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.. Text Detection

Pre-Processing

text region detection
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.. Text Detection

Network Structure (FishNet)
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SUN, Shuyang, et al. Fishnet: A versatile backbone for image, region, and pixel level prediction. In:
Advances in Neural Information Processing Systems. 2018. p. 754-764. 5




.. Text Detection

Anchor-Free Based Method (EAST)

¥ For each point, there are two loss parts: classification score and bounding box

regression.

W For classification score map, we use

* Origin (balanced-CE) * Ours (Dice loss)
) T P Results on ICDAR 2015
Ls = balanced-xent(Y, ¥*) R Y el Original Our
=—BY*logY — (1 -B)(1-Y")log(1-Y) EAST modification
- ) 2 SNt 80.7 84.0
. B y*EY* y — - ~ —
B=1 Y SN e+ UnKnown 86.2




Text Detection

Post-Processing

Cll

|
Qty Count : 3.0

Closed Bill{20/12/2017 (7:10:51 PH]

Thank Yo againl

[Goods Sold alr . dable, returnablel
BANK ACC 5128 4851 2

BANK ACC % LAz qg

BANK ACC AMB 23 3706

[GST Summary [Amount (RM) [Tax (RM)]

[ &l - B, 87 {4.13
0S/EZ 0. (0. 00

NMS

Score Map

. 6y - 8. 87 £ 13
~ |zr/0S/82Z 0.0 0,00

tem Count: 2
ty Count : 3.0

Clased Bill: 20/12/2017 07:10:51 PM

gl{lalﬁg é’otfd, Please come a%alEL

Q old are not vrefundable, returnable
BANK ACC MBB 5128 485] 2118

BANK _ACC MBB 5626 4732 174

BANK ACC AMBANK 888 100 123 3706
[GST Summary [Amount (RM)] (Tax (RM))

_—

LANMS

LANMS, Score Map
Elongation and Shortening

Algorithm 1 Elongation and Shortening

Input: Boxes,ScoreMap,Threshold
Output: Boxes
1: for each Box € Boxes do

2: do

3: Reduce + GetReducedBox(Box)
4: R + Mean(ScoreMap(Eztra))
5: while R > Threshold

6: Box +Box - Reduce

T

8: do

9: Extra + GetExtraBox(Box)
10: E + Mean(ScoreM ap(Extra))
i 5 & while FE > Threshold
12: Boxr «+Box 4+ Extra
13: end for

,.______

Elongation

b= ———— ]

b

Shortening




.. Text Detection

Detection Results

OLDTOWN WHITE COFFEE
O1d Town Kopitiam Sdn Bhd (716269-X
|Sri_Rampai
Tel: 03-4148 1876

**THIS 1S NOT A RECEIDPT**
GST_1D:00080 1587200

4 COUNTER3 (2008 L1zA
[Check:37617 Cover:1

[22 Mar 18 12:44:00 PM]

Table:5 / 1

————— —

] [sT30] h3.87 §

[l BRI10 Stm Ginger R 's|

] TF2 (H) Teh Tarikl

[HS4] 12.0

[s]

ol TF7 (C) Lemon T IE|
Subtotal : [25.94
2.59
GST @E6% 1.71
Total: [30.24
Rounding: 0.01
Amount Due 30.25|
INCLUSIVE| 0.00] [#

----{3004 STORED 22 Mar 18 02:1. .50 PM-—-

THANK YOU
PLEASE COME AGAIN|
GST @6% included in total

GSTSummary| |Amount(RM)| |GST(RM)
S=GST @6%: [28.53 [1.71
[Z=GST @0%: [0.00] 0.00

X
&

tan chay yee

0JC MARKETING SDN BHD
[ROC NO: 538358-H]
NO 2 & 4, JALAN BAYU 4,

[BANDAR SERI ALAM,|
[61750 MASAL, JOHOR]
Tel:07-388 2218 Fax:07-388 8218

Email: ng@ojcgroup.com

TAX INVOICE

Invoice No| | PEGIV-1030765]
ate :15/01/2019 11:05:16 AM
[Cashier] [ NG CHUAN MIN
Sales Persor : FATIN]
Bill To |: THE PEAK QUARRY WORKS]

[Address] [:]

(000000111 193.00] [193.00 SR

[KINGS SAFETY SHOES KWD B05]

Qty: i [Total Exclude GST:
Total GST @6%:
Total Inclusive GST:

TOTAL:
.................... e

X XOOOO Cl

Ap rol Code:000

[Goods Scld Are Not Returnable & Refundable
[F+*+Thank You. Please Come Again.****

CREDIT NOTE
SHIER C/N No: LCN00212
Cover : 1

Cover :

Bill Date : 90,/11/201
[Bill Start: 20/11/2017 03:57:01 PM|

[Cade] : 300-E0009
Nano| : ESWARAN 012-6369400

5
o
GST No. B

- YT51129]

E3G BK 12W WW LE
* 45.29 UNI (  5.43)=RM  90. 57
T5: SR

Y152
E44 35W WW BK TRACK HOLDER!

* RM 155.66 UNT (  9.34)=RM 155. 66|
Cl ISR]

ER TRACK-E
[ 9 UNI (  1.01)=RM  16.79

RM39. 80 CONTRA W LCNOO211
0] [x] [ONLT]




.. Text Recognition

B Synthesis Data

B True Data

B mproved SAR

B Results




.. Text Recognition

Synthesis Data

6 21508 358.1¢6 Undivergently
201.46 102743 nigranilin rm0.00 [EEE
mﬂ ITEM CUSTOMER NAMA :

petaling java evanpelion 19,200  SROFOZ 1,70 THREE-GROOVEL
QTY ,GST SUMMARY CASH!ER GOLDEN ARCHES RESTAURANTS SDN B
DEXTROL IMONENE 2 00 TOTAL AFTER ADJ INCL GST

SELENGOR DARUL EHSAN /GST 80%:RNO.00 CASH




.. Text Recognition

1 1 Qty §7.60 $0.00 $0.50 $7.10 $7.10
Tax($) CASH Amount($) ftem Total  Change $0.50 Amount
GST @6%: $0.43

SR = GST @6% Payment Mode  (867388-U) TAXINVOICE  Neft Total: $7.60

22 Mar 2018 18:24 Invoice # : OR18032202170428 12, Jalan Tampoi 74, Kawasan Perindustrian
Total Amount: 760 SR 100100000036 1 Meat + 3 Vege SR 100100000064-Add Vegetable
GST Summary Tampol,81200 Johor Bahru, Johor UNIHAKKA INTERNATIONAL SDN BHD




.. Text Recognition

Improved SAR

¥ Improved SAR is a seq2seq model with 2d attention

_-."f— '::"
TAN INVOICE . oLl LSTM P, LSTM
T | e Encoder e —* | Dacoder — TJE.I}{ !N?D H:E

CNN Feature map Holistic l |
feature =

Hidden
State

tilei Glimpse

Results on IIIT-5K

Original Our
SAR modification

3X3 conv

91.6% 93.8%

LI, Hui, et al. Show, attend and read: A simple and strong baselifB¥8¥SHreddi5 8%t recognition. In:
Proceedings of the AAAI Conference on Artificial Intelligence. 2019. p. 8610-8617.




Text Recognition

Attention Drifting

tan chay yee|

% % %k COPY L
[0JC MARKETING SDN BHD|

ROC NO: 538358-H
NO 2 & 4, JALAN BAYU 4,

[BANDAR SERT ALAM,]
[61750 MASAL, JOHOR]
Tel:07-388 2218 Fax:07-368 8218
Email: ng@ojcgroup.com

TAX INVOICE

Invoice No| [ P -1030765
:15/01/2016 11:05:16 A
: NG CHUAN MIN

Sales Persor : FATIN]

Bill To [: THE PEAK QUARRY WORKS]

[Address] []

193.00 SR

[KINGS SAFETY SHOES KWD B05|

Oty: 1  [Total Exclude GST:|  [123.00
Total Inclusive GST: [1o3.00]
TOTAL: 193.00
S T lvisacaro[ T 19300~

X R OO

Approval Code:000

[Goods Sold Are Not Returnable & Refundable
T' +++Thank You. Please Come Again. ****

TAN CHAY YEE

*+% COPY
0JC MARKETING SDN BHD
ROC NO: 538358-H
NO 2 & 4, JALAN BAYU 4,
BANDAR SERI ALAM,
81750 MASAIL, JOHOR
TEL:07-388 2218 FAX:07-388 8218
EMAIL: NG@OJCGROUP.COM

TAX INVOICE
INVOICE NO: PEGIV-1030765
DATE 1 15/01/2019 11:05:16 AM

CASHIER  : NG CHUAN MIN
SALES PERSOR : FATIN
BILL TO :THE PEAK QUARRY WORKS

ADDRESS

DESCRIPTION QTY PRICE AMOUNT
000000111 1 193.00 193.00 SR

KINGS SAFETY SHOES KWD 805
QTY: 1 TOTAL EXCLUDE GST: 193.00

TOTAL GST @6%: 0.00

TOTAL INCLUSIVE GST: 19300

ROUND AMT: 0.00
TOTAL: 193.00

YVIOA (ADN) 19300

I XXXXXXXXXXXXX4318 I

GOODS SOLD ARE NOT RETURNABLE & REFUNDABLE
*##*THANK YOU. PLEASE OQOME AGAIN. *%#

Example 1

|CROSS CHANNEL NETWORK SDN. BHD
47, JALAN MERANTI 1, SEK. 3,
BANDAR UTAMA BATANG KALI,
(44300 BATANG KALI, SELANGOR |

Tel : 03-6057 9688 [Fax : 03-6057 9678|
[GSTID : 001151500288

Tax Involce| s

KET QUTLET @ 6.0000

[SCHNEIDER E15R 13A SWITCH | 636 s

o | (@ 6% :

Total Amt Inc

:

T J|
| Goods sold are not refundable nor exchangeble.]

| For any enquiry, please e-mail us:|
a9688@gmail.com)
29/01/2018 4:40:40 PM|

Example 2

CROSS CHANNEL NETWORK SDN. BHD.
47, JALAN MERANTT 1, SEK. 3,
BANDAR UTAMA BATANG KALI,
44300 BATANG KALI, SELANGOR.
TEL : 03-6057 9688  FAX : 03-6057 9678
GST ID : 001151500288

TAX INVOICE
NO. @ BTG-052332
QIY  RM TAX
SCHNEIDER E15R 13A SWITCH 1 6.36 SR
SOCKETOUTLET @ 6.0000
TOTAL AMT INCL. GST @ 6% : 6.36
ROUNDING ADJUSTMENT : -0.01
TOTAL AMT PAYABLE: 6.35
PAID AMOUNT: 10.00
CHANGE : 155
TOTAL QTY TENDER: 1.00
GST SUMMARY AMOUNT TAX
(RM) (RM)
SR @ A 6.00 0.36
LTOTAL 6.00 0.361
THAME V(Y]

(OODS SOLD ARE NOT REFUNDABLE

FUR ANT ENQUIRT, PLEASE B-MAIL US:
GOWA9E88EGMATL . COM
29/01/2018 4:40:40 PM




.. Text Recognition

Other Issues

KLANG SETAN D. E, MALAYS
[ROC No. : (1072825-A)|

GST No. : ‘000584089600

[Tel:oa= =2 05 Fax:03-53362 4395

CREDIT NOTE
C/N No: LCNOO212
1

Cover H

20/11/2017
0/11/2017 03:57:01 PM]|

1 b CT s
'go_ds.‘ : 300-E0009
Neme = ESWARAN 012-6369400]

[Address| &
121
=1
GST No.| =]
YT51129 ISR/

YE3G_BK _12W WW LED
2 E3 45. 29 UNT C 5. 43) =RM 90. 57|
(T52683 [SR|
E44 35W WW BK TRACK HOI DER]

® RM 155.66 UNI C 9. 34)=RM 155, ggl‘

)

T

CH50688 I

IMETER TRACK-BK

1 7= RM 16. 99 UNI ¢ 1.01) =RM ‘G-\gQRI

@39. 80 CONTRA W LCNOO211]

O [>] [ONTITI

Sub Total i RM_ 2G3. 02

ITtem Discount = 3 RM [0720]
ervice Chargel = R E%

GST/TAX 6% Ls] M |15, 78

COTIEN (] RM| |278. 80|
S =

LIGHTROOM GALLERY SDN BHD

NO: 28. JALAN ASTANA 1C.
BANDAR BUKIT RAJA, 41050

KLANGE Sl s ool
ROC NO.: (1072825-A)
GST NO 000584089600
TEIL: 0

CREDTT NOTE
STATION: CASIHIER

CASHIER: ANGELA

RILL DATE : 20/11/2017

BILL START: 20/11/2017 03:57:01 PM
COnE: : 300-E0009

HAME ESWARAN 012-636G9400
ADDRESS

GST MO

YT51129

YE36 DK 12W WW LED TRACK LIGLIT

@ * RM 45.29 UNI ( 5.43)=RM 90.57
YT52683

YE44 35W WW BK TRACK HOLDER
1 * RM 155.66 UNL ( 9.34)=RM 155.66
CH50688

IMETER TRACK -BK

1 = RM 16.99 UNI ¢ 1.01)=RM 16.79

RM39. 80 CONTRA W LCNOOZ11
o B UNTT

SUR TOTAT.
ITEM DISCOUNT
SLRVICL CHARGLE

GST/TAX 6%
TOT RM
cas KM
CIHANGE RM

ITEM COUNT: 4
QIY COUNT : 4.0

CLOSLD BILL: 20/11/2017 04:01:23 PM

THANK YOU, PLEASE COME AGAIN
GOODS SOLD ARL NOT RLEFUNDABLL, RIZTURNABLL

BANK ACC MBB 5128 4851 2118
BANK ACC MBR 5626 4732 1744
PANK ACC AMBANK &88 100 123 3706

GST SUMMARY ANOUNT (RAY,

SR @ 6% 263.02
ZR/OS/TZ ©.00

Space I[ssue

KM
RM

M

2. 80
278.80
0.00

TAX(RM)

15.78

C/N NO: LONOUZ12
COVER : 1

SR

SR

SR

263 .02
0.20
0.00
15.78

0.00

TR ikt 2vevS

[UROKO JAPANESE CUISINE SDN BHD]
[22A-1, JALAN 17/54)
[SECTION 17
[46400 PETALING JAYA)
[SELANGOR]
[b3-7932 1023/0191]
[GST Reg No: 001126838272

[Bill No| : 01H-25029)

: 20/03/2018 6:41:02 PM|
[Cashiel] [ RESAN]

[Table No| . S09)

Qty Description -
[L_ KO NABE INANIWA
UOON @ 24.00]

[ GREEM TEA @ 1.00]

[ GYOZA Spcs @ 15.00] 15.00 SR
I GARLIC CHAHAN @| I[T] 6.00 SR
Total : 46.00)

Discount :
bervice Chg 10.00% :
ST ¢

Grand Total :|

[Net Total |

GST Summai Yo

6.00

50.00 3.00

Error

UROKO JAPANESE CUISINE SDN BHD
22A-1, JALAN 17/54,
SECTION 17,
46400 PETALING JAYA,
SELANGOR .
03-7932 1023/0191
GST REG NO: 001126838272

BILL NO : 01H-25029
DATE 1 20/03/2018 6:41:02 PM
CASHIER : RESAN
TABLE NO 1 S09
QTY DESCRIPTION AMOUNT
1 KO NANIWA 24.00 SR
UDON @ 24,00
1 GREEN TEA @ 1.00 1.00 SR
1 GYOZA 5PCS @ 15.00 15.00 SR
1 GARLIC CHAHAN @ 5t 6.00 SR
4 TOTAL : 46.00
DISCOUNT : (.00)
SERVICE CHG 10.00% : 4.00
GSE G 3.00
GRAND TOTAL : 53.00
NET TOTAL : 53.00
GST SUMMARY % AMOUNT( RM TAX(RM) M
SR 6.00 50.00 3.00

14




.. Key Information Extraction

Key Information Extraction

B Regular Expressions 25/12/2018
25-12-2018
* address 64 11.02.2018
. 31 02/JAN/2017
company 24-MAR-2017
2018/03/27
* date 38 g
2016-07-31 5 .,
+ total 74 23/2/2018 Types of “date
25/12/18
25-12-18
25/MAR/18
B Patience is all you need 25-MAR-18
25 MAR 2018

25 MAR 18




.. Learnt Lessons

Learnt Lessons

B Diving into the data

B Attention drifting is a serious problem in text recognition

B High-resolution is effective in text detection

B Multi-scale predictions help

B Pretrained model helps improve final performance

B High-quality synthesis data is important for recognition (1.0% )
B Model ensemble helps both in detetion and recognition (0.5%)

B Patience is all you need




Relevant Work

MASTER: Multi-Aspect non-local network for Scene TExt Recognition

Input Image

OQutput
Probabilities

Linear & Softmax

Add & Norm

Add & Norm
|

Multi-Head
Attention

N

Add & Norm

Masked
Multi-Head
Attention

wu

(48x160x1)
3x3conv,64
3x3conv,128
3x3cony, ( l )
in_ch
v Residual
3x3cony, Block:
out_ch
A
4x
3x3conv
. | J
Positional
Encoding
6x40x512

H Positional
- L Encoding
Embedding

*

Output
(shifted right)

Fig. 2. The whole model consists of two main parts: a Multi-Aspect Global
Context Attention(GCAttention) based encoder for feature representation
and a transformer based decoder model. in_ch/out_ch donates input/output

dimensions.

CxHxW

Context Modeling
CxHxW IxHxW IxHW IxHW
X } Elxl Conv]—P[ Reshape ]—P{ Softmax }—h[ Reshape]
HWxIx1
CxHXW CxHW
| »(X
(S Cxlx1
CxHxW | it
i {lxl Conv] [ LayerNorm, Relu ]ﬂ—[ 1x1 Conv}
CxHXW Cx1x1 C/rx1x1 C/rxlx1l
Transform
(a) Global Context(GC) block
Multi-Aspect Context
pemanl..... 7]
C/hxXHXW IXHXW IXHW IxHW 1‘ |
D. ¢ } {lxl Conv]—b[ Reshape ]—P[ Softmax ]—P[ Reshape] 4: i
w4 h

1]
C/hxHxwW V= C/hxHW o ! 3
SRt ) C/hxixa  LH

| Concat [———
CxIx1

CxHxW

{lxl Conv} [ LayerNorm, Relu ]1—[ 1x1 Conv}

Cxl1x1 C/rx1x1 Cfrxix1

Transform

(b) Multi-Aspect GCAttention

Fig. 1. Architecture of a standard Global Context(GC) block (a) and the Multi-
Aspect GCAttention (b). Cx H X W denotes a feature map with channel
number C, height H and width W. h, r, and C/r denotes the number of
Multi-Aspect Context, bottleneck ratio and hidden representation dimension
of the bottleneck, respectively. ® denotes matrix multiplication, & denotes
broadcast element-wise addition.

MASTER: Multi-Aspect non-local network for Scene TExt Recognition, Ning Lu, Wenwen Yu,
Xianbiao Qi, Yihao Chen, Ping Gong and Rong Xiao, Arxiv 2019.




.. Relevant Work

MASTER Results

Case Sensitive

Case Insensitive

. Correctly . Correctly

Method TDOFatlaEdlt Recognised TDOPatl Falig Recognised

ISERCE 1 Words (%) ISHERCE 1 Words (%)
SenseTime-CKD 4,054.8236 41.52 824.6449 77.22
HIK_OCR 3,661.5785%* 41.772* 899.1009 76,11
Tencent-DPPR Team 4,022.1224 36.91 1,233.4609 70.83
CLOVA-AI [49] 3,594.4842 47.35 1,583.7724 69.27
SAR [32] 4,002.3563 41.27 1,528.7396 66.85
HKU-VisionLab [40] 3,921.9388 40.17 1,903.3725 59.29
MASTER(Ours) 3,272.0810 49.09 1,203.4201* 11.35%

Method IIIT5K SVT 1C03 IC13 I1C15 SVTP | CUTE
None None None None None None None
[35] - 80.7 93.1 90.8
[36] 78.4 80.8 88.7 90.0 - -
[22] 81.9 81.9 90.1 88.6 71.8 59.2
[37] 83.3 83.6 - 89.1 73.5 -
[38] 80.8 81.5 - - -
[3] 81.2 82.7 91.9 89.6 -
[19]* 87.4 85.9 94.2 93.3 70.6
[39]* 87.0 - - 92.9 - -
[407* 92.0 85.5 - 91.1 74.2 78.9
[41* 88.3 87.5 94.6 94.4 73.9 - -
[7] 87.0 82.8 91.5 - 68.2 73.0 76.8
[5] 934 89.5 94.5 91.8 76.1 78.5 79.5
[27] 86.5 88.3 95.4 94.7 - - -
[32] 91.5 84.5 - 91.0 69.2 76.4 83.3
[24] 93.3 90.2 - 91.3 76.9 79.6 83.3
[25] 91.2 88.3 95.0 92.4 68.8 76.1 77.4
[28] 93.3 88.1 - 91.3 74.0 80.2 85.1
[34]** 95.3 91.8 95.2 95.3 78.2 83.6 88.5
MASTER(Ours) 95.1 915 96.9 95.7 79.6 84.5 88.54

MASTER: Multi-Aspect non-local network for Scene TExt Recognition,
Xianbiao Qi, Yihao Chen, Ping Gong and Rong Xiao, Arxiv 2019.

Ning Lu, Wenwen Yu,







