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Text detection in natural scenes based on attention mechanism

Zheng Anyi Mi Yong
(School of Computer Science and Engineering, Wuhan Institute ol Technology, Wuhan 430205, China)

Song Pengpeng Zeng Xiangjin

Abstract: Aiming at the fact that the importance of global features is not clear in the text detection of natural scenes,
which leads to the misdetection and missed detection of text in the text detection process, a natural scene text detection
method based on attention mechanism is proposed. Based on the CTPN network, this method uses the ResNet network
and feature fusion technology to extract deeper multi-layer network text features; at the same time, the attention
mechanism is introduced into the improved feature extraction network, which is enhanced by the same features
gathered from all positions the original features, and the attention weight is obtained, the global attention is collected,
and the features that need attention are clarified. Secondly, for the problem of low text positioning accuracy in natural
scenes, GIoU loss is used instead of coordinate loss, and the Focal Loss loss function is introduced to improve the
original loss function. Experiments show that this method obtains a recall rate of 83% , a precision rate of 87% and an
F value of 85% in the text image detection of natural scenes, which ensures the integrity of the text information in the
text detection process.

Keywords: text detection; CTPN;ResNet;attention mechanism;GIloU;Focal Loss

a4k B4

0 35 B

TE (1983 5 rh A 2R BOCAS AR B A AR 2 S PR i A »
AT AR BAR GEE BEE NILE O TR LR
TP R Z 1 L BRI AR iy AR I 5 R
PO 2L A AR T R T 35 SCAS R AT 55 5 B A P A
G Py A AfR A A L R S T A R ) PR O AR SR F 5
SUBCTESCA AN L A A I SCAS 57 T I Y 2 B ) AL TR

W5 B 81 :2021-05-24

FERMEFMAABRM2ZRE, ARG R AR TF A
B A5 (N 30O ) 288 L RO RN — (13 J7 AL
S E Z G A B R B SRR T IR G0 AT
RAFTAIFRR . STAFER B A0 T I B 5 ) S
J 3 HE W SCAKG I 7 SE L e A TR B S B B, B2
BHCR B ARSI T OO KA B M A R AR B, R
A IS BRITE T = 10 SCAR J5 Tl AN 38 RS0 A 5 0 A 00 4538 T Y
F b A I RE AR E B2 P T SCAC A 5 2) STA N B R /N A — i

s HETME - MEAARAFRELITE (61502354 I BT ITEOATIFLIME (D20171503) RN TR R M A LATAUHEZLTE

(CX2020214) % )

¢ 122 »



N
N\

RE

FATEEANF N ARG T ILER

514 81

BT A AT G I A BE 4R T 5 3) SC AR HE B 5 A 7] 5 AL O A A
W BRI X 43 B 4 A LA A

X E A R T KB MIRE IR T EAT
YO A WA TYGE, o, RE T EA DR T EIAC
AHE B SCAKE M . fn: CTPNE- [ 25 R 41 g 82 0, il T30
7% R AR AR B () R, T BRI AR AT R SUAR AT 24/
SCAAT B i SCAS S AR 1 R R f O B 1) O R R AT 4R
BU7 i 7E Faster R-EONN"AY SRl B 7 4 B 4 24 > 3¢
KB FFEAL AT BILSTM ffi 18 X T 304 5 %) 59 46 )
MEEEFERA. HDETIHEXSH B ARSI, W,
EAST'" W45 R i 42 ), e T 3 T 815 SCARHE 7 33
fEEHEHE L L IE HE UC ficl 3 72 A G FE B B 2, SR BT U AR K
EHEEMERELARERFT. CTPN W% E 8 % H
VGG16 5 R ZETE Y I 45 S 38 BUSC AR FRAE 78 457 1iE 32 A %o
PR AT B L B A W B A R % o T L MU TG 2% A B[]
AR L&A T2 REMRREL. F0 T M
LR VR P R BRA L Bl G R A B AR N B3R L IR I 1 X
5 B M AR be 4 25, 045 S A AR 00 (% 340 590 0 T 00 6 7 M
RUfnag .

X CTPN M 4% PAFLER A 2 AR SR T 35 1 M 4%
MR 25 ), 157 A ResNetb0 15 Sy 2k il 43¢ 1F $2 B W 4% , K45 15
SA T R B IR 2 YR SO AR R AT, I S E R A5 B R R
28 2R RRAE , 51T B WL 0 A AF 5 T R P Y
FURE . FRCAREIN A SRR 5 R A B AOAS L, TE R 3
HR DA AE [B1 05 B ) SCAE HE LE 35 2R R R (generalized-ToU,
GloW™- , [A i fd | Focal Loss'™ i g< mELICE A 7 5 17
. A TICA A s R A ) 2 e CTPN Y i L 9% L 41
PR FIF 58 JOL I 44 A7 T 9 5 T R BB ST AR A U A 11 o A
SRk B AT IR T AR EMAEE. 5 CTPN M
b AR SRR T SCAR 45 B R s B

1 CTPN &i%x

CTPN Bk A7 SCA RN S B4 T Ffl FH VGG16 3k
B A BRI Conv FRAEEL SRS M H 3 X3 Mg o M7
i AR IR s R R S5 H 256 R IEME . A T iE
I % o RUBE W SCARHE , 12 1 10 AT 2 80 16 pixel, 7 &
M 11~273 pixel (FVRER 0. 1) ARG B4 HE . A5 Hp 2p g%
AT B SORRE T fE 2 SR UA M 2 ERIRR
o T B AL B SO AT B — R AN SO
SCARHE B AR SR B FE SRR L, A HUFE S R 0l Bk
OO (T A B R I, R O R S gl 9 LSTM X 785 4~
B SCARBEATIR A L ooty . el AR 2R
A EH . CTPN BRI R g5 R 1 R .

2 ETEENNHNXERNE E

2.1 FEARHK
TR GE b 42 sy BT SCRRIF 9 A R 1 6 T 2 A

UANBEH
‘ﬁéﬁ)ﬁ

8| ”szMﬁ&

I ik

FI AT W R T R 7 2 X 4 R e ik HEAT R 3
B, SENet  GENet'" F1 PSANet""*! 0 i3 T 3 45 i A
MMEE. FR22ERITESHFENCR. EEADESR
CBAM™ ]38 1 %5f 7S ] #9388 05 1 2 Jua) 5247 25 8 45 e, {7 99
N AT TR BOIRLARAE . fH R X B Ty 7k SE ISR B 1Y
SR PR B R TR R L XA T 2 R AR AE B AR R B R T S
S RNk

GONet™ = FI ] NLNet™ 5t 4= By R A 224, il
AT LB R A B O M B AR AE s R SENet 5 & 418 % . i
FLRT DA (8 B4 4 A T A 3 T BL AR A Tl A Y 4R R 4%
. T B F A Bl AR 45, A0 B AR R L S04 R 4
GCNet A] L $£78 , NLNet # SENet 5 7 B 380U

2 BN O RARIESR A 2 s, AT

N
» w, &%
N

e
W‘,d; PWI_I])> (1)
Ee e
m=1

ALE2REE I RE,

2, = x, +W(,.ZR6LU(LN

s
— v
EC #Fm
() =W, ReLUWN W, (+)) ) FRMIIAT, hiELE
FHAL,GCNet R F B 5. DILELEREZ AN LT X
FRAE M AT A AR s 2) 3 o R A e AR G A RO 3) SR T
FEONI0 s SE PR R R

;H\:I:F‘y a; =

CxHXW Context Modeling

Cx:H!/L IHXP /inM;l
Cx1x1 :
' W,
w,

210

K2 2R/ BTk
T A SENet g% & 28 ¥, GCNet ) F 5 #5128 #

« 123 »



Ak W F o

F R K

BRAE IXT B ERERNERE C - CHERNS
WK 2 CoClr, b r BIRBULER,C/r R B
PR L . AR o I S04 46 B 380, XL B9 18 Ak AR 15 IR
e U 7R ReL U ZHIOINA T JZ BLIE AL HT LA R AR AL . JF
R FAR g — A IE WAL A8 BEATHES™ o 3330 T XF A I A0 52 47)
SAEEA ECEZAMEN. B335 GCNet £LHkBE ]
VAT o R iF T, S AT 58 b 8 O P A B AT L,

G —ABBUR RIBCE I IR e R .
2.2 4F{EIR BR R4 RO mLs

i T i CTPN 3z A K ) B 4% 7 5 T 42 B 72 h BE g
1 5 B IR R R B SUAR B LA B B B SO R AR, AR S
CTPN T ik g el ot aff TR IE SR M & 351 AT
GCNet R 1ML . T BB 9 3CA K00 15 4% o JH A% 00 42
mME 3 A,

M BEER HEEXA
BRE 64 7x7 112x112 B
Conv2 x |#BE 64 1x1 =
ERE 64 3<3 p= -
I Ei}g 256 131 5656 Conv 2d& BNE ReLU B2
Attention GCNet
— R
Conv3 x |&ME 128 1x1
BHE 128 33 BHE BRE BERE l
4x | HHE 512 1x1 2828 1x1 3x3 1x1
B
Attention GCNet
Convd x [#ME 256 1x1
HHE 256 33
6 | #BE 1024 1x1 14x14
FREELR
Attention GCNet features

512 1x1
512 3x3
2048 1x1 77

BRE
BRE
3x [ BRE

Attention G{Net

Convs_x

&l 3

7 FI F ResNet '™ M 4% 47 SCA R REE S BA, BT
T2 AN [F] P 48 J2 IR 2 8] B9 R AT, 3 ResNet MK #1T T £
BERERLE , R FARRERLG F AR ResNet50 111y Convs_x
fitt i AR K 45 2 B R IE 5 Convd_x B FRAE 34T BE 82,
PESEFEFETE BT, B8 T 30K A R,
R T WG R 2 D B RRAE AR B FE RS T S A E B
GCNet, xf & — 2 ¥ i 09 SCAR R AR JH 1 X1 B B
softmax HERAFE B HINE R FIITERE I ILLE KM
Aoy LR SCREE , Z SR B A 1 X1 S BUR AT R A B I
JE R 2 R B SCRAE RS BB I RRE, 5
U S g R [ SCATE,
2.3 mEEEME

TEA 2 2% H L 5 0k BR AR VR P 4% T 5 B skl
R T KU A 41 2R BRI B R Il A% 4 Sl TE T M 4% B
B R B, AT B TR I B WO A R . CTPN
FEMAT PR AL, 26 U AE A AR [T A 4 A
SmoothL1 #i 2% s %, A 2 B2 B T 238 U 12K R
. AT

1 ,
L(s,,v,,0,) = VZLE[ (s,,8° )+

Ar DL A ,
VPZLU(V]WV] )_._N”ZLO (0,50, ) (2)

¢ 124 »

Heconvolution

(14x14)

T

WS BB R A

Hir, s, v, .00 TRMETME H; s/ = (0,1}.v]
0, FARAMARE ;A F A, TRV FEATL 5 B RINE,
RIFLE I E N 1.0 f 2. 05N, N, N, Iirfitk S5 %
R X AR 4 il PR I REAC L=

CTPN f A SmoothL1 45 2% o8 ZCAE Sy 1] 2 750900 57 2% 4
T R R DO HEE 4 4 — B0 AH R AU A K SR .
[ 4 Jit s, i R 2 HE A B S5 4 A AR AE S 4R AE Dy S
HE . TTLLE ] 3 4 AFFHE SmoothL1 #i2 4R B . A ARHE S
BSAEN ToU RAARK, 76 BARK I g, ToU 1 LUAE Ry —
B B AR ME AR B A LU MBS L &
PP 5] B 1D 24 H FRAE 1 H SRV A A3 B, ToU 2 0,
I B AN i Pz B PR 22 1] 1 B, [ T 2 eR A O, A B
FE B, kg AT S0 B . 2) XY H AR T B SEHE A7 A F
B lER et ToU MR (U PHAE B A AR . #F XL b e 3,
P GIoU S 155 150 I AE 2% A [ 5 45 2 o6 4. 20 5K
mF

C—U

GIoU = IOU—’T (3)

GloU E—FriE gl b, H A, C 8 ApHEM K
JAHE B /NN TE AR LU Sy H A HE TS AE B 55 A0 A AR
N ToUfE2R 0 . GIoU BEWRRATE. B C 24 A br
HE 1 EL A B9 A8 A T AR AL DA T AR S i D B2 A ToU 3



7

P FATEZANAY B RS T T AAR

514 81

AR K R R . GIoU SRIFEH R R BRI AT -

Lo = 1—GIoU (4)

- -1 [ttt [l et

| i i i

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 ] 1 1

| i i i

1 1 1 1

1 1 1 1
Y = ' . | N
Il,=9.07 [I-l,=9.07 II1,=9.07
Tol=027 1oU=0.59 10l/=0.66
GlolU=0.24 GloU=0.59 Gloli=(.62

B4 3 FE LR

FESCARK T R 2 S5 2T R W, S FE KRR
PR XE A RS fi FH 28 LI 0 % BR B 4 (i 8 AN RE AR I AL —
B R BRE T 2R 5 RE A BB R R b
BRI Tl A 2 A SO A B AGARBE . N T 4 TR A R AG )
HERH 2R i A Focal Loss $ /6 B E CTPN Hr i1 28 5 #it
KRB, Focal Loss 1 5% 42 7638 R 1 5% O &AL 48 B0
K, AR

FL(p) — —a(l—p) log(p),y =1 (5)

—(1—a)p'log(1 —p)yy =0

Ko BB ESFEARSE p € [0,1] B RFRE
AR TR B A T A5y S SEPRAR B s v € (0, 1),y MRS
MEGHERSELHAKRT 0. M p MKEE, (1—p)7 H/,
AT 3 /20 T KA = B AR i 48 20 STk, ISR T %) 4% ) %43 B
PRI . BT A R 4 4R R R B A R

Loss = >3 Lo + D, FL(p) (6)

Ik W R BRI GIoU #49 /E h TR AE A #7 5]
FH 5K - i ] Focal Loss ¢ AU EE CTPN Hr 1) 2 51 #it
REH R T IR EMEEAT MY R FHNE, B
TP N B v R
3 XBE5ELW
3.1 THRHFIFERTEMER

2R YR SCER (8 FH ST AR 4G 00 3 o B Bs 42 TCDAR2013-1- X}
A% 3007 Bk AT A REOEAN  ICDAR2013 45 462 Sk L I 5%
B, 4R 229 kP18 A 233 R4 . BIR P CF

HEAR i B £ H 23R KM,

X & ICDAR2013 AR H DetEval P-4 77 %,
FEE AL 3 FE ALK R AR T AE S A U AE A DL R, 435
I LIMEMEN 1. RAETEFEHE. GEEMF
BB IR A B A 2, ST A | ZR F (B4 92

z ZMatch,D(Df Gt t,)

£ J

Precision(G,D ¢, ,¢,) =

2 D"
(D
>0 > Match o (Gi,D* 1, ,t,)
Recall (G,D i, ,t,) = -
216G
;
(8

Precision X Recall

B = measure = 2X Precision + Recall @

. G EeG k=1, N KRHELAME; D' €D,
k=1, N LR CANE; ¢, € [0, 1] Km0 K BA [
B 1, € [0,1] FRNF RKIHE BE B A9 3 ik vhe, =
0.8,¢,=0. 4; Match; F Match, &%} B 52 3C AR HE R R
T SCASHE B A [] 25 B Y DR TR AR
3.2 MAEERXLE

TE R 28 P 2 i 72 v, A8 ) 09 B85 SR A (6] 89 0
BB XSG L, R E AR AR 1 Prs AR F 9 T5 %
T AT TR SRR T . ERHEE 1R
JH ResNet50 347 SCAF7 AR 47 5, 45 15 R34 52 B ™) 2% 2K 15
FRB IR G AR FRAE 5 Bk RS R 4R T 0. 03, 4 |1
PRTL 0. 0258 7 FRAF A [|] 2 YR (0 9 45 2 [H) 1) Rk 72 R
Bk 2 ¥t ResNet50 #y Convd_x 5 Convd_x BT 4R4F Bl
G BUHEE BB U HER SRR T 0. 04, HEFREEF 0. 045K
TR R BUD R R B AR B A 3B AT
BAALHL K2R bR SORAER G 2154008 1 FRAE, 5E
WA R 2R BT SO, B S 0 B s 1 HE A R AR T
0. 08, B WAL T} 0. 055 9 T & %5 B AR 1Y G005 1, TR ok
Bk A xR AT B L (O RS AR K BB
TN, B E R EWAERRET 0.09, F H R
7 0. 07,

R TEM#EAENEEERENET

ik ResNet50 FIER S EEAUR BOESUL R [ 2 W 3 F{&
CTPN 0.76 0.78 0.77
[l g iR NG 0.78 0. 81 0.79
Y B 2 N/ N/ 0. 80 0. 82 0.81
W E 3 N N N 0.81 0.86 0.83
M 4 J J J J 0.83 0. 87 0.85

« 125 »



Ak W F

F R K

TEMIRIIFEE R 0 A [ R Ak 0 25 B AN [ 3 72 AL ol ok
7% L SE 5 .

SH 1.8 ResNet50 & VGG16, 3% Convs x o
TIERYE Convd_x FREREL & 1E N XA FEEB M 4 5
CTPN #EATX) b, SER 45 AN B 5 Wi, 8 A ) 45 51w
LKL ResNet50 # il 45 500 4F, 8 B T ResNet50 7E 4§
IRIEE LT VGGI6, MBS EME T VGG16 B
A AR T 3T R ],

(a) VGG16

(b) ResNet50
A [ T 2% 52 B 5 2R % LU I

A 5

SEWY 2. 7E AR ERAT SR IR 45 00 LA B S v 2 A
HL(GCNed) 5 7E & S 8 (CBAM) #E47 Xt o S5 45
AP 6 BiR . A A 25 SRR LUK BE, CBAM {5 8R 77 78
205 1 Vs A7 TR0 A, LA I S Sf 4 SCAR IX 3R AL T GCNet
R I EHR] LU SO & JRy BT SCEEAR, ek /A AR R T
T 62 Do) O [ HsF A, 5 8 St AR Y0 1 S AR IX 8K

(b) ATk
6 AT 2 T HL S5 36 45 R % b R

¢ 126 o

3.3 ZWEREM

T XS S8 R B, AR SO HRE A 7R RRAE SR B £
AT ARG R XCAKMBA T EFMER., A TR
VEAR 3C 7 % 5 fl Bk 09 R W M BB, AR R SR
ICDAR2013 ¥4 S AT R, S B 45 R AN 3R 2 FiR , A X
Trk A mR Sy 0. 83, HERR R Jy 0. 87, F {H 24 0. 85, 5 H A
BLAH LA A R R F O AR R TR T

F 2 ICDAR2013 HUIEEK ML &R

ik Recall Precision F{H
k18] 0.73 0.81 0.77
k[ 19] 0.79 0.83 0.81
CHER[20] 0. 80 0. 83 0. 81
SCHk[21] 0.79 0. 85 0. 82
AT 0. 83 0. 87 0. 85

4 £ ®

ASCRM T —FETEZ IR ERG R CER
W32, 205 6 7T DA EAT I B B SCAS N 26, T R T 5 X
ZR PN — R Y 25, S 3 i B S 09 SO R S A . T AL AR
JA GCNet SEHR ST T X B AR W 7B R R s B
KitH A RRIWERELEEE+EE 5 A Focal
Loss $it 22 sR . F I 8 A GIoU # 2k £0 8 A 4% [ 1T 44 2%
BT AAGRT XAEMEE, BT AT RS = AT
I RR . 3 S AN A A SE 3 D A B, AR SCHRE M A R R AT
DIIRAB BT W) 45 3R, SR T X T 22 7 [0 19 S A e i 250 5% A X
A, IR A5 AT 2 0 W A SRR
5% L Hk
(1] MBS REMN RTRERAMEN ARG /T HXE

R[], B E R ,2020,43(8) :101-107.

[2] ZEHEA,&KRE.XNRE.2ZFT MSER W AHBEN%YH
SR e SCAR M L], /b A8 2 8 3 BB &R &6, 2020,
41¢9):1966-1971,

[3] TH. k4. 8 FEm®, % HT Labeled-LDA R (32
KR AE R B 7 L LT ] A 7l 2 4 R, 2020, 43 (1)

111-1416.
[4] YIN X C, PE1 W Y, ZHANG ], et al. Multi-
oricntation scenc  text  detection  with  adaptive

clustering[ J]. 1IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2015, 37(9): 1930-1937.

[5] TIAN Z, HUANG W L, HE T, et al. Detecting text
in natural image with connectionist
network [ C .
Vision, Springer, Cham, 2016, 56-72.

[6] REN S Q, HE K M, GIRSHICK R, et al.
R-CNN. Towards

text proposal
European Conference on Computer
Faster

real-time object detection with



XYY FATEEANMNG ARG T AL %14

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

region proposal networks[J]. TEEE Transactions on
Pattern Analysis and Machine Intelligence, 2017,
39(6): 1137-1149.

ZHOU X Y, YAO C, WEN H, et al. East: An
efficient and accurate scene text detector [ C .
Proceedings of the TEEE Conference on Computer
Vision and Pattern Recognition, 2017 5551-5560,
REZATOFIGHI H, TSOI N, GWAK J Y, ct al
Gencralized intersection over union: A mctric and a
loss for bounding box regression[ CJ. Proccedings ol
the IEEE/CVF Conlcrence on Computer Vision and
Pattern Recognition, 2019: 658-666.

LINTY, GOYAL P, GIRSHICK R, ct al. Focal loss
[or dense object detection [ CJ. Proccedings of the
IEEE Intcrnational Conlcrence on Computer Vision,
2017, 2980-2988.

HU J, SHEN L, SUN G. Squcczc-and-cxcitation
networks[ C]. Proccedings of the IEEE Conlerence on
Computer Vision and Pattern Recognition, 2018;
7132-7141.

HU J, SHEN L, ALBANIE S, ct al. Gathcr-cxcitc:
Exploiting [caturc context in convolutional ncural
networks[ ] ]. ArXiv Preprint,2018, ArXiv:1810. 12348.
ZHAO H S, ZHANG Y, LIU S, et al. Psanet; Point-
wise spatial attention network for scene parsing [ C.
Proceedings ol the European Conlerence on Computer
Vision(ECCV), 2018. 267-283.

WOO S, PARK J, LEE J Y, et al. Cham:
Convolutional block attention module[ C]. Proceedings
of the European Conlerence on Computer Vision
(ECCV), 2018, 3-19.

CAO Y, XU J R, LIN S, et al. Genet: Non-local
networks meet squeeze-excitation networks and beyond[ CJ.
Proceedings ol the IEEE/CVF International
Conlerence on Computer Vision Workshops, 2019.
WANG X, GIRSHICK R, GUPTA A, et al. Non-
local neural networks[ C7J. Proceedings of the IEEE

Conference on Computer Vision and DPattern

Recognition, 2018, 7791-7803,

[16] HE K M, ZHANG X Y, REN S Q. et al. Deep
residual learning for image recognition [ C .
Proceedings of the TEEE Conference on Computer
Vision and Pattern Recognition, 2016 770-778,

[17] KARATZAS D, SHAFAIT F, UCHIDA S, et al
ICDAR 2013 robust reading competition[ C]. 2013
12th International Conlercnce on Document Analysis
and Rccognition, IEEE, 2013, 1484-1493.

[18] CHNG CK, CHANCS, LIU C L. Total-text: Toward
oricntation robustness in  scene  text detection [[J .
International Journal on Document Analysis and
Recognition(IJDAR) , 2020, 23(1); 31-52.

[19] WANG X B, JJANGYY, LUO Z B, ct al. Arbitrary
shapc scene text detection with adaptive text region
representation [ C ], Proccedings of the IEEE/CVF
Conlerence on  Computer Vision and  Pattern
Recognition, 2019 6449-6458.

[20] XIE E, ZANG Y H, SHAQ S, ct al. Sccnc text
detection with supervised pyramid context network[ C .
Proccedings of the AAAI Conlerence on Artilicial
Intelligence, 2019, 33(1): 9038-9045.

[21]7 YEJ, CHEN Z, LIU J H, et al. TextFuseNet: Scene
text detection with richer [used [eatures[ C]. I1JCAI,
2020.516-522.

EEE N

REE . WLWRA, REWREF A RRAL IR E >

21 SCA R R

E-mail; 1170552818@qq. com

BEEHE A, W, R R I R R A
H BRI AR R IR B E R 5.
E-mail: xjzeng21(@163. com

MW HIE A, EEHI T 0y G AL I AL
M R,
E-mail:313430434(@qq. com

KB W WR A, EEBR TN B AR AL HLAS
S D ARR I .
E-mail;: 2532740174@qq. com

« 127 o



