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Ensemble System of Double Granularity
RNN by Linear Combination

ZHANG Liang! HUANG Shu-Guang? HU Rong-Gui'

Abstract For offline text recognition, an ensemble system of
double granularity RNN (recurrent neural network) by linear
combination is proposed. Firstly, the unknown image is recog-
nized by a word RNN. Secondly, based on the recognition re-
sult, connected characters are segmented, and then recognized
by a character RNN. Characters’ posterior probabilities are cal-
culated by a table-looking method. Finally, the final output is
decided by combining both RNNs’ results. Experiment results
based on CAPTCHA (completely automated public Turing test
to tell computers and humans apart) recognition and handwrit-
ten recognition proved the effectiveness of this ensemble system.
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> .-+ > proby.
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{{wordy,prob1),- -, (wordy, proby)}.

FI’ 4.

fori=1: N //RTRAMEEFKYE word: 5 img
X3 A length(word:) NEEITBL 5 j A v BOW NI FFF
FIN word; (5);

for j = 1: length(word,;)

{FFHIIZREF I RNNo (74 RNN) sRE word, () #4655 j
MR B R E SRR pe(s);

end

G pe () (1 < j < length(word;)), Mk word; 1EF
£F RNN _ER 5 pword;;

1 IF word; LEHE RNN F4F RNN _EI#EA prob; A
pword; 1E8'EHTEIRMER, HP LIRS prob;;

end
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RNN Hirth 0 275 <. BT ES A 20 A A8 I 212 15 47
s IFA B LB L& AR R, B 1 (a) B “77 ki
A =4 B, RN 2 T 5755 <7, 3 HAHSRHT
ZIBARE A B 1 (a) om” B AOREE, XA
3 ANFHAI I 2 A i LD R . X 3 AN, BT
AR “m”, e Ja I ZIE 2 <37, FFEER] 1 (b)
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Fig.1 Examples of RNN’s output

2.2.2 {£H RNN #{TFHFHE

SCHR [6] F8HH: AR IE DN N ) B AR, RNN
i AN ERF N Z A EA T ARG R, Bl
1(a) H, W “77 “m” IZI A0 T <77 “m” BN
B AREEIZINE, vTDGE ar i 1 jor (GE 2 W R).

R 1. W img MESEZIE word,, img FFIFE
BB/, HBHIE word; XN BEAE path; F, B
HER 5 NFAF wordi(5) BINTZIA sp(5) (WA 2 A AHABIT
215t word; (4), W sp(5) A RIALE), %t word;(j — 1)
WIS ZIA sp(5 — 1), Fith word;(j + 1) M4 sp(5 + 1),
WMAAEENG img H, WEE sp(5 — 1) ZIRIE sp(5 + 1) FIRIE
1% img(:,sp(j — 1) : sp(j + 1)) BETLERF word; (5) EHUEIIK
oy

FET R 1, DM W IR AR paths SRR LR
EG img 53 E1 B A

LB 1. X path; HOAHER I AFEEAT AL PR, 40K
pathi(§) = path,(j + 1) # 7 (1 < § < T), WAIEN
[f]— AR FA4F, WS path; 1 g+ 1 BF 20 05T H 5 A
g WA G — 1, 5, 5+ 1 #WH RS E R, W G —
1R G+ 1 BRSO k. 4 AL IR 3 AT A
OANE ). ke “AA-BBB-C” £ 1Ak 71 L5 5 51
“A—B-C".

T 2. HH path; THTA AR HAE, B

sp = find(path; #<=7);  //sp HAFEITAH A28 T
FFIRT IR )

HIF 3. G EGINEEE (RAT) AR sp Fd
wa—MItEZG:

sp = [sp, TY;

LI A, ki sp 0 FITH

do=1;d1 =1;id =1; //do, di Z5EEG B

TFUf 7 RN 45 oA
for j = 1: length(word;)
dv=sp(j+1); [/ do B dy ZI0TEE R BUEA

FIF word; (5) WEIE
tempImg = img(:,do : dr);
tempName = id + word; (j);
//RAF G

imwrite(tempImg, tempName);

do = sp(j); //BANEB R BINITRALE do
id=1d + 1;
end.

AL NPAT R B 2 Pros. WE AT BLE
o AR S 0 B B AT B AR RS L RE i e Iy
word; "IN (7 4F, HAEAFAEBCR B T8 O 73
Go 73 TIREAS 745 1 ) I R 5 22 K38 (9 74, i b IR AT
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ATEHER, ZEAIE: EEGRFE img(:,sp(j — 1) :
sp(3+1)), img(:, sp(5) : sp(j+2)) 3 BIPAE AT words (7),
word; (5 + 1) FIEE, HT sp(j —1) < sp(j) < sp(j +1), Bl
W img(:, sp(5) = sp(j + 1)) BFHF words(5), wordi(j + 1)
. EHEARGAE T 757 BRI st HE 2 s

WCTRVBED
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Fig.2 Processing steps of character segmentation algorithm
based on RNN
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ASCAEH RNN X 72537 IR, % H S RNNo, #HAR
JFRF RNN. A A SCHE 745 43 B S075 %0 RNNy 1l
GRAE R SE T RNNy A ERMFEAREAT 2081, o BlS
B3 B RNNo (Rl ZREEMUG R4, IXFEgE S T F3h
S EARHEAT 2r B, I B RBP4 2 RNNy 1R 30 A 10 45 .
RNN» 5 RNNy FIRHERICR NS 58 A1 [, R TCie#E 1 2k
R B, RNNo #nf LA B2 RNNy [FRFHE, A ik
o T EBT R IURRAE K ) 8, BRAIG 7 b BSR4 RNNo X
LR R AT N SR AN A AR T 5 B RNN X L A
1] B AT IR AR B I =55 5E A AH ), i RNNo o5
TF ¢ 2B R 05 S0 3 ) U SCHiR [6] 38 HE R 1 55
1%, BT REA SRR, (H S AT DA 7 3k n e g ==
TS, T SO AT H .

2.4 ERFHEFFTHME

SEHEG R B img (s, do: dv) 25, WETHF e (e
B BIREAR T LR BLEE, BB BRI AN 1 BEAC 4T RNN,
BEAT W, AR A AT S ) SEVE VST ¢ )R . (2
W53 1 TOPN Fl3 ] LU B, &AMk 17 1) 8 4 715
SERF Y, EATVAER L 775 EAF e % 5. i “ABCDE”,
“ACCDE”, “ABCD”, [Ktny DU I A M b 7 75 LR 11
. B A K probMap NI T AR A FRAAERA v
B B, JF v H AT 2R ¢ AEER A B img(,do: dh)
BRAEio] e | e N1 A T S

LB 1. key = num2str(do) + “7 + num2str(di) +
e MIEXRT

g 2.

/ /B LAY STt
/ /B LR R

if probMap. Contain(key)
probability = probM aplkey];

//f8EH RNNo 15 e i
probability = RNNa(img(:,do : d1),¢);
FEEEXT (key, probability) JINZ] probMap
end

else

$I® 3. return probability.

MRZ T, AR R I RS, AR TR R
e L
25 REFEFH RNN LHRIEHEE

¥ word; = word;(1)word;(2)---word;(L) (L =
length(word,)), F LK H word; (5) 75 j NGB L
(MIREEE pe(s) LR, H IO word; 75F4F RNN
LRREBER pword:

L
1 .
pword; = ZZPC(])

j=1

®3)

2.6 MKIE RNN BERE M

43 A HU37 RNN FTZ4F RNN SR HEE17 word; B
PR prob; I pword; LA, ER TR InA & v 37k
B word; MG AR

N2

prob; — (1 —a) - prob; + a-pword; (0<a<1) (4

HA o fE 0] LUB I XCR A RNN RAERIEE L tErEfg
BEATHGE .

3 SRIFERS

ARSCSEIG ) T H A EAEA N B 4 LIS e
FRr B 2R T A UE I R 4 RNN X 5097 RNN A
PO &5 BT AL G, RENS A SO R v U 26t BRI SUR
RNN ARG %%
3.1 SLEHIEALEIEE

ALY AT T 4 A S X o0 TH E LA B B R IR
(Completely automated public Turing test to tell comput-
ers and humans apart, CAPTCHA)[H] HR AT 5 R
TIPS, FEIX PSR P, 47 RNN 1747 RNN 4
R IEAERFAE, JF B4 3 2450, KRBT S8 100. 41
Hu=0,0 =01 Mo Amst s RNN fI5-45F RNN 1)
BUEBEAT AT 464k, A BPTTO Skt &A1 47 14k, 2>
WO IE—4, P4 0.9. WIZRI XA ZE A 1 =0,
o =1 el Ebl 4 10 epoch Ml —yk RNN £EMiF4E
LRRAER, 10 Uil A B S A AR 5 1k 1 k.

P C++ EFME, 1 VS2003 AT 4. W
/¢ Windows XP SP3, W7 1G, CPU P4 2.6G.

3.2 CAPTCHA iRt

CAPTCHA #£—FE LM L)z Mz ayis. B
AP CAPTCHA ¥ % AT & 7 R & R E
Hia . BAEH—A CAPTCHA ZEA2F42 0 T 3000
ik CAPTCHA E K, Koy ik 3 NMAMAZ I H 4 1%k
L IIESE . MHAEEM K/ 504 1000, 500, 1500. & 3 2
—4% CAPTCHA FEAIRHGI. RHAESRIN, K G 1 EHR A —
WRRIIZREE B TPRERE (27 MER).
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ea JHPI Sk A%

3 CAPTCHA FEARSI
Fig.3 Samples of CAPTCHA used in experiments

TEAFH T RNN 143 #5092, ASCAEHIE RNN [
MR F3RB T 6863 MR TFIFUIZFEA, TEHIUFEIRE
T 1825 NMREFRALFEAR (FEAPARGFLO, o, O, 1, 1 %%
T, BN AR NAE BTG S5 B oL IR AE X o e A,
EAEF RSB FIRA I CAPTCHA Wil /L), ity
FFor BB R RSP RFIGIN Z S AR B AL A% 1)
Kt b, BISCHk [6] $i5 B (B G S Bar k. FeAi] R et
SVM FIE5F RNN 540 EI 5 (A FFAT T IR 50508, St 45
FLI: FFF RNN EWRE LA T 90.7 % BIIRA1E, 1M
SVMUS! (i i P RS AiE, I 3517 PCA + LDAM B4 1L
A3 65.1 % (MU, SHETH RNN #7254 U2 2
). AR IRTEAR bk Re, il (4) o b 0.85, I H
HEIERT 7 MEER. & 1 EXCRLE RNN £%5 RNN &
SR AE LR T . R A T LU B0k RNN
AREMIRHR I BT RNN, B —& fesi.

#£ 1 MKJE RNN R4/ RNN R4/ CAPTCHA 85 Fixf bk
Table 1  Comparison between the double granularity RNN
system and RNN system on CAPTCHA recognition

IR B (%)
BRLE RNN 60.5
RNN 53.6

B 4 2R BN R R 5V T 1R 48R
IS IR) 1 % e IR B H (V) Z Tl R, o iR i
i) = HiA RNN HGIEE + 555 BI04+ 5257 RNN i1
W] + X RNN 45 S i i 1]

—— it | ;
6| —w— #k i -

.............

X gintE) /s
R i el

e e wd o

[ "
e

6 8 10
fiz e iRV &L

4 CTEYUNIN RIS R EH fR AR
Fig.4 Relationship between the average recognition time and

the number of candidates

M 4 AT LUG H E AT R BIR R R N R
MREFELK, N =10 B, IRBIN RS L8 6s. HARE
Frit RN BN RIBE N AR A XS T8 —28, 4 N = 10 K,
BONBF AN R 28, TP MR T 845 SR H T 2= 7. D ETE
SERRAE A, NZ A & R S TR
3.3 FEIRZIKE

i%SE¥AE Cambridge 19 LOB 34" EiE 7. LOB %
PR 4617 AN BALT-B 5, LRI 73 A A 3
MNHPREE: 82 K/ 1846, IR UF4E N 925, JR4E N
1846. FFAFFEIUNT, H5 AT BRI s B 0 — 4k 30 MG E.
WP IAESE R RE, el (4) o 4 0.80, HF H I
JERT 7 M. 3R 2 RAEWEAE B, XURE RNN 5 RNN
BRI ST H. R TP E H: FE TSR0 E, SR RNN
[ REd BRI A3 4 RNN B i (KR %

2 XKE RNN RZM RNN RETEBHLT 505t
Table 2

system and RNN system on handwritten recognition

Comparison between the double granularity RNN

N R4 B (%)
MOhEE RNN 65.1
RNN 61.9

4 Zig

B BTS00 1), £F RNIN X PP A8 4716 70 2528 11
FER B, A SCHR T BRI T 2t S R Xk BE RNN 42 1%
RE. ARG, MHERIETEZRNERMR, G35
WG T MER I E B VL 4% T IRBI . A% T RNN, %
R RS IS S AR . A SRR T — R E T RNN
HATRE R BIMEE, SEER A T RNN (K4 H
BRI, LE 2 B A AR 1 [R) I 4% 38 Sl IR 5 2 R IR AH 4K
FRE, RUE T AR R I s k. I % B AT )
B R BIME, 35 YT S AR A, BT R S T
SO S TR, AR 1% 0 S SR A — 25 1 st A

B %, *FAnRR 1 AYIERA

ERSHFHRESEENME, & A, B KB B+
AR IR 245, B start Pos(C) T 245 C HIIFEHI
HABR, endPos(C) M T T4 C METRP AR, AB Z W)
HIFFEERE d MIFE AN

endPos(A) — startPos(B),
d= #  endPos(A) — startPos(B) > 0
0, it
(5
BEG T FRTR KE RN n MEER, R dr il
1 BEATUER.
SERR. W1 5 i, p, g, v 45 o e 2
A, B, C I Z (p, g, 7 2 BIFFR sp(5 — 1), sp(4), sp(5+1),
A, B, C 535X N word; (5 — 1), word; (§), word; (5 + 1)), n
NFRF LA e KRS T, TERIAIINE BT, p A5 ()
ZHIAN AL E () 2R TR n KT ERE T 74T B,
VB G P B img (s, p - v) 005 B B ERD N B 2%

~

b=

LA LI ftp.eng.cam.ac.uk/pub/data %% N4
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HIEL] pst K

st = r—ptl =1-
P it 2m—1) —

2(n—1)
r—p+1+2n-1)
(6)
Hf r—p+1+2(n—1) BN B MR, BHN w, Hk
n=tw (0 <t<1), Wi

pst:1—2t+2
w

(7)

Bt < 15% W, pst > 0.7+ 2/w. BT w A, Kk
pst > 0.7. X R M PRI E SRS A B B A S 5T
15% I, 25+ RNN 7R/ BISL 2 /D Rets kg 7/ Bl
170 %. FEHZRMTEEE w 8D, 550115 200 BHG T
(pst BK). O

AN

n

) q(B)
K5 SrEIEE RS BRI

Fig.5 Proof of segmentation algorithm’s reasonableness
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