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Abstracts Fieldbuses are used as the lowest level communication network for real-time communication in factory automation

and process control systems.

Data generated from field devices can be devided into three categories:

sporadic real - time.

periodic real-time and non real-time data. Since these data share one fieldbus network medium, it needs a method that allocate

the limited bandwidth of fieldbus network

to the sporadic real-time, periodic real-time and non real time traffic.

This paper

introduces  an implemetation method of bandwidth allocation scheme introduced in [5] on PROFIBUS. Using the modified
PROFIBUS FDL(Fieldbus Data Link layer), the bandwidth allocation scheme introduced in [5] is verified by the experiments.
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Fig. 1. a example of the fieldbus bandwidth allocation
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313 Zgo =
FD 57bA 2ol HejE 7hxa Yok FDLE W4 #ol
A dEE ZULE AWM SDL, SD2, SD3, SD4, SC Z i)
Ad HHFA dube AHEuHo] Pk Ads 23t o]

\_



W o HE Bzsle] A AEgut oy 7hW tlojg} 7ol X
g19l sD2e) FFx A e oolrt
typedef struct FDL_frame_SD2_tag

{

unsigned char SD1;
unsigned char LE1;
unsigned char LEZ;
unsigned char SD2;

Addr DA;

Addr SA;

FC_struct FC;
SD2_DATA_UNIT DATA;
unsigned char FCS;
unsigned char ED;

} FDL_frame SDZ;

2= Aol ¥ SIX(Start Delimiter) @) 7
SD2, SD3, SD4, SC Z g} #A W Fol A ek
e
314 Z2EF g Ho]

FDLS Ael % Offline, Passive_Idle, Listen_Token, Cla-
im_Token, Active ldie,
Check_Access_Time, Check_Token_Pass, Await_Status_Respo-
nse. Pass Tokens <l 11709 Asiz U¥zw, £ dAqoMse

ol 11719 47 FEA ofel vilgFolrt.
void main{void}

{

del s 2718

while(1)

{

TRe w4

gt SDI,
=41 o)

Use_Token, Await_Data_Response,

(+*FDL_state_func[FDL _state.state])();
if(o] s E 7} ““g?i}""-})

=

olWE Al )

715hol A5

5 ER R FDL_STATE
MEne 27

FEAR

typedef struct FDL_state tag
{
unsigned char prevstate,
unsigned char state;
unsigned int  prevevent;
unsigned char error,
} FDL_STATE:
B s %o snmedojz HEF ZRREFHAGME
FDL state.state® kol wetA 0~107b&12] Aejo] w& Aef g

g Adgth dugeerlAy HE dsus ReRLg
S5 Q% PR WAy olWE Mo AAAte] Hi
ol W AAlelgith 714 olWE: FDLeJAl FDL AHg
Aol Al mults Zelvlelno} s oJWE Hel§Hy FDL A

{2 Lzrdol ¥l
315 dejo AHa

ofeiel ool gae grimsl HelgewA A WEHa A

AW R7% % Slth PROFIBUSAA #431: oelsh ds)
gl Fii obelsh “LH’]
oofel el Gzl gA¥ AT
0Lt Hoju el '@»cr—
orstol 4y wEel Ak 4%
ooje) suolMe] e Fai FNm AR 4P
ossdlol ol AEF A%VISh £A71E AHEE A
ot slol o] el Mol Aol AU AY AAEE A

7t Adgeiote) ol g x el (2] zAE] A Ee] lem B o
T EEo sty ool M FDL_stateerrore] T10 AEj
ol o] wEA3g oee] FHE VISt thg el A 1 ol

S % restdch FMALZ A ustes s
ool == FDL user#Z %8 #4& 2497 Wd L

) oolele] AelE $uhel deiX FDL user

e A
g+ oo A
1 olE ARsta @Al
°ﬂ7ﬂ A==

'_E,_?.»,.

3.2 sfzglole ¥£

steslojel IR FA 24F V25+(16MHz), 128K(byte) 4,
B4K(byte) &, 82548 A&t RS485 B4l sielr SN7H176
g Apg@ch FDL User Buotel dojegild CYTCL39
4k(byte) DPRAM(Dual-Port RAM)& AF&3ko] FEEA
Yool B oQTE Belel Aws sudolel xzh veh
oAtk AAsh ol FololE A& # F o muk shie) we
2 a@sta Ao % sitel wrm pdstel, 149 Aol F2

2 ek LR el Yl g

fasly] 98 PC 2L E Y om, At
2l Bioy FDL AHE A RueE R
V25e 8255
{
? e HA
L J L
CY7C139 681000 29C256

19 2 stzmdloje]

Fig. Hardware structure
PC BUEE B 9% FDL AHS R Be &5 9e el 18A
Ma & RuE ddsie Agac AMAFelols e
SHE Mev S meE 4BsA a urdld wn 4
ol Helslwz sk

33 W F g 7Y &

i
i
i

2

PROFIBUSY the& 3d 7]HE& HE&st7] sty A
Ha e E Rl Fo14Q ool ARAATE delE
of Mastch [SleAy AuA AL LE sbgstel Iutole
2 B0 Beld FIIHY Aol AMAASS By YU
AA s et PROFIBUSONA &= E& Zegle] SADA 1~7
WA dER AR AMBEA BE gNd vES 12 44
gogM #7149 qiztel AAHASE et WHE 4§
Ak F, wag we Al sdolyle] F711e) dolHE d

Safol B WSo: B Zaee] SA, DAS 8¥m BEZ |
: thE upbA2E Aol R SA, DA2 S A

=& nﬁﬂ%‘% AlEhE zEAle] 7R2IaL 9y 7
el dolHw HESTh SA, DAY 8”1 A HEE 132 e v
28 zdojdo] BT ZTefigls Al FA5E SA DAl guiH)
0o ghE 3 ThA] vl F 7] H Q1 t7ko] A]#tETh
oAqtell e Fo1A A diejeE 9 & ]
718 A Ak Hl olel WF #¥ wi v 4E%E l"ﬂ Ol
ol dolelE g, 9hd o g AEe dolE } R e
& #e Ay dlelelE dFEA 2god, A doleE Wol
71k Y& 3 7ol A+ TRT(Token Rotation Timer)
B AMESHR] ot MEY AIE dEF Eheloier A AL

Jolel @ 42w dolelel W4 F/% elshs tholu /) 2

U]E]]— 1i2%

Ay

99



astt ol% #sto} 8254% AEEtelA 209 Ehelel @ 7hs
e,

4. 2438 % nF

4.1 dueFof o Hrulx Al 7Y

2ol A V)l duelEs HEE] A A4EE WENS
Ao ohal s AejFER A H. 7t Ao FRY 714
AAIZE abbE AAZE 8] AAITE delE] dFERe] HFEE 2,0,
1Mot +8% FDL ZR2EF9 HAFH T 95238bpsel™, F
71H A dejElel 7loly 135 Mol E(IUIInlolE, E5
deolEf:135uk0] E)o|t}. A A A s dlolE]2] 7lo]y: lvlo]E
@ 1HEclm 2 1606 WwE dolg oo L, 34.86msec
A4 A 7H16.06 msec)+# 2] Al 7H18msec)) o] th. A A A7 o
o]Ele] 7lo]3= 14 wpolE(& 8 vlo]E, #4 dHoJE: 6 Hlo]E)
olth. o 7| M A AEE= dHolE e ol 154 v Eo i wel
A L, =1962msec{A & A 7H(1.62msec) + * 2] Al ZH(18msec)) o] T}
Aol ow Srum A Ay A B2 dF AHE §3 A
o B AL F3ld AXEoHor FHE TREFHI
37 19msec?t  AQ¥IvE aYma Ay F3 Azke
190msec(10%= & X 19msec)olth. A 719] alo] FEXe= o &
& FE AAANRL [0, 0,, Dy, Dy, O5)=[2066, 4200, 8500,
17000, 34000Jmsec® FolA v RHeR Fop ARAH AAzH vl
A A 7F dlelEe] A W ZHzE 0.001msec 1, 0.001msec ! &
2ol Al AN E haielFo Step 1M E #7213 dAz dolg
o) MEY FIE 3, 714 Ti& 70msecE A A Toh[1]
avng MEHLFINE [Ty, Ty, Ty T, T3l = [700, 1400,
2800, 5600, 11200]msecelth. Step 2o A+ 7} 1o 3 W&

#7014 AAE el AEYEE #09 4% Fach AR

R

SruelFS B oA HEsE T, Fue] 9xfe] g
r=47b Ev, g 3o A GEbd RAY [t b, oty b, ts, G G
ts to, U]=[0, 0, 0, 0, 700, 700, 2100, 2100, 4900, 4900]msec°]
€1tk Step 3ol A= Wi Az diolele] @5l o] F et (5)
el elsted La=24.908msece|th. %, PROFIBUSOA 7} djo]
B HE Zed g AbE3bad 649 bit, 59 vRol E(F 111 Hto] E
dlolEj:48ntel Eye]  7Zlolm o L =24814msec(H 4 4] 7}
(6.814)- 4 g A ZH(18msec)) 7 ¥ivh b3 diojElgl w) AA2
delelel =3 F7le (MAS thEFejol &b, (7)4 0 2 RE
A7=0.001<0.00167} "F "L 45 AUk

T =T =11200msec

4
A

> > >
» »
L 2 K IR
L R R IR
» »

KoK
il
@w @
i
> >
»>

=

¥ 3 AEY F7) ¥4

fig. 3. Sampling time allocation

42 HY
Nbdo oL_ﬂ‘
o 417l A 4

o wAEA 2F

A

=oll

F"\)‘ ﬂ

o

Sjald AbEE 7 shetulEg q8d 4
Za WUAT dlelE sl 47 A Aol w
A$(CASE Dz |44z dlolE]

—]O

71 o]

2]
55utol E (3 H:11ve| B, EavlolH:2d4vtol B A A @ 73%0“

thaked =) aurst ATt

1 48] E CASE 19 4% 8l
Table 1. Performance comparison for Algorithm, CASE 1

gt dolel | Ao dold | A deld A%
A% A

AP AE AA A (R E)/ 8wl ol B

2 F

¢l | CASE | ¢35 |CASE | ¢ CASE

1 EbE | 1 | U 1

A
AN

169.033

161.5 | 691.21 |1003.43| 0/1662 | 0/1665

A2

771 g 377.332 | 616.653 |665.2671993.311 | 0/1487 | 569/1487

B A A 7| 337.35 | 225.742 | 783,475 1003.83] 0/1662 | (/1666

HiolAM A2 20 deolge 38 wyl, ¢haelEe] B¢

ol ¥~ 691.21msec &

o) & & dlolg A A1ZQ 700msec BTt

Zrota) M Q9 AEHE wHEE L U CASE 12 1003.43mse

o

2 aaA 4F 93 A BEsA Rtk 29 4o

8301 19 7718 240 HoIHA HARE 48T 25

= e HoE 7

25 AgER o, CASE 19 3o+ ¢

40%2] diolei7t dE = A Rtk

B onEe e xﬂ
71 AT R A

_ } : g
o HER AAE B4y gl Sletel wA, FAY A
}

19
ey

® 3T

Holel W4 Al Azke] 27 4
ALk B mRolA EW Prua Asw

4% 2o Hgsiod Aojx)xgle] s}
MEs bl We AE FAY Aol

ZHunEg

[1]1 S. H. Hong, “Scheduling Algorithm of data sampling times

in the intergrated communication and control %\'<tems,”

no. 2, pp.250* 230, June, 1997)

[2] DIN 19 245 Profibus Standard Part 1,2

[3] Klaus Bender, "PROFIBUS The Fieldbus for Industrial
Automation” Prentice Hall, 1993

{4] Thomas Hadlich,

Thorsten Szczepanski, "Joint Hardware/

Software  Fieldbus Implementation based on SDL”,

Fieldcomms, 1996

(5] $5%, "0 % &3 2lgel 9% Bus s dELe)
a3 @el 9 Ao, Aol ARsA LY B, A3,
A%, pp. 77-88, 1997. 2

(6] #5571k WAE, RAYE, Bl B AEs Ay
3 oBuE At o] Abss - ALWBSE A A9, A45,

pp. 19-29, 1996. 7

100



