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Case-based reasoning method for ancient city wall bricks
reinforcement based on fuzzy similarity priority

QIAN Wei \WANG Ziyi ,WANG Wei
(Faculty of Urban Construction, Beijing University of Technology, Beijing 100124, China)

Abstract; In view of diseases of the ancient city wall,the 3D laser scanning technology was used to obtain the point
cloud map of the ancient city wall. The damage area of the ancient city wall brick was obtained and the amount of
bricks needed to be repaired was calculated. To judge the origin of ancient wall bricks, X-ray fluorescence analyzer
was used to detect the material composition of the ancient city wall bricks and brick samples of the known origin.
Based on the concept of fuzzy similarity priority,a case-based reasoning method for restoration of ancient city wall is
proposed. Then, the fuzzy similarity priority relationship between the target paradigm and the source paradigm of
the ancient city wall brick is established for each component of the ancient city wall brick. After determining the
weight distribution of the chemical constituents, a comprehensive sequence of similarities between the target
examples of the wall tiles and the source paradigm is acquired, ultimately finding a source example of the ancient
wall tiles that are most similar to the target examples of the ancient wall tiles. The example shows that this method

can quickly and accurately determine the origin of ancient city wall bricks.
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R — A DRI AME 5, 72 5000 ZAER) FFER AR B AL T H R i Al
Wb T VARSI . WSS DU R IR O ], B L 4 R B IR o R
ANRTFRFIEZER L&, FERSNLNE. 2 BT I A A T G B AR . R S
RO EAFENE" . BT RZEOE S RRE  egmd RSP, B IR E L M R
TEAMR), TR X, RFITEL 25 55 B SR IR BRI 4= e REERIE R DA %, L TR 7 1. BRI
B I ST S MBLZ 0. AR L REBRER 2zmmip R RO AT SR I T O B R O T A % BRI
R AE, RIZHEGRE . REAIRENEA gon 8 e % S R RSO E 4 2R,
%f‘%ﬂzj\%?ﬁfﬁ]iﬁﬁiﬁ'ﬂﬁﬁ%, @?%ﬂ%é%bﬂ %ﬁ?ﬁﬁ?ﬁ%ﬂ@ﬁ-{$ﬁ£1¢%m Fan j:;EIEtHTE‘

LA RS (47 TR IR TARK g gt 0 T 5, T 44 0 5
HOERE. SR IEH S A TR 11 R e 0 Mesquica i FER 73 ]

JRis Wit i 3 o3 . S . et N
imﬁﬁfﬁkgﬁgggiffgﬁg%ﬁ% BN 2 6 75 2 4 RS0 O ) T B E .
en A WIS AAT PRI ot b e i 2 065 A9 A5 0077, Lopez-Arce

Wi HEHHE . 2020-01-03 EXBE AR 2020-12-07
E2WB: BERB AP L&D H (51678005); Jbmimdi ARSI 4 W H (8182008); kWi T —THARAEESEZHRAE R H
(KZ202010005012)

F—1EE. 8 WQ77T—), B, mIEZ, EENFBRPAP AR GFHAPI. E-mail: qanwei@bjut. edu. cn
BEMEE: £ OB(1981—), B, @I, EEDRMT S TR IORK, RN, Email: iceww@bjut. edu. cn



5 3 39

B L, AR SRR ALLOR S O ol R % 05 S V0 o e B U ik 359

SE T VHPE I FE 3K 2 i X — 25 [y S 3 35T ) i R i) X

2R, 35 Bk B0 M 0 7 iR IE S e s B @
Brr K. BA%ERHABESIE

AR | Z O R BORT T 4 T AR A T
P AR Ty I e AR AT A

RS oy ol b B0 A8 2 R b, 3 VDR A
SEIHANTH i S0 RE e K B BE R LA
JEC IR 00 B L. IR, A R B AR 2k
EEI NPT XTI W TR S N W U )Y T B
WEGLLUEELEC. AR, A S8 W B 7 b 04 ol R 4
FLEMETR BRI SRR, AN [ 7 00 K5 % B R RT
RE SR AN [ 89 JS0RE BCRC 7, He b 52 21 pte i 2 T B
TE AL BE ) AN ) 17 5028 2T b, AR S L

J7 LD RE T A £ 200m B I8 BEAE S WF ST R 4t
X HCREAT T A THE SE ) R AL A B A A b 5 Bk
Il s 0 T B, = A O I AR %
YRS BT F A, DL R AR B R B =
AV . HRAORE

[IEK/ L S SN T

BAIKED, Xk
SR

Tl A AT

Bopn LR O e BN ol B JL AT 45 85 I Bl AL %k B
IRYRIE B 2 Healy i FC R0 PR LAY 16 el ik R i 2
AL oo k. ), AR TR Ao, Ak
TR L) HIE 55 B ol it % 18 A 0o e B
%, LABOoR P BT 55 2% 3ok 35 oty % 1 52 ik o0 e b A OEE
%, KT LRl i A 4 SR AR S O R 4.

1 FEEHERRAE

1.1 REHE

RBIE A B Eh T D S ) DAL R B B ) R
IR B BUAF B0 Sl B 2> AR, BRI 1%
B XA B RO T, B DX A A A X s
MRABOL, H KRG T I 20 em; MU EAFAES 5%
o BLARAE, O b 2 b A R DR AR SRR SR T RA HE
SRS 5 SO0 T A R AR B AR A W A A W
EARREA N LT HURE, SEUHKIZE - 1),

Je iR % B 2R

1 WiERESHE

Fig. 1 Disease distribution map of the city wall
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Fig. 2 A survey of the disease on the wall
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Fig. 3 Sample preparation
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Tab.2 Type and content of oxide of ancient city wall brick
_ FEAFEA B B/ %
s LT
Cxk e b Si0,  AlLO; CaO Fe,O; MgO K,O Na,O TiO, P,0Os MnO SO, 71O, SrO  Rb,O
Gy, b, b, b, b, by b, bs L T T P
C 60.443 11.803 12.370 5.416 4.057 2.520 1.537 0.705 0.224 0.084 0.181 0.059 0.065 0.017
C, 64.970 12.421 8.261 5.547 3.119 2.553 1.808 0.788 0.242 0.088 0.067 0.056 0.044 0.021
C; 66.320 12.213 7.085 5.088 3.366 2.516 2.015 0.683 0.238 0.078 0.204 0.051 0.044 0.019
C, 67.226 11.538 7.679 4.974 2.816 2.420 2.087 0.696 0.238 0.079 0.085 0.060 0.041 0.019
C; 67.361 11.127 7.935 4.415 3.029 2.333 2.189 0.739 0.280 0.077 0.203 0.057 0.041 0.015
Cs 68.551 13.350 3.333 6.315 2.761 2.490 1.821 0.776 0.230 0.109 0.127 0.032 0.088 0.017
C; 64.253 12. 610 8.294 5.595 3.461 2.542 1.731 0.736 0.256 0.123 0.276 0.045 0.041 0.019
Cs 59.932 12.827 11.967 5.627 4.349 2.542 1.418 0.688 0.195 0.094 0.121 0.034 0.071 0.016
C, 67.363 11.121 8.207 4.646 2.762 2.307 2.178 0.680 0.271 0.071 0.242 0.058 0.048 0.017
Cyo 60.146 11.784 12.372 5.555 4.019 2.591 1.618 0.799 0.181 0.097 0.157 0.060 0.070 0.021
Cn 72.205 12.269 2.394 5.190 2.151 2.337 2.145 0.768 0.239 0.083 0.087 0.055 0.064 0.015
Ci, 72.014 12.853 2.572 4.694 2.269 2.463 1.810 0.752 0.243 0.083 0.122 0.064 0.045 0.017
Cis 50.487 15.673 14.116 10. 028 4.038 3.296 0.769 0.763 0.196 0.203 0.207 0.025 0.049 0.027
C 67.289 12.930 5.368 5.050 4.018 2.289 1.999 0.685 0.159 0.068 0.153 0.022 0.078 0.014
Cis 57.506 14.685 11.491 7.653 4.048 2.968 1.068 0.732 0.183 0.148 0.116 0.039 0.045 0.027
Cis 63.580 12.769 9.175 5.432 3.846 2.607 1.387 0.719 0.222 0.084 0.093 0.033 0.039 0.016
Coy 62.164 13.307 8.864 5.863 4.011 2.605 1.964 0.725 0.209 0.104 0.064 0.041 0.043 0.021
Co,  59.197 13.194 10.628 5.444 4.537 2.627 2.335 0.696 0.213 0.102 0.659 0.037 0.060 0.018
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Tab. 3 Weight of ancient city wall brick target example

WE b by bs by bs bs

bs by bio bu 29 bus by
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Tab. 4 Sequence of similarity between target example C,; and each source example

Ck b, b, by b, bs b by by by byo b by, by b1 ty

C 2 11 11 6 5 6 12 5 4 6 11 11 11 7 7.694
C, 6 7 3 4 10 3 6 15 11 4 1 8 1 1 6.030
G, 7 9 7 9 9 7 2 11 8 11 13 6 1 4 7.056
C, 9 13 6 11 12 10 3 7 9 10 2 14 4 5 8. 487
G 11 14 5 14 11 12 9 1 16 12 12 9 3 12 9.658
Cs 13 1 14 7 14 8 4 14 5 1 8 5 15 6 8.598
C; 4 6 2 2 8 5 10 3 13 B 16 2 6 3 5.198
Cs 5 4 9 1 7 4 13 8 3 3 6 3 13 9 6.528
Cy 12 15 4 13 13 13 8 13 15 13 15 10 7 7 10. 854
Cio 3 12 12 3 2 2 11 16 7 2 10 13 12 2 8. 009
Cn 15 8 16 8 16 11 7 12 10 8 3 7 10 13 10.756
Ci, 14 3 15 12 15 9 5 6 12 9 7 15 2 8 9. 307
Ci; 16 16 13 16 3 16 16 9 1 16 14 9 9 11 11.318
Cu 10 2 10 10 1 14 1 10 14 14 9 12 14 14 10.056
Cis 8 10 8 15 4 15 15 2 6 15 5 1 5 10 8. 155
Cis 1 B 1 5 6 1 14 1 2 7 4 4 8 10 4.923

x5 BHEH C.5FNREEFHNBUEERFT

Tab. 5 Sequence of similarity between target example C,; and each source example

Cxk by b by b, bs by b, by by b1y b by bis by Tt

C, 3 10 4 2 2 6 12 3 2 5 6 13 2 5 5.202
C, 7 7 7 3 10 3 9 15 9 4 16 10 9 9 8. 286
Cs 8 9 12 8 9 7 5 5 6 11 4 7 9 2 7.462
Ci 9 13 10 10 12 10 4 1 7 10 15 15 12 1 8. 816
Cs 11 14 9 14 11 12 1 10 16 12 5 11 10 11 10.892
Cs 14 1 14 13 14 8 7 14 3 2 9 4 15 4 8.911
C; 6 6 6 5 8 5 10 9 13 9 1 5 13 3 7.506
Cs 1 4 2 6 1 4 13 2 5 3 11 2 5 7 4. 154
Cy 12 15 8 12 13 13 2 6 15 13 2 12 6 5 9.774
Cio 2 11 5 4 5 2 11 16 12 1 7 14 3 8 7.479
Cn 16 8 16 7 16 11 3 13 8 7 14 9 1 12 9. 750
Ci, 15 3 15 11 15 9 8 11 10 8 10 16 8 6 10. 347
Ci; 13 16 11 16 4 16 16 12 4 16 3 6 4 15 10.980
Cu 10 2 13 9 6 14 6 4 14 14 8 8 11 13 9.476
Cis 4 12 1 15 3 15 15 8 11 15 12 1 7 14 9. 056
Cis 5 5 3 1 7 1 14 7 1 6 13 3 14 10 6.238
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