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Rotation deformation detection method for Dou-Gong

based on computer vision
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(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Beijing's Key Laboratory of Structural Wind Engineering and Urban Wind Environment,

Beijing Jiaotong University, Beijing 100044, China)

Abstract; Dou-Gong joints of ancient wooden structure are composed of Dou and Gong and other components.
Affected by its own shape, environment and external force, such “stackable” joints are prone to rotation
deformation and other types of damage. In view of the limitations of traditional detection methods of manual and
deployed sensors in the implementation and detection efficiency, a computer vision detection method of Dougong
rotation deformation based on pose estimation was proposed. Firstly, the key points of the Dou-Gong were defined,
and based on the key points, the calculation formula of the rotation of each layer of the Dou-Gong and the relative
rotation of the Lu-Dou and the Lan-E were deduced. Secondly, a diverse dataset of Dou-Gong joints was
constructed by collecting Dougong real scene image, laboratory model image and scaled model image. Then, the
YOLOv8-Pose pose estimation model was built, and the comparative experiments were conducted under 23
conditions with 6 varying sizes and Batch Sizes. The results showed that the target detection part mAP50(B) of the
optimal performance model reached 0.94, and the key point detection part mAP50 (P) reached 0.91. The
effectiveness of the proposed method was verified by the rotation deformation detection experiment of the scale
model.

Key words: Dou-Gong joints; rotation deformation; pose estimation; YOLOv8-Pose; line detection
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Fig. 1 The various damage of Dou-Gong
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Fig. 2 Rotation definition of Dou-Gong
1.2 IHXBEIEX
RYE AR SRR B BT LR R AL, At
KB RURL I 2 B AR S AR T A I B %O . SR
SRTIEE T AR ERRME S, B8 iR
TR SR A U T A SR BR T, I 3 R, AT
55 B TER FTRZ I 2) 00 ¢ B AR RO 4 I 28, AT
SO R Y /T2, Blinizsh . B4

3 NkkgEsgEn
Fig. 3 Human keypoint skeleton

ShHt g 2l 2 Sy 2 R R, AR bTSE L &R
LR 1)< S o oy (O ORI S A R Y
B RBURE 4 (a) Brafes, msck 2B 4
(b) romtes. g &4 E X, 76 H bR WAL 55
W, BRI L E A D 285, Bk E SO S
ZRIN. G A P AR T A AR B R GE L R LR 2
SERFEZ R, AESFH L SRR k0L S o K
e f i E AL, SEREE T AN SCHE A, HARALE M
B 4 B,

L1 L - ~—< Rl LI ¢ R1
L2 — R2 o % / Rz
- - e d ‘
L3 M R3 L3 M R3
(a) DSk A E L (b) SEEHHk A E X

B4 SHXBREX
Fig. 4 Definition of the key point of Dou

L1, RI M HAR R A, L2, R2 H43p-F4k
K al, L3, R3 M3bakabSept sl Hop, L3 A
R3 X F3(2) TS M AL bR, SRR M 3%
ARSFEEER L, TR AL MR, MO ag A
bR(a, yo) st L3 Al R3 XA Mo i, it
RN W

Tz TRy Yis T Vrs

(21, y)= (g, ) ()

K (2, yi) IREER L3 BYARAR; (2rs, i)
R R R R3 AL FR.
1.3 St S

AR BEAEAR 25 4 b i) HSC e sh G OL,
SET% JEHF AR 5 T T R AU A ) B AH ok % 3l 5%
. b s U i e B UL B B R
BAFEE 0 W] 8 1) 10 R AE, 51N B 2k ) 45
VR, A R AU L 2 B, T AT
KF-J5 18] B e 3 Ff1 B2 0. S Bt I 0 A 1 1§
B2 B 225, RIA B AR AR k4 30 f E

HLAKE I E T W S LT EUR AL B R (1) %
JE B A 25 4 188 A7 AE AR A SR DL K A0 /N B G B T
W, SIANHIEBEFIE, ZHEEGHEETHE
FEE R AL, RE 5 7 5 BR S0 B A R 4% T
HEE, AR EHEER; (2) XA IEH
ZJ5 0 PG ORs W N B Canny i1 Gk U 57 3 .
TERZINZE SR b, 4 21 R BR) AR 1 B0 1 2% DL A R fg
oA, MARAZGRS A RATR; (3) Hough B
Sy Al RE S L VAN R U N W Y G A PR
AABR (o, ) I AR AR R (o, 0) %645 B K25 ) .
TEERZZE P, —FREL Lo —H &




672 o @ 5O B ok % % MAAREER) 556 &
MZE sl AN L, S % 5 A TR ML E 528 0E R, WK 5 FrR. YOLOvS-Pose

(32 AL, 5 T A
2 YOLOv8-Pose S#tERMITHE

2.1 YOLOv8-Pose %4514

YOLOv8-Pose f&—Fh 44 7 H brkd I F1 56 #
SUREIN Y BB B AN T L. M TR S W
v e SR B R D PR 2, L SR P o 28] i 14 5 4k 0
WG T AR E AT 2. YOLOv8-Pose & 2y
Backbone., Neck fl Head =MW LA 2H i, £
RMZHEFE YOLOVS B SERE I & Sk iy, Jf 3t
F YOLOv7 Ht ELAN Z5#5%F C3 Bl b 47 7 ol .
A, YOLOVS &R H T JRHiHE Jr ik, #E— 5
67 HFREEI SRR, B TR A RE.

M EGWmANB LSRG E, 248
Backbone fll Neck #8431 21 EZ4FAESE B 5 @b & &
A, HEW A5 2 =R |OROEE 09 R AE IR %L 0%
HATNE] Head 3 003% ok A7 [l VA F0. F0i {5 2
LS T H RS I AE A 07 B 5 2R, DL K SRk N

DR 2% 1) 458 5 bR TR 4 27 B T E bR I A OGRS
M PTIGAE S5, o, G B AR DU AT 55 v Y G g
BIEHRR Lo isR 7 AR 52 3] SC 4R i A B 1 1 72
RSERE ST RN EER . Bl ERE
LR S B o TN 5 O B A LSS B 2 Tl 2§50
e, HREMEBRISE N /NEE. 8T
BRI Lopow FR ISR BB A Lo 71520 50
mF.

Lo = [ Kpres — Koo | (1)

L = D) (aasLas + rox Lo + @pose Lpose +

kot Lokoti + @Qtocal Lotocal ) (5)
K Koo R B FIIME , K, o2& 08 i S0 A
Lo B AR DAE 73 R M55 Lo, A& H A4S I HE [1]
IR 5 Lpow A R EE R H AR o B THR
PRE AL E R, aac = 0.5, ahox = 7.5, @pose =
12.0, awy=1.0, apu=1.5.

Backbone

— e s

Neck

i

(U}

I @ C2f >
{_Conv Pose

C2f C2f >
kead

C2iF >

5  YOLOvVS-Pose 1& !
Fig. 5 YOLOVS8-Pose model

2.2 HEE5EITHNE

B SR VR B 2 ) B AL, BE T b B S AN
MM E X, RET 20T S E G,
£ YOLOvS-Pose W4 ) 22 2 FEA. ZEREET
ik VAR BCE . EAE . B SEAIL T R
PEAE L S 5R SE ME G, TR B O B T S O A
ARG F0 4 R E%. % B 4h% 07 S &l 6 pr
N, Hop X g7 A kA Bk T 1], Y 5 1) A T A
Jila, Z Jii @ B . Sh T B A E D
S HbR, FAEA MBSO AT HA B0 &5
Phik LA . &R RIS 3L 270 5k,
TR, RERE NICHE Zic UL, EE PR N
4896 X3 264 1%, EMEHMEXH JPG. il La-
belme B A4 % S Ak SC A A BEATRTE, FRAGPRTEM K
S AR PR IR B YOLOvS-Pose W4 E R 14— 1k =
(0, DXIEIN. b T 0 PR IR BE 5 2 B 45 RE % 78 4
S CVEE SE I RRAE , I 78 4 5 08 I 3R 45 R0 30 UiE 4
AOVE R, 5 N 25 45 5 00 00E 42 (1) ok ISR 48 ) B9 He 1)

WEMNS: 2.

Eo6 #HEBEAX
Fig. 6 Photography method

YOLOvS8-Pose S i K i 5 2% 4 i1 25 50 ) 3%
fE 55 4R HE Featurize 75 28 SCH0 2 30 B A S . TR
JEE S HE 28 4 Pytorch, KAZS v2.0.1, Python Ji
7 v3.10.12, GPU #45% RTX 3090, GPU 77
324 GB. @it Wandb 3 i 5% B I 25 F0 DE 4k

(a) TR



5539 £ O, S T ALY A B AR T AG I U7 i 673

(o) A RAERE %
B7 IMEEERE
Fig. 7 Collection of Dou-Gong dataset
2.3 t&EI%

YOLOv8-Pose 2t 7 n, m, 1, s, x Fll x-p6
AT R A BB RY, X SRR A 2R
RURGREERK B & 25 5. b 0) b A8 S S 50 RG I AT:
%5, WREAT X NSRS, DL E A b SR A
AT M AT 55 B9 f U AL AL, BR 1 B LA 4,
FERIVERE L 32 208 S 8O, s ) R A R R
/N(Batch Size)%:. Hrp, Batch Size 72555 H WM.
M2, BRI U RN 2R BTl 1 27 2] R
KR, KM Batch Size T LN I 2553 72 5F
Pem R AR E E, HiZ%8 28 252 B S bR GPU
WAERIER . B, 7895 F & 1 A [ AL 5 A TR
Batch Size (FEIEIM 4 2] 128) ) XF LN ZR 525, 3t
23 P, BTEX R R ) RE T, 4
RIF 1.

% 1 Batch Size ¥ttt i)l 2

Tab. 1 Batch Size comparison training

wi Batch Size
4 8 16 32 64 128
n N, N, N, N, N, N/
s N, N, N, N, N/ —
m N, N, N, N — —
1 N, N, N, N, — —
X N, N, N, — — —
x-p6 N — — — —

TV URRIFR TN, — R FING R T GPU
(24 GB) IR, R AETF IR 1%

W% BT 28 COCO %48 5 b 3 % i)
YOLOvS8-Pose fi#l. W FiZEHCLHE —EMN
FJREST, TR R E e B 1 5 o) SR R AL AR
AT H B RESERNERE, &E T 2 MY

sRFE, ISR G0 HSV @i, fE 558
B, SEHRRBILE 5 R 4 RO B, LU SR B mosaic
FUGAL R 7 1 55, DA NI 200 2 HE k. Bk
INZRSELF 2.

x2 EEEHTESIINESH
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Tab. 3 The value of the model evaluation metrics
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m-4 0.726 0.936 0.713 0.908 0.832
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m-16 0.526 0.932 0. 764 0. 907 0. 853
m-32 0.539 0.928 0.756 0.901 0. 857
-4 0.615 0.939 0.701 0.916 0. 857
-8 0.552 0.936 0.721 0.915 0.871
-16 0.426 0.917 0. 754 0. 883 0. 850
1-32 0.431 0.939 0. 767 0.919 0. 890
x-4 0. 665 0.936 0.703 0.908 0. 850
x-8 0.534 0.944 0.716 0.922 0.872
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x-P6-4  0.676 0.942 0.675 0.919 0. 857
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Fig. 10 Schematic diagram of keypoint detection
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Tab. 4 Manually selected key point coordinates of Rotation-1
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PERE, R 12 450 20 XF S 38 A5 Y v B AN 3L 1) # B A
BE A EfTiHE. T Rotation-2 Fll Rotation-3 4%
AT 8.

& 5 Rotation-1 T8 0, it&

Tab. 5 Calculation of Rotation-1 condition

6,=—0.18° 6, =—1.31°
Hm
R/ dxiRES RS gxbRIE/S
s-64 —0.54 —0. 36 —1.32 —0.01
-8 —0.18 0 —1.31 0
1-32 0 0.18 —0.73 —0.58
x-8 —0.89 —0.71 —1.18 0.13
x-16 —0.54 —0. 36 —1.02 0.29
% 6 Rotation-2 T)% 0, it&
Tab. 6 0; Calculation of Rotation-2 condition
0, =4.82° 0, =3.69°
g
WEAE/S AXRE/S O HEME/S gxRE/S
s-64 5.10 0. 28 4. 41 0.72
-8 4.74 —0.07 3.24 —0.45
1-32 5.51 0. 69 4. 00 0. 30
x-8 3. 64 —1.17 4.56 0. 87
x-16 5.33 0.51 3. 61 —0.08
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o R(ARPEER) 556 &

#£ 7 Rotation-3 T 6, it&E

Tab.7 6; Calculation of Rotation-3 condition

. 0,=9.82° 6, =8.69°
HWRAE/ iR/ WHHEAME/S HXiRE/
s-64 10. 81 0.99 8.59 —0.10
-8 9.70 —0.12 8. 81 0.12
1-32 9. 37 —0.45 9. 34 0. 65
x-8 10. 86 1.04 9.14 0. 46
x-16 10. 38 0. 57 8.21 —0.48
x8 AHFAE LITE
Tab. 8 A; Calculation of Dou rotation
L= Rotation-2/° Rotation-3/°
R ESCME PEE axb iR ESKME HEE 40 iRFE
Aot 5.44  5.62 0.18 10.44  9.04 —1.40
Aol 5.19  5.19 0 10.18 10.78  0.59
A 4.48 3.43 —1.05 9.48 8.53 —0.95
My 5.49  5.60  0.11  10.49 10.01 —0.48
Ao 2.60  2.66 0. 06 7.60 7.82 0.21
A 1.85  2.82 0.97 6.85 5.71 —1.14

12 4517 YOLOvS #% 1-8 7E Rotation-1
TOL T OGBS R IZE R, nTLUEH, D 28RS 243t
A B N 0 56 B R S R T R I A R & A R
HESZE I B &R, et TR AR R
TEIR.

E12 XBIWWER
Fig. 12 Keypoint detection results
3.3 H#HA5RGANEHRIELE
2 55 7 AU PE ) AR O e B A BE R R L3
TP E. ChEMERIT RS R, BT
2 5 R ATUR A1 B sy B XA, IR RO T AR X A% Bl
DX, 13 (a) PR, i 5843 A A A R
TGRS 5 1) 84 4% By B2 T 45 B 4 B AR X TR
PR A RS Fe B 1% L. b ) B0 4% Bl A B2 A9 3 i
AR L3 A R3 S8Rk THRL. 0B WU 1
A% 2l f R N R SE O T SRR R AR T BT AR B K
I e Mt HAR . PSRRI 13 PR,

FEACRE I B rp, T 5608 AU U8 I 6 B 4G B
17 7R EEAL R, i 13(b) P, ALEISS 7 AR
WFRGCH . RUWHL R, B TR ER;
FeEMH Canny k2%, B RGN L %G
BT B e g 2, AR 245 BT iAok B
Wi, WK 13(e) ;s &JIE, A H 2ok i
NG ST BT, T AS DN T bR A A i
%, WmE 13(d) PR,

(a) FHXSFE ) DX

(b) BUA PR

(c) Canny 3 ZAG

(d) Hough H.£&A&

R E
Fig. 13 Rotation calculation of Lan-E

FLAKSN AL 00 ML e A0 TR SR
WA 9, R RZELE .
x99 HENEHHE

Tab.9 Angle of relative rotation

& 13

ZHE H LA/ TEAE/S AR ZES
Oc 0. 84 0. 99 0.15
Ao 5.87 5. 66 —0.21

i 00 A A S AR X T A A B #
AT 4. 42°, dIBCET L, 00 B AR
O A 20 AHZZEG/ININE, ARG AL 5 R 4540 1 H2 50 h
RE. SO A A B 3 32 SR T 7 R A 5
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ST AL AL Y 2 AL B AR T AG I T i 677

AW, Rz, WSRO0 X, AHZERR, AR
55 s E R BL T R X F S

4 it

(1) X3ttt — 22 M3 A 0. A3t
MRS A EE A . SRR AR 7 A e dk R LD KA
AT E L. W, R 2 R 2t
TR, IR ) B T R R S )
FEAR

(2) FFREIHE 23 28 THLH) YOLOvS-Pose
T EE R RS0, KA 5 S tERERI . A
HARK A 5>, mAP50(B) A3k 0. 94; S8 skl
T84y mAP50 (P) 5] ik 0.91; mAP50-95 (P) #J
ik 0. 87;

(3) AR TG 45 5 %5 50 fl B v B SE T 23
BV, S =R IO, BRI -
8, HABITEIRER KA —0.45°, H/AH0°. [
I, 456 3k Mt 5 i 290 AE X 5% 3l 0 S5 5 25 R UE B,
%7 R REHE A R0 B S MEFE R 25 44 5 B L.

BEXF (1) A1 (2) 4y, eI BE— B 5T
FEHEESHERR S NG THEE, DiRa
A AR AT RS B, [, BE SR AR ) i A 1
EHREOE Y B 2 R A LA, (LG £ 2R A A
SPHESEAE B oL, DT — 2 9 R R SO iR U i
6 S bR TR 00 3 T 3.
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