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Multi-feature fusion based automatic reconstruction in related to

Chinese ancient manuscript fragments of Dunhuang

Zheng Yutong, Li Xuelong, Yin Zixuan, Gao Ge, Weng Yu'
Key Laboratory of Ethnic Language Intelligent Analysis and Security Governance of MOE ,
Minzu University of China, Beijing 100081, China

Abstract: Objective The Dunhuang manuscripts are evident for cultural heritage researches of China. Most of preserved
manuscripts are restricted of its age-derived fragments and remnants and challenged for their collation and contexts. How-
ever, artificial reconstruction is time consuming and difficult to be developed. The emerging computer graphics-derived
computer-aided virtual recovery technology has been facilitating in the context of high speed, easy to use and accuracy.
Method We develop a model-hierarchical digital image reconstruction method. First, a dataset of ancient Dunhuang manu-
script fragments is constructed. Second, expertise-relevant digital images of the fragments are pre-processed to assist in the
rationalization of fragment features and establishment of a plane for the reconstructing process. Moreover, a three layers
model is composed of physical, structural and semantic features via fusing multiple collocation cues. For the physical

layer, grey-scale feature similarity measures are based on Jaccard correlation coefficients. For the structural layer, geomet-
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ric contour matching is based on Freeman coding. For the semantic layer, character column spacing consistency features
are based on grey-scale fluctuations. The whole reconstruction process is combined with two matching aspects of local and
global contexts. The key to the local matching is to determine whether the two pieces match or not, while the vector similar-
ity calculations are performed on the feature descriptors. The local matching results are evaluated and scored by reasonable
thresholds between low and the high level. To realize the whole automation process, global matching strategy is imple-
mented in terms of the Hannotta model, and the two aspect of fully automated reconstruction is performed. Result To verify
the effectiveness of the proposed method, experiments are carried out on a 256-fragments dataset, which consists of 31
splinterable fragments (which can be reconstructed in 11 groups) and 225 orphaned fragments. The results analysis illus-
trates that 8 groups of fragments are fully matched, 2 groups are partially matched, and 218 orphaned fragments are identi-
fied as well. The accuracy of completed matching is 95. 76% while incomplete matching is 95. 70%. Both of their accura-
cies can be optimized and reached to 95%. To be more specific, each of partial accuracy are reached to 20. 62%, 63. 44%
and 23. 43%, and the improvement in complete accuracy of each are 39. 85%, 68. 09% and 23. 33%. Conclusion The lay-
ered model combined with high-speed computing performance of the computer can incorporate multiple features and com-
plete the reconstruction of ancient manuscript fragments effectively. The potential virtual reconstruction is beneficial for
secondary damage to the fragile fragments, as well as some irreversible operations. Furthermore, the reconstructed results
can provide an important basis for subsequent physical splicing, which can greatly enhance the efficiency of the artificial
reconstruction.

Key words: ancient manuscript fragments; Dunhuang manuscripts; automatic reconstruction; curve feature; hierarchical
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(Jb s B AR 4 B 2005 4 H R L R S0k SCik )
(bt oty 85 1 WAt 2001 48 Hh WD 45 S0 5t T sk A
BEBAEE FEZ I M, — R A RS
BRI 5% AH 5 & Ml SCHR R A R 28 5 5k A, it
1141, 315K 5 95 — 8 73 0 R % 3 al DT e 750 A4 96

2255k BN S TR BE AR BT 256 7K .
2.3 LIGHER
2.3. 1 FETRE CVRRAF A9 R U i KAk

WA I a1 A R IE— B R fA T A 6,
VL BGH AR R 9 Ly, A6 X5 0 Fr A7 35K P IR IR SR B
FLVCEC S , vl 4350 76 A R R A5 3] — A n] DL R A
WER T (HA I ] e IR UL ECAE B, 40 & 10 Fip
71N, 59040 F1 89069 = 14 J & IE i Y DL BC 20 4, {H 5
T30 A R AR A 1 DG FC 25 SR 5 %) D e B (&1 #E
LB ) A2 H R I

(U TIPE LSRR i m Ui UNTeAE

Fig. 10 Error matching result with edge and corner feature

TR R R BN EE, REEAKAA
J&, AT BE H B0 R A5 B 3 AL T 5 S0 a5 DT L O .
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BT SRAAE 9250 25 B a0 El 11 TR, S9040 Al
S9069 5 Fv 78 in AR} £ e S RRE 5, i 4 2]
IEBRVC BB (B R T HENZRED) .

2.3.2 BT EERIN A TTAL

e ERAE B B 0 el BB 1k —A L A
PEAERE PTG 58 B |, 75 BT E— 25 (% DT e A
i o FVCHC BE £ Match_Deg 3% 75 /> VG it B 1) UT
BC AR (5 AR 4K ,2015) , e HLAH th /N2 CHES (K
AN AR PIAIE Fr 58 B A B R IT L , 3% 1 4 S8983
T4 - B4 AS T DL D 235 51

FH 2 1 AT, 28 1R AE B, 5 S8983 fi DL it
(IR oA S9081, {H EL ST L i - o A HE4% 565 2 1
S8961, [K ity ] AN SEAF AfS 114 AE 45 HH A4 T i e 2
TRVCHCZE S K12 7R T S8983 (£7) 5 59081 (47)
P RE T UC FCEE L . @ ok ] 12 e m] & 1, S8983 5
S9081 5 HE P DT L B 1) 101 1 2E Hmfi A7 AH AL Z 4b , {H
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L1 AR SRR AT S B2
Fig. 11 Matching result by adding the oblique

sequence features

®1 S89837% B LA LR
Table 1 S8983 fragment matching results

HE# 25 Match_Deg
1 S9081 0.7129
2 S8961 0.7357
3 BD9428 3.1257
4 0r15012 6.2193
5 019912 12.332 5

P12 S8983 (/)55 S9081 (47 )k I VLHCLLY
Fig. 12 Matching result of fragment S8983 (left)
and S9081 (right)

& 13 11 S8961 A & 1A DT fiE .

AL B FURFAEDE BC AN BEAT R HERR R IT AL,

13 S8961 (/)15 S8983 (A7 )il H VEALLS S
Fig. 13 Matching result of fragment S8961 (left)
and S8983 (right)

ARSI T Rl 2 2 FHAE 1 ik — 25 DE R R DA
T I BE IR AE O e e R R . LUS T — S
HERHIA A ], 26 2 F2 36 1 5 N HE F 14 51 - B R B
iR

i R EESAT LUE H, S8983 i F A1 S9081 i
R BN IR 22 R AN VS L 223K 5 T8 1 2 [+]
FERE/INBIRE Fr A3 4% 019912, {H 3% % A A2 A5 171 DT it
BB R BN . DRI 2o 25 G s 1 DG JC 285 SR g
PE— PSSR BB RS 7T L ) ME— DT LA J oA S8961,
FFESEPRIEN, U T Z )25 E Al A 0 2

®2 FIFERRIER

Table 2 Results of column space

R i Y FHE S8983 itk F B FI F-iE 2

58961 16 1
59081 30 15
BD9428 26 11
Or15012 27 12
0r9912 17 2

2.3.3 AR

AR 3R H PA (partial accuracy) 1 CA (complete
accuracy WE AP HE AR . PA RN S8 3 28 5 1 R
AL NTTR AT AL CA RIS G UERG R, 1R
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BER, Z2EL, RIEH, 5%, $%/ SHERSHBETERFBNRE

NI AR A H T2 iR A

23 LI, Z2REAE G Bk B R R s DS
SERME IR ATLLVE W, LAY AR CA
SERESE A WERN ) , RS SE LR B 84N LA 1 218 5K
(ZH) A, Mok i 236 ZHE5 5, CA 4 95. 76%. LAk
R PACRSE R A W ) , T S8 B L 3|
8N, it 23 5 AN SRR B 24N e, it 45K
IR 218 5K, 55 Fr S 7 £k 256 F, I
PA N 95. 70%, Ak 2t th 8 o3 885 45 A9
WK 14575 .

R3 HHFIIER

Table 3 Output sequence results

INEWES

Bl B Feol N2
1 ‘627,61’
2 ‘13_17,°13.2,°13_3°
3 3.27,°3_1°
4 ‘15_17,%15.2°,°15.37,15_4’,°15.5,°15_6°
5 ‘16_1°
6 ‘16_2°
7 ‘28.37,28_1°
8 ‘282’
9 ‘19.17,19.2°,19.37,°19_4°
10 ‘26.27°26_1°
11 ‘20_1°
12 £25.27,25_1°
13 ‘20_1°,20_2°
14 221,222

B
e
-
:g
-1
o=
L
§ '

"k
W
pery

K14 ZaiirssR

Fig. 14  Results of reconstruction

2.3.4  JHRSEE:

RBEAA JE R AFFIE 0 A ROE S R A5
SER AR RL R 75 [ A S S LT, 2 A
BAAS JZUCRHE 0 21 A 2 UCRHIE R 3 A J2 IR RRAE
WA TFIHATERE . R ME4PR, A, Py, St, Se
Or RN G EAE L2

M4 TTLAE H, WRHE SRl G S5 R 1R,
VPR RN AL R RR ARG A R I TR 2
FRAE, B DR AT B8 oty A B 5 T BE A B R E |, i 2R
(4 5 (1] B REAE DX 20 PE AN 5 AR 2 R AR il A5 O
B BA IR E TR B 2RI BRI A 1S
BRI, W HAR)Z I BHE PR S B0 UL ALY
PETE 3 D3 IR G B SE IR 25 R E | 1R L2
TMAR R T fe i 45 5, BRI 2 H5HE i i 7
REARR IR D FiE b 2 20 o

SIS R F U AR o 1) B — SRR X A
D497 26 1 T 52 0 5 il A foff FH AR AR A, 58431
T 2 2R — S A M AR R B
BT Z2 R A B B DA R A A A B

x4 AEEHEHNEAMRERTLL
Table 4 Comparison of reconstruction properties of
different layer combinations
1%

HE CA PA
Se 57.48 29.30
St 91.24 77.34
Py 92.14 87.89
Py+Se 92.14 87.89
St+Se 91.24 77.34
Py+St 94.47 92.19
Py+St+Se 95.76 95.70

TE IR R A S i A2 2R

2.4 5HMEEMITLE

Z BRSPS AR TSR B0 FUR A%
SCHITEAGFERRER PA FILCA Z 40, 3800 | T #ERHERR
ST LA RN 5 F . o Bk 1R SR TR RN
YRR R D (FFREK ,2015) B T —FhoBr
FETRCER 0 4w R PSR Al T2
ITEAFAE ) Gt ) Jey VT Bic vk -k A 1Rl 4 R -
XiF, IR e DO AR B 3 e A B4 ey AR IR R AR
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MR AR P s SO T 20 I DF s 3k 2 S T Y
B 1) AR B UG B (] 2 AN e R, 2007)
JE—FP LA S A REE AR SR B VC e Bk, mT AR
AR FIR AT B 5 55 3 SRR AR 751
REE A RE 1 DC B, FH T REIE T 2 2Rl A 1Y)
FRE R

HY 2% 5 AT, A SO 1% 76 I I L B SR 0T 1 46 b
AR TR FE B FE PA A EE H A 34N R0 )
PEET 20. 62% .63. 44% F123. 43%, 76 CA L AH b H:
filh 3 A~ 53k 4 5 $2 & T 39.85%. 68.09% Al
23.33%. {HAEBITRERT [, AR SO b oA Bk
iR

R5 HEILER

Table 5 Comparison of different algorithms

Bk PA/% CA/% FEMT/s
ik 55.08 55.51 5169.784
k2 32.26 27.27 5556.383
B3 72.27 72.03 5063.228
AL 95.70 95.76 7 829.484

T UL P SRR 5 B R A4

2.5 MERESHT

Ak 1R 20 8 A S R Y TS Ros
R T T B AL BR AL B R RE T o (H O B
B R AR A AR AR RS |, e i 2 38 T0US 1
O3 YRR MR VC e 28 5 B0 R AR,

SRR 2 o ) BOR A A B L Y R Y A R
TN o FEAEAE A3 R T B B AR e VG T Y 45 SR
A s R LR 2 B L A, i L FE AR A
R FEAR—E T 2L AW, AP PR IR 202 1
WG, T LT E AL Z R I Al A A TR B

SR 3R L N 2 A PA R CA 3%
T R FIRRAE A 5T A R T HERR
ARSI RS E R 3XT L UER TR R Rl A Y b B
FG3 AR A R0

3 & it
ARSCHE TR AR R T T2 R4

MRS PPAG 97 R 5% R 25 Tk, I LSO 13 5%
Fr R S AT T B S BRI DAL HEAR R R

95%, AT T I FERR T A IR

55 HA AR A H A SO R A 4% G i R L 3R
B R AR R 2B AR il R 55,
EEEIFR OB, VCFAT 55 5 2% , FEA AR A o —
FRIEMRE DU, R R T4 2 ARUR A RE S
PEMCH FERE Fr 2 2 RRIE 38 0 e R KO
B T 4T b 58 R R 2 A VEAR A SR A AR T
T RS 1), (e — B4R THE R A I ER T

{HJE ARSI AR : DZBRTFLERBEAN
FL SRR ME LAAR B, HL H A SO i SR A A sh Sk
B SRR TR ABJE VR 107 ), AT 18 2
FEECHE 45 | 50 UE 5 5 i USRI B 55 v [R5 $2 T
2S5, 2) IR B 2 R RRIE S B Bh i v IR T
AbHAE IR TR DU S5 BEAT 5) AJEAT AL, 1
BLFERTELA o 3)WFFE AL R R I B, 52 36 v 45 31 11
BAEER R T AMEE RN, A 25 R Wi T
Ll BRI ASBELS B DR, 75 1) SCRk & R TR HE
— L0

PR, AR A9 D7 ) TSR AR R LA T T = 1)
Wi 45 TN RS BRI, R 2 b 7t B ok A Bt 4R M
B 2 o SOk 13 5% e A ST 1 A TR 4 5
2) Bl AFATH B, Ak 4 Jm DT BE S ms | ik /b 38 47 st
], SR TR (R ARIE A TRIOR 5 3) i Scik b A R
AT XA BT BT AR SRR, R o]
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