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Abstract

In the context of educational informatization, large-scale paper-based English cloze tests and subjec-
tive questions rely on manual grading, which suffers from low efficiency and significant subjective bias.
Offline Handwritten Text Recognition (HTR) is the core technology for building intelligent grading
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systems. CNN-BiLSTM-CTC is the mainstream architecture for English handwritten recognition, but a
single-layer Bi-LSTM struggles to capture long-distance character dependencies in long words and
cannot adaptively distinguish between corrections, connected strokes, and other form noise. Taking
middle school English standardized exam grading as the application scenario, this paper proposes a
theoretical optimization scheme and designs an improved network architecture with a double-layer
stacked Bi-LSTM combined with a post-attention mechanism, which can provide a theoretical refer-
ence for the construction of an intelligent English assessment system in basic education.
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HEGEENFEHEHE R, SRRNUREZ RN TS LUWEER TAE, 1252 M2 MIT 8 1)
RS AT E NG HE T2 RS R EER R, R FE rRFEE i R s 5 A 3k
0, RORSHERARIARRE, HIGEHT ., EXEESETE EWRE, 7% B0 A LB 05,
NITHA S VPR A o anqer 28 DR IR ) 5 VP HERA P I B Aih b, RIE ST MR e s, R EH
B T AT R A g R PR B S 1)

F5 AP (Handwritten Text Recognition, HTR)F AR R ARR T 5 F A7 AL LA nT fiAT i 4h S
A, ZAERIALR T EN AL SR IR R, ETFRETAL . 405 SO A T RS &4 5 3 H A B
TN o THI PSS U R R e H SISy, A ORISR SEIL TSN R SR R

PEBEIR B 22 SR PUHIE A, ENAMEE CNFR . §ua), SORTT . RS2 ITR T 51
FABRHE T . RS B A L . JEIA L N 25 15 S T 7 43 5450 2 ¥ o 23 CNN-RNN-CTC ZE 44
(Convolutional Neural Network-Recurrent Neural Network-Connectionist Temporal Classification), LAt
AR RE T, I C BN B 2T 5 SCAS R A S5 1 RS RAE S . BT 0T 905 3k K ] Bi-LSTM 56 R ]
PRHAE A1 R 0] I A, ELFRTEE Bi-LSTM XRFAE P 51 N 4 FR IS 8] 20 R A S AL B AL B, TGk 3 3R
HEBR 2O TR, S5 IR BSOS AR e A S TR G B R B A 2 e T BRI, 7
PR, Bia] ) BE AN I 48 22 FE URRAAIE, 32— 2B In R B 1A SRR HEFE

MIE AL TT H K, 250 Bi-LSTM B0 75 SRR EH SO 7 PR RS SR EE LT RS, )
RSB TH I &R N H 3RS ST S LR A BN =, HME DL R HE A A iR
WA ISP TE K o EH0 EIRBF AR, A SCAEL M CNN-BILSTM-CTC Zet4 44l b, T XZ Bi-LSTM
I PP LS BNV R AL, 8 B & RO AR T A, SR AT AR IE AL . IS R 2
UM AR AT R R L, SR TR T SRR B

2. tHXERER
2.1. FEXAHIIERELRE
BT 5 SO IHTR) I 0 B AR T 5 485 T 5 BUG N T it 7751, i2k5:

][l
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PLESS >0 FERIRE 7 20§ S 30 22 BB Rl & =N R BB B, FEMEASIEY 7877 RWFEECR R %A,
L5 F 5 P00 e BN LW TH 2B ERAE, 12 A6 RE /152 -8 UM 20 SRR 5 o VR B2 2% 2] 8 S 5, CNN-RNN-
CTC ¥ 23 HESL SO B 4 T 5 U B R 2R 8, MREE G A I 28 R JC W) 28 R AE IR X 246 J A
RN PR &R, AKFE CTC K SEILCX AR/,  KIEFEICT 50 #IME . Mahadevkar 55 A\ 44 2238 )
CNN-BILSTM-CTC WR & 4244, DL IAM AJFRCF5EFEMIIE, IESSZHELEN BA T 5 fin R fE
WRCPE, BN Z BTSN E A RETT (1] 2R SEEat — P RIEELGLE A 1%, Duwal 544 CNN-
BiLSTM-CTC H T JBH/R L F SRR [2], Ghosh S8 Flilhi SKAEL TS Hia 1, IEB CNN-
RNN [ F7 BRI L & R0 F F 54155 (3].

FEHIRBIFEH S T EEARRCRE . T REIERIZ, B R sy BB AT &R . EA
FULSREE R T 5 /AR NS, AT 2 WIS R R 5, W LA, BRI R T SRR,
G N ARSI G R (4] R T R R, E AN EE R B SRR KE S R AR
S EAE Y8 7%, Chen F0ILF 5 FAPREAL B3I 7, RIBBR KL FE FB4H75[5]: Si
S N g KA R IR B ) B B s — HESE, (B ORI B TR LR i AT 5 U R R A, fi#
Y5 SCARTE X5 UG AN UCEC I 9 6] RIS GAN 2542 il 4t 12 T F 5 7 L, Diaz S A
RAGVEMEL 2019~2024 FF5E AV 5T, BELRKFEERTTRONS, AMER LS KT
i E R M IR e PR 2% (7). FRIL2Z 4), Transformer. TransRNN &5 T ) A BRI £ & BiR
%28, Devi % AR B TransRNN 58 BT 5622 F /A RAI 8] #040#F 548 H CNN-Transformer Vi £
BN B P ST E R, AR R Bi-LSTM LA %% 8815 . EGO-LM %5% Al G = 70 th g itk
NGB, FIHES AR BIETSRMERT, AIE UZ AN R G o

2.2. Bi-LSTM #£F BiR A~ A

FA[a) LSTM X B U B — 07 e B A I 7, TGV RIS R SOal TS, Ja Semim) B RS 8, 7Ei%E
2B, TR FRAEEALIN S A R MK, Bi-LSTM it XU m 45 4 FNF T e UE R, &
FRTHA LSTM. UMY B4 K 2 50t 307 F 5 75 LA CNN-BILSTM-CTC N#:Aih 2244, Mahadevkar
[41 A 58 B 54IE CNN-BiLSTM-CTC 7 F 9% 3 -5 SCAS U I 201 R TAM Hiedli 48 56 A A it
IE SR I 3 I 28 A EE S TRl AR BRI 265, 0k AN "5 B3] (1 R A ME SR 1] EEXS/NEFI TS, Duwal
&% CNN-BILSTM #41C CTC fi#fd s 58 e 1H/R SR A T 53R, 30k Bi-LSTM X /N A S ) A
A8 71[2]. Imane & A\ R 41 5 AR #4 4 CNN-BILSTM-CTC #i%Y, 545 AJE & )5 i NI o
i — Ak, R AIE B Bi-LSTM & 2 1844 -5 F il PR AN AT 2 A BE Atk s e BB (9]

B0 EEE T 55, A REE LR CNN-BILSTM 3 F5 R BB, &) & 9 K /NG 55
FOACH B SR, i1k Bi-LSTM HIRH P 0K DU EC e SO R A AF K B, (HILA 7 R R ZRIEE S TAM
F5HIEEL, 1 E N AR TS I E R A /b - 2 500 LUK B 2 Bi-LSTM S
MoK BRI R B P A B BE IR 2 s B Bi-LSTM X B I R4 AR IR T 2 A 8, To ik 1 3h 9940 2
YRI5 BT 55 TE O AR AE, M DLERC B A Rl MR BT 55 . 250 Bi-LSTM AHXHE 7
RAEMPAASC. JETH/RIC FFOCEERER, T A E N R E S FE L AR Bi-LSTM &
H AR AT T B 1L

23. ARDNBIEFERAFAER

THRGEEAEEBES . [5ET. R B M8, 5 CNN-BILSTM Xf 4 I 5 TE
ZRALEE, G S TR . R U RS RAAE F & NN, SR R AR AL L 1]
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TRTMAEE, EERNT 55 EZAA T .

TR IR a8 20 A8 SR NP4 T B ER 4y, EE Sy YT ) B B A A R ) TH
IF1) 2 1) B 42 1) J=3 348 0 S22 VE 75 77 - Rastogi 25 AR HY SCRAT-Net, #4383 T34 75 J1 10 T 5 BARIR B 2 3] 480,
REEFE R BRI OFRF X, BEFSUEITRERNTI, KiERAZEETF S iR
HERZE, AR AT LUE X 5 F 50 BUFIE S T 5t [10] . Imane F1BVERX BT RA0 F'5 51d], 7
CNN-BiLSTM-CTC 58 Z8ky it NvERE LA, ik Bi-LSTM I FEAEREE LT 57 HBE, MR
RFGHARAIR A S HRA[9].

AN B O 2T A 2 M A TR R I ZE R . Kass &5 Vats 535 T 2 it o5 - i 25 45 14 1)
AttentionHTR %%, H4 7  B A5 S BAER IAETH, ERMER TS CFIRBI[11]; S0 Ir
JRFRERLE TSRS TR, KSR S L 775 X A R, 36 A 7 770 T i ke
A[12]; Wang S0 R AEREIE R L%, BRSO A AR A R FL A3 B, A BRARFAIE o) 557 AR ST = FE 22 ]
M E AT, ERCE 5 T R SCAR IR BIESS[13]; Coquenet %5 A HY 3R BLVE 2 1%, fEBhANA1TE =
B X 5 EATSCAR, L TR R AR 2 Bevg T 5 SRR R 14]

BURKE, 2HEBIIRACTAERSRATSC 30 BRSO, 1A E A S 58E F 5100
ME R E ML BT A 2 o TERINRCEZE S FE5 RN IIUEA R, HEXE A 505 F 5100
MR, JEHAE A B X — BAR R 5t R RG> HIUA R SR 200 B N 45K
Ui, GAERXRTEHES Bi-LSTM B 7 E 70 B R &R T o ASCRET I, s iUk 96k
F 51 Bi-LSTM R B AR fry st e f 7 %

3. 23t CNN-BiLSTM-Attention-CTC 4% 2249388181+

RS CAH | 2B i IE F 50RO B bR, fE4 8 CNN-BILSTM-CTC i 31|35 5+ 5 iR i HE SR 5L
fith g ISR AL, EFXTHLZE Bi-LSTM B FP @A RE A R . 5 1k U 75 e iR A 25 46 1) i, 7ER
72 G 5N B VR R, #JE CNN-BILSTM-Attention-CTC HU#E 4244 .

3.1. CNN-BIiLSTM-CTC EfliiERlE40

CNN-BIiLSTM-CTC & 4 il £ 2% T /5 SCAS YU A0S FH 5 32 o B0 SE R HE 42, 520k )y
CNN HFAEHEL . Bi-LSTM I R, CTC I Frfifhl = KEERb R, w7 Ll i T 5 R B 744 SCA 1 52 4
3

CNN 13t F 5 UG 43 RIEIZ IR, MIANGE—RoFh 128 x 64 R MFERIAKEE, KITEZ
B MBI SRR R EE A% . FREEE. PSS E R

Bi-LSTM /K$HIS P A TAE, 0 ONN St (R E R, IRFETE . R FIPI% LSTM R0 i
PIf e, 50 F B AR 2 RS A NG S A R IBEAE L, S e T 15 B3] PO 3 1 1 2 i I ke
o HIET H A RNN. 85 LSTM, Bi-LSTM ] LS 47 Rt 5 7 BE A BRI J5) 80 7 0 BAdy 1 A, 4k
SERUIA) bR SCAE RN R B AE SR

CTC ARS8 4) T LAFE B Se Bl e B k. 75 SR ARAFAE RARIN TAFA T, ARG HESCIL 740 5
FHEEHBE X5, Wi CTC AT A B 5 44 R 91 5 B S Bl bR 2 MO UL AR B, IR BEE R AT
FRVE TR BIOLE ;RIS 10 SRR BT 75 & I U 52 RS , PR PR T 55 R AR (b [ I,
SERL KT 5 A HR T 7oK

3.2, BUHEREIAEMIRT
{45 CNN-BiLSTM-CTC % Bi-LSTM #i tH 12 3B JE AR IR T2 E, TER 6 8T B 74
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TES RIS R AR5 e R IE . 2% SCRAT-Net F'5 Huial IR 5 AOVE & 0 ST BB, ASCrE
Bi-LSTM it CTC f@R i N 2 (A1 N 7 5 11 (Self-Attention) itk ,  SEELI FRREAE & B INALH
.

B Bi-LSTM #i th A P RaCR S 85 H = [y, by, by | T ARGER P EUEK, 100, X R3S
i AN )2 AR AR AE s 2253 9 =00 58 B e ) AL T B

V) WWHIREGER G0 e, o BT YIS ERLERE W « (B b ELEMEARH, B4 tanh BIERESE
FRRFAERLRT, 153 BRI PP 0 I 46 S9TE BE A 47

e = tanh(W-hl. +b)

2) M Softmax pREH—UAE o, » BIRIHHREOH— LR TG 15 0 H O B0 1 RCE R 5L, AR
KRG 728 A R L

~ exp(e;)
exp(e)
3) IMERE LT XERE, FHA B EN S EMEERECIR S IBCR N, REBREE E SRR LT
praih=
c=Ya,-h

AEEA TS, CNN BHEZ. W2 Bi-LSTM N7 2. BAEE I, CTC L2, H%
i CNN-BiLSTM-Attention-CTC B8 ZeH), EARFRAEWIE 1w,
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Figure 1. Improved model framework diagram

1. PR BELRE

FE-MBOAEG UG, SRS SG— R KE R AP . AR RS T 5 oE BN
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B BON CNN AREIREL, RAGHISE Z Ei b4 ab iy, TS i i 25 1) 22 1 4
TE, ¥ e BUR LA o — YR FPRFAIE, 58 507 1B) 5 N e 4 P R A 2

= BOAR P, 42 NAUZ Bi-LSTM 5B PERE IPRE . JetHXUZ Bi-LSTM 588 A BT
SCHFFRR2 R, 13RS BBEUIRS P A FHEN BVER B EENINAL, 1 e R PR AE, R
Mg I PR e 5 P 1

VIR BN CTC RS, HUSOIAUE FPRHE, TF 8 &I D55 5 2 A RF I T e, 368 I By 7 0 )
ZH BT A, ARG 50 R PSR SO

4. GitERE

T[] 2 FE ACE B B AP AE N AR i VP 2 M s A LS 1) L, AR SCEFSH L SE )2 CNN-
BiLSTM-CTC F-'5 iR I LM T BEAZE I 918, 3EAT 73R 21 7 BT £ G52 Bi-LSTM X LA
T AR TN B B B AR R SR, R AR X TR BRI, RS T E MR E
SEALARER ) X, AR SO RS R R AL A G CNN-BILSTM-CTC #iG 424y, J i Pt
HNXEHES Bi-LSTM 4544, 7RI 7 2m A5 f5 Y B BB, ARFERHEINALE 4 1L 80 30 R A v B
EHFFE, FHMAETIRD V5HUH R TEBHE TP, 77 BT AT o 2 8B RE e A5 3 4 58 B 1 531
MBS SRR R PP SR A B 1 R S AEE

JEEY R ZIRHHE A SR THE AN (B S, AL FERARESY 2 T/E. AkFEdE
HE L RN G VRN E SR B SHEAR, BEHFRU. ZFBNATNTFERE, #E— BRI HIET
R HLE IR RIE RS2 T, FIRS, 882 2] S5/ REAR S 5] 5o o] H T 22 /% H br s 40
SR il L, A B AE AT PR A HURE A S A1 T AT RE S AL LT R R IE S
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