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Design of Protocol Conformance Testing System Based on MVB

XU Li, ZHANG Jie, LIU Bo
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: A MVB protocol conformance testing system is proposed, which includes overall structure of system, the method to design

and implement hardware , software and model of the test set optimization, for solving problems of fitness on the compatibility and inter-

operability of the MVB devices developed by different manufacturers. The interface module of the test circuit includes the physical layer

and the link layer, which can receive data from the MVB, and send it to the specific control and test module to analyze and handle it.

A new set optimization model is presented to reduce the redundancy of test set in the software of control and test module, and a highly

efficient commercial solver named CPLEX is employed to solve the problem. The developed testing system is proved not only stable but

also efficient by practical operation, and can be applied to test different MVB devices effectively.
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Fig.1 Structure of MVB testing system
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Fig. 3 Software flow chart of the control and test module
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Table 1 Testing requirement set

o | WRTR AP

oo | IR A A i 1 L

g} TUT 45 i 11 e &

A& 5 TUT BLE DS RefE o0 T, o AR 0 521 ok 32 ot
1 F_ code fit &

3

MBS IUT R VC RO o0 T, 33 FREOHE 5 38 ok F2 i
1 F_ code fit &

A PR BE R T F_ code fE51%3% 3 H TG B R/
NN

Ts

S RRAE S Wk P F_ code (15 14 #3511 BT AL B A/
RIE

Te

ARG R T F_ code fH5 TUT £ 3 1 BC# R /N A
Ui

7

W RS IER T F_ code fH-5 TUT £ 35 1 B RN A
Uy

ro | TUT #3130 JERL ok
o | i S R IR

| HEIRSS B S RER S IR

re | THEMRSS S RER S S

rs | TSRS SR T RS

ra | MRS BB RIS

ns | HEMRSS BIEH RIS

ne | HEMRS EHRTIMRS

ro | TS R R SR 55

nis | T EEE R EEN F R RS

ro | TH S S v R B AR ST

rao | TS ) 5 4 AR 55

ARSNGB I AR rh e B T 12 A4S A
PR, R 1 2 #EAT U .

D) 1 MRS &% F_ code =0 [ 72
BR R R E T, TUT X0z H /N Ry 32, Rl
[E]24 1 ms,

W TUT 75 3 12 25 RE IR A RIS 8% 4 Bk
Frma g FESIERE L, KA &y Call_ Write_
Station_ Control, % E RST =0, Station_ Id I Sta-
tion_ Name F1 4 & F 45 & MVB CONFORMANCE



S12 - ECON I A %21 %
MESSAGEDATA TEST, 3 IUT Ui )4 K Ji5 B & Read_ Function_ Direc —tory; %45 A& Hi Call_

fE—E WP [a] P W 3 Reply_ Write_ St — ation_ Con-
trol ,

B 2 AL # K% Call_ Read_ Func-
tion_ Di —rectory, TUT I3 3K 5 BE 75 7E— i I
[) P U] o f0 & “ original function_ list” % Reply_

Read_ Station_ Inventory, IUT f:UR)5, BES1F—
E A Py e % Reply _ Read_ Station_ I — nventory
F¥ Station_ id, TUT Station_ Status., Link_ set H1
208 1, AR A A 15 21 3 55 &R
BOERE A L2,

x2 NAAGIBEREER
Table 2 Cover coefficient matrix of the test cases
L | ) 3 T4 Ts T6 7 T8 Ty o Tn Tz Tz T TNis e Tz s Tio T
1, 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
t, 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
I3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1
ly 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0
ts 1 0 0 1 0 0 1 0 1 0 1 0 1 0 0 0 0 0 0 1
tg 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0
1y 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0
lg 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0
to 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
Lo 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1
Ly 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0
t, 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0
4.2.2  SRIRTTEE R AT F3 AR E S PR 0 — 1 BEHIRE S BT

ILOG CPLEX 1 J R fi# £k M B K] ( Linear Pro-
gramming, LP) . —yK#MEK] (Quadratic Programming,
OP) ., Ao MKl (Quadratic Constrained Pro-
gramming, QCP) | {B&#EM K ] (Mixed Inte-
ger Programming, MIP) KRS, T 12
TR, A< SR i I i I i G A A
RS T 0 - 1 BB R )&, AT DL R s a0
Pl SR i 2% R fiff . ASSCR A% T AMPL SF 5 1/
CPLEX 12. 2" b e #y 22 (1 £ AL Il AU A TR %, 36
3 45 T IR LA T R REXT HE o

H18 3 WAL, WU I gk s i K 5
by by, by, by, B, Loy b, By, Ly, b f, FERS
20. 12 s, BERN 1 BTN | o, 6, 1,
by, Us, to, by}, FEIF12.53 s, 8 2 [y fe L isk
TR L1, by, 4, by, b5, L, ty, Lo, tpl, #E
BF 14,81 s, FERfEIPERE [, BORL 1 54080 2 My
PET MM, A 1 e TR 2,

FRFRmE, R4 50T kKR 3 AT K
sty T AR BN K o 1o SHTER 4 ]
A, BT BARIE RIS SR s R, M A
2 3%of 7 H S I SR HC B AR D R T &
PR, 0T R/ I SR IS 1 A A
FEo B DA i B— B AR, AR SE
PEEORR ) K75 B8 2 ZR5 75 18 1IN 1]
ST T SRS ARE | XS RN AT S 2K
Ym0k R 40 b 8OR B e AR R Gk
FERL 2,

Table 3 Comparison between the sequential testing

method and two 0 —1 integer programming methods

A
ila=s

HUREY
ff /s
2.07
.42
52
.36
63
16
57
38
22
31
36
12

V52
EZNES

0 - 1 B HoAL R
% (R 1)

0 - 1 BRHL
% (1R12)

1
1
1
1
1
1
0
0
1
1
0
1

O O~ = OO0 O = = ko

1
1
1
1
1
1
1
1
1
1
0
0

lyp

S ] 20. 12
x4 BB, 2R FREOBEINEITLL
Table 4 Comparison between Model 1 and Model 2

on the covering frequency of test requirement

12.53 14. 81

BBk 3 7 Ty 16 7
B (k=0.8) (k=0.9) (k=0.1) (£k=0.8) (k=0.2)
B 1 1 1 1 1 1
B 2 3 3 1 2 1

5 MRRFEBITHER

MVB — 83k 2 G2 °F & B 7R 5843 1) MVB ¥
R HfEE MEN 23 /)24, 2438437 Linux ubuntu
TH QT &5 . Wik RGisfrht, APl



o AF

3T MVB & thisl— FoHm 3%, A 3% it

.13 .

e PRSBSOS I A 5 1T b 52 I 7 4

AP HIZE ESD M b 59 155 B L B kA
Y, NG 4 B AR RE s
7, EAIHLRESEIS Bs MK 5 K45 R . &0
MK EUn, ARG AR, I A s ik
Ho MR G T UL ESR YR | R 8%
JZ . DS FZ I, AT, HEE T
IO T 2 K T o, A e w1 A

P

o

omSmam
| ©MABRNR

.
AN O

WENSIERASS. ARSAM (REEN—FREARES: STAM),
EARAS. RN

4 PEENIRER
Fig. 4 Testing results of physical layer

6 & it

=A

ARSCEPR A S AR G R R, BEi T
—FiEET MVB (i — BRI R S, LB Y
PHZ . BEBRZE . PRSCRERFNN HTZ b i %% 288 s ik A7
r B R I, ISR TR GO RR . SERR
IBATRMA MVB I3 R Ge 6 AR UE o) SE Pk i i 4 T
P TIAROR, AL MVB — S0 A,
By R R AR A 7= ) ZE B A AR A A SRR
R E I i 1 LR, B —E R
{Ho BEAh, AMIXRGE MR LA A F AL

(Wire Train Bus, WTB) —ZIElil RS0 Bt
e 4

2 % 3Lk ( References) :

[1] 1EC61375 -1, Electric Railway Equipment — Train bus — Part 1
Train Communication Network[ S]. Geneva; IEC, 1999.

[2] 1EC61375 -2, Electric Railway Equipment — Train bus — Part 2;
Train Communication Network Conformance Testing[ S]. Geneva:
IEC, 2007.

(3] fAIsrsg, MOBrER. PR B Lr G R Batmsc ], it
FHLTHE, 2001, 27(8) : 27 —35. (He Ligiang, Ye Xinming.
Design and implementation of conformance testing environment
[J]. Computer Engineering, 2001, 27(8): 27 =35.)

(4] ZREEDR, 4k, EE 4. MVB Pl — S0k st o¢ 5 se 8
[J]. kB4, 2007, 29(4): 115 = 120. (Zhu Qinyue, Xie
Weida, Tan Xitang. Research on MVB protocol conformance tes-
ting[ J]. Journal of the Railway Society, 2007, 29 (4). 115 -
120.)

[5] Rrhse. ZIREEMELN—EMENRKID]. Ll R RE
2005. ( Zheng Zhongliang. Conformance Test on Multifunction Ve-
hicle Bus[ D]. Shanghai: Tongji University, 2005. )

[6] Hubert D. Kirrmann U C. IEC #|ZEi 5/ [ 1], HLERAIES,
1999, 40(3): 4 -9. (Hubert D,Kirrmann U C. TEC Train Com-
munication Network [ J]. Electric Drive for Locomotive, 1999, 40
(3):4-9.)

(7] XVgefh. Bl 2Cim % 95 MVB Gl 5 19 2% 59 BF 5 5 et sE 3
[D]. dtit . db g k¥, 2006. (Liu Jianwei. Study and de-
sign of MVB communication network in railway vehicles[ D]. Bei-
jing: Beijing Jiaotong University, 2006. )

[8] Chen J M, Wang Z, Sun Y X. A basic study on algorithm of real
—time schedule table for fieldbus [ C] //Proceeding of the 4th
World Congress on Intelligent Control and Automation. Shanghai,
2002 :1760-1763.

(9] Jedg, skaEA), SRHEN]. — 3L T8 AR AL Bate 1 23 A 2 A4 3=
WFELT]. 4 T ,2007, 14(S1); 125 - 130. ( Long Yong,
Zhang Zhili, Guo Xiaogang. Research on distributed sensors net-
work based on multi — sensor integration[ J]. Control Engineering
of China, 2007, 14(S1): 125 —130. )

[10] RE0g, FEEE, 400%, & W40 — Bkl sl or 5 25 i
[J]. IFEHLRL2, 2009, 36 (12):5 - 7. (Zhu Xuefeng, Xu
Jianjun, Zhou Biao, et al. Network protocol conformance testing:
An overview[ J ]. Computer Science, 2009, 36(12) .5 -7.)

[11] BElETF, IR0, A, A5, — i3I U SR 24 fay iy il ik
AR TT i DT ]. BfFadk, 2007, 18 (4): 821 -831.
(Zhang Xiaofang, Xu Baowen, Nie Changhai, et al. An approach
for optimizing test suit based on testing requirement reduction[ ] ].
Journal of Software, 2007, 18(4) . 821 -831.)

[12] Fourer R, Gay D M, Kernighan B W. A modeling language for
mathematical programming[ J]. Management Science, 1990, 36

(5): 519 -554.

(E#% 8 W)

(4] FAEIR. BT Bt 2R 1) STATCOM JE Ty #h 4 il S m
ST W R GeR 5 5 ,2010,38 (18) « 150-154. (SHAN
Chonghao. Study of reactive compensation of STATCOM based on
the sliding mode control theory [ J]. Power System Protection and
Control ,2010,38(18) : 150-154. )

[5] Zhou X J. Modeling and simulation analysis of 3-level VSC-STAT-
COM based on SVPWM[ C] // Power Engineering and Automation
Conference( PEAM) . Wuhan,2011 :111-114.

[6] LiE X. The study on current detecting algorithm based on general-
ized instantaneous reactive power theory[ C] // Power and Energy
Engineering Conference ( APPEEC). Chengdu,2010.1-4.

(7] #igeE. SET BRI G BIE M) STATCOM Rt JAs I 5 i 542 il
BRWIFEID]. BE: WA K2#,2011. (Weng Haixia. Study of
current detection method and control technology of STATCOM
based on Instantaneous reactive power theory [ D]. Jinan: Shan-
dong University,2011. )

(8] JHEH, BEHRIL. 555X STATCOM B I M viL 7 Hit s 42 il 55 s F
330)]. EEH£5,2010,46(1) ; 17-21. (Zhang Chunyan. Re-
search on DC-link capacitor voltage control strategies of the casca-
ded STATCOM [J]. High Voltage Apparatus,2010,46(1): 17-
21.)

(9] skBEfe, PFIel]. BET B MLy STATCOM #EfilBF5E[)].

PEH TR ,2011,18(3) : 327-330. ( Zhang Xiaohua, Xu Chuan-
ming. Study on control of STATCOM via feedback linearization
method [ J]. Control Engineering of China,2011,18 (3): 327-
330.)

[10] y55i. W RGEARLRMEIERI [ M2 Ji. JLat: WA RS AL,
2008 :123-138. (Lu Qiang. Power systems nonlinear control[ M ]
2nd ed. Beijing: Tisinghua University Press,2008 :123-138. )

[11] Sun X J,Wei W. A new sliding mode control of STATCOM and its
effects on wind farm[ C ] // Electronic and Mechanical Engineering
and Information Technology ( EMEIT) . Harbin,2011:2938-2941.

[12] Hou R. Design of sliding mode controller for STATCOM with LCL
filter[ C] // Computer, Mechatronics, Control and Electronic Engi-
neering (CMCE). Changchun,2010 :80-83.

(13] PWear. 37 R i i) STATCOM RGe05 EAFFE[T]. W
AUHL A ,2011,34(12) :154-156. ( Luo Yinghong, Simulation
of STATCOM system based on indirect current control [ J]. Modern
Electronics Technique,2011,34(12) :154-156. )

[14] Vural A M, Bayindir K C. Optimization of parameter set for STAT-
COM control system [ C ] // Transmission and Distribution Confer-
ence and Exposition. New Orleans,2010:1-6.

[15] ER&. FET 2B PLEHIER 0 R REAMESS DTSR [ D]. &
. i3SI K 24,2011, (WANG S. Research on static synchro-
nous compensator ( STATCOM ) based on multiple models Pl con-
troller [ D]. Shanghai: Shanghai Jiao Tong University,2011. )



