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Research on F-normrbased two-dimensional principal component
analysis algorithm for weld surface defect recognition
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Abstract: Aiming at the problems of weak reconstruction performance and robustness in the traditional
two-dimensional principal component analysis (2DPCA) algorithm applied to weld surface defect detec-
tion, maximizing the projection distance and minimizing the reconstruction error are introduced into the
objective function as optimization objectives. And a non-greedy two-dimensional principal component a-
nalysis algorithm based on F-norm (non-greedy 2DPCA with F-norm, NG-2DPCA-F) is proposed. This
algorithm has good robustness and low reconstruction error. In order to further extract the structural in-
formation of the image and obtain the feature matrix with smaller dimension, this paper proposes a bidi-
rectional two-dimensional principal component analysis algorithm based on F-norm (non-greedy bilateral
2DPCA with F-norm,NG-B2DPCA-F). The experiments are carried out with weld surface images with
different noise blocks as datasets. The results demonstrate that the proposed algorithm has good robust-
ness in the average reconstruction error,reconstruction image and classification experiments.

Key words: two-dimensional principal component analysis (2DPCA) ; weld surface defect; feature extrac-

tion; defect recognition
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of the i-th image

T A RE d, FIERCEHE I W AR JE A8 5, AL
X T Angle-2DPCA 9 H #r b8 X (2) #95K fift . SOk
[22 R M 7 Ak B0 48 2 A0 7 X A7 3R i, B0 9005 45 7€
— D EGE A WL W IR LUSEXS G (WHW i
115 FAH 5 f#% (singular value decomposition,SVD),
5 G WHOW =UAV" , W E 3 J5 i W=UV"', R &
BT R AN E RS S AR A B B H bR ek B
(2) W fi# o

Y“HBF - %

2023 4F  5f 34 %

AT LA L1 JE 80/ o B £ 07 U9 2DPCA-L1-
G Bk, Angle-2DPCA B3E KR H F W 40/E B
J5 2T i T e
1.2 BT FEEHI BA2DPCA

Angle—ZDPCA SRVE Y B b R ) AL R 25 1
F 5% ¥EZBEWNF UHMWEME
IE e/ 1AW ¢ Eﬁul’%l L R BYIEY)
.MMM o IR/ANE, LA tane, &~ sine; , ZHOU
GV BRI T — R T PR M
4 F WA 43 M1 30k (Sin-2DPCA) , H H bR ek 800

E.
arg mmz H A[- H F , (4
wliw= I, i F

. IE; H o/ LA s HEMIRZER F IS REA
%ﬂEE‘J FJEEeny oAE, BRan & 1 rs M a0 B9 IE 5%
{6 12 HOAE 5 A PR {50 000 B 3 22 R S 15, DA 36

TR R
2 () AT, 15
CElL - B
2 TAaT = X TaT e =
r(GAW)H)—WIG(WHW,), (5

K, Gowy= 23" ATA /A |« | E || o 25K
Z H bR R, ok H S Angle-2DPCA 535 A7 L)
ik, A .

W, ., = arg mintr (G(W,)— WG (W )W,),

(6)

XFWCHEH W, X GWHW, 47 SVD 3R
fit, A2 E G(WOHOW, = UAV' JllwW,,, =UV" ,

54£ 45 1) 2DPCA #Ml H . Angle-2DPCA Xf T 5
A AR E A 0 R R H A X R R A
AT T AT 7 1 R AF B R HG, 1 Z W T 5 7 ) Y
HH Ll ZHOU 2878 Sin-2DPCA 565l F #E4T 1 ik
HEARI T T F BRI AR U 4E R
¥ 3 (bilateral angle 2DPCA,BA2DPCA) .,

BA2DPCA R i Z1E R T Sin-2DPCA Ay B fil
FE#EAT R, BD e X A KR A € " &5l Sin-
2DPCA FyE KRR 8 — N BV FEW € 27 % A,

AW EBHEY =AW e @t Bk YD € g
1’E7@¥EEO$$ZIKE]1% AT JH 3K il 5 — A 4552 5 B 1
iSRS MR RE L € 9

2 ETFFEHMWE 2DPCA &%

2.1 NG-2DPCA-F %E*E'ESFR%ZE
TE PCA 4550, ffi FH L1 30 504 #5852 BB 525 1 i



8 T HMES AT F IR T 4R A g0 A 0 TR MR 4 R T Bk I U BF 5 . 875

a7 3 50k BB AR o b A0 ) PR AR ) R e
Xt TR A B A R R EE B DL F R
ol W R R I = WP S ) N A e N S s £ ]
R 22 R BEAS A BIOR

R T AR EL A T e AN A P [R) E Sfe ELE  E
PO MR B R KA O T i R R 1R 2% /N R
A 7 A % 2 T i A T v T L M SO T F
T BE Ry B A S Al b 42— B NG-2DPCA-
F, L HbreRgch .
E ¢ < AW ¢

| A %
IE e < AW, )
X, BAR R B 1T | A, [ E 5 @ sk A R
) F S8 Jr, s T EM R EN F A
[E Iy = A —AWW" || . 58EEEN F Ei
| AW | ¢ BB FTLLEERZME 1 iR HA =
BTN 2 5. R b HRF E | <
AW | EPEMIRZERN FUS/NTHREEENF
AL

P AT AR e 15

N E e x AW

2 TA, ¢ -

N IE Ex AW ] ¢
Z; lA T:TE T+

A —AWW L AW
AT A —AWW T

argmin
I
W W= ’/1><Ic

9

Dr(ATAd ) — 1r (WATA d W) =

i=1

r (GW))—ir W' GWHW) , ®
A A 7 22 R G (W) FIALER B d 5350 -

GW)= > ATAd, . (9
i=1
AW | .
d, — L . 1o
A T: 1A —AWWw!" ||,
JUNSEZNESE IR 2
arg min[tr (GOW))—tr W'GW)OW) ]
WFW,Ika
an

TEXT H b bR B (11D SR i B, PR JE 32 8] B 3K i
IS AH B SCBE R AR B W AL L OA SR A 37
A 14 3% AR R R M X AN A8 o, B SE [ e W ok T
d; SRIGEE d;, KEH W ., BRI —A il 2
W'W = L, ’JW I B AR RECP IS — I or (GOW))
BB AR H= GW)WH € 2" ,I|H
i eRECRE AR -

arg maxtr (WTH), (12>

P H #8517 SVD, Al 14

H=UAV" , (13)
KPP, UU=V'V=I,.,AE " ZE—PIEH S
M, AN AICR A, BEHH WarRE, BH e =
rank (H) , WA .

r WH)=tr  WUAV") =

r (UATATVIWT) | (14)
R HE M3 i 8 LA -
r (WTH) = (vec (UAT))Tvec (ATVIWT)
(15)

F 4 Cauchy-Schwarz AN 4 0K (15) 5 #4115
tr (WTH) = Cvec (UA7)) Twec (ATVIWT )<
| vec WA ||, || vee (ATVIWT) ||, =
JUA? [+ | AZVWT || =
IAZ | A7 |y (16)
MEALY ATUT = ATVIWT S i B
W =UV" 455007
BAREARR AL TR .
H— B WY € R (k= 1,2,,h) ,
W (WO TWO = L, U AT F AR
g — AW ||
’ A T:lA —AWO WOHT [ °
(17)
55 I H AR BERBCP B — T o (GO ) ff
R AE W) AR R A AE Sy

arg maxtr ((W)THY ) , (18)
wiw=r_,
K, WO RS c IREERBI W, 4 R e IER
d,‘ ’ Hﬁ H
HY = GWHW? (19)
GW? )= >IATAd" . (20)
X H® i#47 SVD 1.
H(l) — U(I)A(I) (V([) )T . (21)
) H A pR AR B LA
W(Hl) — U(l) (V(I) )'I‘ . (22)

BAEREHE W E o 2 kAR (1D —
(22) H 20 ISR R 3R A .

U SR G b A7 LE B B M R I8 4 4 B 023 )
A3 2 E AT U8B AR AT 5 R R 7 ) AR 9 1L P
AE Y 52 M), B2 155 B30k 1 B R L Y H A pR B /R
B AT A Fe A HE S AR B W, s 1 it .



+ 876 -

£ 1 NG-2DPCA-F EiifhiR g
Tab.1 Algorithm procedure of NG-2DPCA-F

Input:Sequence of images {A; € @ ,i = 1,2, ,n} ;
Output: W = [w,,wy o ow | € R (b= 1,2,,h) ;

Initialize; W € @,
fort =1, 27 (]
do
Calculate d” by Eq. (17) for each image matrix A; ;
Calculate G(W ) by Eq. (20), and H” by Eq. (19);
Calculate SVD of matrix H” : H" =
UH)AH) (Vl )T ;
Update W™ according to Eq. (22);
Update t:t <= ¢t+1;

while converge

Output: Optimal projection matrix W & %" ;

WPHYTWY =1, ,t=1;
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2.1 9Tk, NG-2DPCA-F % 1 & % & X k¢
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i EF ) S e ) S SRS Y 2 50 /N 1 R R
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B R AL B, K A REAER A €
RN = 1,2, ,n) Z3F NG-2DPCA-F 5 1 3R fi
BRNE N W € 27 (B =1,2,,h)
JEREAREER A, BB W EE R NI Y,
=AW E G = 1,2,n) JHRY € B MEH
B RE AR R, UGE 8 NG-2DPCA-F 8 8k K it
T %:mﬁn?&wﬂi% L €
A (r= 1,250 m) S AW ERIEAE R X, =
LTAW € o HARFAEH B () R/ L A RS ) R
ANEE/N BRSO X E

BT HARERA &S

DU A= ot D)
) B R 4

s Ak Ak B, 2
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tr (G(L))—tr (L"G(LOL) (24)
K A I7 22/ G (L) AR 5280
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im1
_ IY'L || ¢
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) B i ek B A
arg min[t#r (G(L))—tr (LTG(L)L)Y] , (27
L L 1

kXk

WA R L R NS5 — AR
MW R ] HARE AR SR A 25 TR AN F
FH— A HE—TDLY € P (r=1,2,m),
W (LY)TLY = Loy W d” 7] i kAR
YL | ¢
Y s YS =y L et | °
5 . B wl B bR R B (27) h g — T
tr (GCL™ ) ¥4 R e A8 W) B bR & B0 AE R -

d’ = (28)

arg maxtr ((L*”)TR" ) , 29
L'L=1,,
A, L 8 ¢ Wk L o & 55 ¢ kAR d,
HA
R(r) — G(L<t) )L(z) , (30)
GLY )= ZY,Y}“df” . (31)
X HY #H5y SVD %,
R(r) - D(z)A(t) (Z(r) )T . (32)

) H b R (18) 1 e i

LY =DY(Z")", (33)

B AR M LGl o e B 3k ARR R 2 (28) —
(33) H 2 W6 W SR R ARAS . 1 T W B
NG-B2DPCA-F HyE M AE S48 K i 72, 45 2
RV IR T

% 2 NG-B2DPCA-F Ei£{hR g
Tab.2 Algorithm procedure of NG-B2DPCA-F

Input:Sequence of images
{YI € @i = 1,2, ,n} withY, = AW €
Rt CG= 1,2, m)

Output: L = [Iy sy 500031, ] € R

Initialize: L'V € @™
fort = 1,2, ;
do
Calculate d{” by Eq. (28) for each image matrixY; ;
Calculate R by Eq. (30), and G(L" ) by Eq. (31);
Calculate SVD of matrix R : R =
DU)A(H (Z(r) )'I‘ ;

Update L“"" according to Eq. (33);
Update t:t < t+1 ;

while converge

, (LPYTLY =1y st =13

Output: Optimal projection matrix L’ &€ #"
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AV M AR I S 58 09 R M 45 Windows 10
B2VE &40 . Python 3. 7 1 OpenCV 2. 4. 10, % [ In-
tel Corei7-7700HQ AbFEE .8 G PIAFE MY E 34555 .
3.1 SCKHIBEVIREN

T4V i — B R B R G f— B LA AR
RGN R 2 iR, MR R G — A5
HEARN 640 X 480 M Tk JK FE CMOS ##L.LED J&
JEH— &t SINAMICS V90 fa IR 3K 5l 2% 45 41 /Y =
SRR T, RIS ARSEH -8B
RIS h ABB-IRB2600 By S HHLEs A — & BS5 N
ABB-RC5 My # il #i . — & A %5 2 Kemppi-SYN300
HBEHL . — & S R Kemppi-DT400 (1) 4 22 1% 22 HL
A N —AB 7 5 f Kemppi-TIG MR A i, % FH 46
B2 80 %0 LA b i S AR R A AR XSO Q235
BB 9 A 1T A B AR

ABB-IRB2600 Cartesian walking manipulator

CMOS camera and“#%..

Welding gun LED light source o~

B2 XBEA
Fig.2 Experiment platform

Category 1 Category 2

Original

images

20% noise

40% noise

60% noise

Category 4 Category 5

3.2 ERHIERILIE

PLAT SR £ 2ok T 55 0 4 2ok R [R) 2B 8 B, ol AR
LR G XS ML g N4 3R 40 52 I R B, TR $8 A5 L T
FEEE 1 DXl 77 7 8 0 R AR 42 X, A SCAE A
RAESG X FHEAT T oy HI AL B, 4 E) R 120 X 80 43 HF
YRR R B Bl B a8l 3 BT, 2l T
KEHE T8 5 AR M RE AN T b O b 25 Hh 300 A0 2% 1wT
AR VBRI TR R G RE R R TR R S AR AR R
AT B 12 5509 45 PRk 5 28 1 3R M 1Y 0 A 3% 1T ol
BRI 2 5 A% 10 AR B AR A B, A 28000 40 S A
300 5RATHEF N 120 X 80 fl IS . B 12 5 4% 2 T B I
E—3E 1800 KIEMR., R T 50 Uk A SCRT £ 1 B 1Y
EREPE AR SO F R B AR B AL 206,402 .60 %0
A R REAS AT N 07 B B ML I AR R KN R
20X20,40X40 H1 60 X 60 [ /= Hr M A e, an & 4 fir
we JF M B SC 4 B A 2DPCA. RC2DPCA,
2DPCA-L1, Angle-2DPCA , BA2DPCA 5 A 3¢ it #2
HE T T A B R AT T B 3 S G 5 6 B A AT

Three adjacent local block images

The last local block image

v

Overlapping region Sliding window moving

B3 sSEEG

Fig. 3 Segmentation of images

N

Category 6

4 AELEHIRFHEERTES

Fig. 4 Weld surface images with different scale of noise
/I UG ) R A

o 1 n
E=->IE|:=
n.i5

%2 I A —AWW | .. (34)
i=1

3.3 TIEWREIH

ARSI DL Y- Y5 H M) 1R 22 (average reconstruction
error, ARCE ) APEREFE R #4752 5% . ARCE & X R
H(34) Frw . 1E E W5 420 (number of principle
components, NPC) MR G & T & B %L ARCE
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TEAN R R I O F 45 51519 ARCE sl 5—7 i
RGN 4538 . 1) BB NPC BN, 45 83k
) ARCE % #i T B B & #a T F a3 02 B BT 2 HR
N ERAME B £, B8 T 25 ) b i A 0 B diE
FEBZ O ARCE B/ ;2) 5 48 BUEHR HEA S
B 2DPCA LX) £ B 575 78 ARCE (£ 3 -
LA, PR AE T L] 4 I R R AR BE AR
F1 BV T3 18] 1415 8 T) sk 3R 75 24 5050 /)N A 49 iF S
P A2 3 B T 48 UG AR RR AR R 5 O ) b i 4
FE B HR :3) AR & NG-2DPCA-F 53k AH 4%
T 2DPCA. 2DPCA-L1 il Angle-2DPCA % B [n] &
TRNT R L A R R B 5 B LAY R B MRS LE
BB, X — P et 3 — 259K, R R A ST
NG-B2DPCA-F & 3 5 RC2DPCA 1 BA2DPCA %
XU AL e ARCE b () 2 B 0 hn 4 ), HL fig
Rof A1 B - 50 /N I R AR AR B
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