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5 %L, Wall paintings as the highly valuable treasure have been facing
severe damaging problems over the years. Ca (OH), as a promising material to
protect them has been studied for more than a decade. However, the
synthesismethods are still costly, complex, and usually, involve an organic
solvent. In addition, problems such as large particle size (>150 nm) , slow and
weak carbonation, and low consolidation strength for wall paintings remain un-
solved. This study demonstrates an unprecedented concept of wall painting
protection enabled by graphene —enhanced nanomaterials through strategically
synthesizingCa ( OH),/graphene quantum dot ( GQD) nanohybrids using a
facile and economic aqueous method. The nanohybrids are uniform and small
(center distribution at about 80 nm) and show strong adhesivity to wall painting
pigments. In addition, the anti—-UV absorption ability of the nanohybrids is also
a significant advantage. More importantly, the Ca (OH), is fully carbonated into a
stable CaCO, crystal phase “calcite” because of the GQD, which is crucial in wall
painting consolidation. As a result, the graphene —enhanced nanohybrids show
superior conservation efficiency compared to as — synthesized Ca (OH), and
commercial Ca (OH), materials. The result opens a new direction for protecting
cultural heritage using the newly emerging 2D nanomaterials.

4. RBEE (%lﬂ]’ﬁi% ). <<Extracting Painted Pottery Pattern Information Based on
Deep Learning) , Conference Paper Publisher;: IEEE, 2018,

Abstract; This paper proposes a method that can effectively recover pattern
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information from painted pottery. The first step is to create an image of the
pottery using hyperspectral imaging techniques. The Minimum Noise Fraction
transform ( MNF') is then used to reduce the dimensionality of the hyperspectral
image to obtain the principal component image. Next, we propose a pattern
extraction method based on deep learning, the topic of this paper, to further
enhance the process resulting in more complete pattern information. Lastly, the
pattern information image is fused with a true colour image using the improved
sparse representation and detail injection fusion method to obtain an image that
includes both the pattern and colour information of the painted pottery. The ex-
perimental results we observed confirm this process effectively extracts the
pattern information from painted pottery.

5. gKugE: IRV P SRR TR TR RCAR SO S B R R ), (OCTE)
2018 455 2 1,

fHEL . BV D S AR AR AR SOOI RN 2R, R I R 4R

TR i K A4 5T 7/ N 2L 5 74D A N N 119D T8 7/ L DN S veE - 419018 7/ ke
REEWHELUG, ST T AR ER | 5 BRI R A PR 55 A
FoOm I O, HrP UKL S B A0, g, Fat, LAt
AR, SENCURN S 7l AR SR, GeRl, BOUH RSB S BNt
B, HSEN R R 2 5, X FR T TR AR T S B (0 A
AT A BPEFCRRAPROC S TT AT 0T 4, R B S P R
AEBERTFRAR LG

6. ARACHE, FET. SKBE.  CRRVE D s A R R R4 AS A5 SO S TR
Py, (CCRHL) 2018 4E46 8 1],

2 FEFRERE T SR DT m Al 2R 5 m o H B A 2

TR AN SCE A RSB  Iy s PR TR R A SR A T A B (LK)
152 SRk, XHABI SRR Y 2L TR R A0 R AT TR ER Y, L



<44 - % 74 77 St VR R B R: B SR T4 2018—2019

WATEA 5 W 2R AS T3 i ST B 52 77 T T 4
7. LD HAE . et (WO AR T 2T ), (3CHE) 2018 4
556 11,

L. XTENYIE KRN AL B DA NI 8 < i s P i B R 1Y, — i
BGRRR BKAETE  FUER] ARSI ARSI 4 DR E, TEREN AR
O R R TR G0 R S T2 T s i 56t |, AR o &
SUBAE T X WML G e Bl T2 A AN 24 | B 2290 2 PR
FAH X RIAE T S AERRIBIRA , LB 8 ib X 2%y % 4 AR T AR
HGHUR T, AR(R A BOR B 22 (2 0K A 50T S0 oty A B ol i i T
REARIEZ T BT b, A BA SRS A B T3 E Sy s oty
AR R T2 i IR T, N ARSI AR | P
T LA | AR B (5 A 25 A fE %

8. 2% (BE. THSHPiERY), (FEICYHR) 2018 451 A 20 HE
6 Wi

L. ARk, BEE P ESCH IRl i P R SO [ PR R
FERIARWTINGE, “ TR (conservation preventive/ preservation) HJFH
Ak Z 2] T E N SR OC T, A ELECT 2012 4E 6 H
ERRM (HEZE “t " SCR A SR s R 3 Bl @ Ay i E,
2016 412 H (EZK “H=3" sofbis™ /Ry 5 A SIS BHE A
) BRI RN SO R < B CR, miEERT—
TR FrsR A R < HRRECR . ST <Rt B Ry
P QAP S, BAA M2 25, HITCEE s ) [ 0 SC i TAERY
BEORAET S AR 2T EAWHR T, SR, AT Beag L 2 R g s
(O SCYDAE FIE AU S DL B M R RN B A X N A2 AT LK SO Y
TR P OR B AR R AT R R, EH LR, A K T
(intervention) —iAG|AR] “ER" XML&,



B PY [y 5 T LR BT LA B SR 4 2018—2019 <45 -

0.

10.

11.

B (AT U A 0 S b R A —— R s R ZEBE ) R 370) , (HLGEE)
2018 4E55 1 1,

2L, RN TP VI L K 2 X RIE S SFTERTFE . 2014 4F 2
I BRG Iy s ) v 5 B P 48 25 S B B R ZE SRR AT TR A A
RGN, BREN KRS, ks, iR, SE3ERILK 40.6
K, HEE ., 5aHR., 5 KI, 6 BESRE, BT, RIEMZEESILE T,
REFB)EE, (APPSR e PR R EEE | T
RIFEBSHANAERR BRI K2 B LSRRI, 7 18 5 5% T BE )
RAFSELF, LA RESENAREEIR] . LLOKIEISE , S TR L SR, JCikdktT
JEHERAP, RXNZEEZE A TR TR
Fotse: (HEMER TR T L . HRER I SREE) , (3C
fE) 2018 455 5 11,

2L, BMERFEIRC S M I R AR R R R R 3E, SR
BECRAFITE G . R R BRI [E K — )l T AR BUAEAH
KHOEHARR, H B 2011 4E10 ARKPE Iy s )18 R 22 RE M2 I LR, £
ARV AT A T AR SRR, 2017 4F 8 H, BEmIEHRMF A B %
BT T AR IARR SO RE , EBE RS, Rk EEm R, F
ZER AR F-Be, Wi SR AR . BOGHLE | X RO
i, WHAMRAEER AR E T TR, AR ZS S H e TRy e R
FEST 0, SREm AR B BARE T TRE . MERE
M, AR, IAF] T REOR B ST D SRR BRI AR B
ME B AR TAER S — DR 0 R RS A IIIESS RS RE
T JRATE PN A3 G B o P DI ORA, ) B X e o 1 FH P R AT T 2553
5wl
GEHk. QRREEImRATE R LI s W — R EIESC R, B
SANAHAREN JER), (BRPUDI LYY 5525 8, BRPTHiEH



- 46 - B G g s b B AR H S 4% 2018—2019

12.

13.

WABIREAR A =Z& th it 2018 4F 12 H .

WM. EHSM REERCCRT . BELIVEAREIN 5, 456
FRIINES, xR IRREm SR B 5 S0 00 B A B A LU AR, A, 1
REM B TAERE T EESMBE RS EICREEA, 2. REmEE K
FABACESRFHEF KT, EE IR AA AR ; 3. il MERE R
BRI, A BRIRBRESE I % Y IE R 1B 1T,

FAE: (7R A ——BI PG Iy S iy b R R i QAP B 2 IR R Z )
(CHIRHLY 2019 4E55 10 ],

2L, BRI E 2 G, AR, AR RIS
BEEORITE, — BRSO RS, FEARZEZERE m LG b X AR
FE NIV JH B I TG B S AR LA 1, T3 4 3 B 1 4 R 2245 H R
WA R PG [Ty S A PR N o BV g s ) PR A A T, A D O
b X A 20 )8R REAR SR S RE I 2L 641 ME, 1200 250K, HAR
2%, FRZE . RPROZ L HEA WESE RN FIE, X7E2E T2
E oy 118219 /W' = B €L JTHTE 12 Vi o] g 1 RN I I k=R D p
BV AAFRERBLAS A AR, BATE % T 3R AN [R] 1 S 2R R ) 4 B LR
BT, T RPRE, LS T SRR 4 MR FIME S R AR AN I 4
e D SR R R A, B — B VSR 1 v [ R SRR R R, I B AR
Pz,

WSCR (CR—1E) « (ME TFREEE B m AP iH5T) , () 2019
A A,

2L, N7 R S b 1 Dy s b J 7 S g SR b i M
FUNTRRACNT |, BEF T 225 ) Al =5 B () B LR, X i

RPN . AE, BURkRTE . B KB, e LSRR, et

R e T2 AR R AEDITE, IFAE R Lok B, 456 3C
BRGERE, AT ORE | ARG AR B AT RL . Dk e, B aE



B PY [y 5 T LR BT LA B SR 4 2018—2019 < 47 -

14.

15.

16.

T RMEE B S R ASREE, S RMB SR I R g S T
T EEARYE
Bl (FEZEREMBURHORZEAT) , (SCYIRHL) 2019 AR5 10 1,

. EIURAYT . SUb, ZRE S BT ERME, 22 AR K-
RE T, REEVEAE RSP, BT R T A2
W, BRI R R RIR, A G gl SREUEI . AR Ay
MINZS, X SCERA IR IR SR #h 5T
SR (SRR« (PO it e 10 Ak 35 B LB o ), (¢
) 2019 455 4 31,

HEL. PO R TR R AT F &1 T L EARR R, R T
ANFEFREER XA W . Ry T 48 s il 2 180 XU A 235 g PR 5 JE sk L,
P T BT . X SPERATIMY . LA BT RG22 Tk
PG FRERS AT ER AT . RIS AR AURE S AT TR 43T, 25 R o,
AR R R BOE R S ER AR Y FE B B2 R R
B A0 GRERENAIRERES , R SR A E A AL, ¥
AALE . BRI A AN MR EL AR AT G, AL R ) Na,So, 52460
Na,So, - 10H,0 =4 B945 0 F1, A CaSo, /K&4E S E S, H CaCo,
Y5 CaSo, MHEALIEICHE, FEMCELRE F3RH T gl
s (CBR—E#) « (GEFRARRELIR A M SO ST T it ), (X
PRI aTE . L S B E —— RS IR AR LA = AR IR
SCAE), PEALRA AL, 2019 4E8 H

L SR R A 2 N T iU S SO0 SO A IR | B R
RSB R, TR AR 5 B BT A AR R R B, A0 4
FAR— B SO R S 5T () — A HE SR, T W0 ZLIBIR R AR,
BRI AR Ot A, SR A 2 B RR I 5 W) BE 80 i SR IC R IHI T
M, SR BB TR, A R ARV R KR ) BRORE AR S i LB R



- 48 - % 74 77 St VR R B R: B SR T4 2018—2019

17.

18.

19.

F, WIS R, 00T LA S 2 R P S I B R S T, Ak
PR AR, XSCHIRITS AN, SO ORAP BOAR DG BT S A R FH 1t
T,

SRR ERIY . (RIRESGERERMEE LSRN, (SCHIRHL) 2019 4F
5510 31,

B, BEERE 5 52 S N2 S SRR A LR AP B A S R b T R AN
RGN HE FHE . BEEAEE FRES LB R A, R th B R
A B SEFMIR ST, X BE I AS A4 A AR & AR T80, DT 330 35 1Y
B, TEMPMEE I R IR . A SRR T REmE S TAEh %
A P BE 2 SN, IR T AU B SR LR
GEHE CBBETAEE) - CHEVEE S 4 VSR R B AR R R E A RI2E A AT
Xty 2019 4E55 2 #1,

ZL, R e E T B A R R ) B AR —Fh 2
Y, R H T ERMERAA EEAE L, A T IRBREPa st hl 0 75 A
ISR B A IRl T 2R, ASSOR B A T BO T 40 2 e Rl o0l 25
AT RA R, WOKORFI S SALRHA T TG SR, i S A
DUFSER. 1L st g i motihe ; 2. PR sa &G b AL O, %
HARTTE 16.7 ~23.66% Z [, Si0, & R KL FEh 67.36 ~76.01% ,
K,0 &HTE 1.55 ~2. 11% Z[a); 3. HEPumht G &Rt P,0;. MnO, K,0
SR E T 4 VSRR G EWRACREIRT 1%, BRI T

o RPSCEGEERIEAT AT . HEPE B B AR R T RE e A
et s RRRZIRIN T REAKES A, R EHIVE T2 M FHIER AR
IR PR
B skl RIRFFEEEmMIST R RS 2R), (CCYRHL)
2019 4F55 10 31,

2. FERYEREAEBOEE PR SR wibhi. RS2



B PY [y 5 T LR BT LA B SR 4 2018—2019 - 49 -

20.

21.

22.

AR R BRI NSRS T . EATER A B AR B e, Ml 15
— MR, AR, Ak, MEMS AR, B2
REVEANSE . HARRG C O 4 AR S S R IR IEZ —, AT]
ROR A E IR 5 A SCPIRSCILZ I OE 2R, A5 22 R 1 R A 5 4
B, Bl 2RSS, MK ETE SO R SRS 1 A A
JEA I,
bl . (PRI ZU SCOTRBT MR AT AT R 88F) . (OCid) 2019
A1

R D580 S B AR A A S AT A T8GR A, A
X PRREURG, W 5 32 4% Rl K R A IR A, KA RS R 2B XA
J1. W] HORSFESRE, R R TR LSRRGS, MELOK L2
LGS SCIRAT T ok . MBS R, TR SO PR A e B BT AR AR A [
AT DAREAIRE AR | AT EEIAS . A SCMIR ST 43 it ST R e P R T
I &, DNIOERSREIAES  F M S 44 | 7 WA B 4G TR 1 241
i SCHITRRI P R B AT A T T 2
et . (OB BELE M RTEE) , (CCOTEFL) 2019 455 4 1,

2L, A AR B B U TRV Iy s W PR e B b, AR A S
PIRAFIR | BRI M 3 m b, ARIEZ A SO AR | o 1
O, MHARYGHAT T RENEHL, N, #h42 | FEASFBEAM, KE T3
WITES,  TRIH i SCA A5 DL - R R A RAE
Petifle . (OB HEE 0L R EL R 2GS ), (AR S3Uk
BEEAESTY 2019 4E55 7 1,

2L WOL MR EO LS TR BA R R | X N T 5
PErd, AIXRORIRE S A TR BT . CERE i A R HELATE R 5t
MSC) EREMTEBL T, SCRER IR0 Bt 80k Oz AR 2
AL [ RORAHRE N & BT AT, e AR, AT R



- 50 - % 74 77 St VR R B R: B SR T4 2018—2019

23.

24.

25.

YIRS R MB SZ T AR R B B TR R
AL (RRDUBSCY SN sE i), (SCHEE 5 ¥EF0) 2019 45
13 441,

E D, LTS TR SO R B B A 2 220 B
. SRR BRI IIE . 7ERT AT REERN L, &55 SCkic s
JEEGORE, SCERINL . JHI ] R AN SO S R 2542 1 B s e e SR A T g
IEIR
L2 CBRAEE) . (CERFRBSC RS TAE S SR MR —3f
WHERERIPAA TSR, G55 ER) 2019 45565 3 1],

M2 PEBEFE RSOV IR, Al 72 4R i)
S, MR MTESCH R TAE S SO IR 2T ERas, BAAA
e e ERENE, WATFZERENSERER; flin. KR4
GURIE > T 561, BERREOT Eryse, B SSEIfE, SC iRt
SYEE L, GHBER, R SRR ZHE, Ll AT AR
XEF SO R TARERRARE RO SO M A RIS, PI(EA I AR A SRS
ST B O NGIESS - SRSl T S S AN RSB &7/ L7 S il
A
KEEE (BMUAEE):.  (Mining painted cultural relic patterns based on
principal component images selection and image fusion of hyperspectral
images), (Journal of Cultural Heritage), Vol36, Mar. 2019.

Abstract; Because painted cultural relics are fragile and precious,
traditional methods aren’ t suitable for analyzing them. A new domain is
proposed to resolve this question: hyperspectral imaging technology can observe
images when the range of the image is from visible to near infrared light.
Further, this can be done without damaging the painted cultural relics. This

paper presents a method that can automatically mine painted cultural relic
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patterns. With this method, the principal component images are obtained via the
minimum noise fraction method. A salient object detection method is used to
obtain the striking images of the principal component images. The principal
component image corresponding to the salient image with the largest average
gradient value is selected as the optimal principal component image. The optimal
principal component image and true color image are fused, in order to obtain a
painted culture relic image so that the patterns are mined. Experimental data
includes pottery and murals. The results show that the proposed method can au-
tomatically and effectively mine painted cultural relic pattern information that is
not easily observed by the human eye.

KBEE (55—1E#&): (A method for the analysis of spectral imaging data
from Tang tomb murals), 2019 SPIE , July2019.

Abstract; The murals of the Tang tombs are important materials for
studying the social life of the Tang Dynasty, which have important conservation
issues and historical research value. In order to preserve the tomb murals for as
longer as possible, it is necessary to restore the murals and accurately record the
restoration location. However, the restored murals are difficult to discern
directly with the naked eye. This paper proposes a method to reveal the restored
areas, by extracting the main components of the spectral images of the mural
with the Minimum Noise Fraction ( MNF) Rotation. The location of the restored
area is clearly observed from the main component. In this paper, we also
proposed a new method to extract the sketches in Tang tomb murals. For the
bands sensitive to the composition of the sketches, the sparsely constrained
sparse non—negative matrix under—approximation method is used to decompose
the optimal sketches composition, and then the sketches are automatically

extracted based on the idea of layer superposition. Through the experiments on
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28.

29.

the mural paintings in the three tombs, the results demonstrated that the
proposed method could effectively perceive the area of mural restoration and au-
tomatically extract the sketches accurately and clearly, while saving manpower.
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