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DESIGN OF CRACK MONITORING SYSTEM FOR CHINESE ANCIENT
WOODEN BUILDINGS BASED ON UAV AND CV
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Abstract: There are many cracks in Chinese ancient wooden buildings, and the formation and development of
these cracks are complicated. These cracks can easily cause component brittleness, which seriously threaten the
condition of Chinese ancient wooden buildings. Based on an unmanned aerial vehicle (UAV) and computer vision
(CV), it designs a crack monitoring systems for Chinese ancient wooden structures, including an UAV system, a
camera system, and an image processing system. In the UAV system, a UAV suitable for crack monitoring is
designed, and the feasibility of hovering photography of the UAV is analyzed. In the camera system, the camera
distortion correction and pixel resolution calibration are done, and an improved SIFT + RANSAC method is
proposed to improve the accuracy of crack image mosaic. In the image processing system, a set of preprocessing
methods is adopted, and Hessian matrix is combined with adaptive threshold segmentation algorithm, extracting
crack features effectively. Then the size of members and cracks are accurately identified by CV measurement
method. Finally, the feasibility of the proposed crack monitoring system is verified based on the wooden pavilion
model of Chinese ancient buildings.

Key words: Chinese ancient wooden building; structural health monitoring; crack; UAV; CV

WA E . 2020-04-28; & H . 2020-08-23
FETE: BEKARFHAIL AT S IE (51338001); bt AR EIE 4 T 0 H (8151003); I%E%fﬁég%ﬁﬂma(smmom
WIRE#: B 8 (1974-), Lo @R, TN, #d%, Wt WS, FENEM-REEH S S A Y (E-mail: nyang@bjtu.edu.cn).
fE# R 3k W (1996—), 5, dEmtA, i, I,@U\i%&iﬂ%ﬂ%‘%%ﬁw}mm mail: zednal996@163.com);

R (1992—), 5, WA, WA, FENFEPEH @RS H RIS (E-mail: celith@bjtu.edu.cn).


https://doi.org/10.6052/j.issn.1000-4750.2020.04.0263
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0263
mailto:nyang@bjtu.edu.cn
mailto:zcdna1996@163.com
mailto:celith@bjtu.edu.cn

28 T s

o

SRR S R B A R g e STt
{H, BB RIS T, 8. AR
SO O SRS A LS AR s . 4
VABIE,  Z45% IS r [ Sl SRR & doe A L 11 403
e HHE AL REREL . IR,
JEH R, R EMAAETI . b B SR S A
PER I MEIDE S, AR W 3 B8ORS,
O BLIE G PE I, W R R A
Zif AT IR

MNFCA R 6 8 2 I I ok, — R
52 M 0B A5 9 1 R 8 VU RN B R 4% 7F K I
NDER AP S P e R R aE s, N SR
ARAE N AR G O St N B3, D5 N
SRR 8 1% R G [0 Jre LA W 45 4 2 5 il 28
g (RN RZHCP ENE AL, HAr U
N AR 07 AR B AL % S B 2R g% . Dok
ARSI T B Rt
BETE ST A AR o (FE R AR Oy
ARG R B IR TTVE N BRI g e
EOKs RN REAAAE R RIA I H X Al g5 R
WZER, HERMA G A S LK A
R SR G, Bl DS 5 A R R A
Kl = I R

[10pS Rl SRR e SR AR FENE NI 3 47y
—RRSCE . A, Zha . M. BB
RGN Ty . FI A R s SRR & A
BEATRAAR Jrk, AR A RAR 4L 5 4 2 4% M 40
R T IR T DU SEALAIL R A 2 4 1 0 R
4, AT, A ARG T b E AR

REMZEE M AR F R 1) X FRANE
g, HARSIC AP RG U GPS 155, IFH
TR AT, T IR A T S sk R, H
T b B 55 GPS A5 5 0 59 1 v [t S R &5 4 ok
Ui, O T ANUR MR LR AT s 2) X T
MMLRS, HE @SR S5 R 24 4% M5 00 i f vp 5
i IS THD I 8, FrREEE B AARNL T A AT A LR i
FET I N EG PR, X 4K 45 A8 R TR B 1 25 74
FAGE AT M B, B R 2 R 08 H R 8 1N 41
AN, BRI IE AR B S HEEEARY, TEANLE
LA I G PR R R A TR IE 2, PHER
FEBRANE, RRET R AR, 3) T
BAPE RS, Harge i G 5 VL2 95T
BN GE R RV e - 2 by, IR e M I B R Ty
b, 58 RKEEfAAES, (A58 E
BRI, Bk, BFFTN GE AR T A
2 B 3% AR 2% 2 L (RBM) ™ ¥4 JiE 25 00 o 2 1 2%
(DCNN)! R H 2058 5 L o fH e [ o AR 45 Y
G 55N 2 R R L e M B s R, TR
HAALE MG E L E, A58 RKEME
ZERMRH I, A7 S8 S ML A g 7=,
DRIt A 2G4 IO e H N

gr bRk B, N TR EE ARG
ZU28 DR L O TR N A I B2 ) ) S 3
o Ay B T 3G A T AR 45 h R g
MPTEANL ARG HPLRG R G RS
Jei s A R R ARR 4 A 5 R B AIE AR S TR
TH RS RS a7 M. ASCHEZE 1
FiR o

TN Bt ——> BRI I

| msmam

MFEEAR

.
FABLE %H%@ﬁm'——*%%ﬂﬁﬁﬁﬁ*] I {Wmﬁﬁm*%wl
%5 ; LI F 5

FpLASE Mk SIFT $73% + RANSAC HHAE SAF ILED

(I SHESZ

l%%@Mﬁ%H

AL A
4 TR

AP K FE A e — PRI — ZAR I
7> HIR CRAE AT

S ARG BB RN SE 1 H

Bl SCEAELE
Fig. 1 The article framework



i 2 29

1 PEEEFAARGHREFE

L1 hEHRERARGHRERESEE

R G M IS SRR IE, IR AR
PF 1 A7 e 58 4E (WL 2), i b R BRR S A R
SERSC DN B FCA S R (BN L TRE LS5 ) REEE K
DR 22 5K o v R ot Sl SR 5 ) SR P 2R e
ANGER i RE sy 2 A2 gE, JUHGR HRAL
LR, AW B HUE S A B, DA K
o USRS M B 2 At SRR S
g2

B2 EE SRS RS

Fig.2 Cracks in Chinese ancient wooden buildings

YA i BT BB AR T T ik — Pk
Ji&,  FLIAUARRE FR 56 TEAZ 45 ) S R R A 2% (0 BROW A4
i PR A LT 2 RIS R A
ST I U G AL R G AT I Tk O R LA R R e Y 3
JE o AELDA g v R oty S SRR 5 4 PR R R R K o
ik, gt — By WS BRI ILE K 3),
S5 T PR G T L K 3 SRR AR A 1R SR AR 4
SEAR LG T-40 45 0 R JRE Lt UK iy 3
T EEREAT S LB I

B3 @S E R R  rA
Fig. 3 Fracture of members in Chinese
ancient wooden building

12 PEHEFAREHRIRRETNIERR

R IR PR R L, HIFA R
AR RGN RS SR MEW . DA SCRETE
MG M ARG LN a2 gE, RliZgE
A AR R] e A PRI, U A R e R A
SR EKHEAT SN I . B O AU S b e 4
SR ARE " Gl s TR T %
WIEY 1, R AR BIR AR LR 1. % 2.

*x 1 KEREEARETNIER
Table 1 Evaluation index of dangerous cracks
in wooden beams

%'y Eiza)

PR KR T TR KM1/3; %5 KT 10 mm
PG KR T TREN1/3; %2 KT 10 mm

R2 AIEBREETNIER
Table 2 Evaluation index of dangerous cracksin
wooden columns

kel Eiza)

F3dgE KERTETHKM/3; %52 KT10 mm

TREN B3 R AH A 0 £ v L S SRR S A
O, IR ELE R EIRSRbR IR T YN, FIFEAE
N SEIF IS 5, AEE A AE— I R ATUREE .

2 TANRZILT

2.1 FEAMARZIE KR

TN KHLEFR “FANL” (unmanned aerial
vehicle, UAV), KHAFH 2% K. AT %480
s SRIAEE G S P, A S T AR E R
ARARET Ko H RIS A IR S VAL R g A
WAMULRL A U, (0 H AT E AN BRI
SR ] AR 4 h A i sk R R A e A
Blo ARSI TRKAR, FEOCAWRE WA
EZE 5, BIAHEFTBuh 1 ad T o @R
SRS TC WL RS, % 3R T AN
LRG0 skl &30S Har 2k APLI 2
A, B4 ERTHRT ERERINIES T
Py R AR 2 i A I M ) TE AHLR S
22 TANEREGFR

ASCBETE B IE T R 4 R A
WHTE MRS S H i 2 A 1) 2L s 1) I A HL
REYIAMIE, HHEA WA

D) L ANUE TR TE AN, LS KX
IR 400 mm, SR 907 g, HEMEE LT
HEEBURGE RN % ) P 244 R 75 5K



30 T T i 2

®3 HEHEBARGHREENT ANRGIRITHKE

Table 3 Design basis of UAV system for crack monitoring of the Chinese ancient wooden buildings

R A T E e

e s L T L A

f==3 JNTRI P i 35
IW%ﬁﬁﬁﬂggigéigfiikggX%ﬁEMEXEEEMﬂX%%ﬁ\HX%mE\HXHEEME ; ;
A S35 EFTERE, RERE. B L ik B KB

AN
BRI PR T ) ) ) ) ) )
. it

" o RN <R <F AR < RN R < F R < RN

POEMTE LT R MRS s waens mRRAS TRRES TREES ERRES TRRAS
™ - A w2 224 T A T T
FARIGR. R ORTHEE < UUIKACE < EATHL BB <AL
ﬁ%%ﬁmm&iggﬁﬁﬁgﬁgfﬁﬁ*ﬁ%m& WHHORE R TR W, RO L B N <l
i 58 AR AR sk %R 1% %R 1% %R 1%

$&,¢%mﬂﬁﬁyuﬂﬁéﬁ%bﬂ B AR, A
;/DQ%E%%%&%r'lﬂﬂhﬁﬁﬁiuﬂ‘fi’tﬁ%(%# ST < TCH BN < TCR A TR TR A <TG R < T R

- on K, MIJHOSDEEHLK [ 5 B0 B Bl D RE Bl DB BT BE B D BE B BE BT BE
I B Y BRI
T esRaGpsfs LR ATINSBIEQRLIIE <R K, o AOMCeds,  HURTE, MR, R, R, R,
BSOS ﬁ; RS, HHIRTKSHL, Zia IHGUSsS fiHGussss fiHGuUssss fiHGUss': #iHGUSS': HiHGUSSE #iHGUSS
i& HGPSFE ) Missonplanner R PEH IUNIZAC MUEATIIZE  WUATIIZE  WUATIIZE  WUATIIZE  WOATIIZk  WOUATIZE  OUEAT Lk

12T, SEHLE b4 b i J J b M
i MM T H AT AU R AN b i RO S5 M R M DN R RE ARG I, BT I8 g A s s FH TE APLEE

RATARIRAY (i Ho TGRS
1 ) \

[ 1
. ‘ e 2
EANIILIC ** ’\19 %H,}4/7
Pl fe L!

. =
g A PC i
s 1] 5 RER=ERH a)!"ﬁﬂ“%ﬂ:»
w0 ‘CD e b) BHPEE IS B R

H? c) M I R AR 5

[ER3E &

—>

dEET LIS LR

A ﬁ
L=

— > feER
VAR ) sempu;
b) AT
o) HIBLEHI

OSD #ibk

B

K4 TR RERE
Fig. 4 Diagram of UAV system

2) AN RER, WTETFERE. RES L E ARG R I 2K

5. WA NOERT, R B
HEESUR SR

3) Z I AHLHA B 1200 J5 15 3 (1200 J7 pixels)
FAHL, WTOE BT A, IR SR IORS A 1) 4 K
B, T B AR 2 ) R 4 5 P R B o

4) ZTC WL TG 2 AP S 3, i
RESRAG, #OsAE. FE, R RES %A
PR B 5 it J5 . BEAE SE I 40 min &,

5) ZENHUE N IE T 7B RSP 2.4 G Kifk
Joft s REMGAEAF A P IR o B S A G4 o
SCHLS I Hidt, $RmNTE RIS L, 2T AL
AT AR

6) %70 AMLBE NS SRIBOIL A T 30 Bk I 2 A AL
Do P S SR A T ) A LR, R e e
BT ERAE BATHUAL (1 APM (3% L, A
P A0 4R B T S B A A AR 1 PC



T ™

i 2 31

PC ¥iii 3¢ 4 Missionplanner X, ¥4 8 75 P o F2
J i N A i B AT s ORISR AR B AR S, R
K5 s

Mission
planner

A

B s g s

i P R AR I

K5 Jo AHLARGEH VOl P oT it
Fig. 5 Adding ultrasonic components to UAV system

7) H A 58 B e AL 2 R A B KA
4k 4 Altizure. Pix4d. DJ1 GS pro. Rockycapture
SR TR IR B AT AT MU AR o 33X SO Rl A R
T GUSS Joff, B g EAnt, 2T A%
V. DRV N LI BUREEVESS, Rk
Tk BORRENS SC LM AR L Y g R R 1 AR
th, A2 1) T GPS 155, b E L #R
Kty GPS 5 51K 59: 2) AL AT DL ds /N FE
At I AR R AR R O HR A, AR A i
B SUOR g d CATER AR IO P s SCH . SR
fH. B, BB, 2 o0 BEm ST B A 2, H
ANE AT, T H R ARG TG A AT B’ A
i R SR e . PR H iR R A e R 7 vk
WY 3% AN SE 5 AR L AR & R R AR
i

BE o) ob [ R S50 A GPS 5 5 59 1 I
%, AWML AN R G Al APM K
[ IMU(inertial measurement unit) 5% 52 I PE
i, IMU B PRI R g 4% . FERRA . T
D AR IR AT AR GPS 15 5 A5 3R
AN ER . fim . HE. MEFEIFNSH
T3, T SR SR SR A DT e R RS A

Wl 52, WCAS SRS H i At 8538 B FH Je A HIL IR A
& H A TIRE, PRGN BE AR TR, A
AT B Z B Bt MORE ML AL H 5 %
4o A IMU PR E o fE, #iBh Bl RTK &
Wi, 454 Missionplanner AL 102 R, SEHL
GRS . R R BRI B
N SR 4% I I Bk A B AT BT, A OR PTG B A1 BB A 3
IR B 242845 5, RN O A LEE i 12 %
AT A SR B SRS M s ST, 5%
B EE SR . e sitia, B LR EH 14
P AE N TR HIE AN AT, AN IMU £
POR sk mT DU R ©AT BR AR AR A 1 B s, K
i 38 3 A% k3% 22 PC i 1) Missionplanner % 1F,
kmz A1 .kml SCAF]LE tlog SCAFRI3EAE EAIEE, X
Erb S B RIS B, 7RIS GPS {5 5 35
i, RATE B EZERA T IMU B SIotE. ¥
IRAE s RAT (R S N Missionplanner 4K
i, I H AL 2 e AHL, TE ALK RE AT AH
[FIFR RAT R 2. RAT A, LIS 226 A ML
Az, HART7 K 6.

(T T

K 6 Missonplanner % £ENTLE012

Fig. 6 Route memory function of Missionplanner

8) i [H A G5 K B B B WA g s
A FEHE, ARSI E AR 2 E
g RbE, R OR T AL S 24, /AT
AEEPELE T H AT AL U AL A REBE 1 0
I BoC A, RERS H BN/ T E I
EHIRERG . A REE 2. ORI A B0k, R
i Z i 7 SNEAT AR o 224 fRie 3. 1
TR A, Bl B E RS, B
HHIUAG B BE 8 S I T KT TR
23 TAHEEHEENR

H ]y S AR A 5 A 2R 2 U o R R L R
(Rt PSR, T AHLR G AR 00 ik A2 2218
AT, BRI RS ER, REOCRIET IE
X R AR Ik o SV R S SRR 45 M) R



32 T T

o

AMLR G TAE PS8 KO /N, AR I 2 52 2]
e A B () B SR AR Bl R, A AR LA
PELE A LR G B 1]t AR RS, B0 IR L2 1%
S U 5 M ] AR & ) S ) 4

T SR G2 FEL I 8 A 33 R 22 (modulation
transfer function) f7 & JC A L& AF RS N HLE S
g, s F

_ sin(nsN)
MTF(N) = —= (1)
Arbe S HRTTINRIN G N Bk E S

A MTF AT 1 J00E I BLA R o o v
Hrdr, 6 &ME—A R, 1ZBHEIE KA IMETUM
P s GRSk [16) T4, TEA
B TCH S RGeS, HLEAHBLSAR PR 1/500 s,
BAGPIEE /N T 4 m B, HLEARNLIE 3 F0F 2015
Boim /N TR IO RS, Ao il g B . R
o SRS S AR, R R AR A
N4 m, BARSCITE AR e A5 I IR I ALAR
WA AN 2 AR RO o ok B U B AR S E N
BLR SR AL AR S . 2B
BLRGEAL T BAIRES,  IEX S50 % BT 41 ¢4 H A
YIESEAEE 10 o $EHL & B s LA i1% %
A A HLBUHNUER Z W8T FE (mm/pixel) Fl
WIEE, A 10 5RO 2D H AR B S
KB, S50 10 mm, A AIA SO AW R
2t ek A5 I R E )L 48 R A IS B AR B
%, HFEWmE 7 fos.

(a) MLt HE (b) P 2R
7 BAWARGE R EINR
Fig. 7 UAV system hover shooting test

3 MRS

TETC NHL R Ge i 2 W I BT 5 RS B i 2t |,
FHAL 2R 40t 3 e 0% 4 (RS B2 I IR o AR 40
AN T AN R S A I I R, AR FE AT
J5 o s ok R RN TR AIE s AL FH I AR
3.1 HENEFEHIE

TENNUIEE W) AL B Sk AR, X
23 5% ) v R o SR ARG W RS B . AN

7 K LB R C & MATLAB ' Camera Calibrator
T HEAFER L A AR LR HE I 0 IR ) A T g A2
WATRIE o Hr 1E i FH D RGN [R) AR FE 4 38 1)
9 SR LR 1% (K] 8(a)). MATLAB "' [f) Camera
Calibrator . B e 4% B 2 A I B AL 45 EIZ 1
R JFSRIARBR o R4 BCAR AR S 1 B R EAT bR
i, THEAHNKI NSRS Z:, R IAS E A LA
(] 8(b))o A FH B /N — Feddofili 53 S s A7 A1 [P A T i
WSHL, Ba i RCORRRIE SR S A TS R,
PR ZE N 2.76 5% (2.76 pixels) , HriFiRzE
DL 8(c)

L
|

£ o b
= |
50 | =
1004(_)_,0» = 100
Z/mm 100 0_15—01005}0@
(a) TS (b) HLEAR A )
4.0
357 3.58
3.0
B 2.5+
;&,‘ 2.0+
& 5L
1.0F
0.5 3 e .
— - — BT 2% 2.76 pixels
0.0 Lo A N N R R
o 1 2 3 4 5 6 7 8 9 10 11
e,
(o) B RRE

K8 BLE AU I A IE
Fig. 8 Barrel distortion correction of
airborne wide angle camera

32 BERITERE

T SEE L  ER OR 2 b A v R S KR
JUSFHHER I &, 75 SR ML R 48 118 = b
fE (mm/pixel). 5 3 fiff B B2 2l R AT 4R
a _ (I-f)d 2
@~ fd
Ks JTRHBREMBITEE: a IR RS (A3
AR PR R KL BT ) oA U R R
NWEE; OB AERR; d WAINUE SR IO K
JOF s d A AINAR RS T A 15 2= 4

AT AR R PAT 2l v, I HLEAHAL
XFEIEES S mm. 10 mm. 15 mm. 20 mm. 25 mm




T &

Ji 33

ARIE AT e AT 2 A0 B, B CR AL AR B =l
AT bR e i T, IR PRI R 25 A 20 cm
A A 100 em, FHEEAIBE 20 cmo X)L 24T W
AR IE G, 43 M RO [P EE N AN [ (] B S AT 26
(AR ZE AR BEP3ME,  SRIUE AT B 5 YRR
KARML, wE 9.

0.6 41200 77 pixels

<
~

1R ZfHHTBE/(mm-pixel ™)
o

g
=3

0 2.0 4.0 6.0 8.0 160
PG /cm
B9 AGEMENT WSR2

Fig. 9 Relation curve between physical
size of pixel and object distance

33 ET4HESHNEEE S HHE

o [ A A A 45 R B R FR R, AL
BG4 ST G T 1 457 7 RIS, ke
BT AN AR RGBS KSR,
75 [ b e A A 4 e R W o v i R N
GPHEROAR, IR T HHE G PSR R 3
5, BUEPHERARKZ O N EGE R, AT
SR, RUUIRE R, b TR A S I
WD VAR 2 N AE TE MUK . A s i v o
FEAIE SR IBCRVERAIE s DO AC i i 2™, A R
P75 AL ZR Ge 3R ) o [ oy 2 UK 45 4 24 2 16 1%
R I AT 2 RN S

A5 P TG ALK 0 45 A R0 v 1 4 ) B 4 0 A T
W, PR B R s LA A, NIk
FERTINEGHHER AR, WorE 2848 W A5 I %
HIEEWBE I, AT ANHEAT K5 A
MG, 2 G P ROR, (HIX b
5008 TR . AEHRAT SRR, W, A%

PRI 23 6 2y T4, 0 B R Ak 2 O V3 m)
d . v R A 4 A W I L2
AU RGO REEE, RS He MR IE RV D, 3%
Wiy AR F RN i B R G R AR I SR B . A SO XS |
ARG — Rt i SIFT A 55 $R B, %
T35 Lo BEGRRAE s b AT G i, HOO T B
¥ BeHe . 4L R AR, MO
oo Ui AR e ok A5 25 HA S 0VE, e iR
Y rp ] i AR 2 0 24 5% R LR REAE A
NP ST AT NS St I L N (=K 7V - RPN
Bk, DUARSCBUE I TE A ML ZR Ge 3R IR AR £ i
FONFEA, S H AT e« 4 I8OR 5 B AR A Ak PR
(BPTE AW o WIS DA IEURRAIE i 2
FHSEHUNS TR) R 48R, POIRCA SC sk (1) SIFT 4FAIE A3
ST VA H G P e R b ) Harris 8
7%+ Moravec H.i%L. SIFT 5Hik. HRAE SRR
DL 10, ASH AN e 7R 55T Dt B IR AR A RS IORK
B, WG R NI 4. MRS S 0] LIS I & H
AT ) SIFT Ak sl B 7%, $2 MU [A] i
o, BRI 2 BURRIE A, nT AR R O A
IR G HE) 23455 W I BT AR A1 12D ) i) 7L

(d) Moravec .35 (e) SIFT &3
10 RRAE S EREUT L bR

Fig. 10 Comparison of feature point extraction methods

x4 FHEREMEALBER

Table 4 Comparison results of various algorithms

Bk AL Harris# MoravecH.i: SIFTH.%

b A I I)/s R N if)/s A N if/s A I if)/s
Jit 7848 2.89 1207 0.32 1419 242.54 7025 2.75
s 7827 2.85 1262 0.32 1410 242.86 7046 271
i 2517 0.24 2821 0.01 1757 14.53 2517 0.17
SO 11970 2.95 1197 0.33 6530 243.86 10801 2.81
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Table 6 Boundary dimension and crack dimension of
laboratory wood components
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Fig. 17 Schematic diagram of monitoring structure
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Fig. 18 Working process of crack monitoring system for the
Chinese ancient wooden buildings
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Table 7 Monitoring results of cracks in wooden pavilion model of Chinese ancient building
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