fE . RBDM+TT 7EZE A THEAE $2 HUA , 38 228 300 28 e 2 X
EMGIEAT 4, BEE T8 A8 R A5 1 R 1E B A RST AN
A PRI A [ 32 10 A PG ELA g R, . T
] B R FE R T RIE B G E X R, ARG
2 (A R, BEAT 1 T4 SR A G g U g
ANTA] ) B RS AR A R, AT LBP i
AR L RBDMTT 5332 B AR ARG IR 3 1 R e K
PETE A T3 TR 4 S (Bt B — e e,

IRFEAE BT RAE SR U, SR T 1 TR SR 19 75 2, %o
TR IEAS] P15, (LI gl SR A s R AR OC S AR AR XS T
5 T PR SR AT e B DR, DR Ik i SR Ao Ty )
TR P AR TR T IR S S Sk T
R RN SEN IR A o T GIEER (R SV S SR E SIS 524
BUIRES) LA R TR

6 Z5it

ARTCHR T2 T 30 7 F AT 9 ) ) £ e e 1
VRSO Ik SRR BENZ UE Z M8 %
2R L ERIBCH R R B SO . 3 2 R P X S5, 25
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TR R AR SR B BRI AE LA BB B 4R 1
PR AR IR A BE L 78 OF D BRI A J22 Hr i 1) 2%
353 99. 29% , CASIA-Webface 18] A G B2 % | 35 3|
98. 95% , AR BRI IG5 %1 99. 36% , #4177 H A (1)
Seit i AME G T UL A A SRR RS B B 4 R 45
PP G AR T 22 4 5 R TP R R T 2 i AR A
WG UG, B s RS R M R G (S AR
S I TR SIS WA AR U, 55 Sk Pl AR B LA i Pl
R BT ANE, 55 A o BRSO SE I 4, TR 2R
N A ASCR R B R, AR SCHE HE R e
W AR PR A A A S et 5 iz fkhe
SRR A =, A 5 T IR SR ST TAE.
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