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time-discretized integration methods, while Quantized State System (QSS) is a new numerical integration
method based on state variable discretization. Aiming at the hybrid systems simulation, a method of
OSS+DEVS is proposed. The discrete part of hybrid system is represented as DEVS model, and the
continuous part of hybrid system is discretized by OSS, which can also be represented as DEVS model.
The simulation model of the whole hybrid system is obtained by coupling the two DEVS models. The
accuracy, efficiency and simplicity of the QSS+DEVS method are verified by the simulation resucts of
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Fig. 6 DEVS representation of quantization integrator

_— -
— —I_k * f ? —I—k —_— ‘ O | = JR—
Ramp0 WSum3 Saturation0 WSum?2 |
TS Switch0 =G5y Tedo
—{]
AT GnuPlot0
TriangularQ Constant1

K7 PWM f2 I A B RSB SO
Fig. 7 PWM controlled DC motor model

http: // www.china-simulation.com
+ 1780«

https://dc-china-simulation.researchcommons.org/journal/vol33/iss8/3
DOI: 10.16182/j.issn1004731x.joss.20-0309



Li et al.: Hybrid System Simulation Method Based on Quantized State

33 B3 8 W Vol. 33 No. 8
2021 4E 8 A e & BT EWIRESRSG &AM E % Aug. 2021
60 LY SAER: =1 m, v=0 I, TR
20 $:(QSS+DEVS, Euler, ODE23s)%f 3k /NER i
2 THIERAR, R 10 FURIOSE. Ussa
EPYy RN %, BB, Buler
ﬁ VEIOT BLSE B S bR IR A 2 R, JURS RS

1 2 / 3 4 5 ODE23s S5 45 R 5 Rk i Ze Bzl 1
/s
SS+DEVS 5% #1145 R 5 hr i th Ze i 5
K8 FIZhHL A N o g VPR b %Ei

Fig. 8 Angular velocity of motor HASE . Ak, 75 18 /NERE Hh i K AR 4 ) )
‘jz“{ ’ E ‘/_' DA_A— ‘/_' \‘ i N i L‘ ’

1 B L oL, AER 2 XA %4&?ﬁ?¥ﬁﬁﬁﬁ?jﬁ@ﬂlﬁtﬂ
Tab. 1 Comparison of simulation results of each algorithm QSS+DEVS HLyE AT DUAR H A b AS: 0 21 Al 48 =512 11
Sk BB OMXRZE CPURIEs fisbs ks, ATISZEDRE; 1 ODE23s 5% A1 Euler 5

ODE4S  Tol-10° 7254x10° 6525 35452 SRCRAR RN RIELRA TR, Bk, HIX

ODE23s  Tol=10" 3.159x10°  28.76 17 395 TAEG i, QSS+DEVS BikkREE i, RS
ODEl5s  Tol=1072 2.598x10°  21.75 15 659 PR e 28 ) R B v
Tol=10", »
QSS+DEVS 1.164x10 3.18 546
Ag=1
.4
Constant2
WSuml QSS QSS GnuPlot0
IntegratorQ Integratorl
oy |e—
—.
Coupled0

KO sk B
Fig. 9 Bouncy ball model

\V/s ‘, S
‘ 2 | .
QSS

) i ) Euler
L 2R AR ODE23s

A I ]

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
t/s

10 S5 A R AR

Fig. 10 Comparison of simulation results of algorithms

http: // www.china-simulation.com

* 1781

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 8, Art. 3

55 33 4555 8 ] RGN EF R Vol. 33 No. 8
2021 4 8 f Journal of System Simulation Aug. 2021
5 4Zid Modeling and Simulation International (S0037-5497),

Bt o) A G0 e T T B BORR 43 D VA AE A TSR R
RE RGPS, HT QSS Ak
DEVS i, & 7 —FEiiiRa RG00 5K T5
%, AFEN NS

(1) QSS+DEVS Jji& MR & RS 115 H oK
PEHE T —Fh B HAA s AL . AN TR G T,
QSS+DEVS J7 V5T M v T 585G 43 Fde 22350
o3 Z (B2 EL )R, B TR ZER AR A 2R AT 5 2
[ B K 28 0 PR AS o S8 P A DU 2 A0 o — AN AN T B0k
AR P 55 SR ) R, AR b R T A B AR B K T vk
1 3B ) At (DRG0 vl B, G (S PR A 45 1%
FIEIR G RGN B B R E R

(2) HXFTAE G E(ODE45, ODE15s, ODE23s
A1 Euler), QSS+DEVS J7 iEAMY B A & 47 B A
FERVT B0, T EL A Al 58 v 7 e

S22k

(1] NI, R, Rk R RS IO RI]. 25
5k, 2004, 19(1): 7-11.

Zheng Gang, Tan Min, Song Yonghua. Research on
Hybrid Systems: A Survey[J]. Control and Decision,
2004, 19(1): 7-11.

Cellier F, E.
Simulation[M]. New York: Springer, 2006.

Chatzivasileiadis S, Bonvini M, Matanza J, et al.

Kofman Continuous  System

Cyber-Physical Modeling of Distributed Resources for
Distribution System Operations[J]. Proceedings of the
IEEE (S0018-9219), 2016, 104(4): 789-806.
Avinash M, Partha R. A Dynamic Quantized State
System Execution Framework for Hybrid Automata[J].
Nonlinear Analysis: Hybrid Systems (S1751-570X),
2020, 36(1): 1-18.
Zeigler B P, Lee J S. Theory of Quantized Systems:
Formal Basis for DEVS/HLA Distributed Simulation
of SPIE - The
Optical Engineering

Environment[J]. Proceedings

International ~ Society  for
(S1996-756X), 1998, 3369(47): 49-58.

Kofman E, Junco S. Quantized-State Systems: A DEVS
Approach for

SIMULATION: Transactions

Continuous System Simulation[J].

of The Society for

(7]

[10]

[11]

[12]

[13]

[14]

2001, 18(3): 123-132.

Migoni G, Bortolotto M, Kofman E, et al. Linearly
Implicit Quantization-Based Integration Methods for
Stiff Ordinary Differential Equations[J]. Simulation
Modelling Practice & Theory (S1569-190X), 2013,
35(6): 118-136.

Di P F, Migoni G Improving Linearly Implicit
Quantized State System Methods[J].
(S1741-3133), 2019, 95(2): 127-144.
Bergero F M, Casella F, Kofman E, et al. On the
Efficiency of Quantization-Based Integration Methods

Simulation

for Building Simulation[J].
(S1996-3599), 2017, 11(2): 1-14.
BRI, B, B, 5. R EECRES F RS
LR PR BOTIRDD). R TR AR, 2017, 32(12):
42-49.

Li Boyang, Zhao Zhengming, Tan Tian, et al. A

Building Simulation

Backword Discrete State Event Driven Simulation
Method for Power Electronics Based on Finite State
Machine[J]. Transactions of China Electrotechnical
Society, 2017, 32(12): 42-49.

Bth, B, W, & BECRES AR 0 BT
2 R IE R TS R IR R T]. D EOR R, 2017,
32(12): 33-41.

Yang Yi, Zhao Zhengming, Tan Tian, et al. Discrete
State Method and Self-Adapted
Predictor- Corrector Algorithm[J].

Event Driven
Transactions of
China Electrotechnical Society, 2017, 32(12): 33-41.
M, By, 2RV, F BT EECRS HEIKS)
(e 0 T R A R O T VA [T]. B TR AR,
2017, 32(13): 41-50.

Tan Tian, Zhao Zhengming, Li Boyang, et al. A
transient Process Simulation Method for Power
Electronics based on Discrete State Event-Driven[J].
Transactions of China Electrotechnical Society, 2017,
32(13): 41-50.

ZE, UL, BREL % AT E T RSN A
AR B D] A E L LR 2R, 2017, 37(10):
2869-2877.

Qin Jian, Shen Chen, Chen Ying, et al. A Spatio-
temporally Self-regulated Simulation Method Based on
Quantized State System[J]. Proceedings of the CSEE,
2017, 37(10): 2869-2877.

FGE, B, —RREINE RGN EITED]
ARG H AR, 1997, 9(3): 51-55.

Wang Xiaojie, Wen Chuanyuan. A Hybrid Dynamic

http: // www.china-simulation.com

* 1782

https://dc-china-simulation.researchcommons.org/journal/vol33/iss8/3
DOI: 10.16182/j.issn1004731x.joss.20-0309



Li et al.: Hybrid System Simulation Method Based on Quantized State

33 525 8

2021 £ 8 H

A, 5 T EWIRSIR S KRG HITE

Vol. 33 No. 8
Aug. 2021

[15]

[16]

System Simulation Method[J].
Simulation, 1997, 9(3): 51-55.
MR, BT RAE RENHR. o5&
BRI, 1997, 7(11): 50-55.

Chen Zongji, Yang Zhenyu. Description, Analysis and
Design of Hybrid Systems[J]. High
Technology Letters, 1997, 7(11): 50-55.

Bergero F, Kofman E, Cellier F. A Novel Parallelization

Journal of System

Chinese

Technique for DEVS Simulation of Continuous and
Hybrid Systems[J]. Simulation (S1741-3133), 2013,
89(6): 663-683.

[17]

[18]

[19]

Fernandez J, Kofman E. A Stand-alone Quantized State
System Solver for Continuous System Simulation[J].
Simulation (S1741-3133), 2014, 90(7):782-799.
Fernandez J, Kofman E, Bergero F. A Parallel
Quantized State System Solver for ODEs[J]. Journal of
Parallel and Distributed Computing (S0743-7315),
2017, 106(9): 14-30.

Bergero F, Kofman E. Power DEVS. A Tool for Hybrid
System Modeling and Real Time Simulation[M].
Rosario: Society for Computer Simulation International,
2011.

http: // www.china-simulation.com

* 1783«

Published by Journal of System Simulation, 2021



	Hybrid System Simulation Method Based on Quantized State
	Hybrid System Simulation Method Based on Quantized State
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/1GLkeLkN3t/tmp.1688100843.pdf.k6vX1

