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Analysis of the Dynamic Network Control System

with the Time-Delay Effect

Student : Ching-Wen Cheng Advisor : Dr. Pau-Lo Hsu
Department of Electrical and Control Engineering

National Chiao-Tung University

ABSTRACT

To construct a remote control system, a monitoring system has been developed
as a platform in this study to debug the CAN network system. Furthermore, both the
industrial network CAN and the.commercial networks, the Ethernet and the 802.11,
have been integrated as netwotk contrelsystems (NCSs). By applying the TCP/IP as
the gateway between different networks,.an AC servo motor with different networks
(a) the Ethernet and the CAN and (b) the wireless 802.11 and the CAN have been
established and tested. The time delay between the application layer of the client and
the application layer of the remote control target has been measured, analyzed, and
processed through experiments. Results of the Ethernet and the CAN system indicate
that different sampling periods and environments greatly affect the delayed time.
Moreover, the distance has insignificant effect on the time delay of the NCS. In the
wireless network environment, time delay may suddenly increases due to its
environment disturbance. In the present NCS with the wireless system, the measured
time delay processed by eliminating all sudden change values leads to significantly
improved results of NCS. Finally, to verify the proposed NCS with a serious time

delay, a remote control system by including the Smith predictor has been
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successfully applied to control a servo motor system form Kaohsiung to the
laboratory in Nation Chiao-Tung University to verify the feasibility of the proposed

systems.
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A B4 PR S EHR € i F B R PR S EBUR e B e
HEH (40 ACK & ¥ _EOF) > H 4 & 8L 4 (f p) ) 45 3530 5L pF
SOEPEE AR R Flet d & B & B T hes SRR 4 B
A2 #7135 = 9 dominant bit 55 7| ¥ U Er R AR F R F] o

"5 x4k $s (error-passive) | & Bk 1R 45 FEEE 0 € 3 AL
Boas R F TGRS SREEF BREREESER S §

o B A RITI PG B AR R ST

11



B g h (error delimiter ) & 8 % recessive bits &= » § % =

ﬁ%%ﬁ—?‘;ﬁ%ﬁj@ﬁ%ﬁé » & 8L € AL J — B recessive bit I T B 45 1 )
Tondd TR T ¥ - B recessive bit 3 1k 0 A BRI F - B
f & B s 1 eh-= B recessive bits ¥ 113 o F

“7% 2L P D] 8 1B recessive bits 2 18 0 4 FEFIEE BE R A o

recessive bit 2

-~

® Fi'# 1= (Overload Frame)

FERFId E LR P E R e > H RN A
0> %4~ 1 dominant bits #7 % = > i §¢ # R d ™ B recessive

bits *Ti = o &BEE &= BHEIRT A NE PP

RS Y S Ta s SRR
2 3 P A TR e

€ i SEhh Y SrPEd 0P ) dominant bit (PF iE

¢ PELEBEERE BRER P A B bit HET

dominant bit pF iE o

Ao AR BRIER A
Fdem o s Z AR AR

d BT LAY TR s - BB 4
WP 3 % — B dominant bit 2. 15 chf S B ha g A o
[ g ﬁ?ﬁ#.T&¥%%ﬁ$§%’%&%?%g%¢o

2-1-3  CAN #4538 a2

CAN ehds 354841 7 BAE%E - 4 %] 5 48 3% (Bit Error ) ~

B 4228 (Stuff
Error )~ 5 % 475 4 3% (CRC Error ) ~ 2 3% 4% 3% (Form Error ) ~ 7

E’, P:\}% \:ﬁ‘ ( ACK

12



Error) > T o #4427 AR A R4 5
® -iniE

GELAFEN L DR RS ¢ WpRE L G kR FREDESE
BB — FRPES PREFER AL - B 453 2 AW ¥ (arbitration filed )
PF o & - & BEATR ) dhrecessive bit AL ¥ — & BE3F 1) eh dominant bit #7 % F
NP % 0 2 F_A TR % (acknowledgement filed) P » 3 3% & BLi% ) fhrecessive

bit A H is f iz & 8L 1) dominant bit 7§ F cPRF i 0 7 € AR TG 4

%t‘t-/i;""ﬁ:‘ (blt Stufﬁng) Bi"ﬁP 15 /P j é§_"‘ II}#E =4 W‘_Emw m]f]’:'?

® ATh ARG 45 F
CRC B 3¢ & 5 33 &8 CRC 55 2 5% » Bdci g & 8jc 5 o
CRC A 7| &3+ 5 chs % 7 W Bl 4 06 TR Lo As 48 3%
® :ili4pcE
F-BHEAN R G- B BAE AR AL B
® Frilihik
% & ACK SLOT #7% A=~ % % dominant bit shpF iz » P & 4 FEid

§ BRI T B2 A S i o R T S B § 3 148
= T453a & (error-active) | & 8R4 134 $od8 otk o T4 ik e | & BhR3

SN oF =

13



CAN Al 2 b 3 = f R i > &4 B4
® 45:a B (error-active)

FF SE R G ol W I Y A4 RenpE i A 4R
B o
® ix:®4p s (error-passive)

FE OUFEA PR T AE R N 0 2 F WA 4 R

BERBE TN FE THEERE | AT - BRE SRS E

® s (bus-off)

EEBLACTRAKR G > P RF SR RIR L GG E R

DRIES TR SV 2 TR R S I N
- BREA RS oo BRICETRE - BRI RS R
BHEIEPE R AR BB R - B F A BN R EE N 0§ &8
SE R - B R EALE 127 g o 0 BT THEARE | SRk
FATUE 255 hpF G ] S BEE N BRSO 0 BB A ATIE 127 chpF i s T4
Wade | Ak o B R R P ZALTE A 11 B recessive bits ehpFiE o Bid &R

e BEY g DA IR | ek A o %%E} I A T OIS SRR
SRR E PRSI B  SLh R EB R 20 O HE R e

2-2 ¢ = 4% (Ethernet) /i 5

¢ * 4% (Ethernet)if p >* Xerox 2 @ MR B R G - B4 B 7

14



2.49Mbps » & & Xerox = &' pFR# * > Bgfsd DEC - Intel fr Xerox = R & &
il soig2r g B > 1 ¥ % 4 7 Ethernet Version 2(EV2)4Hs » -4 B A7
G 7| 10Mbps > 2 ¢ IEEE 1233 EV2 chph % » & 1983 £ 6 7 802.3

CSMA/CD #4s » jt = 5 8 % BB LR B Rt 2 -
e *geptie ¥ CSMA/CD(fYA R & 5 £ 5P 2 BrR BR)> S kg fF
HF % CSMA/CD #2 » % - 3 & E TR H & FHh &4 F WG Bibe

,f
"?f’ﬁwaﬁﬂw%tﬁﬁﬁﬁ’mg—gaﬁﬁwuﬁfﬁ@gﬁ

R
PR G oo Bl X REE I H TN I 5 REE GEFTROER ) LR E

B AR o Flpt g b JRE ST R E RN ERT G DR

FAZRAE > AT AR TR m?ﬁ’&i@%ﬁéﬁﬁﬁiﬁ—ﬂﬁﬁ
'F“?:ﬁéc’éﬂlui l'{ﬁ kl?ﬂ;}’g,_r‘rlv i ’Alﬂ;xﬁw:v‘h»’lg w[% i—ti
j}' ]Hﬂ—}"F'&‘J ﬂb ]§12F o

SRR AFERY PG R LR S SNl Ty L R R
PR BIE - AR o & EadE(Frame) v B T D RREA L L
R AT B RGP AR PR R RS R
10BASE-T(gF® s e ~ 3§.) > I0BASE-T H_i¢ % 5352 Vi 2 =b o F & &
10Mbps » # % T@ﬁ%ﬁﬁ’%ﬁ-é 100 = & o “$ 7 10BASE-T z ¢t » i35 10BASES5(4=
Fo d i) fe 0BASE2(m e * k) 15 {30 v it B4 2
e

poavig * bt ypend ik o & i (Fast Ethernet) » i 2« e § 00
o S R AT- BRAE A 0 BB i 5 5 100Mbps BT & R AT R B
iR iE e g o s R W R {oR AL R B s ] o B R
B 10 > FLpA RS F K10 R o Poif ¢ & Ppefr I0BASE-T - H3* &
AEES L BRE TR =T A F 0 100BASE-T4 - 100BASE-XT v

100BASE-XF -

15



P A & R B AT A 5 Gigabit Ethernet £ 3 I;‘;%] i# R % i IGbps o e

2P BE I pEe X R A X 5 1 > Gigabit Ethernet p # B4 ¥ £ o

2-3 TEEE 802.11 # % [14]

A% A& 45 IEEER02.11 » & Bldy it MAC B i i 4] » foieitit * i

2-3-1  MAC k& & (48 4]

3 AT A K 4 B F 4 A (PHY Layer)fo 7R 4% & (Data Link Layer) o & & &_
802 jk 7|ehielt s % B @ b g 2, HE-MAC * 1T eie 3 B4 &2 18

TALRA] > I BE R R edwme s 2d PHY T o

Data Link
802.2 FEiEHEER Al (LLC) Layer:
LLCHI R /&
802 802.3 802.5 802.11
i 802.1 802.3 802.5
gl g MAC MAC 802.11 B U] (MAC)
gjg% MACH! &
802.11 802.11 802.11a 802.11b PHY
802.3 802.5 FHSS DSSS OFDM HR/DSSS Layer
PHY PHY PHY PHY PHY PHY

] 2.4 IEEE 802.11 #2%£ OSI #i-3] chbd %

802.11 242 craff 4 &30 451 3 B~ 41 & MAC) » MAC K =3t F 8 & 2.+ >

A F R e ﬁa?l v B P a3 % 17 ¥ (Core Framing Operation) » 1 2 £7 3p

16



BEOTIRFRERACE ST H o T FHEPHY) IV aKES F z’v’ﬂf@ﬁ%]ii
B o

AP 2-2 &3 F| > 802.3 ¢ Ethernet » .802.3 AR5 £ 3P/BR
B| (carrier sense multiple access network with collision detection ; CSMA/CD) »
mMJFﬁﬁﬁﬂxg, S BB R BB RO P 7 B R
P/ 3 ooom 80211 &2 E Pl BRI HE R 50 @A R @%‘Jﬁ‘
doo Flpt 802.11 # @ i * AR & § £ 03 P/ #F A (carrier sense multiple
access network with collision avoidance; CSMA/CA)> % m f- Ethernet — #&>802.11
BH R EARITAIF A DA RGN 3B Fla F IR 802.11 1 (T ak 3 B i o

RS- LR LB AR PR A o
2-3-2 FiTHE

IEEE 802.11 #% i f&4% fafist @ (1) Ad-hoc #i-3 > (2) Infrastructure #5 >

1 TF r;g,féﬁ_;\m/\ G
(1) Ad-hoc #-5" -

RN e F AR ARG ROTE 2 DR R R
(ad-hoc network) » & gt it & § BL%} 8Ll B (peer-to-peer) » 7 1 % AL 5
BLYFELRRE > B i I fe# § 4L > 7 & Hcinfrastructure network 0 & Jf %

WAHRE T e fE 2 By o (Grtadhoc F 87 2 0 R
25 Taweh, ~ TAHBAEA D, o)

(2) Infrastructure -3¢ :

@ RO aE S R LR ﬁd’“ = (access point ; AP)ﬁ @%‘]
FRP e AR AR P4 BAI F LD A
1 (Erp Rt B S AR 5o AREL d R SR BE D] P g

LR At LAY LA e RS E RS

17



T pFd h o AR TR % F 050 k27 Ethernet il B0 B iE A
ST AR RR R YO IITREE T4 0 3 - K
RRIRFE o F Rt F TR AR B B3R EaE R REIRTE
B BT S AR D dE RS PRI ¢ 77 8 (infrastructure network)
T

hAm ? E Pl Client 2311 % & R ppiird] § & v+ pFo A PE

* st & Ad-hoc BREBEEOHCSS

2-4 TCP/IP 4 J38 20 1 24 %2 [10, 15, 16]

TCP/IP i & 8% Rl it L ahf "o 48> 175 i B T iRt 2

A - BRFE R R R ik p it E Y 5 B R B
# 1= T_(transmission control= protocol > TCP) % “4 ¥ 4 §2 1= Z_(internet protocol,
IP) » % 9 &2 844 % » TCPAPEES £ kEE & gt TCP fr
IP A féits % o

TCP/IP & f&Fs A 5% e 20 242973 arg & 3% Adg & - BRGE 0 L
d- B S BRSBTS AP AR RRA DR T
(IP)Fe @ﬁﬁ]@; )i ﬁig?lgzﬁbj/é; = E(TCP)

(a) "% it 1 2 (IP)

IP &_TCP/IP i * ﬁv@ﬁq’;ﬁ}ﬁﬂ P B - AT A ATERN TG
PR FREGEREGIR P R BB R PG RESERES
WHO P BR e Rk 237 Hhihm g4 RFTHRBET P g > 7 R
A F BT P e cIPUFRA B A L BT AN B F
Fate b BEERT EER PR T AR ADE > 0 T OARE

Mo B TR E PP 2 2 BT EH BAEY RAGVER o &
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P A AR G A B TP S R R B o DRRR Y Fp b
rETR & nE R o Fla R RE g o
(b) @ 47414 L(TCP)

TCP & i 2 B IRILG T 7 D™ AR5 0 ™ B2 RR A 2
B ™ 4230 frie i@ (vend ARG o TCP @ik ¥ &0 in 244
fods g4l et 4] > TCP @@ * & ¥ v (sliding window)s b 2 %k i £ 357
#]0 #* w R I E S P PF(time-out) ~ £ iF s Kk s iR o

TCP 3 & * #4255 & i e 4] > B A28 g 0 Fplin > sV B a
LEBEE > LRERDBEE [ T ERF S - BRAL BT R
AVBEPEATLI RE A BBEE A - B- BREDLI o Bia
Bk L TR R RO RS 1 B 0 LG BT A TR
et N BT e R R R IR A 15 > TCP & M ALKk
?ﬁ@ﬁVKP{fﬁﬁﬁ%@’ﬁ?iﬁ@ﬁ%iﬂﬂmﬁIP%W&%

e 2V A o
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£ =% CAN RRENET 5 R%

CAN He e 7§ & TR IRai st 12 KR @%Jm%#c Tt RERFTH
iz FHDATAR B & e A feid * > - 22305 @ % Fh e 3 TE F

FrEz - B hS@® 254 T RGRA P B CAN R RARS G iE { 4

|4

'f'] ° TR SEAR Tl = 'ﬂ"ﬁ‘\fh% - 2235 OER AP
> — i CAN E# A7V L et = CAN gk fien™ ;80 2 g 2V i fa
Debug friz ;" B 2 > AF A2 R 3-1 5 CAN gt auE = 32 5 CAN # i

T e st HuE 2 o
3-1 CAN 3 j& rrux =

P g b p A CANyE B A& ki = e F & 1% 2. CANOpen

-

Device Net % 4p Bf +5 T_o i3858 T K{‘& gt X f EEt KB AR SR
BArg £ 4 K B < 3 8Byle FFiE o i%l_tff%»"‘*‘lg'?"ﬁ BN ARSI 2 o (e §_
EAHT F T AL AR APLAT R AR T o AHTE

CAN #p 4 58 2 3 A3 ID o2 TR FREE T -

3-1-1 ID & pe

CAN pet & ¥ 00 F (%5 B &g & BEILXTT UK LS 2 BE B
Do it § 7% #ipu 8.7 2zen D R4 & hsifsez 4 gpd a2 4

WA RS R B f kR AR "ff‘a— 2 - BRR o

Flt A =G i CAN fe k3 R H BN 7 - AR
(Identifer » D)L » H 8 ID 03t 4 — $£7 Fc » o3 g LD je L (F 2 2%
Bhomn] ID > & B & ghain] ID ri- v H B2 5 B AR g R IP

FRBEALEH S M LEG f FHS TP et r g 452 1P R S A

>

e

~ »

EHRAITH  FPRYPL AL LBL/NBER PR FEERL L 5D T

-

|



B BBRHF > §F A-B-C=2B &% BauIDAw: 1-2-3>% C
L BEASIETHOEE . D RBETEFITRG RRRB R LS L ERTRE
FI CAN Bt 6 > d %0 & $ BTG * MASK R g A 7LD Fp s
MNELFEF @BAT R B &EF G LA MASK Jgdl 0 igky 7 3 &
a0 R HET Y TR A E o

TR A ID> & paghig 52384 - BR#F* ID> § L F o amhy)
ID#R#H* D & BEERTURFRIZEAL 237§ 5 BE
BRI HEEBENLHEG o blhe §F OB EEE L HFOFE T A
B 4™ D 5o CAN fepe b & B & 8E 505 838 4 0 Bkl % o
Mt LR B B B UEERER o

d oo Ay ¢ CAN R« = B & 8L ANREE S Al - A

D> - fEL kA Lol ID @b &5 R 3T ID o
3-1-2 @ * p3TiF =

L34 456 CAN ieiz 5 ST AL R i il oo FI= k% 2
ke P oo AN R TR AR SR G Eh2 R o ER ng£
e B 3.1 46 = e ok o o H P 2 q;;%&s;f@,}gg»ﬁ B £ E

/ﬁfbiﬁm‘w # €+ F Type fr Device erff iz » = /[ 335 1Byte » Type 45 835 4

(1) Type Device
() Type Device Data
) 2 Byte "
(3) Type Device Data
1 Byte ) 1 Byte ) 4 Byte "

Bl 3.1 =485 74
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WAL AL enE % o Device % om d PRI 2 BRBX > d A K Sa K 2 rd
2% 5 > #7102 Type {= Device 352~ 1Byte > 1Byte ¥ 14 % & 256 &3t &L F i# {r 256
B a8 = BiFteri- 7 Pai;%q&{mta%m; VR RRERTRER
e Data + /| o K TAFp TR (& 0 Bt =K T] CAN 3¢ Data 73R i »
okedte B PRGOS B HREDOE D3 e Bp TR 3732
Wizt i s & o

3-2 CAN R E /238 4 2

CAN Zegx + E’?”J‘;Z%,E‘@ﬁ;] ARE A B Heh SRl L R R 2 RS

* B &g MASK 3% TR & e T L i koo R ifﬂ‘g}%.&)’égj:f;ﬁi;\ljlr_}i,«f]]% o
Bl REFREL AL BT 1 Mask)iik 2 %7 R &
ST ,é.‘:f@:‘/,a“,fa‘i o A E frfest B4 Fe USBCAN i 7 PC % 3 CAN # it -
& 2L i F 5 R L 2 3-2-114, 8 USB CAN > 3-2-2 4 2 USB CAN #t

WhAeauEz > 045 CANEE B T 17 50
3-2-1 USB CAN 4 %[17]

USB CAN # 13 PC %4 USB /i & #4525 CAN & ' 6 » & (8 PC+ %
% CAN #ft 5 - B & 2L > %5:i6 USB CAN = i{ 3 7 "oJc & fv4 17 CAN %
B b gt L o % § 353 USBCAN i 4 3] CAN it b 2 &80 A& F#
HUSB CAN 5 % = 7 B 2483 B 1 '3 7 »r @ 41 % esh USBCANII 477 CAN
#r+ USBCANII § & & CAN &3 » ¥t * ¥R 3|a B3 F o CAN
fial e o T2y ZLGVCI 4T S0V > > @& * Fapet bR e B

#e&pe g fag & 0T 5 USBCANII “F Bfos 48 454 ¢
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(a) (b)
® 3.2 USBCANII *t g (@) & (b))% &

AR R

® PCi#&r :USBI.1

® CAN ##] % : PHILIPS SJA1000

® CAN 4z B : PHILIPS PCA82C250

® CAN s @it 5 !-S'Kl;péélll\-'/fﬁps_i

® CANi{ T DB9 @ é—: DeviceNET 4 CANOpen 1& #

E .

® % CAN Hjsth 2 %CKNTOB(—?L % CAN2.0A #2 %) # & ISO/IS

11898

® % 3 Frame /i & : & il i 5000 Frame/sec

B33 I USB 7 & 0 EA9V~+25V > 400mA H7T ik

3-2-2  USB CAN #c#8 /i & vt =

USBCANII ’ﬁ BEEC SGVES TR "Lﬂ‘ Bagfipe sirELafel, &
% o G087 R-R R AT e = B 2 2 ControlCAN.h ~ ControllCAN.lib -

ControlCAN.AIl fr— B F#L % kerneldlls 4 3| B 3 cofg st @ o
EFERY PP R EDE LRSS B 18]
(1) Implicitly Link (*E:%%) *~ FEF G - #FHF » 2 0o * dll 4

23



AR ARSREEL o RERT st dIl Y R s
,]%ir HAe 7oA - P EREE PN SRR f A

72 > fe § %3 FPF 7 4R ¢h enimport library (ib) » & & — B 4aendll fF i *

(2) Explicitly Link (&%) ~ fd G » » &G )\i‘* A AN g & P
4 - dll A~ 0 3 F & i T dll 0 2R L dshiE b
A Y ARS P o e R 3 R4~ Db Ao e LR

FAFE

F AP RE - B4 5 2 e Borland C++ Builder + & @ * ##

Eﬁ"
e
i
3

’\ﬂfrdll%i\/\ IR Sl S A el gl R e
PriEE B D lib g o lib A S B AR

Zr-’
—Fk
Y
9

(1) COFF #&;% : Microsoft #7f& *" o

(2) OMF # ;' : Borland #71¢ * -

USB CAN #7¥%¢ lib 4% %_% Visual C++i¢ * » #7171 & & £ %k Borland C++ Builder
ot g NI A d Tl AR R NP R SRR i g 3 ig\%
dil #% o
BETRAE5F ﬁ\gi\ > AR 0 7 A& % % WINDOWS API A2 6 e
LoadLibrary = # 4% » dll 4§ » & 2 i * GetProcessAddress k P~if #7& i *
Fienizpt o Bofs 2 F & Al epFEiE > @ * FreeLibrary #-dll 34 > T 5 )Tfu
BT SN R - B At Fe) S

DWORD __stdcall VCI_OpenDevice(DOWORD DevType, DWORD Devindex, DWORD Reserved)
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a0 k3B USB CAN % #

(1) #* LoadLibrary §* » dIl 4 :
HINSTANCE hDLL;
hDLL = ::LoadLibrary("ControlCAN.dIl");

(2) P~# 358 fmnk i g £ % typedef = VCI_OpenDevice % & = — B p 375 3% 4y
Hend w2t v & - B vciOpenDevice & #icdp 1% > B 14 {1 *
GetProcessAddress B~ {# 3¢ =4t 35 4% veiOpenDevice » 4rpt - j‘ﬁ}“ ¥

14 i¢ * veiOpenDevice &3¢ 32 i & % * # g §¢ » 7 VCI_OpenDevice °

DWORD __fastcall OpenDevice(DWORD DeviceType, DWORD DeviceInd, DWORD Reserved);
VCI_OpenDevice vciOpenDevice;
vciOpenDevice = (VCI_OpenDevice)GetProcAddress(hDLL,"VCI_OpenDevice");

(3) fcdll 4% © BArizs 4 L& * dll 4 ¥ % FreeLibrary #-7 i¢ * e dll 44 %
T o

FreeLibrary(hDLL);

B * F n&i\ e Ve g4 % USB CAN #rde e g v izt > e g d

boenb] 3 2§ > @ % USB CAN v SV Bl P - B SV & LR

miﬁf

RTZIEAFTURY  FRALRY His SV ERE GEP R A FROE T

A
e
=
>\_
Sh
e
Ny
Vel
oy
o~
I
i
Sy
N\
S
—ﬁ\
=5
3 i

GO '&ﬁ_\mzr;i‘f‘}i'fr]é’# > f s AN =

~

- USBCAN & w] » #-1 5 3% 47 fechds (Ffefhw S0t B4R & A id B a7 v

PoRERRRSPERT IR R SNE P FRE S ARSI
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[1]17* typedef g 37 3% 45 3] B

DWORD __fastcall OpenDevice(DWORD DeviceType,DWORD Devicelnd,DWORD Reserved);

[2] Z_% USBCAN #f %)

class USBCAN

{
public:
__fastcall USBCAN(void);
__fastcall ~USBCAN(void);
DWORD __fastcall OpenDevice(DWORD DeviceType,DWORD Devicelnd,DWORD Reserved);

private:
HINSTANCE hDLL;

VCI_OpenDevice vciOpenDevice;

[3]dIl #§% » fedn 3¢ pk erB~ 18 B & USBCAN #u .+

__fastcall USBCAN::USBCAN()

{
hDLL = ::LoadLibrary("ControlCAN.dII");

vciOpenDevice = (VCI_OpenDevice)GetProcAddress(hDLL,"VCI_OpenDevice");

[4]d11 4% 82 B & USBCAN enfdff » 4oyt § 4 2 i) 4 chps i3 & 7 % dlI
Ml ko @A dll - BB TR
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__fastcall USBCAN::~USBCAN()

{
::FreeLibrary(hDLL);

[5]3k e i =

DWORD __fastcall USBCAN::OpenDevice(DWORD DeviceType,DWORD Devicelnd,DWORD

Reserved)

{

return vciOpenDevice(DeviceType,Devicelnd,Reserved);

BB R RS T LA USBCANG W it 2 o T 6 841 S dofe i
JUET | kiE 2 e 2 B USBICAN 2% i (L 878 2 3 ch 2 #% d i 41 2 ) o
USBCAN UsbCanObj; //Z3I UsbCanObj ¥t

UsbCanObj. OpenDevice(VCI_USBCANZ2,this->Devindex,0) /B USB CAN Device
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elting E.uu-uaml S S —
[ il () |
| | Cose | |Smdh¢m [
| | 1D Forrnat - | Dec Fecanne Types | Hex I Transfes Type | Irkagsr I I
W CAN 1 Select Charmel Fomat r,.pu
N aG (a) :||,;,,,m =] [Eaed =] FrameiD: [0D000000  Dua:[39 |

| If::::éw =l {;ﬁF“m‘ﬂ Send Times:[100 Send Interval - [1000 |
" |

¥ ID Inciase send | |

(b

B 3.3 S0 f1* 322 %ol 4o o 2 R T AN IR F

-

()

PN L = R e
L NESA o~ = BRI

#] USBCAN & gL f+

BEBAR Y B ARS epEiE 0 § L3 USBCAN 4p b S8k €47 > ¢
%o A BT Open %418 § 84 F R ARG B 34 S F o 7 RS
PR ID S a2 PRV @ R d 0 A USBCAN

i# * 1 CAN Controller = PHILIPS SJA-1000 » F]}* $#ceifmik T

3 % S Hcv 3% 7 Device Index % PC 7 © # + - 5 USBCAN
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o T RN PEFRESANERE o § R T S8z 8 EH 3 OK B

wid e oo PR Start Hde TV B 4T B CAN R G g i o
Set Parameter E|
Device Index: |0 -
v CAM Channel 1 [%

‘CAM Channel 1 Parameter

Ace Code 00000000 Mask Cade : [FFFFFFFF
Filter Type : | Single Filter = Mode : | Hormal -

|Baurd Rate : |'IEIEIEIKI:||:|S Ll & Hex  Dec

CAM Channel 2 Parameter

Ace Code 00000000 Mask Cade : [FFFFFFFF
Filter Type: |Single Fiker = Maode : | Normal -

|Baurd Rate : |'IEIEIEIKI:||:|S Ll & Hex  Dec

k. Cancel

3.4 USB CAN SECW S S

(b) & F CAN BUS 2 4 18 77 28 (
FirAR ¥ CANBus F o RT3 L € At 30 Ao ko
[ERLIE UV —?] Tl E e
(1) direction : @¥E > > 2R P arig 273 4 £ d PC =i e .3
(2) CAN : # e @ix &2 > d 5> USBCANIL # /3% PC #1 &
B CAN & 2L > JL3Ri>% A or o & 8hye g 253 4 o
(3) Time ID : &g 7+ P ¥ Tag

(4) Frame ID © &7 3% 3 4 cih W) gg - 1345 3-1 & a3t ID 2%
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Fefrt i Lo ID > ¥ g d Frame ID % #7330 4 ehd i o

(5) Format : & 77 3% 3 4 &_F 424§ +=(Data Frame) ¢ 2% 37§ 4=

(Remote Frame)
(6) Type : FatFt=emn L3¢ » 3% 5 7 4 & Extend # &_Standard
SRR
(7) Length : 3% L o7 d ch T A& R
(8) Data : % L#73hF T AL N F o ¥ #fe(c)F% > i Receive
Type kAT 22 TR #H e o

BENHT UEPCE BT PRFERTNES > L FEPC A

# AL dEd PCHARUL k g nat BT § Hau Liadin F

o
f
Py
E
i»x
9
ki
7
e
=5
o
0%
=
E: Iy
—h
i}
[e—
U
E
w
y—a
P
}
T
_;
\«\«.
Q
st
Psﬂ
‘i‘a

(@) - L AM31 % - gt AL p o Lu 1D 5 2 sk 1§
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FrE RRUEBRSTHLR
4-1 JeRedrd) ks

I SRt IE S T S LR W*'v*%l GULIES
B gk SRS R4 4k Si(networked control systems, NCSs)[2] > & ¢ ¢ * i
PRLF v A7 AR 4o Ethernet > & AUk 4 IEEES02.11 » &% 8 1 ¥ % Reptic
CAN « 3§ BB & did] » 3 3% 4 3% 5 BB Glde[1] ¢
(1) S8@mi > DFELRRER > TV & Fofiraaidit- 4
PR EBAEZZ ABLBEERT DI RT BT B
A sk o dogh s T O g E ] P
(2) Hei > & B4 2 el Vg 1o & LR h 3R AR S - 2
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oo

(3) Fehh Se 0872 opnal §f eggft cnn it 3R g 5 p AL e g
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(4) H vdpdlenpedy > ¥ U R PFITA R RPLGRE > BBHZTT 4]
BE-

g b T A 0 R AT 0 R A ke2r 5 A fe B
SLERL it 218 0w F KRB BABE > b 4opF A 4 ¥E( delay time) 0 FALiE £ (data
dropout) - & FifE > B~ ib P *E X > e P42 (network scheduling ) & A 4% -
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Booh SLeng B 4% 7 R /¥ Y Smith predictor i "f PFRF R kM 2

~

2,58 o
®F

4-2 e gt JE pF R (delay time)dx 3

Bl 4.1 5 - SRRERITTD B AT E RS2 B ae £ for
IR AGE ERR R B SRR R TR fq}gﬁ*iﬁﬂfﬁﬁs‘(delay
time) o F R I TA 2 PPFRFEEL XA - fE 5 4 B FF (command
time delay) &_d ¥ 4]z5#- £ @I ipB T A 4 ot BpFF > ¥ ¢b - AR A
P2t & g 7 (feedback time delay) - w 2t & o B dn s B R B chFR @
TR AR T A A s B 2] o

| o | !
| | | | | |
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!_ _____ im_oi _____ | Network !_______________l
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BAPFR A BRI > PR B B R Rk
B o FeE B g A B R BT B 42 B 43 A6 5 g s
PRITA AP RIEF S Sms B R 0 A SRR Y R RN AT SRR
Frdlen s supg R enE 0 R AP R EGE PR KA HZ R 0 B 42 o
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B e BT > F AP P a8 4 % 5 255196 ms > BE B R4 4
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4-3-1 pRutEpEEEE R 2
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T1 i T2 | |
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B 45 wdprilty
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3 @ € eskdte WA 0§ Client SB4&0tdte 2 {6 » 2 % #4te Rif
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* DSP > DSP # 3|4t ¢ {34 @R > ¥ ¥ 19454t e 1w 5 Index 45
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Windows ¥ ¥ s Sieiitimer ¥ 5 10 ms e sE & > % 4 Client 3 %:ﬁpﬂé,?unfl T
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T AR ERNPEY Ims FAPEPIEBEFRF ] HE o
ERPRUEFERRRE ST AOD 0 (1) PR R EERE
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WRPERE P -

4-3-2 EPIEBPFRE AL G

Bl 4.6 5 Bplut BpF A Site s P alx 25 fE 5 A d DSP % — 2
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PoepF i o RELRAE PR e dh AR T RO FIR A RS- LR

FEd R SR K R L LR o T SR £ R -
(a) X T_ & 1 % Server 171 [P 4v Port

(b) % & B ERI= = 218 ¢ Bom &gt > 2 £3K L Smith Predictor 42 6 i

BEERF o H i~ L ms
(c) RIF# =t B
(d) 3% T8 & K 4e 50k Seerut B pE R
(e) 1& % Server 3 4=
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Smith predictor GII

Status

Commect senver snccessfully.
Welcome o test TCP <-=CAN System!!

(a) (e)
J__i_______r?ﬂl il | _| E Disconnect : [ Start ]
e . P e
[h) S lum_u_ — Kp| DDDDSE [ Save J [W Measure ]I (')
Save Size {5000 Ki _B.DDDDD4 | Controller ——
(C) swp ';i{]'tr[i['!' 1 132 (d) @);! (2) (5) Smith Predictor
est Tunes 5000 et Delay [ | fRecntbandll, @ I

46 BRI BT 45 4 5

FoA e 30 fHp AR B S o) an L ok E R R R
& Buen yosg B pE ’ukﬁﬁﬁﬁﬁiazﬂkﬁmﬁ%o%P@%ww’
Server i # DSP &_* CAN & o Server i 4% Client #* * & %[ ¢ & * Ethernet
o AR f;ﬁﬁ%ﬁ% T H_i# * TCP/IP » Ethernet @ ﬁie?lﬁ & % 100Mbps > Client
fr Server 2 353 - i HUB 4pif 4% o g 800> & IEEE 802.11b > @ fiyi¢ 5 &
11Mbps > ift 258 * ad-hoc «#%ﬂéml?@%ﬁs-‘\ °

# 4-1 5 # * 5 S 4§ Ethernet v + CAN 82 7 fr G347 5T 27§ plen
iﬁ&@%@’é&%?uﬁm’&%k@ﬁﬁ$f’iﬁﬁ&@%@AE%

o @@lﬁp_,ﬁau'&mpiruf MR TR e 2~3ms 2 B § e
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B @A R E g R R

2

FRL o xd FHRBHEEFL

e pr

Ty BEREF AL Feno B Rl PIEME R enpE i o Atk B

P BEL T AR T o BT 0 F 4
FARF B P ip AR g R RS o R -

REPC] o WG RS PR EER T G

FiAE o 1 (T B PERE L PR T

Ab = _

7

LARBIFTHEFERFA G @

RPN o @A S PR

GPSERE

Tt A4

% 4-1 Ethernet+CAN hT st B (H = ms)
# % 2 No. | 5 3 4 s
BT T

300 ms | 2.707071 | 2.909091 | 2.757576 | 2.676768 | 2.626262

200 ms | 2.966443 | 2.664428 | 2.610738 | 2.577181 | 2.409396

50 ms | 2.560935 | 2.707846.| 2.679466 | 2.681135 | 2.961603
20ms | 2.731154 | 2.945964 |- 2.72515 2.586391 | 2.639093

Sms | 7.380276:- { 7.477095 | 7.411882 | 7.353271 7.35307

3ms | 7.465493 "1 7.469894 | 7.291658 | 7.682536 | 7.35307

2ms| 6.58016 6.871774 | 6.741745 | 6.579316 | 6.607121

I ms| 8.653331 | 8.464092 | 8.388078 8.35447 8.90958

38




Sample = 1 ms with Len, Ave
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rage delay time =8.3507ms
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Sample = 2 ms with Len, Average delay time =6.5414ms
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Sample = 5 ms with Len, Average delay time =7.4462ms
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Sample = 50 ms with Len, Average delay time =2.5585ms
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L
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Sample = 200 ms with Len, Average delay time =2.5811ms
T T

/’ 10
4 ol
4 sk

Sample = 300 ms with Len, Average delay time =2.6735ms
T T T T T

»

b
o o
T T

IS
o
~

Dealy Time (ms)
o @

Dealy Time (ms)
»
u o IS
T
D ——

(2) (h)
%] 4.7 Ethernet + CAN z_ 2 & pF ¥ € jB] (a) T=1ms (b) T=2ms (c) T=3ms (d)
T=5ms () T=20ms (f) T=50ms (g) T =200ms (h) T = 300ms

% 4-2 5 1EEE 802.11b & 4§ it 4r b iCAN 4 s o7 8 P B e 302 B pF T > f b
e g Bipld k R S T SRR I b A2 R R AL A
- R R IET Cou B A A 2 b BT R
G EAE S e B BRI ke BPET R A RA A 0 €1
GBI G L F) S mARERT G d B 48 VB RE LY
HREEERE YR SRR FILRRNPERF P X FIRRETHR S
e 4 kAP LR T TCPIP il it 2o ot B85 L5 - @R PG

R FFALRLT B P KREAREBRL e > hdte E4

-

SIE @AY Y § PR < e e il R e B T §
$HT 0w BPE T B L X R e B T B KT i
R R e R T Rl A e T L T

B kb5 Ty BPER o
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% 4-2802.11 + CAN ¢n-T 359z & pF FF (g2 v ) (¥ = :ms)
T %3 2 No. : 5 3 4 s
BEEFTE T
300 ms | 27.8889 37.9697 | 39.41414 | 6.2222 6.40404
200 ms | 34.40367 | 35.76313 45.828 34.1893 | 52.53128
50ms | 7.3050 7.3533 6.1167 6.0900 6.0483
20ms | 159173 20.1453 7.2667 14.9700 7.1947
5ms | 28.93519 | 29.58452 | 24.93579 | 25.97939 | 27.5125
3ms | 22.06001 | 20.93599 | 21.19504 | 20.95439 | 23.4943
2ms| 19.0274 13.5275 | 19.78836 | 22.73075 | 24.60612
1 ms | 40.06301 | 17.61272 | 17.67153 | 16.95779 | 17.27065
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Sample = 1 ms with WLen, Average delay time =40.0328ms
T T T . T T

Sample = 2 ms with WLen, Average delay time =22.6975ms
T T T T T T
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(e)
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Sample = 50 ms with WLen, Average delay time =7.3177ms
T T T T

Sample = 200 ms with WLen, Average delay time =25.9257ms
T T
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K 2 400
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20 g 3001
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10 1
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. ‘ ‘ ‘ . . |
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sample

sample

(2) (h)
B 4.8 802.11 + CAN z_ z£ & pF fF £ | (rd2w) (a) T= lms (b) T =2ms
(c) T=3ms (d) T=5ms (¢) T=20ms (f) T=50ms (g) T=200ms (h) T =300ms

42 H¥-4 43 L T BRI OT Y BT £ 3 100ms OF
%if*wtwmlbﬁ’i@ﬂﬁ&ﬁ?ﬂﬂw?u%m’ma?#ﬁﬁﬁ

TOARERATE R T BEFRRE R Fo BB I RM G > E AR

-

dOFC e 6~8ms 2t 0 BAEMER B AT PIF A o Ed BAEF K
| R %ﬁ@ﬁFET’piliﬁiﬁ&@%@’%d%@%ﬁﬁﬁﬁﬁﬁ
%ﬁ,%ﬁ@@i%%%@&@ﬁ%m’ﬁﬁﬁaﬂ’Ag%ﬂW@&ﬁﬁmm
predictor F KB > gt > 2 @ F PRSP iE L nut B T bR ¥ o EpE A e
R PEA T U > B 4.9 5 IR (St EPERT A 5 R o
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% 4-3802.11 + CAN 1T bozg s fF (AL 15)  (H 1 ° ms)

T %3 2 No. . 5 3 4 s
BEEFTE T

300ms | 6.1667 6.8587 7.0879 6.2143 6.482

200 ms | 6.0362 5.9225 6.0154 5.9489 5.9262

50ms | 7.3050 7.3533 6.1167 6.0900 6.0483

20ms | 7.6044 7.5303 7.261 7.6501 7.1947

5ms| 11.2694 10.9093 10.6374 10.8904 11.3131

3ms| 13.2678 13.135 13.3383 13.2172 13.2845

2ms| 13.7171 13.4912 13.8011 13.901 13.8893

1 ms| 17.6999 17.1248 17.3583 16.921 17.235
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Sample = 1 ms with WLen, Average delay time =17.1246ms
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Sample = 200 ms with WLen, Average delay time =6.0362ms ‘Sample = 300 ms with WLen, Average delay time =6.1667ms
T T T T T T T T T
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Bl 4.9 802.11 + CAN z_zt E P £ (A2 15) (a) T = lms (b) T =2ms
(c¢) T=3ms (d) T=5ms (¢) T=20ms (f) T = 50ms (g) T =200ms (h) T =300ms
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IR R e CAN B 5§ 8538 ASR ) ¥ B RERT R L- 8
FER DA I REBAAE - LR PR E B CAN R R4 -
EAP A TRE R AR R PR & ERIEA PR
e R AR BEPEFERT gy 0 - B2 E8 &% Client 3 £ I8
e o ¢ FEES SR Bie Server & IS P B RS GO A B
PREPEFERE > L EGHEFTHET I ST - T - B3 A PT L asl
Fforh & A w iz 2 — B Buffer 4R 4.11 #7571 > § 7 ¥ 5L & ¥ Client
Pro ow L€ LiE ~ Buffer RUEFH- AR H- Bl o 2 P4
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BT, »uE B U AR Sizeys & Buffer < 0] 0 T 5 SePiREH

o3
)

2R AR aGERPFRT o Bl 412 546 % Ethernet 4t CAN 5 » = J§ 2ms @

#F- A A F 4t Buffer 24 ) Reng BpF > 28 5 Buffer Size = 50

i

5o MpERBREAPFET L 104.4584ms 0 + i 5 Buffer Size = 10 eni % > H gk
R G 204.1869ms 0 B BAEBPERFEEfor N3 (4-4)E I kK 4pig o

Tl B R PR R R o QS F T E S
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B 4.11 w #2244 Buffer 7+ & B
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Buffer = 50 with Len, Sample Time = 2ms ,Average Delay Time =104.4584ms Buffer = 100 with Len, Sample Time = 2ms ,Average Delay Time =204.1869ms
T T T T T T T T T T T T T T T T
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(@) (b)

B 4.12 +4c Buffer {& 2_ 2t ¥& pF & € /p](a) Buffer Size = 50,
delay time =104.4584ms (b) Buffer Size = 100, delay time = 204.1869 ms

4-3-5

L

qY H 5

PR BFR %A Bd Ba s B S 257 - £3MF| 2+

LAB816 § % % X &

B FEAE e B AE B P

B R H B

®F ,‘5@"&{ B B FEE B R )
Client f= Server (FjEi g5 ¥ BT i ¢ G H » 1 8 Server &

B

&&ﬁﬁ’ﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁiﬁ%

ERIFkESE

L

TRE R & i'ﬁ'ﬁ

% i £ R

< e

W

LER N L

3 4-4 EFEAELE B pE (E = ms)
o 31 %20 Y SRR
BERFTTRET

oms| 2814133 | 5123.573 | 12731.93 | 6481896
Sms| 1753095 | 302.0402 | 373.1072 | 7.289458
10ms | 153.6207 | 2829744 | 3403327 239748
15ms| 1480080 | 2207217 | 2707242 | 2334467
20ms | 142.6101 199.0654 | 2495145 | 2.603921
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