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Abstract:
analyses the characters of dataflow, and classifies it according to real-time character. To the two layers network architectures of CAN

With the demand of real-time dataflow transmission in power system monitoring and control network, this paper

and Ethernet, it gives the method of real-time dataflow transmission with fix priority in CAN, and strict priority queue (SPQ) in
Ethernet. Then it analyses and calculates the max delay bound with network calculus. The arrival curve and service curve are given,
and the delay bound expressions are also gotten. At last, it gives an example of traditional power system to verify the validity of the

method. This paper supplies a theoretical evidence for designing a reasonable IPS network platform.

Key words: integrated power system; monitoring and control network;
RS TMT6 SCHRERIRRD: A SR
0 315

BEAE A ) R B IRAA A Je,  H g R4
()92 N BOR R e e A IO, AR E S L)
%4t (The Integrated Power System, IPS) 153 T it
BRI, TIPS DATFSEHLMES Ky al, —ReRH 2
MR R FEAIET CAN B Lk B
)2, LT B RN, SEERE . R
GiRY . WA EBIAEDIRE: BB T I LR M
ZRIRVEFLE, B M O & DX sl i O T,
A LR RGN B Rt . @ b
T E SR Rt DR Bl R I

EEWB: BRAAHFALZQFHALHKRLSL
(50421703) ; MAeA L AR KB HAR EL TR T AL
(914008402040802)

network calculus; max delay bound

1674-3415(2010)15-0038-05

RYE, AU TR ) Rl . A R
P AL 2 B2 A 3 TIPS R PR S

RE S PR GO R 1 SN EORAE R i, &
G FE A REE S R GEN IR GE A DL I
fE R PERE . (HH T PSS I A & AN, A
I 2% T 80T 2 ML I B 1 SR A A BIGRIIE, 3X
i SR 2 ISR N LA LRAIE . 53 AT — € 1L o
G R B A I ST AR PRI MEFR) T I S A A
[ A i 14 D0 S 81 )L 22 D R 45 1) 254
At R BT 5 32481 G A B B 75 L VR AT 2
R IE R AR KINE S, PO EAIA R Bt
WA S P 50 A0 AR AT 5 D0 2 53 A A B YT 22
Ko

o9 2 455 0OV T FE A S 4 7 AR i AR 1
IOKIAE,  SCHR[7-9173 A HI R B S0 i 7€ R
FHHETNE T CAN FILK MRS, 527



B, 4

AR LD ARG 7 I 2% S 23 # -39 -

ARSI SN FIA RS i W P R S Ko ]
JE SR ZS ) TE S DRI AR SO T 194 2435 S50 70
BT IS ) P 4 P dpe KNS, APPSR S T Sk
AIIE S IR 28 48 PR I TR Ao

1 RGEHRFHES

MR SES B RGP M 4SBT 48 AL )
R, HHERE 2L K E CAN B4
[ TED Hie s 5o Bk A= 77 X I e fid & 7 QR
Al T2 B A A Sk s
T~ IR A BEA L E SRR . X BT N O
PRSP, BT oK Fid i 4% B L S sk
AN 3 4 Ffi:

D RGP FHEBIRMsgl). LR EB N
WAL, Ry [F2D . B SEE R,
& TR R, BASRMR S, IEW TAER
R KA, MR SR I, A HAT sk
e, ZEALEIIN (1~5 ms) ANAESERAELH LS &
Gy R IAE T

2) FAREEN A i (Msg2) . EEEIRE
IED & WA 62545 B 2RSS B DLACRAE A . X
FEHRTAR R, HEHEA, ST TR A,
—MEELRAE 5~10 ms N SERAEIE, JERE I 4R
PERER LR R o S A PE B ot e 1 i ) fieh & 7 =K,
FE VR TE R A T DR 2= AR O 3%, RS B el
LU SE

3) WA Msg3). FEEKE IED S5
O RN, SRS R, JE T3
KA, AU AERFE S, #ub<100 ms, &
T 595 IHE &

4) Y EIRT(Msgd). FERIEE IED KK
HHCE . W, MBI R AR GR, BT
KT HARHLUR AR S, TR Bk A
%, (EHFEERA, 7F CAN WL L%, 1
IP<2s, JFARVA—CIHER, SERPEERAE.

2 HIRRWMKREIE S

Ham i N2 CAN B2y 1IED P24, £t
CAN k. M. PLRM, fm&itelho (F
1)0

Ethernet
CAN
IED P gateway »| switch »| Center
dC
Tin Ty d¢ Tout

B 1 HiEfEm ST
Fig.1 Data transfer and delay

90 X 1 h A KA 17 CANSUE 74T 4 B B
R EHEDT. R CANMU S, 0T A it oA e
NEIOKIAIT (1§ =84 byte=lgz/Mhii K64 Byte+ 8 Byte
(T AT [ 5 A0+12 Byte ORI D, HH i = JBOK
15115 % o FERGER S H 3, A5 LUK iR i CAN
T, A0 s A B TR B RN £ /1 £

VR AE S NIHIED G, iy i s s
O ERAR UK, R4S R P35 ¥4
S, (t)+ 6. (6)~ S, (1), (ERRWTH [ 2 AbEnn
Er, =7,=7,,=005ms.

CAN 2 FI LUK W AP AR S 38 4, INTHE A
AASME A de, d° . TIE R NS AT B EA T T
.

3 MLEEHIER

i R. L. CruzP -89 i1 C. S. Chang™#1 J. Y.
Le Boudec!® % A\ JE 12 5K 14 I 44 35 5 S — o 1o 4
BA B 28 G 1 6 0 T T S 0 A /0K B R A T
H, BT/ — A58, WS E
ERE SRR RIA ML Mg gk LA S NnREC T
BB RERIEHE, TLAFEERR KN E. &
KR Hirh k.

B NAL IR AT R A, e BIA T RoR
Na=y,, =rt+b, WGSEMELN Brr =RE-T) .
For <R, DU 2 IR 1n) e B 2 Rk g5 KB 4E
d=T+b/R, Y1) I KB KRG M KK
x=b+:T, Fth& o ()=adPpf=a(t-T)=
Vypory » A MERZ DGR U 2.

bit o*

B2 &Mz ERXR

Fig.2 Relationship of curves

4 EELRBIITE

A8t FH 199 24 35 BT B 190 4% i KIS A PR AR 0 ) e
T AR EE A R P 405 IR 55 DR IE 3R A 45 B B34 ity
LRSS 2k o ER IS HEAT TR REAG S H V2
IRINMEOL T I AE 5, Bl i) 210K i 4 2 T



_40 - U RS R R

IR, 0 T B oy B, nT
PUA I AE U A SIS R, RS
O BRI BN A A LA B . PRI ET A
V5 T B R R I B A T A
4.1 CAN &

(1) #)isdhek

CANU R 2 R [ s b v A 4 20N AT (g ofle — —
Pl Rk (1ISO11898), My 2 ab7e T H R
T PR ) R SRS L S B AR R P ph
SR (PP ATTUT 2 B U7 7] (CSMA/CD) 5 Ak
FOR LA OS5 B AR Se k1%, DRI AE k4%
SUFAFEN T T 2N e R T ARAE SR SE I 1S 2
AR, 3 BT ] 2 Pt S 4 i e BB It S
I T R 50 59 2 B T A R g, IR s
WAEAT I e G . WA NHL A B
F (0<j<N), PRAEHKIN 0~N, 0 X Nifz il
S, NS W TSR F, ,
3 REARIE R A, @S 0~ -1
X ELEG AR ST 2L, AR j+1~N (X
ORGP I AR D

RSP, PR T, SRR,
DL F) A i T LR IR«

c
J

ch
b 1 F RSO KR, AT 2 R
Msgl~3, BISGILRmiK, X2 mif 2k H Msgd,
MG T —IRSER ZH AW KL .

PRSI F, (10 BB B T 7

()= Y a0

c _1.C c _jc
aj(t)—bj—i-rj ot—lj+ of

c

Jj-1

1 [ —
§i48 Lo
=0 i=0 £
KK, =0 I F, kR RS, TRl
a;(6)=0.
(2) Hsgs M2 AT 4E
B CAN REREAEEAN C™ o il FARBIA T
PICLAREIL, P DO RS F;
A TR T LA FURIE IR AEARE i,
PAR T AT L e G it TR e v 53R 55 ith e
WA REEA
CAN RS FAD BN 4G B B 4 I IEAE
FIBBARARIR SE A BEAT, (BB d R A ot

136 bit, I E O AFAF I ) A«
T=I, /C™
XA ¢ I Z) CAN B E R4S 2k B () M
Bir()=R(t-T)=C emax {(t—T),0}
TR A LS 25k, F; AEBTA il se 2%

% S A B S . FATIEARE S (R T IE
(EREID R WK
W F, P ik

B () = max {(B; () - & (1)),0} =

B RT+b¢
max | (R =7")| t - — 1,0
R(‘,_},‘j(‘,

A 2534y R =R -7/ ;
RT+bf
5
Bl F, 19 CAN 2% R BT 2600 -
ai () =a ()PP (1) =

ai(t+T)=bi+ri«(t+T))
B KIAE df -

W25 I 4E 7€ =

=L 47¢ (D

4.2 AKX
PLR M AT AL 2> CAN W BLEHAE i,
—MAEH FIFO (SEANSEH) BAE BT, A T IRE
SR SN AF R Se Ak i, AEACHHL N R CoS ML
(802.1p) FIF™ASALFE 2 A5 (Strict Priority Queue,
SPQ) ISzl s Sz BRI Se g, X T
LA F AT BIRTAT FIFO 73k, W ARGy Hd iR
(1) CoS fE4 7, KAFMIEASF K CoS N 6, MtEEL
PEUE CoS H N 5, YE4 Bdlaiit CoS N 4. X
p() AREEGL F, MELRMAILES  (CoS ).

SESUBRI F, (RS IR | S TS
MLk, FEE, MRS MLk

(1) ik
tSCHR[6]45 18 1.6.3, THAEEHRERAZ ik nT
PWETEEINSE, Bl F, 7E285d W05 ) BT 2k

of (=al (1)l /1 =
(b5 47 o (4Tl /1



B, 4

AR LD ARG 7 I 2% S 23 # - 41 -

KRR F; 75 LUK W AT L2132 2= 5% 11 25
IF ith 2%
ai(t)=b5 +r/ ot:af ®)
BoHods W oF, Ak s B R A
Gl = |JF . #liEMZ% 4 0= Yato): 4

i,p(0)>p(j) i,p(0)>p(J)
Wi P, IR RS G, = | JF Bkl
i,p(D)=p(j)
4,0= D ai) s MEHKTET F, BlRRRS
i,p(i)=p(J)
PG; = UFi
i,p(i)zp(J)

(2) k45 ith & i e
BE UL W (R A5 % 0 BAK I B KK
loax =1 542 byte. WIZGIR PG ks5 Mt -
ﬁ]iG/ = Ce(t_lrilax /Ce)
KA G, RS ML
B, (0= RS (t=T) = max {(Bi ()= 4] (1),0} =
Z;ax + Z bie
{— i,p(i)>p(j)
Ce -

i.p(i)>p(Jj)
X5 F, RIZEERAR FIFO IRkS5 755K,
SCHRI61E B 6.4.1 T4 F, (IS5 1Lk N
ROT + Zbl? —b¢

Zrie +I’;-2 ‘- i»ﬁ(é):P(j)
R;

i,p(D)=p())

e e
{C -2
i.p(i)>p(j)

i

Bi(1) = {R,-G -

R 55 3H% R; = RJG — er +rje
i,p(i)=p(j)
JR 55 Ho) 4 -
ROTS + Y bf=b Lo+ D bf—bS
TC = i,p(i)=p(j) _ i,p()=p(j)
/ RY RY
DA P54 P 4 A
d¢ <IS/RS+T¢ 2)
4.3 RGHR S Hh Lk FRATIE
RS T IR, i SCHEk[6] e EE 1.4.6 F
FH /MR B BUS 5715 B4 B R S Ik
% ek,
Br(0)=6, (N®F;(1® 5, (H® B;(0®6, (1)
{HIXANFIE L A — P X 48 P i R I R 48

TR, TR R s, T R S Hedia i 21
KA, HeREX AR,

FERGEI R i, ST RO LIOK MR A 5L
Pkl CAN W3R A5 MR .t SCHR[6]45
W 1.6.3, VLRI K2 T it £ n] 2 s 3] 3 1N S
U

N
OB AORE CHOLAOIE

5 z"*t DL | =

L
;ﬁ“ﬁ{aﬂﬂ@ﬁﬂﬂﬂ@ﬂﬂﬂ]=

J

(%U@@U»¢éﬁ@h
[

I
@mépmﬂ®?ﬁaﬂ

RIS M T
BE(t) = RE(t-TF) =

{5% O®F()®S, (N® ji BO®0, (t)}

J

. c IC‘ e _ e e
Hrp. ij :mln[Rj,?Rj]; sz —Tj +Tj +7, +
J
Ty +Toy o
DA IO ek A 28 8 K DX 4% I 4
D™ =T} +b$/R} (3)

AL, g5 E CAN 2R AT LDIOK £ B A4 ik %
W, RN H A B EE R A3, RIAT A
TR Z M i I SE,  PA N RG] R AE
5 HEXHI

FATLLHEAT 2 AN A H R ORI 3 /N HE I 8 X
FIRAN B 3) it B dp K SE T R . 52
B MW DX R B W 2 DX T 5 15 SR Bh 2 R B A
[, FPNXEA 54 Msgl, CAN ML5EZh 0~4,
M 72 bit (Fidfids 2 Byte), #ul 5 ms; Msg2 J
HAKAER IR 20 >, CAN 564k 5~24, 120 bit

(437 8 Byte), i 10 ms. Msg3 WA= 5 i

20 ), CAN 42 R 25~44, Wik 120 bit (FdE
8 Byte), #1l3] 100 ms; Msgd e Ek i 10 1,
CAN 5G4 N 45~54, Zwitki%, g 10, Hubi
120 bit (417 8 Byte), MUl 2 so FIAFHL



_40- U RS R R

A AT S A S A T IO E . ik
CAN SZIIE A 1 Mbit/s, LUKRIEE N 100
Mbit/s. I B it e A AL 16 B IR O
MRS L ()4 (3D Rl 5T #3 8- Be i 4t (]
4),

B

% " %
CAN CAN

| IED |——| IED | | IED |——| IED |

| IED |__| IED | | IED |__| IED |

| ®p [ ED | | ED [ ED |

3 RERNRF TN E L

Fig.3 Structure of IPS monitoring and control network

CANIW B 5 KN 4
0.04 Budp KN IE
EY
F 002
(]
0
0 10 20 30 40 50 60
001 PYNEICIE e oNE
2 0.005
5
a
0
0 10 20 30 40 50 60
ALK FE
0.04
2 o002
O
a
0
0 10 20 30 40 50 60

4 R AR K RTRE
Fig.4 Max delay of each data flow

THELERRY], XL CAN ALK M) 57
FE R 28 S I JE /T2 it O AL B30T, e A e AL
SRt ) RGO BRI SN P T 2. PR e] L
SR U SE ) BN AT (D) BER st
Peo BRSSO RN SE RN AELURK B, A
DL 2 IR L B RIS SEREAA [ o Py LA S I
ol B e = e g, (20 Bllmskimid 2.
F IR I S A R )Y SR A (KR, A A KR
T, W AEBOR o PRI TSI 4 v R S e »
AN PR e B S SRR Y R R R ¥
Bt (3) ML e, FEM BRI E T, 5
RIS SR, EEEL LKA CAN 99 B 48 W] W A
KM AEZE N T CAN BN SE . (4) Httamiiie)
KAy Bl ag Mgk, Msgd 2o K,
i 2o WAL, FAL R I SE WY K A A v

6 45iE

AT MRS & B D R GERE R B A B R Ak
BEAT 72K M, X TR CAN IR R 1 2 o
IRAR R L5, 1 CAN WBAT ek, 1
R PBALH] SPQ B SE I A5 BRI 6% 4, #f pR L
SEINPERE . 2T W 2T 5 R KT W 21 &5 [ S
PEREAT 0 Wil 8. SE AR, %0 ] PR LA
S EHITE RIS BRI /N A A S R aT
T ZR RN SE B, R & B AR AN 25 15 0 )
ARG LT G FAL T EE K .

S 3k

(1] PR, BRwE. AifARe R BLRSE PMS XS] [E
HLIE, 2007(4): 87-91.

LUO Cheng-han, CHEN Hui. Countermeasure  to
marine power management system (PMS)[J]. Navigation
of China, 2007(4): 87-91.

(2] #RyK¥E, WRIE. MEANRE RS B RS PMS BE5I]. i
fLiE, 2005(4): 78-86.

XU Yong-fa, HAN Qi. Research on marine power
management system (PMS)[J]. Navigation of China,
2005(4): 78-86.

[3] 1SO11898 road vehicles-interchange of  digital
information controller area network for high-speed
communication[S].

[4] Le Boudec J Y, Thiran P. Network calculus: a theory of
deterministic queuing systems for the Internet[M]. Berlin
Heidelberg: Springer-Verlag, 2001.

[5] Cruz R L. A calculus for network delay, part I: network
elements in isolation[J]. IEEE Trans on Inform Theory,
1991, 37(1): 114-131.

[6] Cruz R L. A calculus for network delay, part II: network
analysis[J]. IEEE Trans Inform Theory, 1991, 37(1):
132-141.

[7] Chang C S. Stability queue length and delay, part I:
deterministic queuing networks[R]. IBM Technical
Report, RC 17708, 1992.

(8] =Fgtipe, LEMmh. JETURAIAI RSS2 FEN LI A
AR Rt AT )], HIEOR, 2007, 31(5): 85-89.
XIN Jian-bo, SHANGGUAN Tie. A digital substation
information transmission method based on leaky bucket
mode and class of service mechanism[J]. Power System
Technology, 2007, 31(5): 85-89.

(9] BR&AF, Tk, Tk PAR. ST WA E T H A A T

Ml A P o () f K I AE[T]. 45 5 ek, 2005, 20(1):
117-120.
ZHANG Qi-zhi, ZHANG Bin, ZHANG Wei-dong.
Calculation of max imum delay in switched industrial
Ethernet based on network calculus[J]. Control and
Decision, 2005, 20(1): 117-120.

(T4 % 46 W continued on page 46 )



_46 - RN EREYDEH

HEhZWINAS; P 8 MERH SRR, B2 W 1k
RERLAS, (HAFAERSD; BT 9 AMUERESE LR, Xt
AP TR R ZR AR I S B Pt age, i L3
AR WX =ANPIB R by A T ik
AR & LU AR e ) e LU s oA
ﬁ%ﬂ\%wﬁ%o

E7£ &mm&ﬁ&&ﬁ<ADom@
Fig.7 Output waveform of DRP(AD=0.2%)

5§ 1 5

'lsa LSRR (AD-2%)
Fig.8 Output waveform of DRP(AD=2%)

l 9 %?1&%%%9’]5 tl:?)l:zjllﬁfﬁl)iﬁ/
Fig.9 Output waveform of DRP based on genetic algorithm

5 é|:|'l«t.

EERMESE T 2 LU EE AL, P 1Tt
FBER A LEPaE, %A R Pl ge b
Rt/ LR 7w LT TR = 3 S i RS R W
73, WG T i PG REAT AR (E AN 24111 5 A2 )
A LIS BRI, T AT — WA BT 4R 75 2 A HE I
i KA . R DRAIERR IR ZE RN R 0L

s TSR KT R S PO IR ER, TR 4

()5S FEE S TE A B K I i
Sk
(1] WA, 852046, WA, 25 P B b A Th % s i

ER AR [I] H 72515, 2008, 31(4): 1081-1084.
YANG Fan, PENG Hong-wei, HU Wei-bing, et al. Study
technology of maximum power point tracker on the solar
cell [J]. Electronic Devices, 2008, 31 (4) : 1084-1081.

(2] BiZeE:, RMA, Rd# A MPPT DigemaiREE
%1 Matlab 38 JH 17;@% B RSV EER, 2005 (5):

248-1250.
MAO Mei-qin, YU Shi-jie, SU Jian-hui. Versatile Matlab
simulation model for photovoltaic array with MPPT
function[J]. Journal of System Simulation, 2005 (5) :
1248-1250.

(3] f0gksk, f&s, B<aWl, &5 ST oo MPPT SR

fRR B KT R IR R[] S48, 2009, 39(6):
32-35.
HE Wei-wei, XIONG Yu, YANG Jin-ming, et al.
Photovoltaic maximum power point tracking system
based on an improved MPPT algorithm[J]. Electric Drive,
2009, 39 (6): 32-35.

(4] A, TS, WG, 55 BRI R IIR AU
PREZTTIE]. Lﬁ@ﬁ%h%ﬁj%%%@)%6%l
CHENG Qi-ming, CHENG Yin-man, WANG Ming-mei,
et al. Survey on MPPT methods of photovoltaic cells[J].
Journal of Shanghai Electric Power, 2009, 25(4): 346-
352.

(6] BEE&AR, XU, TAf. ST oL kmsast —40n

J PRI T[] B R G R L 45, 2009, 37(1):
37-43.
JIA Zhi-wei, LIU Jun, YU Bai-jian. Study on the
improved secondary voltage control based on genetic
algorithm[J]. Power System Protection and Control, 2009,
37 (1) :37-43.

(6] JEB A7, EARM. T8 L 5k i R B fe i it s
RIDH T B BOR, 2008, 42(4): 39-40.
TANG Min, REN Qi, XIA Dong-wei. The maximum
power point of solar cells based on genetic algorithm[J].
Power Electronics, 2008,42 (4) : 39-40.

Ye#s HER: 2010-03-16;
EH N

WA (1960-), 5, SHAIARIF, S1FIR, AF )&
FH e AR . B-mail: xjm@zzti.edu.cn

{&E HEF: 2010-04-15

(E3:% 42 W continued from page 42 )

[10] Klehmet U, Herpel T, Hielscher K S, et al. Real-time
guarantees for CAN traffic[C].//Vehicular Technology
Conference. 2008: 3037-3041.

YFs HER: 2010-01-08; {&E HEB: 2010-06-01

TEH BT

B £ (1974-), F, #)F, ML, ARFTEALALT
#2;  E-mail: qgianmei2001@hotmail.com

RXIEE (1956-), %, #&&, K, HRI@ALAT
#2;

$hiTE (1976-),
K.

%, A, AL, BRI e AN —



