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Skeleton-guided Spatio-temporal Behavior-scene Alignment Network for Video Anomaly Detection

ZHANG Ying-Jun, CHEN Zhi-Hao, XIE Bin-Hong, ZHANG Rui
(School of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: To address insufficient spatio-temporal dynamic modeling and inadequate scene semantic adaptability in video
anomaly detection under complex scenarios, this study proposes a skeleton-guided spatio-temporal behavior-scene
alignment network (ST-BSAN). Robust anomaly detection is achieved through the collaborative optimization of two core
modules. The dynamic spatio-temporal attention module (DSTAM) integrates spatial self-attention and temporal self-
attention, overcoming the limitations of traditional fixed graph structures and local temporal modeling, and adaptively
capturing dynamic joint correlations as well as long-range temporal variations. The behavior-scene alignment module
(BSAM) constructs a dynamic memory bank, measures behavior-scene semantic alignment via cosine similarity, and
suppresses false detections across different scenes. In addition, a diffusion probabilistic model is introduced to generate
diversified normal behavior hypotheses. The generation process is conditioned on features extracted by DSTAM, thereby
addressing the limitation of unimodal prediction in covering the diversity of normal behaviors. Experiments on the HR-
STC and UBnormal datasets show that ST-BSAN achieves frame-level AUCs of 79.9% and 70.1% respectively,
outperforming baseline methods by 2.3% and 1.8%. Ablation studies further verify the synergistic effect of DSTAM and
BSAM.
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{19 5%6F 5 A E Cy A7 S REAE 5 % TR A2 A8 2 18] R 56 554
HCy, RV S HIAT AR T 5 SR, 2 S
A7 AR AT HRFAE X S5 A E Cy, 3% SRR ST SR AL E
Co it A

i,;L
i exp(d(Wy,m,”™))
Ch=— b (13)

> expld(Wh, "))
j=1

i exp(d(We,mi™))
C.= N

exp(d(Ws,ml™))
=1

(14)

j
%, BSAM 54T N 5357 2 [ 538 72308 am,

O TS AT AR B R, BE B E
ARA:
Sam = |Cp = Csl| (15)

2oy B THRAT 90 FH AU Gy A7 5700 T AL
CsZ MM ES, A P& ZAEFH (T X FeEd T
“FEHL, o SE AR T AN RWAT O SRR
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i H AR G N A

SR, RIS N R

25 LRTIR, AT - s e (BSAM) it 45 &
1T RHRAE 5 3 SRR AR, TH B E AT 2 TA) 5% 5 B R0 S
o380, M SE ISR AT AT, AR T R
R FRDRG B2, GRS R T R GO B A 1 s I I Y g
A7 AR (B 25 BT, BSAM BEWE AT 2 S H
1T R- 5 A, TR m A B iR B RE 7.
2.4 IREH

BT I 238 3 7 B BT A 55 s S B A B 3 ) R
535 501B LA R PR 22 21, o045 2k 2R E g S Tl
SRI Bt 5 A oA B BeAi 2k, 43 5l R4 R A
(R B TR 54T -1 5o 55 T TR

TG BAL S 3 8O 2% (Laigrusion ), &3 T
Ry BB A A B AR IS B 22 B IE W AT N, A
AWoR

M
1 I
Ldiffusion = W E lSmooth L1 (XkH'N’Xk*'LN) (16)
f—

Y BE UL T S B A XUk S A R g T 1) 2%
1) B Zeona NHIN, I L1 53K 5 MU AR s 48
5 RS BRI ST AR bR ZE e, FR O B SR HE
NG BRAE RS, W ORYT BB ) 45 1R AT N I B AilE B
M, AP B A 5 DSTAM 25, 17 R AEF2HL
8 Fo ST - 50 55 B (BSAM) TREFIRZ.

BB A B A BB ) N A X 55K L atign 25 4T 9
W TR Lam, S A7K A~ A

Liotal = Laiffusion + 4+ Lfeat_align + £ Lam +v- 16113 (17)
Her, B AR 812K Leay align = I1E — EE™ |2 55 8 4 1
B BERAE 5 B S SRR AR 1 A ) — B, Ak Fy B
WS, AT M- 5 SR

Lam = 1—cos(Concat(W™ , Wy), Concat( W™, Wy)) (18)

JE I A hE A A AR AT O S ELSEAT N R
X5 — 2, I3 BSAM 33 BT M- s ik & id iz
FiE; L2 1E DA T3] |6]13 18 S i 4004

1 2R B EE I O T A A SCEHIE R 5, BRIk =0.3,
u=0.2,v=1x10"* FIZK B (7T 20 epoch) 2 >] K
A1x107, BRA BB (J5 80 epoch) Fy % >] % 4
5107, FAEHIL B BSAM iC1ZZEH 10% KIiC 2.
25 RESH

TEHERR T B, BEALE I B A 1T A R 38 S ve 5

SR 5 TS am BRI VS anomaty » KIS
AT R P R AR VRS . % gl 4y 2 @ AT A
B P 5 3 SR LR, AU REh &S 2 ot
S I PRGN e A
AT 5 H oy B T OB B 10 22 R AL A R e

B AT H A K R R AT N 5 FLSEAT N KB Bl S
72, BT y: B e, 9 RO T DL s A ) X
BN I 223 B (DSTAM) it 1) 2% 44 17) & DA
S )20 B S i A5 B N, G A e 4 O AR AR AR
KALARNE G XA N | 5, * AR 2L AR Bl 0T 5
HERYRRA XN P18 L1 $1% (Huber $125).

0.5,||Xk+1:N_)’zk+1:N”§’ if “Xk+1:N_f(k+1:N||2 <1

§i=
l {||Xk+1’N—)?k+1’N||§—0.5, otherwise

(19)
IRZIUITE A A i IMRRAE AT R B 20
Sbe = min s; (20)

1<isM
Wy 50 55 B4y BUB AT -1 50 S5 (BSAM)
FFS AN LI, SR A VAT RS % S iE L —
HE, HEA AN
Sam =7 Sam inital + (1 =) - Sam_generatea  (21)
L, Sam inial AVIGRE BT HIXEN 4 Fy B BURFE J5
HINZ BSAM BiHAG 2, R RI I 47 5 37 S KO0 5%
FE5 S am_ generated - AT BB B4R ¥ K 20 F BRI AR SN
25 BSAM HEHAG 21 (1)1 3510 55 B
I 2 VP s AR S AT A R S s 5
RESM R, AR
S anomaly = @ Ste + (1 =) - (1= S am) (22)

He, a+(1-a)=1, Bika=0.6, L5 EIT N
EEPE; 1 — S am B 37 500 55 BE BG4 g e A0 ), Bk OK
TR R e % . 1% itidd DSTAM 5 BSAM
(0 FAE F, S B0 B A 5 1 SO BRI 7 = R A
DSTAM % th (1) h 3 B2 R4 BCA il i ) 28 5 2R,
BSAM (1) 37 e 42 B Wi it S 583747 -3 500t 5%
B (W BIE-F L, B3-S ), 1R RS 5
i R RBUR A

\|

=

3 S
3.1 HEESTFNIETR
FEARSCHISER AR 7y, ASCRH T 3 AR RN

7
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FA 23 T B0 A SR BRIE BT 32t O VR B A R, X seHidfs
££43 7 7& UBnormal. HR-ShanghaiTech Campus (HR-
STC) M1 HR-Avenue. XS5 R 56 1 35 1A RAT
Hs, REE T 2RI IERE 5 R EAT A, N
PRAL S 1B SRR S 1 A V2 At T B AR i
.

TSR % UBnormal 75 29 M7 53E 551 A&
FRARAT B, o R B RR AR L 4T 2145, P MAE T
TR s ) 7 B n 4R, N GREEDS IE W AT O, I B P
BRZ AGRE J); HR-STC & 13 M5t ZREAS
330 ML 274515 g, AR RS 107 DL 42883
T, R H 130 N5 H A, B RAR IRS S
Feh; HR-Avenue & 37 MU, Il 24 15328 Wi,
AR 15324 o, Y HER N 640%360, i 47 Fi 7
WAT N, AL 5 R R BRI g

FEVEAT 48 FR 7 T, A% SCR F AR AR A I 454k
A% R B O B AR RFAE 128 (receiver operating
characteristic, ROC) T [ # (area under the curve,
AUC) A BB A M PERE. AUC 1B I8 L B0 i 5
B3 > B BB R TH 5, S 1 AR RYAE ASR] BB T X
S IEH 5 R EAT NRIEE ). AUC B &, R IR
SR I e 0. IX — 4R AR BES £ SR (Y
FIEX (true positive rate, TPR) FIIE % (false positive
rate, FPR), /& Pl LA 5 A6 00 4 55 rh AL 44 R A AL
JBARTR.

32 SLWRE

ARSI KT PyTorch HEZE, £ NVIDIA A10 GPU
ERANBE AR E I (FP16) 5904 LS NE (DDP). 15
RUE Z REALAT NAE T 4 R, DL U-Net A'E T M4,
B S E R IR (DSTAM, 4 SkiE=E IHl
i) 3950 S A LI R, JRS7 AT -3 5O TR
(BSAM), il i ¥y i B 102 e (A7 NRFAE4EE 128, )
SUREYEE 256) SEIL B B AR SO0 5%, 1R 12 PR R
FEHE R HT 10% MITELR HE i FF 3N A 1. DSTAM %
G B 25 10 S 4 HBORBE B A 1l 2 REAL B E B, ISR
BrBER A AdamW AL & (5215 0.001), FHUP H
10 25, #{E8 R/ 32, & HHKSE 6 il Kl WAk 24 35 5%
RO 5 & FR I — A, WA B 30 W B
BE B AR AL 7 8 4y i 26, BSAM AT -4 50 5%
BUEE R AR 52 A ABL B T 55 BT A s 6 78 Hio s 46 B DA
100 YIZRJAH5E A%, S HOEE T 28 I IET7E .

8

3.3 ZWHERSHH
331 XHESEE

N T BIE ST-BSAN AR A 75 A S 4 Ao WA 5%
A R, AHIE TR 5 2 32 IR iR I 7 R AT T
XPLE, WG 7T A TR ER. R R T
%7151 HR-STC. HR-Avenue 1 UBnormal (¥ £
Ef# AUC (%) I, e rohif 80y s et 45

%1 f£ HR-STC. HR-Avenue Fl UBnormal Zt#E 45 _F i
& AUC SRl 45 B HLIR (%)

Method HR-STC HR-Avenue UBnormal
Conv-AE™! 69.8 84.8 —
Pred™ 72.7 86.2 —
MPED-RNN!'% 75.4 86.3 60.6
GEpPC!" 74.8 58.1 53.4
Multi-timescale predictionm] 77.0 88.3 —
Normal graph!"”! 76.5 87.3 —
BiPOCO™"! 74.9 87.0 50.7
STGCAE-LSTM®?" 77.2 86.3 —
SSMTL++% — — 62.1
COSKAD®™! 77.1 87.8 65.0
MoCoDAD" 77.6 89.0 68.3
TrajREC™" 77.9 89.4 68.0
TSGAD?! 81.77 — —
FG-Diff*! 78.6 90.7 68.9
ST-BSAN (Ours) 79.9 89.1 70.1

£ HR-STC #4li4E I, ST-BSAN B8 1 79.9%
Mz AUC, f T & T9 5 AL 1) MoCoDAD (77.6%)
FEF B EF ) STGCAE-LSTM (77.2%), 5 A #2 T+
T 2.3% M12.7%. X —HLHUET ST-BSAN X i S 5h 2
KRN AIRLE AR RE /), JUH R SN E R
B (DSTAM) H i [8] H 3 & I L] (TSA), SEBL T
XoF 5 IS AR RRAE 1) 4 JR) B ASE, 5 1 0] R I S
AT B 2 U 54 Ge B A 2K 757 40 Conv-AE
(69.8%) Al MPED-RNN (75.4%) # Et, ST-BSAN 43 %l
T T 10.1% F1 4.5%, 1X 3 B R Ry 14 58 55 84 207 7%
SR 1) 55 5 Yt Bt 28 E 30 25 B 25440 6t 2 AL g T A7 7 =)
PR

7f HR-Avenue (4 % I, ST-BSAN iz AUC
N 89.1%, ik T FG-Diff ] 90.7%. X 1] GE & KA FG-
Diff {58 2D-DCT 43 B iz shAUsRHE, I 2e B i 4 )R
A R, 8 I B I S5 AR R R AR, 35T R
DIk IEH AR R iz Ak, & B % s S K R A R 2 B
BB K.
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i H AR G N A

7t UBnormal |, ST-BSAN gk AUC i3] T
70.1%, & Z LT SSMTLA++ (62.1%) F1 BiPOCO (50.7%),
Y AERTET 8.0% Fll 19.4%. X —WE ZRAlAEHR T
ST-BSAN X 37y 50 il 547 R R B 1) 3 X AR S s,
T I 53 B 3 50 K M SR M ARRAE 5 37 s BUR R R S R RE
T, 3 R T TR R 5 3 SR AR, ST T B
EREE

2% L TR, ST-BSAN il i ) 25 3l &5 g A 5 37 i
SO RO, FE 3 AR A IR TR R
e, JUHAE HR-STC F1 UBnormal #4545 AL M
. XK B ST-BSAN A AE A 2504 B AT Hh 1 B
HAE R, LR IE N st I 48284k, D9 7 H A
RSPt TR S S R &, R EE
(s 1.

332 JHFASLLS

NEAE ST-BSAN HEZE i SCHA L A7 Rk, A5
7E HR-STC Al UBnormal $#54E b 1F 7 RGP il
SCIG, NP S AR SR ) (DSTAM) 517 8-1%
SO 55 (BSAM) X A0 A0S 5 Sk 00 1 R 7D BT R 52 . S 58
LR 2 i, Horpe R i A AR ER, xR
ARz SSA KRS B B R JIHLE, TSA AR
6] [ 73 2 I ML), BSAM-Dynamic 1 37 5 5 25 56 5 (1)
W EACIZE, BSAM-Static A4 [ 52 5012 F . L5
B SR B B 6T I 7S AR R ) RN 3 O B R
frsgme, i AUC FE bR R BREZE A AT PERE.

K2 AHESER SR (%)
SSA TSA BSAM-Dynamic BSAM-Static HR-STC UBnormal

x x x x 77.6 68.3
N x x x 78.1 68.8
x N x x 77.9 68.6
\ \ x x 78.4 69.3
v v x N 79.5 69.8
v v N x 79.9 70.1

M 2 LIS 45 R AT LUE Y, ST-BSAN HE 4L o 45
Befb 20 & Sl Tk UM R AR T AT N B 2
B (DSTAM) BRI AT 7E B 2887 MoCoDAD %/t
R 0.8%—1.0% [ AUC 925, BAlF 1IN 2 [k & )
DIRIPORSE U4 AR Q= i i 291 | A b
N-3 50 R (BSAM-Dynamic) J&, # 8 7E HR-
STC A1 UBnormal ##i54E If) AUC 435 EKF 2 79.9%
1 70.1%, BREFS ) 50 A (BSAM-Static) $2 7+
0.4%-0.5%, 2% BH B 121758 Fr L 52 2 3% 501 SR

A HA 5 N R . X AR A SR RS Th
Ab, SLRIF T S G B Ak I S R BE T, SRR
T ST-BSAN HEZLRLHAL B 1T 1R M 5 2 k.
3.3.3 AL

REERA RE T 5] N SSA/TSA 0 B4,
Wit 3 JFE LIS f il 2AF LY 5 DSTAM
(& SSA+TSA). BSAM NENA T H A, 1 28 ik
FFHER NGB E . 85 R TR, MEY BT 5h
I\ SSA B TSA i, 447 HR-STC 1 UBnormal %
P ERImiZ AUC 735l F % 0.8%—1.0%; [E R 5] A
SSA+TSA Bf, AUC i — T [ 1.3%—1.5%. IX &%
SSA/TSA & He 2% A JL (1) R AE R B A 55, 79 K
F g A T 508 3 AR B ER T R E TR AL,
HAIANSTHIy SO fR - i, S80Eee TR, Bk
BB THEY HCE T P HERR T X ek,

%3 PHEET TN SSA/TSA I BHERAE (%)

Y C HR-STC UBnormal
ST-BSAN (Ours) 79.9 70.1
ST-BSAN (¥ #(E T+SSA) 79.1 69.5
ST-BSAN (¥ #(E T+TSA) 78.9 69.3
ST-BSAN (¥ (= T+SSA+TSA) 78.4 68.8

RGN FE R B E, FF AT AR R =
PRskss. MR 4 45 R EIR, 17 e B2 2o i A 1 fe
SRz KRN, MU E 4 5 2 R IR AT
N, GyiRFIEHEE, KR, SN LZRHE .
M ) NTF UG v BT A, 128 fl R S =R AR IR
AT RRAL T BENE 5 X0 57 B v Rk 1)k A AT A
SCHEE RS RN EREYE. R FIRE 712, 48 SEEG 50 E,
Rl . AT A-EONFHCIER B W 32 1l
64 8.

R4 ATNICIZE R BRI AUC 52 (%)

R (F) HR-STC UBnormal
64 79.1 67.5
128 79.9 70.1
256 79.5 69.8
512 79.0 68.3

NI 53 J2 I 5 SR S 1 BE 3G 25, TR AR
SRITIEXT LSS, R 5 45 1 mT WL, B Bl 2k (Bl
Z5+1M0M) 72 HR-STC. UBnormal $#E &M AL, &
3 B 2R3 DR TF 0.8%- 1.1%, WAF“TRINZR+ L&
WO ERAG B RO, TR 2 1R 5 AT BRI
B, ONHRFIESRE . BEAS AR BRBEEL; IR O 51N i

9
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ML, W58 A5 AT NP 3 A SRR R S
21, B s R IAS 2, ™ 537 50 SO SO
ZAGRE T SRR E .

5 AEINGEREA AUC FI5E0 (%)

ik, 277 BRI RIS EAL S (y =05, @ =0.6) AIfl
1T B LR 5 3 58 SCE B RIR LR &, 12
AN TR e A DA 55 4 F D A A M .

£ 7 HIRXIEHE y F1 o ZEURTH AUC 251K (%)

W ERT572: HR-STC UBnormal
Ui 31 37 1| 5 79.1 69.0
A TIN5 79.4 69.3
PR B (TR 2+ i) 79.9 70.1

PRURRAE S SR 2 (RIR 4) 537 500 Fr i 2k (ORI
) XoF R AN AR B e OGB4 G 2 ARSI AR K
PARIUE N 4, Sk 2 WAl N {0.1, 0.2, 0.3,
0.4,0.5}. u ®AN{0.1,0.2, 0.3} JFJ& TLHT 38 LIGAIE. A
T 6 ML RRY, AR A E u HEXTBATE HR-
STC 1 UBnormal ##24E 1 AUC RILGZME 2, 24
ABL0.3. p B 0.2 B, HERLLE AN HOHE 4R 3k AR,
IS HUH A e A RCT A 2k, B 7R E AN R 3
SR R AR OR PR AR R TIBE A A w EIXAE,
B AUC 2 T Fefash, 1S 4 I IE T 23RBS
oAk 2 i 7] 1) E B

F£ 6 HITLXIRAEHIE A 5 u SHH Y AUC 45508 (%)

y o HR-STC UBnormal
0.3 78.2 67.8
0.4 78.8 68.6
0.5 0.5 79.0 69.5
0.6 78.7 69.2
0.7 78.1 68.9

0.4 77.9 68.9
0.5 79.0 69.5
0.5 0.6 79.9 70.1
0.7 79.3 69.7
0.8 79.1 69.3

A u HR-STC UBnormal
0.1 0.1 78.2 68.8
0.1 0.2 78.5 69.2
0.1 0.3 77.9 68.5
0.2 0.1 79.0 69.5
0.2 0.2 79.3 69.8
0.2 0.3 78.7 69.1
0.3 0.1 79.5 69.9
0.3 0.2 79.9 70.1
0.3 0.3 79.4 69.7
0.4 0.1 79.1 69.3
0.4 0.2 79.0 69.5
0.4 0.3 78.5 68.9
0.5 0.1 78.5 68.7
0.5 0.2 78.1 68.5
0.5 0.3 71.7 68.2

R 7B EOR, SEARAGEE < B R E R
JPHF . FE 2 @ = 0.5 (PR SRRy MR, y A
JiE & 5 SO0t 55 FE T SR AT S 5 AR AT R Rk A AR,
Yy HL 0.5 B, HR-STC 5 UBnormal 4 £E 1¥1°F- 33
AUC 43 5liE 79.0%- 69.5%, SZE 55t 55 FE AR B py 52
I 55 A AT A R R A T Al AR R, [ ey =
0.5 W55 ) B — P Re (T RHFRHE S50
REIFARE), KBla = 0.6 57 N B & BV 537 5t
T SR I A 2R RO e i 2%, 327 W45 R 5

10

34 AL

JNEGHIE ST-BSAN HESR (Al 14 fg, 4] 4 #£ HR-STC.
UBnormal 1 HR-Avenue (384175 5, SAZ O
DSTAM 5 BSAM JJ& nf AL UE. %F T DSTAM #
e, JE I T E W SR i X LG SR R, TR A O
X R AT N S BN A R AR R ). AT N H DR
5L 65 5, LAY B B 5 A A B AR AR AT
TR SHE, DU SRR R, 5IEW AT AR
AR AT OG5 BT i B B X300, R v TR 25 JE A 1)
e S Kb AR, 4% BSAM Mk, [/ —1T N7EAR
A7 5 R B M 2 S A s 5 SR, andT s iR R D AT N, 1
BEL LRI 5 T, SRR 3 5 R A ) e R, AL AR
RN T B 5 75 /N6 37 5 b ) e O TR 45 A4 IR
ST-BSAN HEZL“H 25 Bl A RFAE i 2 +3% 5008 CHRAR 1)
R, N E 2R 5T A R 52 it A 701
A

N E VLR DR R ) SR AR I P R, 1S RN TR
SR R ) S VR A IR AR A SR B T AL 4 L. R
WVE S M AR IEH AT B (AT E) TRFFBURAKT, 2
T R AR, PR R B R e T A
22 B H RE ) 5E B (HR-STC s 46 S AL R
N 0.55); X AR A, 10 FORERS HER T S H AR (R
W), B (s B (BrEIRER) AT N H e SRS X
SCPE. e XS I A BB IR, S T O
BT 5Pl AT & A BB R AR, R BUT A R
WY BCRT I PR, 0 RS RS, Vo PRk [ 75 25 3
ZRIKF, X ARAR AL B S B T IR R AR
WEBA T AR ALTE S Rl v (A k.
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i H LR G N

HR-Avenue

UBnormal

L CIEike4

7 ot CIEkc4

Bl 4 ZHAE4E T DSTAM I 2514555865 BSAM 37515 A AT AL IR

1.0 F

0.8

02

0 100 200

300 400 500

BT

5 #dE4E HR-Avenue #04 573 7> B AT WAL &

4 i

B S5 AW S A DU R B B A RS MR AR . AT
-3 55 U R 55 1A ), A SCR R B A I
HERE IS (DSTAM) 517 8- 500 55155 (BSAM)
IR IIAEZE: DSTAM FEfl i A AR PR, fE B 57 =
TN AE HRGHER IR AR BIE RAL; BSAM LLEhA& I
17 RERL, S 3E Be 3 50 SRR 5 IE# AT B
ik, R A RS TR LA R BRI SR IIE, IXHESLE
R T S 0 R A B2, A SR ] gk — 20 4k R LAY X 22
ITRBIZACRE T, REEILA Y B B T /1T
AR R, SEPU B+ E 2R IEFEAT AN 5.

SEEk
1 Aot XIS, XA 2, %, 5285 S 2 BT
AT R 7 v R8N K 2 22 4 (B 2 B, 2024, 56(1):
16-24. [doi: 10.13705/j.issn.1671-6841.2022284]

2 Yan SJ, Xiong YJ, Lin DH. Spatial temporal graph

convolutional  networks  for  skeleton-based  action
recognition. Proceedings of the 32th AAAI Conference on
Artificial Intelligence. New Orleans: AAAI Press, 2018.

3 Yang GQ, Luo ZM, Gao JZ, et al. A multilevel guidance-
exploration network and behavior-scene matching method
for human behavior anomaly detection. Proceedings of the
32nd ACM International Conference on Multimedia.
Melbourne: ACM, 2024. 5865-5873.

4 Flaborea A, Collorone L, Di Melendugno GMD, et al.
Multimodal motion conditioned diffusion model for
skeleton-based video anomaly detection. Proceedings of the
2023 IEEE/CVF International Conference on Computer
Vision. Paris: IEEE, 2023. 10284—10295.

5 Zhao B, Li FF, Xing EP. Online detection of unusual events
in videos via dynamic sparse coding. Proceedings of the
2011 Conference on Computer Vision and Pattern

Recognition. Colorado Springs: IEEE, 2011. 3313-3320.
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