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Fig.1 Basic architecture and components of CPSS
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Fig.2 Architecture and components of the social
behaviour analysis
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Fig. 4 Load power curves of the three nodes
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Table 1 Load power of the three nodes

AT/ MW AU/ MW

B %1 B %1
W1 W2 WA Pl W2 T3

01:00 345 1650 225 | 13:00 1650 370 850
02:00 350 1400 250 || 14:00 1600 375 900
03:00 370 1300 350 || 15:00 1500 380 950
04:00 450 1200 500 || 16:00 1450 390 1120
05:00 510 990 750 || 17:00 1300 395 1600
06:00 600 790 990 || 18:00 1050 450 1950
07:00 640 590 1450 || 19:00 850 650 1450
08:00 750 550 1640 || 20:00 800 900 1150
09:00 1050 450 2100 || 21:00 750 1200 850
10:00 1250 400 1750 || 22:00 500 1350 450
11:00 1400 390 1190 | 23:00 450 1550 250
12:00 1550 380 900 || 24:00 350 1620 240
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Table 2 Parameter setting of the six generators

Blals e K/ :@:JMS/ AnJ‘s’%blzth/
MW (Ot-hh) OG- (MW-h) )
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454 WRi3 390 1123 397
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6L A 1200 42 906 216
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Fig. 5 Market clearing results of the 10th
hybrid simulation
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Fig. 6 Market clearing results of the 30th
hybrid simulation
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Fig.7 Market clearing results of the 50th hybrid
simulation
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Table 3 Performance and income of real participants

o 510K 55 30 LK 55 50 KL
ALK /GG (MW b)Y /MW B ks /OG- (MW -h) 1) /MW i /Oa- (MW h) D) /MW

1B 100 0 100 0 100 0

$2 B 200 0 355 0 355 5

53 B 300 0 360 360 360 200

oA B 800 0 800 0 800 100

55 B 1000 360 1000 0 1000 10
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Table 4 Typical bidding strategy of generator 1 in
economic experiment

W Bt R/ (- (MW -h) 1) th /MW
95 1BE 400.11 216
952 B 630.11 54
953 B 670.00 36
4B 710.00 27
5B 750.00 27
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Table 5 Bidding strategies of generator 1 and 4

in Case 1
15414l 45141

B Bt LA/ i/ LA/ i/

(G- (MW-h) 1) MW Ot-(MW-h) 1) MW
1B 100 0 100 0
2 Bt 255 180 290 200
553 Bt 260 90 400 100
4B 800 50 900 50
555 B 1000 40 1000 40

)RR ML AN A% T PR WS S A

W 6 RN, 24 15 4 -5 ML AR R BUI LT 58
fIE P ML ZE 09 P IS A B CIE B0 2) , 1T 3 % 1 30 ot
TERMEE R . AR A LA R T . X
Bl BROBE BE G LT &0 A N AR
(Bertrand Paradox) , i Bt T 17 & 32 AR &8 A AR 235 (0
A TE S R 10 AT 11 R .

http : //www.aeps-info.com 13



2020,

44(4)
1000
Z  800f
2 o0}
e N/
= 400}
& 3 S feed===
= 200»\,,,,,//
0 L L
01:00  07:00  13:00  19:00  24:00
Ff 2]

S VB — 290U 39 — 4584
— 5S04l — 6T L4l

B8 BFRITHSAMEEZNANHAER

Fig. 8 Power supply of each unit after
the gas subsidy in Case 1

900,

=
< 800}
S 700}

7 600}
18 500}

3= 400+
£ 300}

£ 200
# 701:00 07:00 13:00

i Z1
9 BFRITHSIEEINTEHH BN

19:00 24:00

Fig. 9 Clearing price of the three nodes after the gas

subsidy in Case 1

Fo6 BR2T1SM4SHAMZEN KK

Table 6 Bidding strategies of generator 1 and 4

in Case 2

B Bt

15 Pl 45 HLAH

BN/
(6-(MW-h) 1)

s/
MW

AL/
(L (MW-h) 1)

71/
MW

1B 100 360 100

H2B 255 0
%3 B 260 0 400
AR 800 0
558 0

290

900

1 000 1000

390

0
0
0
0

14

400

BLALH FIMW
D
3

0
01:00

07:00

13:00

H$ Z1

- VLA — 25l 3Ll — 45l
— 55HL; — 65 HLA

E10 BHR2THRSAMGEEEVAEANE ER
Fig. 10 Power supply of each unit after
the gas subsidy in Case 2

19:00 24:00

P — il
& T 400} -5k
-3

&2
5 S 300
= - 200
= 100 A A A
01:00 07:00 13:00 19:00  24:00
%)
E11 BR2THSWEEINTRHEHBFNE

Fig. 11 Clearing price of the three nodes after
the gas subsidy in Case 2

bt

DR ==
IS

RARL -

.
TilF

>
(3723

6 %iE

BEXF CPSS it 2 AR A7 S g B 0 Ml A, AR SC
FETIRA U5 55, R F AR WU 40 19 28 X S [) > i
BIAT R BHE AT 548 BRI S A o FE S AT AR
XPAt 2 FEARAAT R AN T 20 0 B AE, DATTG Rk A T B
T ASE T 1 0 1S A [e) R 3 S TR A O EL AR
2 HFEWN AT R BRES A Py s B 6
A7 Ry AT AR, I AT &5 AR 252 000 B A5E A 1) 220 ) 4%
A7 W AT RE M, A AL A AT i RS P AR AL T AT B Y
fif B 2

LT AR M i S O ol 5t it 7 — A =
P 0 BB 0 5 20 5 2 B4 BT, B T
AT AR L) T SE AT ol AR N A e 3
Pe. ME— b fE BRI & O SR BE R I T A
HILZH A 0 B R0 B 62 /8 ) i 3 52 e o 45 SRR B
FIAKR AL A 06 SR 248 m A AL g T 3 5e 4
73, 45 1 3 WL AR 25 5 58 £ (complete) o {HAR
252NN 2, i N RERIL %) A1) 9 4% BUR B o, O
H g g e i il B 4 i BRI A7 .

& B N e vy B R R
BT U R b 4 R B 4 ok
HEBHE ARG TG SRR B
R |

B 3% DL 7 F1) ) £& Rl (http : //www.aeps-info.com/
aeps/ch/index.aspx) , A3 X E fJg Z 475 AT A 73
W 4% & 3

[1] YU X H, XUE Y S. Smart grids: a cyber-physical systems
perspective[ J]. Proceedings of the IEEE, 2016, 104(5): 1058-
1070.

[2] YU X H, XUE Y S. Beyond smart grid: cyber-physical-social
system in energy future [J]. Proceedings of the IEEE, 2017,
105(12) : 2290-2292.

[3] SADIGH D, SASTRY S S, SESHIA S A, et al. Information
gathering actions over human internal state [C]// TEEE/RSJ
International Conference on Intelligent Robots and Systems
(IROS), October 9-14, 2016, Daejeon, South Korea.

[4] AWAIS M, HENRICH D. Human-robot collaboration by

intention recognition using probabilistic state machines [C]//

19th International Workshop on Robotics in Alpe-Adria-Danube

Region (RAAD 2010), June 24-26, 2010,

Hungary.

BOUTILIER C, SHOHAM Y, WELLMAN M P. Economic

principles of multi-agent systems [J].

1997, 94(1/2): 1-6.

[6] QUIGGIN J. A theory of anticipated utility [J].
Economic Behavior &. Organization, 1982, 3(4): 323-343.

[7] SMIRNOV A, KASHEVNIK A, PONOMAREV A. Multi-

Balatonfiired,

—
wl
[t}

Artificial Intelligence,

Journal of



M SCHRF 45T 1) A 5 40 AR L IR 2 2R SR AT R O LA 3 i —— DA BB e T 4 4

level self-organization in cyber-physical-social systems: smart
home cleaning scenario[ J]. Procedia CIRP, 2015, 30: 329-334.

[8] KRAVARI K, BASSILIADES N. A survey of agent platforms
[T]. Journal of Artificial Societies and Social Simulation, 2015,
18(1): 1p.

[9] RAILEANU R, DENTON E, SZLAM A, et al. Modeling
others using oneself in multi-agent reinforcement learning [J/
OL]. arXiv preprint [2018-11-17]. https://arxiv. org/pdf/
1802.09640.pdf.

[10] DEHGHANPOUR K, NEHRIR M H, SHEPPARD J W, et
al. Agent-based modeling of retail electrical energy markets with
demand response [J]. IEEE Transactions on Smart Grid,
2018, 9(4): 3465-3475.

[11] XUE Y S, WUJA, XIED L, et al. Experimental study on
EV purchases assisted by multi-agents representing a set of
questionnaires [M]. Berlin,
Heidelberg, 2014: 449-459.

[12] w a0 T . K AR R 4 5 B B AR Rl &« (—) R
P 5 KRB (T] W ) R Fi4k, 2016,40(1) : 1-8.

XUE Yusheng, LAI Yening. Integration of macro energy

Germany: Springer Berlin

thinking and big data thinking: Part [
data[J]. Automation of Electric Power Systems, 2016, 40(1) :
1-8.

231 R AN 35 RPN €/ 3:5) - S Qe Y A
LRI RS A DK, 2016,40(8) : 1-13.

XUE Yusheng, LAI Yening. Integration of macro energy

big data and power big

—
—
w

[}

thinking and big data thinking: Part [I  applications and
explorations[J]. Automation of Electric Power Systems, 2016,
40(8): 1-13.

[14] ZHENG X, CAI Z P, YU J G, et al. Follow but no track:
privacy preserved profile publishing in cyber-physical social
systems [J]. IEEE Internet of Things Journal, 2017, 4(6) :

1868-1878.

[15] GOODFELLOW I, POUGET-ABADIE J, MIRZA M, et
al. Generative adversarial nets [C]// International Conference
on Neural Information Processing Systems (NIPS 2014) ,
December 8-13, 2014, Montreal, Canada.

[16] MAO X D, LI Q, XIE H R, et al. Least squares generative
adversarial networks [C]// 2017 IEEE
Conference on Computer Vision (ICCV) , October 22-29,
2017, Venice, Italy.

[17] ARJOVSKY M, CHINTALA S, BOTTOU L. Wasserstein
GAN[J/OL]. arXiv preprint[ 2018-11-17]. https://arxiv.org/
pdf/1701.07875.pd.

[18] MIRZA M, OSINDERO S. Conditional generative adversarial
nets [J/OL]. arXiv preprint [2018-11-17]. https://arxiv. org/
pdf/1411.1784.pdf.

[19] CHEN X, DUAN Y, HOUTHOOFT R, et al. InfoGAN:

interpretable representation learning by information maximizing

International

generative  adversarial nets [C]// Neural Information
Processing Systems (NIPS 2016) , December 5-10, 2016,

Barcelona, Spain.

M EF(1991—) , B B 1245 W LAt A, £ 2R
FE AT LB R EF T, Email:
wenxuanliu@link.cuhk.edu.cn

RAZHE(1980—), F 8B K, L LA HT @ 8 A4
P ETHE FRERN KELBESAIFE. LA TH,
E-mail : zhaojunhua@cuhk.edu.cn

# A(1983—), %  HE, BRI, T ZHEF @
B A A B B T R K By 4% . E-mail : huangjiel@sgepri. sgec.

com.cn

(#%E A58

Simulation and Modelling Analysis on Behavior of Cyber Physical Social System in Energy :
A Case in Electricity Spot Market

LIU Wenxuan', ZHAO Junhua', HUANG Jie*, WEN Fushuan®, LYU Zhe', XUE Yusheng”
(1. The Chinese University of Hong Kong, Shenzhen 518100, China;
2. NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China;

3. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Cyber physical social system (CPSS) is applied to describe the characteristics and interactions of cyber space, physical

systems and social agents in complex network systems, and it is designed to provide systematic modeling, inference and decision

making. Human behavior modeling is a complex problem in CPSS. Based on the historical and simulated data, this paper employs

the generated adversarial network (GAN) for uncertain social behavior modeling. Additionally, the hybrid simulation method is

applied to derive the practical problem in the Guangdong electricity spot market of China, namely the potential impact of gas unit

subsidies on the market.
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