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Tab.2 Optimization algorithms of optimal site and sizing for DG
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Tab.3 Optimization algorithms for heat exchanger design and HEV powertrain management
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A Survey of Featured Applications of Heuristic Multi-objective Optimization
Algorithms in Power and Energy Systems

ZHU Xiaodong' ,WANG Ying', YANG Zhile’,GUO Yuanjun®

( 1.School of Electrical Engineering,Zhengzhou University , Zhengzhou 450001 , China; 2.Shenzhen Institutes of
Advanced Technology , Chinese Academy of Sciences, Shenzhen 518000, China)

Abstract: Power and energy systems are the foundation of human survival and development in modern society.
They played an indispensable role in daily production and life. However, significant inefficiencies and wastes
found in the process of energy transmission and transformation, such as power generation and energy conversion,
could result in increasingly environmental pollution and resource consumption. In order to create a low-earbon
energy future, it was a necessary way to optimize the design and operation of energy and power systems aiming at
maximization to the economic, environmental and social friendly benefit. After decades of development, Multi—
objective heuristics optimization algorithms with characteristics of high flexibility, wide application range and
high efficiency. have become crucial tools in the solving various engineering optimization. This paper aimed to
systematically reviewing state-of-the-art heuristic based multi-objective optimization algorithms for solving six
typical problems in power and energy systems. Comprehensive discussions on the methodologies and a brief in—
sight on future research direction have also been proposed.

Key words: Multi objective optimization; power system; energy system; Pareto optimal solution; heuristic op—

timization algorithm
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W OE AZAHRAAPRRIKMGZELR T, A ATANSE N RAGEFLLEHFALA
FTRGER BRGRTIAMNBER TR CER N RZATIAT 20 A ,HE 7T 0 R L FAERT T
B K BB F R T3 A AT R ERILE R R, A AT AR A RPN EHETX
MBERAGER T, REFI T AL GATRANAABRGERFET 2 TN EHREFITFEE
Fi A TR AR IR P 09 B R BEAT T AU T, BB T MG 3RAY 2 W 25 ( RNN) K 42 #1212 W 4 ( LSTM) R &
F A5 M % (DBN) \HARA 2 W 4( CNN) R EVRE 5 3 7 kTR AR AL ad s T4 s ed i 47 0w o7 i, iR

JEF 5] 7k B L W TRMAR L, 3 T & AP sh3R¥vm B & B A0 Gk L.
KB REAF; wh Aok AFAA ATHZM%; LSTM

HES %S TUS28. 1 XERARERS: A

0 3|5

A R Tk Fay 2 J5 , B By i RS e 43t
o7 S A 23 I IS I I AR R ARk, 1 T
A3 A AT BRI BRI A R HE i 3 1 ) <15
PSR (RS IR, TR A AR Rk At LR i R
T T L) R IR E 18 4T HAT 7 S 4
PR 249 SR, K80 22 FRF () 8 49 bt g S 0, %F
TARIEH N R G T B LM a7 B R
VEFR. 55— 5 T, 7615 BRI HE IR 0 A e 1 i 3 18 46
WP BT SEAESH T L 4% 4 H A0 F Al %) T 6 76
TRIDRG FEE 1) B2 R A SR 25, 5 4 (4 1 T A 1)
TS AL A A B B R R B 220 R
ARG AL i AR OO N R A S AT 5
ARG AT, L RE OS5 B T L Al SR B E 3h
AR 25 P P S5 e R 8 A S B H ) B R T
W75, 45 B ) ) 3 L R R s e v L [l
Sy A AT SR L MR ] B B R UR K e 2R
295 LA K R, 5 4 AR R o 557 25 47 A5 21 R
)3 A AT SR 0 e R BE AL N Bh A AR A
XSG 575 P 7 4 1 T A PR

s B #A: 2018-09-15; f&1T B #3: 2018-12-21

doi: 10. 13705/j.issn.1671-6833. 2019.05. 005

FiE N T #2825 ( artificial neural networks,
ANN) T3z i F T R AR 18 i TR0 45 4R,
ANN Xf FARL RS BA R0 A N e, A
FA T Re ST FNZACHE T7 5 X SO = HA AL BT AR
HLAS R SCHk [5-7 4R 2 ANN 7 17 i T 450
S L SR [8 & — R 06T N T2 45 7 171
o TN STUIORE P A 25348 L % H] 1991—1999 4 fir Ay
AHIE Y TR, IERA T ANN 7 G fap i Soiss B A s 1
BUFIBOR, 2B H B G 4 2000 4R LA S
ANN R A PR,

BEOX R 2 Al 28 10 2 A 18 ) L, R 2255
BNRGE 7 ) A8 IF B A5 b A Rl e A
S AR, B A RE AR AR B AR AR A TR A
( deep learning) 77 ¥: 76 IR 15 3Ly 817 L B& 5
KU E ARG S AT S T 2 N L
AT PO A A T DG T TR 2 ST ) Rk
U587 ANN , JEHLAR S > G — A0 S IR B2 )
T3 R A 0 0 245 235 4 B kg 52 2, LA T 22 1 G
JEFEER G, A H B4 RS R Al
NERESTZSAERE D H FHERERE S Az AL RE ) 55
ZEF TR AT N T A 28 o 28 A 71 A TR T

HETH: HERH KRB 4% BT H (51607177.61876169.61806179.61433012. U1435215) ; 448 H SRRl 3 4
T H ( 2018A030310671) ; B F 11 J5 B2 24 1 5 H ( 2018M631005)

BIEIEE: BIEE (19865 , L Wb AE A, i BB B TR YN 6 E 5 AR B 52 Be Bh BRI 9% 61, i, B2 A bLaR 2%
2 AT IAFERE IR K i ) RGP AT L E-mail: yj.guo@siat.ac.cn.



5 5 1]

RARIR A TR > A FL g S BTN P F) RO £33 13

Ii] FR) A RN JEE 2 21 D5 P AR % 18] ) R P A T

4.

1 fREBAREmNGE

A 20 HHE2E 80 ARAX, T 5t 4% 0 58 & i T
TRETXT 1 faf M ( load forecasting , LF) [a] &5 & J1-AfF
L AT e e — I [ i m o I ) B ) v, £ 5 2
FRFE, B WIRT T LF (5] RE A5 2 5L T 1976 4F
Box 27 i 4 i f [ 52 87 5000 7 v Wk A 4
BoxJenkins. % J5 ¥ X T £ i 000 455 784 (1% g A\ 2
SREAR AT 18T T S0 B e e ) B A A
2 IS ) B AT 18 At PR 2R, TS 12 3 380 X6 671 7 T
(SR Sk (12 4R HE T —Fh f o (B A 7Y, 2245
RUH UK R A W AR AR A R B TE N T
BoxJenkins (17735, 3k [13 1424 T A 719 3h
SE ¥ #5 AU ( auto-regressive and moving average
model) U754 Juberias %5 #2571 [0l A B4y
18 30 3 ¥4 #5 B ( autore-ressive integrated moving
average model) ZZ P 11 faf 71 M. 2002 4F, Haida
5 Bl G O 1 1) 32 B A 1 R
T b Z e M WA Sy B i, ST T B e
FiA.

I 5 HL#s 2% > ( machine learning) J7y 4 A T+
o FEI, SCifk [16 ] it FH S 4R ) s ML 5 12 0 A T
FEFN, 2005 4F, Niu 217 % ANN 5 SVM £
G HEAT B AT TN , S ST S AU T T A SR R AR
SR AT $R T, 2013 45, Wei 451 254 32 03
43 H7 ( principal component analysis) Fl#g% /N — 3 %
Fi ) AL LS-SVM) 11977 B304 T 1 far $50 , 12454
AT DA 800k 2 Y0 A5 A5 1) o A AR, i v o 2]
JEE N

2 ETHEMKZHFTE

M 20 HHE42 90 4EFR LA, & X ANN 1E LF 45
ST FEEWIRA VF 2 A B T R
HIG T ANNLA 5438 T LR T LF (94
st o 228 60 2% AR B TR (0 £ AL 5 A .

2.1 ZEERHHERNEER

216 K SR B RBF) o T2 P 780 14 18 5 20
SRR, T 5 52 B S A R A
Zhang %" F 2008 444 RBF 28 [0 2 15 11 16 7
T2 2255 ANFIS) 454, 37 7 Bk A , %
TR SE00 ] RBF 46 35000 £ 7 , /8 % J& v 1 [
RIS AR R S L f S fL 8 ) ANFIS £ 55
PS5 S %A ST IR T RBF 5 46 11 ik . 2013

il
il

A, 3CHik [20 ] 4 32 5 18] & 71 U5 ( support vector re—
gression) F2 [i] 5 pR 0P 28 9 4 ( RBENN) FIRLH™
JiR IR B U8 % % ( DEKF) 25 45 4 g 671 faf 190 0] A5
A, {f ] SVR #22 RBFNN [l 45 #4 Fi) bk 280,
DEKF {4k 285, fieJa SR A AL J5 A5 78 ) £
fof. SRR (21 138 PSO B4k RBF X4 44 4 75
IALHY, % 48 RBF AL RUAH LL, B AT B 47 i 52
PEAFXT PSO 7L 25 5y B A Jed 3 S5 A fige 11 i) ft
RE2HB TR - H TiFZ PSO &
PLRAR R SRR [22 142 H—Fh gt B PSO B 3EAR
{k RBF {45 3l 1o % He, 12246 A 3 fi b T PSO
TR AR ) B N Jm 0 d5e A ik 1) T B, AH B 4% 5
RBF TS R LA 5 B A U IO 1, 734 5 43 L
eZe A LIEHILE 1. 2% LA,
2.2 BP HEMEED

TEARZ ANN & yE | Rumelhart 45 [23] W
TR 2 I [m & HE B 1 ( back propagation, BP) A&
F L E 2 BP B A7 e AR R I S e S i 12 4
[ 5.2005 4F, Th A4 2 A T fE5 0L 5 BP
SRS A VT H o 2R 0 e ) e I L N TR
FERLTE T DU 85 v IR R B A L 3R A5 4 SR et
(B S i N T AR I ot 28 I 248 O B, 13-
N T AR 28 N 48 04T 67 for T5000 , A7 582 = T BP
P22 X 45 1) FDNDA R B i o 3 T 45 R Y BP
PR g, SCik [25 148 1 T —Fh AL B AR BP B
2, I FH UG 67 ey TN . 0 {97 Ay T 2 AR B A
w2 RN 22 1 A (e £ BT T T 45
(KR40 2013 4, Khan 2572 $8 T —Ffod A4
IR A AL R A N T 4 28 ) 4% ( RCGPANN) i F
WEE A 71 g TN , T2 A5 Y BT DA 000 — 4 Hr 45 A T
(19N [7] 60 f AR 5. 2014 4F 47 )11 45 27 e X 100 A6
A A\AS T ok 22 BN R0 AR TR (14 5] 251, 4
ST HT(ICA) 73 3 53434 ( PCA) Jrik
XA IR T R A L i R BP0 AR AR 1) )11
R4 12 TURG JE2. 2018 45, Bl JRUPR 25 fik ]
TR LA BP #2845 1 AU 280, 4 7
A Y 1 FH B B8 VR O I Oy T, A5 B T R AR Y

155 BP Sk S SAGH B 1S, 5 35000 248 DI 254K
SRR, 1l PSO 3036 AR S i i ok 17 3% [ L.
SCHik [29-30 ] FH PSO B3 sk At Ak pil 28 I 45 4B 2 1)
FOMAEAY , EREDL T BP i 25 I 45 503000 A5 7. SC Ak
(31] 42t —Fh MPSO # k5 BP BILZ5 41
MPSO-BP T A5 7Y , 38 4 552 56 % L , 1245 AU i 58
T BP $RE LK Nz AL HE J7 , TRINORS BE e, X )
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R Gu 08 0 6 fer B B A R T R
2.3 HtithZREEE

1T HL 7 G fer 22 S H R 520, 2000
A, Kim 25 212 ) SE0RASORA i B 5 v 5 ANN
SEA AT AT TN AR H A 5 BRI ZEA,
BERAGH 5 A ANN BRI 2 A BOR HE BRASE A F
A, 452 78 A ERR B TN 45 5R.2001 4F, 5
TR 2 YO R (A B ( gray model) FiI ANN
GEA I T ey TN, HUPS T 8558 ANN B FRAR
(R34 . SCHR (34 D K A5 AL S Elman i 28 9 4%
SEA AT AT . SCRR [35 14 T — R AR
P2 IR 265, 1 5 R FHRSOR) 38 2 43 W o 5080 2 1k
Fr T2, SR 5 A — ) N7 ANN J30 0 A5 7Y
T 2838 o A5 TR B T A5 0 g SR Sk
(3637 J¥s /NI 43 B 0 Ao 28 90 245 235 45, A 03000
W 2 4275.2011 4F , NoseFilho 45 4 1 S [a] I
25 2% ( GRNN) H T 1 i 000, [A) 45, i i 7
GRNN 1y e fili bk — 28t T M-GRNN, MR-
GRNN ij#i% , M-GRNN ELA B I7-17z fkfig
FaxE Pt , MR-GRNN 1] DLy /b A e, ke e T 5%
M) LN &5 SR B4 U A SCHiR (39 st 15 532 ( genetic
algorithm) FIJK 0 41 25 0 £ 2% 45 X S B HL A 2% 1
R AT 0. 2017 A, SCRiK (40 R/ 4
fiff R R £ 28 T 446 25 45 ( ADF) 12 5 7 fir il
A AR . Sk (41 ] 45 AR i R AL Bk
( CGA) HARLALIER K ( SA) B3 I 1 F T B b 22
W& RN FCS,IZ B LR T 1540 ANN B,
Bl St A2 G 2 I 245 30 4 600 A S0 B, 97 767 pi 2k e
LR 00 ) TIN5 25 AR K A %o 3k A ) R, Sk [42
—43 DR AEURE B2 B VS IR 28 X 44 45 5 AT L ) 7
o RUIN A FH Ao 25 R 28545 1R N 235 SR, T R R
s B2 ST BCE UEA T A B, 1 v TR B

1995 45, Kennedy % $1 Hok T RE A 5 15
( particle swarm optimization , PSO) , 7£ 4>t 5 140
BT a1 SR F Y S, 1% 58 TG
it 2B H AR5 II.2017 4E, Hao 451 LT H
25 R 110 7 R T X Je) (P, N IR T
ENERAG I 2 ( LUBE) |, DA A NN AR A g 1
PLJf BRI T —Fr A9 A 0 R 2 £ H bk i)
R AR 52 2 R B AR ), 5 AR pRSUH L
SE 0 l/N W L 73 o T (51 BB E e G L B B U
PSO By LAY OS2 A5 Y 1o
30 7 SRR R R T L S 2 SRR i
BEARY AT AR fE ey ot 1) T X ).

JAE ANN 2 28 1A A fur T v 5 5 R e A

WE B AR LR AR 2 — (L2 X T IO 4% 45 1 1 5
F A S o T P SR AT 9K e — R MR i3k PR ) 1
TS Z I FH.2009 4F £ X 5% — ] B3, Mao 45 ¢
PRI T b 3 4 VRO R 22 19 2% ( SOFNN) 5 XL
JRRAL 7 4545 TR 7512 , SOFNN ] L [ 3l
SEABTIEL (28 A R 80, TS AL 7 1 1 3 vk 4%
BTN S B AR LRI 1 B R ARk b 28
P2 , 33 25 T A28 IR0 2% 9 S PR L F EL TS0 28 oR
RLGF-

ANN Fy38 R 2 =1 B 108 12 B A 70 76 500 450
ST FEH S A T 2 WO T AR
e LA TR o A, (ELR ph TR R 25 T 1 R B
P, Teik 7o I S B A T 2 > R
X L 32k 25 A T D A A B 1 B A2 2 T )
NI PR R B TR 2 ST R 8, HiAE s 1 &
G5 A5 5 OO ATUASR 14 F 5t SB35 S AR 3¢
65 T 15 A LR R B 2 2 v A 7R T 45 R 4 17 )
T K.

3 ETREFINAE

TREES ) SRR R T SCHR (47 1, J& el IR
71 2] 242 " Hinton $2 H Y, ETH 18 £ /2 ] R AE 5L
AN R ZRAE B F ) JZ 32K BIECE B9 TR 5 R A2 S AN
WA . T A R 5 ) S S M 4l ok S B
Xof B2 244 R BSCAR T I, 35 3 T Y O BCR:  BA
SRIIZALRE 1 I E N RE ). AR R TR B A 2 U
T A7 A TN Fr) SCRRESCEE R AR DG SCRR AR
ANGETHPE 1 /82016 4F Ryu 26 1 8 3]
AU G5 408 5 SR A0 i A P K — PR 3R A
P T IETHE A2 M2 ( deep neural networks,
DNN) 14 70 fiif TN ASE Y, 3 3sk F0A% 58 J7 LA L, F
4% H 43 iR 25 ( mean absolute percent error)
FEHHR 1R 22 ( root mean square error) 15 3| T A
SUREAR. MAPE 1 RMSE J2 7 faf 150 00 H FH F Ak
T BE Y BB R, AT

(D

(2)

SCHk (49 ] & TR BE °F 2] Jr B 7R R HL ) 6 7
PN SR R — R gR b, WS R BT
2014—20164F (A7 SRR, IF XS R 55 2] 451> )
IR T B — A 4, I SE TR B 2 > O 1A
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ey PO 0B Y 17 FH SCRRER /D, 3 T 4 3 K 4
W3R 1 A AR 25 TR FE 2 S BEARL I SCR G
M RNN-based M LSTM-based

CNN-based M others

() SCHR MR
1 REZIFELETNEE TR ER EERIE

Fig.1 Deep learning method load forecasting model literature quantity and main source

F1 ETREFIFEEEATHRINEEN TR
Tab.1 Literature statistics table for building load

forecasting models based on deep learning method

M DBN-based

(EVE =T 0y I A A
Vermaak J %4 2002 RNN
40 ik e 5 2005 ACO-RNN
Qiu X %% 2015 SVR-DBN
Ryu S %" 2016 DNN
Amarasinghe K s[4 2016 LSTM
Kong W 215 2017 LSTM
Gensler A 4§ Lo0] 2017 Auto-L.STM
Qiu X Zg!e 2017 EMD-DBN
Shi H 20 2017 DRNN
Li L 2 2017 CNN
Dong X %" 2017 Kmeans-CNN
Shi H 52 2017 PDRNN
Ouyang T sl 2017 Copula-CNN
Zheng H 21 2017 EMD-LSTM
Lu K 2 2018 MS-GRU
Chen K 2™ 2018 DRN
Zhang X 2[00 2018 RBM-Elman
Kong W 25 2018 LSTM
Bouktif S 2% 2018 GALSTM
Kuo P H %™ 2018 DeepEnergy
iy 2t L6 2018  VMD-PSO-DBN
[ i 2 157) 2018 LSTM
[QE=: ey 2018 DBN
L o 2018 DBN
Kumar J 2" 2018 LSTM

3.1 EBUFHRER P 4% S f AR B

F T G ) UM 52 2 22 T 1 1) PR R B L 4n K
AN T AR XS R MELL AL 38 Y T R
GE RTINS B TIOR8 vy, byt T A T A
TR FH A ST S B 8 2R 1) A 1 7 T 28R

HATE R T4 R R BUR 15 LF 7

IS AR A 201,
WYCCRE WRE WA
gimg  WMEE WA
Wy ek WEE
mxE  EmE EAE

(b)SCHRSREIR

H1.2002 4, Vermaak 1 Botha ™ 4 536 7 41 28 [
#%( recurrent neural networks, RNN) %3 1 {71 1
O, AR ANIE 2 firzs , B3 RNN f3h 28R,
AT DU i A 4R iy A B B R

A v A

L” r r r
- ' S ¢ S, . S
O =) 00O
" " y
Unfold B B w
8 U ]

X X X

1 t #1

B 2 RNN &#REE
Fig.2 Diagram of RNN structure

Bt RNN (1% RIRHS R LF (18 265 1
KA, Al N P %ok T v A ) R e o
L, e SR G 2 3 I A B T AR R f A
R A: 2005 45, 4R Bk 25 Y T 5 ORE B 1 X
RNN [ 24 )90 i3 AT HEAT A4k 4 72 1 ot 250
() RN F00 A5 760 , 2% 5% W9 7% 1% 065 280 A 1ok i 4%
e, TS #4525 RNN B R 1252017 4E,
Shi 46 34 R [7) 2 VR B4 475 T X 4% 2 5T
VEHEAT T AT A VEAY L ISR T A 155 10 52 45
WOTIE T 7 A R DL Sk 22 v ) f 6 4
35 151 3of X 00 A A SR PEA T HR 2 @R B R 251
100 > BLPRGEIEE SJg 10, X 5268 B0 7 SR AT 40 2.5
SRR, YR 30 U 25 6 4% 5 v JE A I 2 A I
TER K MAPE 3255 T 23% , 1E3 28K b
RMSE 3255 T 5%.[a)4F , Shi 25 1 % 52 B2 7 17
VP 25 B B AN R 4R T — I R
BB 28 25 ( PDRNN) |, B8 —417% 1 14 17 7o i
BSCPHEER AF — N A SRR 1
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IR 920 24 % P gE B kAT T, AH T A
#iL RNN FiBER , RUSE [T 6. 5%.
3.2 KERHBIZMLE S

H1 T RNN B8 X 4 19 B[] 13 3 B34k 4 7
1L, BEAE Bl B 4G O, ) [a] 1) PR 44 4, RNN 2 2%
IR Z A E AR 5 R T 2R TS B
AR AL S 354 BT %) RNN )3 — [m) R, SCRik [54 ]
P m9K 5 BHE 2 P 2% ( long-short term memory
LSTM) AJ DA4 ft— R A 28000 i DR 7 8.1 W 45 3l
T A 3 e g eR SR b B A ) B[] R 8, A LG T
RNN,LSTM ¥4 7 AT T( T GBS 1(,) i
I, AT B2 5 B AT
B RO E BRI R R S b )
(A L 1k SRR PSS R RS 43
HEBAE B A0

Iy=0(o a2 ] +b); (3)
I'=c(w [a"™" 2" ] +b); (4)
r,=o(o, a2 ] +b); (5)
C" =tanh(w, [a"™" 2" T +b):  (6)
C=r+C" +T,+C""; (7
a'" =T, * tanhC" M. (8)

H LR IR - 3 FTs.

3 LSTM MRS E
Fig.3 Diagram of LSTM structure

AN AR 1 70 A T [0 R R A %) F, ) A )
Hlz & v R PR3 BOR B AR L i T BE
T5FH P B v U8 sl M RN AS A o 1 L A T 2 — A
TR, 2016 45, Marino % {f {51 LSTM
ZRF AT S2SLSTM ZRAG XA AAT 5 18 7 iy 1547 T
I, LA— 23 B A — /N PR R I TR AT T 5256
SERAEIIbRE LSTM 2844 Je ik AE KL — 0 b o 20 K
PP O T A TR S0 235 2 L T S2S A PR A st 1] 204K
TP ELEF.2017 4F, Kong %5 o LSTM [
28 TS NATE 2 9 S ey TEIO T HUAS: T R4 RBK
5.2018 4F, Kong /f‘]‘r:[sﬂ 1k meterdevel 71 faf FN 2
TERESE  BAE B R RE IR IS AR S e R AT WK R TE

— i, AN TE R e R U O R VR AR S A T4
RARA) A, QSR AT DUBH B3 1947 AR, T3
IS8 SRR SN , 120K RE TR B & 1Y RE HE VS AR
oy A\ BT A b, 280 SEHR, LSTM 9 25 7 iy A1k
FREELTHFEI TG LT MAPE SR AR, SCHk [58 ]
W LSTM [ 2 iy FH 3 % 39 670 fir 0000, 5 4% &5¢
ARIMA #& %0 AH b, MAPE M 9.74% F [
2 5.76%.

AR 5 AL G 0y ) U B TR
{0 N TR A B BIFSE 7 1] Bouktif S 45 Sy T
BINAS 5y 0 e FE T AR B, B Ml e ) Rk
LSTM 48456, 38 i YN 25 JLAh e Pk AR LR PR 1Y
ML Bk P A B B A, , ] wrapper
il embedded $FIEE$E 5 ¥ e AL , e
FH IS A% 530 3 Y fe AR 1) 8] [R] B A LSTM. &) 2% J2
B, SR A5 Rl A A R R i 20
S A TOAS Y o N TR S A0 T A A B
FE R (ARG R SR (60 JKF 28 354575 43 % ( Empirical
Mode Decomposition) FI2 L H ¥ £ 1) ik 5
LSTM [£8 255 , F A i 66 85 3 5 (9 AL K B394
S T VRS SN H A s R Az R AR AR
EMD 753 F T4 SD 7107 53 fiff S AR Ak A5 285 e 4
( intrinsic mode function, IMF) Fl%% 2% BREC, 73 55
LSTM [ £ 1] F50 0 454~ IMF F15% 22 pR AL, de ¢
45 R W] SD-EMD-LSTM A Ly ff 510 1 L 171 £y
CHk [61 ] AutoEncoder Fil LSTM 54,32 T
AutoLSTM F5 AR AL, 7 ] P4z G 5 F5 0 451 ik
3 G0 af T, 5 A5 G L N T A 8 O 45 A 7R T
FEEAZ 2% ( deep belief networks) ¥E47 % L , #r )
TN AL AU AR T ) ORS B2 2018 4F, Kumar
IR I R AR AR R L (R o
TV BT Ao PR SR 8] 8, 530 = R 46 e 55 0T
HRA s G AT A LSTM 48 % 2= 1158 bt
0 CAE S AT B0, %07 A RO gk 7 =t
LGB TEY A DIAE R 0] R, 7T LA = &
29 100 2% 6 Hsf R A0 R 465 7, ] B T AR AR
=R,

[T 25 B0 ( gated recurrent unit) & LSTM
Do 2 () — AR AR, B LSTM (% AT 5 38t 05T
SEA SR ARAS 5 ey 2. SCik (63 ] sy T —Fh
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Deep Learning Applications in Power System Load Forecasting: a Survey

ZHU Juncheng', YANG Zhile*, GUO Yuanjun®, Yu Kunjie’, ZHANG Jiangkang®, MU xiaomin*

( 1.Institute of industrial technology, Zhengzhou University, Zhengzhou 450001, China; 2.Shenzhen Institutes of Advanced Tech—
nology, Chinese Academy of Sciences, Shenzhen 518000, China; 3.School of Electrical Engineering, Zhengzhou University,
Zhengzhou, 450001, China; 4.School of Information Engineering, Zhengzhou University, Zhengzhou, 450001, China)

Abstract: In the rapid development of integrated energy systems and energy network, power load forecasting
played an important role in the economic and safe operation of energy and power systems. The traditional load
forecasting modelling methods have been widely used in power systems. However, the simple computational
model structure limited by traditional methods could not guarantee the dynamic load prediction accuracy under
high randomness and big data background. In recent years, in the context of the continuous upgrading of com—
puting tools and the increasing large—scale of training data volume, the application of deep learning methods in
the field of power system load forecasting atrracted extensive attentions. This paper analyzed the applications of
various deep learning methods in the field of load forecasting, and revieed the Recurrent Neural Network
( RNN) , Long—and Short-Term Memory Network ( LSTM) , Deep Belief Network ( DBN) , and Convolutional
Neural Network ( CNN) . Compared with the traditional load forecasting method, the deep learning method
showed higher prediction accuracy and better robustness to various external influences.

Key words: Deep learning; power system; load forecasting; artificial neural network; LSTM
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Fig.1 Application direction of artificial intelligence
in power system field
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Fig.3 Flow chart of load forecasting by LSTM
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Fig.4 Intelligent power fault diagnosis system
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Review on the Application of Artificial Intelligence in Power Systems

MA Min', QIN Jia®, YANG Dongsheng’, ZHOU Bowen, PANG Yongheng”, HAN Huanying’

( 1.State Grid Liaoning Fuxin Power Supply Co. Ltd., Fuxin 123000, China; 2.School of Information Science and Engineering,
Northeastern University, Shenyang 110000, China)

Abstract: The development of electric power system was an important evaluation index of national economic
level. With the continuous access of distributed renewable energy and the continuous expansion of power grid
scale, the power system was gradually become more and more complicated. The power data with the character—
istics of multisource, heterogeneous, large amounts of typical big data, which puts forward higher require—
ments for the analysis and processing methods of power problems. Artificial intelligence wass the key to the fu—
ture science and technology progress. China has to promote the development of Artificial Intelligence to
national strategy. The emergence and development of artificial intelligence could provide powerful tools for
power system planning and design, simulation, coordination and control, prediction and estimation,
diagnosis, and recognition. Power system was one of the main application fields of artificial intelligence in our
country. This review began with the policy requirements of artificial intelligence in the world in recent years;
and mainly discussed the main application direction of artificial intelligence in power system, which focused on
perception prediction, management control and security maintenance. Then, based on the shortcoming of the
application of artificial intelligence itself, the shortcomings of artificial intelligence technology in the field of
electric power application wass analyzed. In addition, based on the characteristics of various directions, the
problems of artificial intelligence in different directions of electric power application was deeply explored.
Finally, suggestions and prospects for the development of intelligent power was put forward in view of the
overall development trend of artificial intelligence.

Key words: artificial Intelligence; power system; perception prediction; management control;

security maintenance
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Tab.2 The distance correlation of meteorological factors
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A Method for Predicting the Number of Faults in Distribution Network
Based on GRU Neural Network

GAO Jinfeng;f,l , PANG Hao', DU Yaoheng2

( I.Industrial Technology Research Institute, Zhengzhou University, Zhengzhou 450001, China; 2. State Grid Yantai Power
Supply Company, Yantai 264000, China)

Abstract: The number of faults in distribution network was a direct impact on the operation and maintenance
of distribution network and the user’s power consumption experience. At present, there were few stadies on the
prediction of the number of faults in distribution network. To measure the historical dependence of distribution
network fault magnitude, the optimal feature subset was selected by using the distance correlation coefficient to
investigate the correlation of many meteorological features. Finally, the GRU neural network was trained to pre—
dict the fault magnitude of distribution network accurately. The results proved the feasibility of this method.

Key words: number of faults in distribution network; RNN; GRU neural network; historical dependence; rel—

evance
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Tab.1 Multidimensional feature points generated

by a GMM
et WG] RWHEEE AR
fiE 5 T (mes™") (remin”") (kW)
T 1 4.53 1 060. 4 134.9
TH2 6.95 1443.0 458.3
T3 9.74 1723.0 1135.7
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Research on Temperature Prediction Method for Main
Bearing of Wind Turbine Based on Bi-RNN

YIN Shi"*, HOU Guolian', YU Xiaodong', LI Ning', WANG Qile*, GONG Linjuan'

( 1.School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China; 2.ZhongNeng
Power-Tech Development Co,LTD, Beijing 100034, China)

Abstract: The main bearing was the key equipment for energy transmission of wind turbines. In this paper,
the main bearing of doubly fed wind turbines were examined. Firstly, the working conditions of wind turbines
were identified by using Gauss mixture method. Secondly, the temperature model of main bearing of wind tur—
bines based on Bi-directional Recurrent Neural Network ( Bi-RNN) was established in each sub-working con—
dition space. Thirdly, random forest was used to establish and predict residual temperature model of main bear—
ing, so as to realize the fault warning of main bearing of wind turbines. Finally, algorithm model were used to
carry out and simulate in a large wind farm. The results showed that the Bi-RNN neural network based on con—
ditions identification which combined with random forest algorithm had strong practicability and high accuracy
for main bearing early warning.

Key words: wind turbine; main bearing; condition identification; Bi-RNN; random forest
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Study on the Influence of Battery Energy Storage Operation Control
on Active Distribution Network

LI Xue, SONG Yanlong

( School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract: With the massive integration of distributed generation and electric vehicles, the problems of power
and voltage quality in active distribution network were increasingly shown. Aiming at this issue, the factors af—
fecting the interval control were analyzed in terms of energy storage capacity and power, daily load curve char—
acteristics and unit time firstly. An improved interval control method for energy storage output model was then
proposed to solve the problem of multiple charging/discharging operation in one cycle. Considering the correla—
tion of random variables, probabilistic load flow using point estimate method was analyzed to state the influence
of distributed generation, electric vehicles and energy storage station on voltage level. Finally, simulation anal—
ysis was operated on the improved IEEE-33 node active distribution network system with battery energy storage
station. The results showed that the integration of energy storage station could effectively reduce the fluctuation
of system power and voltage.

Key words: battery energy storage station; interval control; correlation; probabilistic load flow; point estima—

tion method
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Load Frequency Control of Multi-source Power
System Based on Grey Wolf Optimization

HOU Guolian, GUO Yadi, GONG Linjuan

(' School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: With the rapid development of interconnected power systems and the large—scale intervention of re—
newable energy, power systems were characterized by interconnectedness and multiple sources. In this circum—
stance, the study in this paper began with the actual needs of multisource interconnected power system. First—
ly, a four-area multi-source interconnected power system with the participation of fire, water, gas and renew—
able energy was established and each area contained more than one form of power generation. Then, aiming at
the randomness and fluctuation of renewable energy generation process, the load frequency was controlled by
the grey wolf optimization ( GWO) algorithm based PID controller to stabilize the frequency fluctuation
quickly. Finally, the simulation results showed that the proposed controller could achieve good control effect
and show strong robustness under different disturbances, regardless of the frequency deviation of the intercon—
nected system or the switching power of the tieline.

Key words: renewable energy; multi-source power; grey wolf optimization( GWO) ; load frequency control;

optimal control
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Loss and Reliability Optimization for Power Distribution System
Operation on Improved Genetic Algorithms

FAN Yina', LIANG Wei’, HUANG Yuqing', ZHAO Dongchu', CHEN Shengbo', LI Ming’

(1. Beijing Normal University, Zhuhai 519087, China; 2. City Water Conservancy Survey and Design Institute, Liaocheng
252061, China; 3.Fudan University, Shanghai 200433, China)

Abstract: This study focused on an optimization method that combined simultaneously the reliability and the
efficiency of radial power distribution systems ( RDS) , minimized active energy losses, through a process of
network reconfiguration. The study based on the failure analysis on network branches, with a special concern
on the protection system response to faults and the service restoration procedures, in the emergency state. A
non-sequential Monte Carlo simulation based on the branch reliability was used to evaluate reliability of the
network configurations. Due to a large number of possible configurations and the need of an effcient search,the
optimization was made through an improved genetic algorithm ( IGA) . In a first step, the method analyed the
RDS considering the absence of investment, and in a second step, the possibility of placing a limited number
of new tie-switches in certain branches, according to the definitions made by a decision maker. The effective—
ness of the proposed methodology was demonstrated through the analysis of a 69 bus RDS and by comparison
against other reported methodologies.

Key words: genetic algorithm; loss minimization; network reconfiguration; reliability; service restoration
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33 0. 199 0. 075+0. 050 24. 84
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and DVR for voltage sag compensation
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Optimal Allocation and Control Strategy of Distributed Energy Storage
System for Compensating Voltage Sag

MA Xing', LI Junjie', LI Bo*, XIE Wei’, GAO Mengkai’, CHEN Minyou®

( 1.Electrical Power Research Institute of State Grid Chongqing Electric Power Company, Chongqging 401120, China; 2.School of
Electrical Engineering, Chongqing University, Chongqing 400044, China)

Abstract: In order to provide voltage sag compensation in distribution network, a model to optimize the alloca—
tion of distributed energy storage system ( DESS) and a control strategy incorporating DESS and dynamic volt-
age restorer ( DVR) was formulated and solved have been formulated and solved. In this paper, a doubledayer
DESS allocation model based on minimize the installation cost of DESS, voltage sag detection equipment and
voltage sag of sensitive load was formulated to find optimal configuration of DESS. Then, the minimization cost
of DVR, DESS and maximization of voltage for sensitive loads were achieved by joint compensation control
model combining DESS and DVR. Moreover, the particle swarm optimization algorithm with random mutatio
was employed to seek optimal solution of the proposed model. This approach was tested on the IEEE 33 bus
system integrated with DESS and sensitive load. The results revealed that the optimal allocation model could re—
duce storage capacity, and dispatch model could successfully meet the demands when considering voltage sag
and further reduce the investment of the compensation equipment.

Key words: distributed energy storage system; voltage sag; compensation strategy; voltage dynamic

restorer; cost
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Tab.2 Scheduling results with nine dispatch interval

coefficients
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3 251 089 1.0 0.963 5
4 249 120 1.0 0.961 4
5 247 983 2.0 0.957 8
6 247 056 2.0 0.9523
7 246 833 3.0 0.946 5
8 246 354 3.0 0.941 1
9 245 583 4.0 0.936 9
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A Dispatching Strategy for Isolated Island Micro-grid Based
on Adjustable Wind Power Uncertain Cost

XUE Jinhua', WANG Deshun', YU Zhenggang2 , LI Hong2 , ZHU Xinshun®, DOU Chunxia*

( 1. China Electric Power Research Institute, Nanjing, Jiangsu 210009, China; 2. State Grid Jiangsu Power Co., Ltd.
Lianyungang Power Supply Branch, Lianyungang City, Jiangsu 222000, China; 3.Nanjing Nanrui Jibao Engineering Technology
Co., Lid, Nanjing, Jiangsu 210009, China; 4.Institute of advanced technology, Nanjing University of Posts and Telecommunica—
tions, Nanjing 210023, China)

Abstract: To deal with the uncertainty of intermittent energy in the island microgrid model, based on the uncer—
tain cost of adjustable wind power, this paper enemined the different control characteristics of battery energy
storage system and diesel generator set, on the premise of ensuring stable power supply of the system, the opti—
mized charge and discharge of energy storage and diesel unit output. And it introduced the adjustable load and
other related constraints with the system cost and pollutant emission as the goal, and established the energy opti—
mization scheduling model of the island microgrid. The related constraints such as adjustable load were intro—
duced to establish an energy optimization scheduling model for the island microgrid. On this basis, the improved
particle swarm optimization algorithm was used to solve the model. According to the comparative analysis of the
micro-grid system optimization models under three different scenarios, the influence mechanism of nine different
scheduling interval coefficients on the scheduling results was further analyzed. The effectiveness and feasibility of
the wind turbine uncertain cost optimization model and optimization method were verified by case study.

Key words: island microgrid; uncertain cost; battery energy storage system; optimal scheduling; particle

swarm optimization
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Fire Detection Based on Multiresolution Convolution Neural Network

HUANG Wenfeng', XU Shanshan®, SUN Yi*, ZHOU Bing’

( 1.Henan Provincial Institute of Scientific & Technical Information, Zhengzhou 450003, China; 2.School of Information Engi—
neering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: A fire detection algorithm based on multi—esolution convolutional neural network was proposed to a—
chieve the objective of fire detection in real scenes. This algorithm leveraged the BN_Inception network as the
basic network structure. Different coarse and fine resolution neural networks were used to learn the multiscale
visual features of the fire in complex scenes complementarily, while paying attention to the background envi-
ronment , local targets and overall layout of the scene. The method was evaluated in fire dataset covers most re—
al scenes. The experiment showed that the proposed method could achieve better detection results than other
methods, which could be effectively applied in the real world.

Key words: multiresolution convolutional neural network; fire detection; deep learning; weak

supervised learning
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Tab.1 Sample data
ARy X X, X5 X, X5 Xg y
2000 195. 22 509. 00 415. 39 61.65 429.22 256. 06 1 284.00
2001 195. 39 514.48 438.03 40. 87 456. 88 261. 04 1 309. 00
2002 200. 02 544. 63 462. 01 46. 31 497.34 289. 30 1 380. 00
2003 205. 36 611.02 500. 86 57.36 540. 22 330. 10 1 470. 00
2004 223.73 707. 29 575. 83 73.04 625. 33 388.29 1 576.00
2005 220. 85 812.99 626. 03 86. 06 722. 86 464. 55 1 736. 00
2006 214.13 964. 90 693. 20 98. 62 841.51 543.18 2 014. 60
2007 240. 56 1 140. 01 819. 32 109. 00 1 007. 69 655.71 2 301. 04
2008 285. 61 1 362.07 946. 04 117.53 1233.11 796. 00 2 806. 47
2009 298. 09 1 469. 07 1 071.70 125. 87 1479.20 1 011.35 3 101. 80
2010 339.93 1 732.62 1233.18 159. 87 1841.55 1 304. 04 3 509. 30
2011 392. 45 2 005. 35 1 449.31 185.59 2 206. 18 1492. 82 4 005. 00
2012 427.22 2 247. 46 1 607.57 188. 11 2 271. 41 1 729.73 4 562.79
2013 455. 61 2 543. 16 1 770. 54 196. 06 2 519.36 2 144.42 5 037.90
2014 484.51 2 798.22 1 950. 29 206. 18 2 840. 89 2 817.05 5 160. 91
2015 516. 36 2 923.35 2 183.54 219.24 3225.41 3 596. 43 5 180. 90
2016 578. 04 3 043.47 2 488.75 209. 53 3 608. 99 4 170. 05 4 985.05
2017 582. 69 3 306. 96 2 812.43 206. 17 3 985. 80 4 981.53 4 889.70
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Tab.2 Training errors of BP neural network

MW ITTAE 13 14

16 17 18 19 20
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Tab.1 Simulation results

o BP i 2 6 25 45 RBF fift 2 [ 2% 5 iy
A HEAH/TIE — = N e . o
POOMAE/ JTWE AXTIRZE % FROME/JTHE ARXSIRZE /% A/ JTE AR ZE %

2013 5 037.90 5 065. 98 -0.91 5 089. 64 1.03 5 080. 72 0.85
2014 5160.91 5 148.09 -0.01 5 388.87 4.42 5298.08 2. 66
2015 5 180.90 5177.37 -0.13 5299.81 2.30 51253.64 1.40
2016 4 985.05 5 180. 15 3.79 5 074. 40 1.79 5114.27 2.59
2017 4 889.70 5 180.22 5.73 4 853.67 -0.74 4 976. 80 1.78
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Tab.4 Comparison of prediction accuracy

. TN ETIRE REBR
( MAPE) 1% ( RMSE)
BP £ 4% 2.11 157. 12
RBF i 25 [ £ 2.05 124. 95
AR 1.86 100. 23

2.5 GlliSk#ERREENYIRE KB

i RS A 4 ) 20 5 R RS R O T4 (2018 ~
2022 4F) ik s S AT kAT O, B ST
IR FLAR K W L2 D IR = U
PEH RV AL 22 T 2 i 2 B S [ 5 B 4
TR (B AR A i Ao, 568 R AR 24
KR HBEAT RESUE O 17 I ik A A2 R
PG E T 415 P i 5 BLROCR, Jeks £ 1
2000 ~2012 4 TEHEAE M) Zr 4, 2013 ~ 2017
AF 6 > A AL TR I WS (AR o DN A A AZ i
FAE 2 MR BRI ST 2 5 AR ) 07 VR X B AT
T, 4 5 SR WL 2 5. 41 ARG MAPE il

RMSE /3518 1. 62% F1 103. 06.
Fz5 MKER
Tab. 5 Test result

SO G A

R BN/ TN A %
2013 5 037.90 5 080. 72 0.30
2014 5 160.91 5 298. 08 2.77
2015 5 180.90 5 253. 64 0.16
2016 4 985. 05 5114.27 -1.50
2017 4 889. 70 4 976. 80 -3.35

H AT UL, 15 FHATF 708 R SR A P (A
R AR AT 2 6 T R A LA 5 e A T
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(=) HYAFR IR FORAMED 2018 ~ 2022 4F 4%
SHURH RS )L 9% T 4 T 1 ok 1445 1 72 4 1Y
(B o A o Ay A B I T C A R 4 ) 21 5 45
BUERT U0 , (56 AT A5 2900 3K Hs BT W A k4 (y)
2018 ~2022 AFFIMME( W 6) .
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Tab.6 Forecasting results
£y X1 %2 X3 Xy Xs Yo y TE
KR % 6. 64 11. 64 11.91 7.36 14.01 19. 08 —
2018 621. 40 3691.78 3 147.33 221.34 4 544. 09 5931.81 5502.16
2019 662. 69 4 121.37 3522.11 237.63 5 180. 58 7 063. 38 6 401. 19
2020 706. 72 4 600. 96 3 941.51 255.12 5 906. 23 8 410.79 6 961. 21
2021 753. 67 5 136. 36 4 410. 86 273.90 6 733.51 10 015. 25 7 138.03
2022 803. 74 5734.05 4 936.09 294. 06 7 676. 67 11 925.77 7 208. 32
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A Model Based on the Combination of BP and RBF Neural Network for
Port Logistic Demand Forecasting

CAI Wanzhen', HUANG Han?

( 1.Department of Economic Management, Shantou Polytechnic, Shantou 515078 China; 2.School of Software Engineering, South
China University of Technology, Guangzhou 510006 China)

Abstract: In order to get the excellent accuracy for port logistic demand forecasting, a combination model
based on the BP and RBF neural network was utilized to forecast the logistic demand of Shantou port in this
paper. According to the nonlinear change of logistic demand, the BP neural network and RBF neural network
were used to establish the single forecasting sub-model separately. And then, the sub-models were combined
through the magnitude of the forecasting error to forecast the logistic demand. The simulation was performed by
using MATLAB software. Experiment results showed that the combination model could achieve considerably
better predictive performances than the single model of BP or RBF neural network. It could reduce the mean
absolute percentage error and root mean square error in the logistic demand of Shantou port. These results indi—
cated that forecast combination could improve the precision of the single neural network model for port logistic
demand forecasting, and could help the decision maker in relevant port sector make proper decisions.

Key words: BP neural network; RBF neural network; combined model; forecast; port logistic demand



20194 9 A
40 S M)

Journal of Zhengzhou University ( Engineering Science)

KOMR 2 (% R Sep. 2019

Vol.40 No. 5

NEHS:1671-6833(2019) 05-0091-06

— i ET =R BT AR IR B N & &

WEW, EFR, HF

X, #

e, R

(LJARBRAEARPO ZBE TR TRFOR B, )7 7R BRifg 5190905 2. A g BT R B4k Be, | 4R

J7 5100065 3 BN 2EBE, T AR BN 516007)

B E: A RAHR SHRAEA HOG+SVM

5% % fo Haar+AdaBoost 5 £ B0y H kR0, 324 7

— AR T AR AR IRAAE XA 69T AN D Hook, B S AR A BT AL, il A AT R AR I
F R BGRIEFH YA, SHHE S DRI AN D, TG A B A AT AR R ATAEKE N, 5 KK 5k
FEHOTERAAN,BEATHTERE T FARAPNERATATRI T EOXERNA. ZHREREAN,
At T A AR X AR A ok, 3 R B R R T R R, BRI AT F feth ) o5 @ AL BT
KEW: BRELE AN, ARAER; AdaBoost; X175

hE RS TP317.4 XHkERERD: A

0 3

I T 2 390 T A L9 0 923 A 3 i A% 0 IX
S, W P 52 AT A T GRSt
LA B A 52 T B 7T BEAT S U W 1 1
A% U TR LR R AT ARG 7 7T 43 i 2
BT SR LT G I ok
B 532 TH AR 5 & 2 EEA
SN, EL R REXT B AR AT 2 RUBE I 2 494 b
PR A H R LT ELM 5 Mean
Shift ff) 8 1 i Pe AT N $5 745 S B 4G T 5 1)
55 E R AT AR ik PR 0 R 2 B | H B
= LD 2 A CHE TR SY , HOE LA A A
REHRG IR, | % T — o 5 0 A TR B vk A
A NG B 8 3 A o5

bt R AT AN 7 B S AN B
R H b R TR S SR IR U B AT A
Ve DA T S A 7 1 10 8 ) ) A i T
Be it 5 5 B2 B8R ) .

1 XEEHEXERE

1.1 BEEHEE
TR AL R B A R AR HT KA i 3B
AR XS R R PR B — (R R AT R, AN U2

i

s B HA: 2018-11-19; &7 B #3: 2018-12-21

doi: 10. 13705/j.issn.1671-6833. 2019.02. 017

PeBE— AR II4M . CMM 4 Y RT R 2% A
KT SRR E SOR:
p(X) = ;wk.x xn( X, ’/-Lk.t’a-k,rz) , (D
s K Ay ey A5 B ) i, KOMRUEDBOR, 3 S
RGP RE 7 8GR , X A A e 23 O, U
— e h 3~5"7 1wy, S ¢ RIS kAR AL
{H: o, N5 AR M o), 5 Z AR
BT 2 m( X, sy st0r,”) Rt 205 kA E sy
A7 B 88 B pR R, 7T 7R
(X, ’O-k,z,z) =
1
(2) Y 12¢
BEREH T B DA T, R 2 B TR 2
B, B — i A — 1R X AR ZL UL T AT () K A
oA, O e S BT R A O

_%< Xt_ll-z) Tz,;](X,—p,[) X ( 2)

o, =(1-a)w, . +alM,), (3)
i = (1 =p)py o +pX,, (4)
o= (1=p) oy +p(X, =) (X, =) »(5)
p=an(X w Y, ) (6)

Horp, o HAUEHHTR: p WS EOE R
AR R SR A VRS, 0 M, B L

[z M, B0 BT IR A S AR A LR

YO FH T A8 R R S BT B4 v i 03 A1, R s 4 A

EETIE: [HEK [ RRERE SV BIH (61772225) ; )M iR ¥ B 55 H ( 201804010276,2018070100047)

EE®E I LI (19805 , 5, ) AR RHAHOR B 7

yzm8008@126.com.

e il 042, AT ST 1 O R BE AL AL 3 1% K A E-mail:



92 KB R 2 2 R (T 22 R

2019 4

AR A T I R SR
Pho,, /o, VERPEIARAE, B K A~ 020 A0
SR AT R4 T HEF. 77 50 o0 1) v 3 40 A e AT
REFH IR 5%, WOAT BT B A1 3 43 A R i) i) i
HH SRR, R 2 e B S P U2

B =arg mkjn( ; w,,) >T, (7)
Kb T N7 (A,

Wi MR R 5 S AL, ik 5
Horp—A~ = W o A AHVCBC, WRRE R 2 3 7
SR WA 5 AR~ @ 43 AT AHVC AT, U)K It
S V=Pof 5=
1.2 EF HOG $1ER) SVM 47238

HOG B2 —Fh 1T H bR I 0 FRAE 4 14
A5, W T EMGRR FE 5030 2% 07 1) B 5 R ) B
FEAE G R 25 () BB

G(x,y) =H(x+1,y) —H(x~-1,5), (8)
G(x,y) =H(x,y +1) —H(x,y = 1), (9)
Horb, G(xyy) N (xy) AR B97KFJ7 ) A B
G(x,y) A (x,y) Ab# I E 5 ) #6 B 0E {H:
H(x,y) H(x,y) AEBRER AR SRS EE 7 0]
Gawilbk
Glx,y) =3/G(2.9) 7 + G (x.) 7, (10)
a(x,y) =tan"(G(x,y) /G(x,y)). (11)

THE Hog F1E 19 20 B8 - 1 Je 4% G X
BLZA /NI, 12 A 4 A BTG, AR B2 1] oF- 3
53189 A IXTA]( bin) IR HLITH A MR R S
Hofs B B30 % 1) 7 1) BT L, SRIC— > 9 4 1
fiE ) it AR AR Y 4 S FRIC A B — > B ( block)
FELH A A RRAE ) o B G R R A5 B 36 ZE 1Y KRR
) . HEO B A BRFEAT S04, BC— 4> 41 i 20
TolERN K, B Ja B T A B B R AR B O R R 1R
BB A

SRR AL SVM Y A pke T AR L T 207 D
TR E LS S ), B AR A AR 43 PR
2 HAL SR 2RI PR A B K FE R 4B TS O T el or
MR ZR W 4328 m. Fo AT LU — A AR L v
S5, 2R T 53 25 R T T, an Al 1 TR,
1.3 AdaBoost 53538

AdaBoost # """ ¥ Z A5 40 K as AR —
URITIEES INIE T 208 S AR AT I L KA g
— AN B4 2 %, R o AR AT A I
JHBIHRAE 4 Viola ' 4 H (925 Haar 4R4F"
J% Haar FRAIFE & —Fh “JETE 7 X5 RRAE , 1538 KG B
AR XA FRE 22 5, an &l 2 Frs.

v

E1 #BFm
Fig.1 Hyperplane

1I=% B

B2 ¥ R#) Haar $HE
Fig.2 Commonly used Haar features

WP o 5 Haar R R/ IV [R) A 5 DX, 6
Haar FEAE 8 D00 B 19 B85 3R 08 B (2
AR 25 F 0 DI 7 ) PG AR 3 0t JEE (L 2 0, i
RESRAHARAIE . AdaBoost 5832 A I ik 75 )2 Bk
Ve L5 7y 248 IR AU A 7.

AR L E S AR Haar FAAIEALE S HL

AR 2 R4 Haar REAE (907 B S 80K H % 55

PR 3.4% AdaBoost 53 i YII AR 1% AT
Pk Hh B s o 2 s

AR 490 5 25 R A 88 e e Ay B s AR
e

PR S R LR B REA AR

IR 6 K HHEAR S b — R DA I REA EA T
. AUE

BT HE LR 4 2T 6,53 N URTG
N A Eefless oyt

AR 8 KA N A e L 55 70 26 AR AR AT 5 O
%%%Lm )

2 BRRITAKH

IS HTR G R R B A T R, SR
BB, T E RS RS R BEA AT AN, IR 5
FURT RS &A1 ANLLEAT NRIOLE, BRI
AT NS T NIRAGIN | SR B AR AN A 3 s
2.1 ETRASHEENEIRBREATE

TS R v L A S A SR
TS AR 5 H AR B0 R B30 2-1 43l 7
TR A m R B AT S b A B 9 O
(MR



oS5 PRI — R AR T A o 93
O BE .

e A A FIEAS 15 2R BN SRR R B A AT R

1 —t It R AR A 4 S, D i e

W | [ Adaboostsr HU ORI ASEIAR, RO 2855 TE 254 A0 B, $REEH

mfm ¢

B =€WH%$F—A— A

B3 HiE4&EM
Fig.3 The algorithm structure
BE TR A v 0B R B SR b A IR AU
W
A T TR R K.
B i BR HARAMERIE S Sh
: while SUBUREE do
A 355 B — o [T 5
IS hr i
if 9% — i< {4 then
CMM w1tk K A iisi il
LWL 5t
else
GMM B g U 72
I 5t
2 J—I-,
o BW X J 47 —{E4k
: BW4ji BW, ZRUAR AN
[ X BW AR S A B
o IR R
DS TR TR HARBI SN A IE

Rl A G e i v

e e e
wm A W N = O

16: ‘Sﬁnal(—*:'H:Aﬁﬂﬁ_i‘fz/grérg
17: end if
18: end while

Forp SR AR 3 47 (9 G AL 7 208 15 it
IREEAR , HH HAR S8 T 4 20 B P 9 173K FE AL
TR H LA T R AR )T #E. 550 12 470K
e A T AR BRI F i PR Y R SR B Bt ok
X LR SR R, A B RN, 2ok
DR e Je T A T NI RN G AS: I ) e e 6.

FEYEYE 13 A7 252 b B A A T 55 TR 48
BW fiy i O B BN 48 B Y AT 18T 17 AL A
A OXHRECH Y HTR FR AT ITE 5, LLHER
i PR I VRS 8 5 1t <7 9 s @b
HUSEAE R, X PR IR i 5 RS EA T P A, o [
B TFH B T XA 7 i 4, O P B0 /)

R G IR I T FE 1, T 12 4 ol — W 2 [ 6 1
& SRR S T A bl AR S s B D
B SIYIRRRETEAE , 1 Je 4R BT A HT S A RS R
ARG 4R HH X SO s 1 o A, S AN SR T R B Ik
NG ER, RS0 m 0, B E=M 0, BRIt
K HIMAZIES S,

SRS 1S AT N RS TR AT 5 H AR A A i
SHICAER S S, . il tH N CHAE R ES Sh-
WIS, s BRI B —rect) IF5 S, PRIRH)
rect, WEAT HLXT, 25 | rect, * x = rect, * x| < ¢, W=
rect, Srect, FAMERIE PG IME S, ER
rect,~rect,. 5 W, Wfrect, T S;,..

22 ETFAOBEERESZHRENNITA
16 i

AL T AR 43 25 4% A SVM 43
et TP RARLALN epsilon 2 3H ) & [0l A HL,
fdf FHAZ R B LA R

T2 R 2.1 5 p AR R S, BCE N YT
W7 1, AR R, IR R 453 .-

AT 3 K SRR DX I B U R P A 2 1 [
b, I 4 2 8 e R/ 64 128 3% B [R5
45 2 8 5 RN R T 4/ N AR LU = 5
BIsATHE M H AR 1A ERGSE/NL 2=
A0 11 ) /N B 1)

W A T BT RIS AL IS 9 1, W52 E S
XFFORE % 1., #4722 4E BE ARG I F 25 R AR A7 2
BB S peron s -

IR S BIER G S person oot » AL BRAF BN (977 N
FEIEHE, A I E R HEIEREM AT RS S oo fina
T R Y AR R AE U] RO Y BB AE i A
S person_final

R 6K I HIEAELE R 1, HHALAR,
2T N A I 45

HBRT.HEE L, MEOGE R, T DTR2 ~
7, HF S, #5E .

2.3 E-F Haar £ 5 AdaBoost gy A B& &M

BRI AL NG AG I 3 2.

PR 2. 84 2. 2 TSN S, reon na BB Y
BT 1., FRBSER X I, Ik .

AR 38 B B A A ARG R I s S
X EE .



94 KB R 2 2 R (T 22 R

2019 4

AR 4 AT NI AS I, 45 B4R P51

AR S DA RS SRS T B A AR
FE R L, R

IR 6.7¢ 1, hezh 8 R AL

3 ZWERSH

3.1 LBiRE

Bt XA AR AT 55, A SOl H 9 B0 45 0
Duke K221 MTMC % #4180t 4 5% 8
AR LI 1 160 GB %4, BF K 2y 85
min. AR5 5G By R H 893153 2355 24 Ubuntul6. 04 +
E5 2630v4( 10 #,20 £ F2,2. 2 GHz) . SZ0 8 1 4
NAE S < G I HE I B A B0 TR SR 4 D RB TS A
SE TR (M R S rh R I R
SR BT IR A B b B Y 5 i
— M 3~5, K BUER , 35 soB R hT T e 77k
B JEXT I A R Aol TS A B
YRS B 5 R 2 (A i T4, 2B I K R 3.9
S T=26, K/NEE AR 5 000 4 EK, K
Pyas 0k 0, = 608 EH 0, =20018%. 7EANK
Foril 17 11 52 6 7% 1 ) Adaboost 6 1 4 B 58
AN BES 5553 225 B0 B9 I B4, 5553 8485k
AR —E R BT KT 500 NEFER)  HAS
B TR B A S G v 55 4 26 g
Hi 500.
3.2 LBER

SCUEE AN | RSB H BT A
R85 TR 22 B0 R 48, AT A SE B AR v g a8
T ST LA H AR T B (AR SR i K
KHFEAS T IAE 26, Sede U 12 sh Y IR P A I,
SRR HFRARAS R 3 HE ) A BIOR F  R
S TG I 1 1 A R A P . F T
1 SR 45 5 R SR A BT R 740 Hr.

F1 THER

Tab.1 Experimental results

HOG+  Haar+ %%

SVM  AdaBoost &k
A1 AR R] /( ms =i~ 853.54 - 71. 66
TP AKZEFHER (el 2.34 — 0.47
AT 1] /( ms g™ — 2 121.86 129.99
RGN 234 5 B ATE £ — 1.36  0.08
FERSHEC/ (Ao 4.90 — 0.93
TR % 80. 06 — 77.49

3.3 HEWmERSH
Zead 75 S AR AT S PR S A 2 0 A SR

FEMES B /N, P — s MR 25 H i T AR .
TSR TS TR , SR AGI  R A 7 5
BT 3 5 S A S A R I, 1T DA ks
AN N BRI i A T NG 8 1) v 7 A
AT REARA T A DU P R A RN T e 6.

AT A BRI AT A\ — [F]42 2 1 SE A4 5 47
NKTIARARL, oh RIS T 48 238 L N B R A T
i B0 RO BRAIG , TR B AT 1 GG 0 ) 152 46 450
3.4 tEREHESH

St 2R h 26 295 Kbps, 48 HER K 1 920 x
1 08071y MTS A% =X A0 A SC 1 3E 47 4b B, H: v 35 5
AR B — WOF S FERT 2908 115,47 ms, 17 A
R o3 B — TS FERT 24928 77. 66 ms, T AfK:
IR o B — WO BIFERT 22 129. 99 ms.

R 2o 2% PEAG Ak B S B BF 5 26 56 T 0 L 50
S IR0 UG 46 Ry IR R TR 3R AT AR B BEAR
AR = S AR R s K A R 48 /N )
B8y [ R R o o 1 T A NS M % TN S
FEAR K BE FEIE AR /NN EOR I 173 SRt 5=
AR, U T NS RO

[ st 2 A ) T 5 XoF R 50 114 328 1 7 3 B 5% i AR
KL BT LAARSZ I AR AT NG 22 iy fiff FH 75 S A 1
PEATRT S AR U 7 iR R U B sh A, F1 R A
I DX 35 ) fre /)N, 42 = s A 7 R, 28R vk m] L
SCiik [16].

TN AR MR S HCN padding, & HF
XoF ARG (1 R AT I BB A SRR N
(0,0) ARG E 11 Ll AS = A EHR Y0,
0) ALARIT AR A 1. X RE AR B R is AT LR, H)
3 FRARAG I 1E 5 3, BT DA S — A 7 B (1 2
B, XL, AR S PS80 32, 32) , X R ALY
Hb S A7 32 4 7 E FIRSI LE ff

it T NG A 358 40 ) 3 A7 3 3, A2 3 i A B
G0 R AR/ N A 5 00, 26 3 45 S SR T S 4
HUZ 5 K R0 DX B o 7 — A 5/ N )3 B AR B
FERT R ZIHE 130 ms. It DA HBEAE AT AR I Az ) 2]
SERAATHE T A5 S B AGI L 1% J7 vk  A
T R AR 8 AN A AR At AR T B AR B8 17
.

4 ZFit

5T T — A T s R BRI R A9 F T A
Ry, 3 o SR A Wi AL  HOG +SVM 4325
28 Harr+AdaBoost 25 3 il & 1k 19 224 W F L fit e



5 5 1]

W i8], 45 — i AR R AT ARG SRk 95

T S B TR A, 23 ] A ASE P )k 3 ) A
I %R a] LSS S T — A IR A R A
P32 EU I SR R 1R R R A Rk )

frik.
TER P RARGI R T  SATAER S R TR R PRI

HEREIEAE LUAT A REZ NSO, T — 22 i A
REEE R A e SR L S ICHY AR R AE AN HE A A4 7]
W AR TEAE R I AT Z2 VR B T A TR

Sk
(1] i, 258, VIR 45, 3L Thy ) 5 5 12 3 1y

(2]

(4]

(5]

(6]

(8]

9]

ST AR A (V] A sk, 2010, 36
(4) :499-508.

SRYTEE. AKH % 2 2 i FIHIL &AL 58 IO AL A A\ A2 R
By 7o (D] B WA Tl KRS
HL 7 T RE2# P, 2016.

ZRBE. RS 2 AEAT AR b i A 5 5 0 (D .
et JERtliR i R 5 B SR TR =R, 2017,
I 7R, BLEN, e ELM 5 Mean Shift #1454 1Y
O PY AARBR B (] BN K220 ( TR AR)
2016,37( 1) : 1-5.

SHIPOVA K G, SAVCHENKO A V. Video-Based
pedestrian detection on mobile phones with the cascade
classifiers [C] // International Conference on Network
Analysis. Springer, Cham, 2014:209-216.
RUMAKSARI A N, SUMPENO S, WIBAWA A D.
Background subtraction using spatial mixture of
Gaussian model with dynamic shadow filtering [C]//
International Seminar on Intelligent Technology and
ITS Applications. IEEE, 2017:296-301.

T SCHE L ZEE 55, BB, S5 3 Tk i IR A
RIE g BRI [T 3B HLREE, 2015,42(5)
286-288+319.

SHAHBAZ A, KURNIANGGORO L, JO K H. A com—
parative study of foreground detection using Gaussian
mixture models—novice to novel [C ]// International

Conference on Control, Automation and Systems.

IEEE, 2017: 1333-1336.
FERRIE. SR HOG BT AT A S Ak B85 g
PERE DL fe [D ). I WK% 5 B TR

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

e, 2016.

sk, SR BT RAERL A AT AR IR U] 3
BHLRERS N, 2015, 24( 10) : 238-242.

ANSARI M A, DIXIT M, Kurchaniya D, et al. An
effective approach to an image retrieval using sVM
classifier [J]. International journal of computerences &
Engineering, 2018, 5( 6) : 1410-1417.

WANG J, GAO L, ZHANG H, et al. Adaboost with
SVM-Based classifier for the classification of brain
motor imagery tasks [M]// Universal Access in
Human-Computer Interaction. Users Diversity. Springer
Berlin Heidelberg, 2011: 629-634.

OUALLA M, Sadiq A, Mbarki S. A survey of Haar—
Like feature representation [C]// International Confer—
ence on Multimedia Computing and Systems. IEEE,
2014: 1101-1106.

ZESCHR. T Haar FRAE U5 73 28 45 FL (A5 AY
A A [0 ] 37 A A TR 224, 2010, 30
(3):61-64.

KHAMMARI A, NASHASHIBI F, ABRAMSON Y, et
al. Vehicle detection combining gradient analysis and
AdaBoost classification [C]. Intelligent Transportation
Systems. IEEE, 2015: 66-71.

BN, 80354, TRa. —FrekiE HOG FRAERIAT AKS
I (1], THERLRLE:, 2014, 41(9) :320-324.
VIOLA P, JONES M. Rapid Object Detection using a
Boosted Cascade of Simple Features [C]// IEEE Com-
puter Society Conference on Computer Vision &
Pattern Recognition. 2003,41( 1) : 112-117.

FREUND Y, SCHAPIRE R E. A decision-theoretic
generalization of ondine learning and an application to
boosting [J ]. Journal
Sciences, 1997, 55(1): 119-139.

RISTANI E, SOLERA F, ZOU R S, et al

of Computer and System

Performance Measures and a Data Set for Multi-Target,

Multi-Camera Tracking [J]. Discrete Dynamics in Na—
ture,2016( 2) : 710-719.

HTIKE K K. Efficient determination of the number of
weak learners in AdaBoost [J]. Journal of Experimental
& Theoretical Artificial Intelligence, 2017, 29( 5) :

967-982.



96 N R 2 2 4 (T % BR) 2019 4E

A Pedestrian Model Recognition Detection Algorithm Based on Foreground Extraction

YANG Zhongming', LI Zilong®, HU Yinwen®, HUANG Han’, CAI Zhaoquan’

( 1.Guangdong Polytechnic of Science and Technology, Zhuhai 519090, China; 2.South China University of Technology, Guang—
zhou 510006, China; 3.Huizhou University, Huizhou 516007, China)

Abstract: In this paper, the algorithm principles of Gaussian mixture model, HOG+SVM classifier and Haar+
Adaboost classifier were exploved. A pedestrian detection algorithm based on foreground extraction and pattern
recognition was proposed. The background modelling was executed by using Gaussian mixture model and then
the moving object was entracted by using foreground modeling methods. The pedestrian detection hased on the
moving objects and face recognition on the objects were execnted. By this, the misjudgment problems was
solved based on background modeling methods and efficiency problems based on statistical learning methods.
The experimental results showed that the new algorithm could greatly reduce the missed detection rate
compared to using the pattern recognition algorithm alone, and it performed well in terms of running speed and
detection rate.

Key words: background modeling; pedestrian detection; face detection; AdaBoost; model recognition
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