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The Synchronized Motion Controller Design in Remote

Control Systems With Different Time Delays
Student : Hsuan-Cheng Lin Advisor : Dr. Pau-Lo Hsu

Institute of Electrical Control Engineering

National Chiao-Tung University

ABSTRACT

The data dropout and time delay in the network control system (NCS) have a great
effect in control performance. In this Thesis, we combine both the perfect delay
compensation (PDC) and the least square estimation (LSE) to recover the dropout data
caused by the network-induced time delay. In this-study, experiments were constructed
through NCS with different-time delays. As the command is circular, the contour
becomes elliptical due to the different delays in-two NCS, one is CAN and another is
Ethernet. The round trip time (RTT) between two network nodes was measured and
furthermore, the faster NCS is designed to wait for the slower NCS to result in the
synchronized motion. The roundness is then significantly improved from 0.157 to 0.013.
As the time delay is varied in the commercial Ethernet, the adaptive compensation based
on the real measured RTT was adopted to match the real time delay. The cross-coupled
control (CCC) was further applied and experiments between Hsinchu and
Taichung show that roundness and IAE for the 2-axis motion control system can

be improved by 90% and 25%, respectively, in the roundness and IAE.

Keywords: netwroked control systems, estimation, CCC, synchronization.
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—— header = data —

B 2.3 it ¢ i F

E& BT Client $74]:5 @2 5] DSP » £ #-& % 2 4 4858 (Type) e
% Tl (Data)i 4+ 38 % €4F > £ 23| CAN #t¢ Data 38> » & {54 CAN 4
¢ i) TCP ¢ e Data 85 > fI* @ ppiits B2 03 > ho@ 2.3
¢h(4) o Server 3|4t # 2t » E_TCP 4t Data 25> B~ CAN 4t# » # CAN
3t %1 CAN g2 #-34 & @2 1| DSPs 40 ®] 2.3 =1(5)°-DSP 42 ] CAN 3¢ # { »
2 L4589 CAN #f# Data 288l B G2 (71247 » 4o 2.3 ¢9(6) - ¥ & PB

EH 2.3 % (4)D(5)D(6) 1 L2 A Client & 4] :4 1 % 31 4 7| DSP ehds (7 o
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31 geRirdl i B A

WA RS2 ¢ R B R B PR R 0 LR KRB R

oAl sz S R4k S(networked control systems, NCSs) » #7i& # e

40 4 B 4e Ethernet & 40 4 Bt 4o IEEEB02.11- ¢ ¥ 1 # * 4§ 4- CAN

"
FRE KT 35 BE bl

(1) &4pes: - spenfrd] d ol fesigfe > 7 Fash « 2 2 % frsd

EEE Fﬁvéawﬁﬁaﬁﬁﬁm}mpﬁ%&% IR B

R ERHE L PR TTRI ROl A e B
Bt b RSl T TRy iy

o F D FR R SRS e

(2) frit o B apde B e 1 ahfy i oh SV SR s 07 MURAR 5 4
- B ARG BBR - B 07 ARGk T o

(3) wcHih 22 urs g LRIt en~ 2 > ¥ A gl b X TP AL D
BRogorER A S ERRY BRBRALLAS &
ZRUAL A BB AP

(4) iyl A ok dl e 7 R R TR B LGRS 0 B
BT AW E -

B G T AT o R R AT L A A kF 5 g A) 0 e gk

FLgeRE 2 08 o 4 F R B R EL > GlhopF 4t & ( delay time) 0 FALiE 4 (data

dropout) - 4t ¢ Fidg > P-HRiF P *E ML gL 42 (network scheduling) % B 4E

—

BRI AR AT o 4 RITE Mk Sk 0 R A AA S A RS LR

-

R AL AR BT E & AL
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32 Rl Rl s THRELFH
3-2-1 P ¥ uit i

Bl 311 & - Serdrd] ™ BBl adpdlh e L2 Bid £ {fow 35
LRS- TR R R S S /‘Tg}iiiﬁ@%ﬁf(delay
time) o fefeirdlorA 2 e R AR L 23 4 > - fA 5 & 4 4 & pFF (command
time delay)®_d $=4lsh-b £ B R Lo g 4 chut BPEER - § o - AR £
v 22 V2 pF R ((feedback time delay) ’wﬂi,\z;fﬁfﬁﬁ“njﬁx;gz =R R R eh R
Bl or A L e B o

, Controller —-—* - Actuator ”

Remote

Network
B 3.1 ®paod] i s HE

WEVEPER R LY A AP o PR T 0 B L i o e B
WERPER AP o M PR B Bk AL R € " Lk
MermTi o BE R €3 A B A heh? o B 322 fcB 33 4 u 5 7
R AL AP RAE S 5 20 ms pERAR R 0 S SR B¢ m RN E 7 SiE

QR yE ] e % BLgs ok S R ARIN D B HUS B R R k g ch R ) ) 3.22
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i & e

Posltlon (pulse)

Posltion (pulse)

émmm’&%ﬁﬁﬁﬁiﬁﬁﬁgﬂ&wm,w~ﬁ D)2 VB
SRBEW o AL PR B < ) 1000 ms o BB R,

0.5 --  without network
| _» with network

2.5 3 3.5
x 10° sample

#a |

] D:Er 1 1:fl
B 3.2 uf A AN & SR SRl (delay time = 200 ms)

average time = 1000ms, samplng time = 20ms
z'ﬂ‘l " & \ - . v J
== without network

" with network

-]
-

Qs -

28 3 as
2w Sample

L-]
o
-
-
B

Bl 3.3 2t & P ¥4 AP B H](delay time = 1000 ms)

L i

5L

i o

Al



3-22 T4

SR AR E v g G E s Ly oy
(event-trigger) » X Frah R R BT AL LE @ w i GG PR R dg 0 T
MT ARG EE - R i BRI E T A D45 0 4o B 3.14(a)
gﬁ,gﬁgiﬁﬁﬁﬁ\ﬁﬁii?ﬁﬂﬁﬁﬁﬂ%@ﬁﬁﬂﬁi$%@%’
TIL G MR AS SRR R g2 e R R E R
B T B AR EI o doi@ B g~ CNC BRI H] ¢ F Ptk Bhikc
355 EIEAE S > ERITPITN ME ORI o 57 fELNEEE S AFETE
* PR (time-trigger) » # — H Z P w 3w B S5 RURIE 0 e
B 3.14(0) 7o > ApEATE B E 0 £ 5 B B B W iR gL o

Td Td1 Td2 Ts Ts Ts

(a) Event-trigger (b) Time-trigger

B 3.4 (2) % i f§ % (event-trigger) -+ R B (b)PF & g % (time-trigger) -+ &, B

FAFTORREY T FIFREER AR ERARPET

AT AT IR AP L S T A 4 (data dropout) 0 4o B 3.5 A7 o

FR B SR O R b B P > 5 R A B S T
BHER »ZR Y REIRE S MER B AL £ Rgde CAN B 4 R
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W TR IR R 4 ol B B - AL IR AL pE

WL 0 R IEL R0 0 s kSR o

T4<Tg T T

y(k) y(k+1) ... y(k+n) y(k) y(k+1) ... y(k+n)
W 357 £ 45 LW

3-3 Model-free Perfect Delay-Compensation scheme[18]

3-3-1PDC##-4 &

AFET G 0 PR R 24T OF 184 Perfect delay compensation(PDC) - % ¥4t

%2, i Ja— hH
M U I i S 4

BPER S S R R (T AJE - PDC A PR 2 B #u ki
%ﬁﬁﬁﬁﬁﬁﬁ’ﬁﬁ%%$&&@%?%ﬁﬁﬁ%§ﬁ%é—E@ﬁ%?
EERUONE A T S

B 3.6 Z_PDC Jis* »v — eyl i SLenZf fR Bl st EEPDC e % o
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¥(s).

* I 7= 1 L G.¢) G,(s)
N 1 |
| |
| 1
1 1
I + 1
' U<
| IY
Y, f ) | _
Modified anti-butterfly Modified butterfly F
element element
L )

Perfect delay compensator

B13.6 PDC i * * s i i s

B & JH] 3.6 ¥ 4 > modified butter element iy ) 5 5 T 4L R T

U, (s)=U,(s) =G (s)Y,(S) + Y, (S)=2G,(s)U ,(s) +Y, ()
BE¥ Urf'IYr SR NS - VR R

Y, —G(s)U,(s)+Y(s) G, (s)=G.(s)
U, U, (8)+G.(5)Y,(5) . 14G.(S)G,(S)

r

Y, (9)

7] &
U, ()

=G,(s) » # & RIU FIY, i 45 S 8w A7 5

Y(s) _ [L+G.(5)G, (5))+ G, (5)(G, (5) - G, (5))- e "
U ¢ (S) ) (l+ Gc (S)G P (S))_ Gc (S)(G p (S) — Gc (S)) e—(t1+tz)5

Bk R B A ST AR A S

Yc (S) _ (1+ Gc (S)Gp (S))— GC(S)(Gp (S) — Gc (s)) e—(tﬁ'tz)s
R(s) - 2.(]_+ G, (S)Gp(S))

PRk SLenB i R A S8l B

Y(s) G (s)Gp(S).e—ns )
R(S)  1+G,(5)G,(s)

Gyes (5) = G,(s) e
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§(3-5) A Bfs chid % B A B hP i B A Sl t i B T 4P
G, 5 RA KA BT LB R > A TR TS 4 0 M Ga ¥

ﬁ@oa?ﬁﬁﬂﬁﬁgﬂ%:ﬁzgﬁ

3-3-2 PDCH#HE R &%

Gt HF HCERE R % kPR PDC e 2 %
R g R ot =t, = (RTT/2) » 4 S5 5 & 0 5

_10°(0.058s +3.221)
P 5(0.000152+0.019s+1)

K, =0.00000001

G.(s) = Plcontroller » # ¢ K_ =0.0013 -

10" RIT =400ms

1 1 1 1 1 1 1 1 1 1

Output Response
T

_3 | | | | | | | | |
0 1 2 3 4 ] B [ i g 10

Second
RTT = 400msz

1k
T
= 0DaF J _
7
# 06} | _
i
S 04r | i

0D2F r — — without network i

J with network and PDC
D 1 1 1 1 I I I I
0 1 2 3 4 g G T 8 g 10

Second

Bl 3.7 gzt & 400ms > PDC 4c » =0 {4 £ Step response
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%« 10'"¢ RTT = 400ms

Output Response
[}

Second
RATT = 400ms

/8

Output Response
=

[}
[Ay]
T

Second

— — without network
withanetwork and PDC

Bl 3.8 e ptze & 400ms » PDC %c » 7044 £ sine response
KPR 2 F B e % B3 4 0 PDCERR B4 4 Seen Bk &

G,(s)-e™ o

3-4 TH &R
3-4-1 Regeipl h ehdte @iz

TR R L A e BN AP RTT R EiRI R 5
Pt B R § i M) R ]k Sehdt e B 4o R] 39(a)HF T o F
koo PERFRE R TS T @ R B T R Dl s e
Wik G ¥R s R B E TAASLE W Ry B
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PEH - BRIEAIARTIN TR DR SRS 4 REFRFD e ddfe ENEE
s KepE > T B3 RTT =4+t 32 F 1Bk pF T 20ms =3, ‘@ﬁiﬂ LB
bk fipc R AR B gt B S 4o @) 3.9(b) Ao o
Q) &~ ¥ @ %](Normal transmission) :

BRSO EY o BT ARG LB B 39D)F 1 -
(2) 7 9 B~4&(Vacant sampling ) :

B OFOR B e P AZIE T PR g

C
(4-B) 3.9(b) 5 23 4 - pF A 20~60ms &) % 6 B~k

P R G AT T

g PRAELH e
& & T Ao TG R

(3) 7 #! & ¥ (Data rejection) :

F- BEREH R 0 B A Al m—;«qu BRI TR RE TS
f&

b
@
Ry
et
]

3

10
(e

o

\_

= .
mF]

(4) 2 & @](Delayed transmission)

?a‘iwﬁe-lfiﬁ‘}l@%] AP R PR e B ¢ 1 i e g S
BE vl e R EL PDC K fEid o
r®) o Recsi 0 (0
T eceiving U ¥
N Controller _l"'ll ! XO ZOH >| Plant >
———————————— s i
-7 ewor ?| Time-delay
< NFhYﬂ,rk 5| Estimator
\-._“- I : I; -
___________ A== -
€ X0
Sending
(a)
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No. 1 2 8
Sending : : ; >
| | |
1 1 1
| | |
1 1 1
| |
.. 1 1 1 .
Recerving T T I time
0 20 140 | (ms)
v :
time
L [19] .
ETT T T T - (ms)
Normal WVacant Message Delayed
transmission sampling rejection transmission
(b)

B3OPFRFuBERERH @QRTTREEH ()7 %&ﬁfﬁﬁ“ws\m@%ﬁﬂ

3-4-2 FkLif % 82 One-delay f il

B3.10 5 %~ 8l6#7 7 24 B pREA MLl Hd £ R FIORTT R >
dRY T BRI TOREA Sl S R R R AR ) 0 AR A D
FoEHET Y FTHEAERFLIRO R D - LR F e
% ¢ deBl 311 rm o FRASUEBET G AES AL @ T EL >

A

One-delay iz — 2 i * m L TR TG FE S L APL X5 2 B F B I Hdhs €
F AR E AL o Fpt oo g ¥ Bo] T3 Bapl ke g AN
250
200 }----
= 180}
E
=
o 100 F
50
D 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000
sample
B 3.10 % & P FRRER T I R O RTT pFRF
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command
one delay

1]
W
c
[=]
(=1
W
z
[
2
' 02}
[=]
(=18

04

05}

-0ar

_ 1 1 1 1 1
0 100 200 300 400 500 600 700
sample

] 3.11 One-delay jad2 p B 2 & 58

3-4-3 & T 3 ik Rl

B T x plE 5 RN AR NSRS Bt M B e el o 4@
% M+1 @ cdicid o ;‘ﬁfﬂ T ME S SedeEm e N =t 578580 Ak kg it 0 3%
N =3 580 88 M Be e h® S gEdg s s > B3 N 3 58550
Mo Bw A BRI PEEL > P ST 2RI A F S EF RN

b7 i BSNENEL PP I - B 1SSV T 307:3] DE S

x[k] = cg + ¢k + c,k% + -+ + cykN (3-6)
x[1] 1 1 - 17[%
0 o1 N
X[:2] = 2 2: 2: C:1 =X=A-C (3-7)

X[M] MO 1\/[1 MN CN
C = (ATA)"1ATX (3-8)
X[1]~X[2] ~ ... ~X[M] 5 M & ¢ fdicit > (3-6)2% 5 N == 555 25 d 4 > o

(3-N; v e A 5 & av» FEX L MF e frﬁ(fﬁf%fﬁ_z\i HIERL R L e S
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1295 (3-8) 58 v B AL C o Pl 4r4x fp il en™ T fciE x[M+1]d T 47 &
xM+1]=co+c, M+ 1) +c,(M+ 12+ -+ cy(M+ 1N
=[(M+1) (M+1)? - (M+DN]-C
=[M+1) M+1? -« M+ 1DN]-(ATA)AT

=LSE(M,N)- X (3-9)

FfR(39) 0 RRF M A e selciE it N &2 SN T R A E
YenRRlE e n A L w2 R FA KA S W Mgt o TR 0 d (3-9)5

LSE(32)=[1 -3 3] (3-10)

LR ILpE > * LSE32)F ¢ o = Bk drnig - T @ 2R o

1)

3-4-4 PDCZ #ehé £ miRlA 15

Rl E Fl ek FRE LT T RRIE B M- e B B
4o 312 0 fril b 4 ER(S) - Y(S) S emiat 2 b BIRlemUEL R I EL
TELE D BRRELA[19] -

AFE gy cniefadrd] i B0 WL RSB SD LA T 47 PDC
ﬁ#ﬁ’ﬂécmm%éiﬁﬁﬁ’ﬂjiﬁﬁﬁﬁﬁ’ﬂﬁﬁﬂiéﬁﬁw
% I DSP s KA 7 4 4 BiR] > Ftst 3t~ PDC 215 chipe Bl 2 R 1

o £ Rl R

| |
Ris Us ’
( j (%) :: :_} Estimatorl > Gp(ﬂ il )}
- I |
Network
I |
Estimator2 fe—— |«
I |
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SNV LR 0 o P
B G.(s) |€
. G.(s) |€
Y O K Y,
B 3.13 4c » PDC s ped4] % st
FRA AP, TREAU hER > d 313 2T
U, =R(5)-Y, (3-11)
U, =-U_ =Y, =—(R(s)-Y,)+Y, =—R(s) (3-12)
U, =-G(s)-U, =G(s)-R(s) (3-13)

Flp Vi R 5 4 2 PDC ’;ﬁﬁ-u (e B Pl £ U, Lo ¥ RpleLEL s @

PEGEAAE 5 R E AR A FRE R ALK A -

3-4-5 PDCH# #.5 & Bh & 2 &Rl R =%

B 314 Eg %2 FHEBpERY Onedelay i2 » B EHFRESE - APF
MEERIE Ao BE R S L TG L > d 20 % One-delay &

SENFHEE his- LREHFR E S PR T F o d B 3140 R

20 L p A5 -PDC B A A T iRt * PDC ¥ L ABPH
et g2 Jm2 0 V- 3 6 b T3 BRI kB-iX One-delay
Eo L g FEAF AP PR T H DA FHRE SR 315 40n 0 #
o) L2 Ripl 3 One-delay /& 7 1 e i 2f 38 pF R 3 4o g = 03B 2 Tl et

ggo
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position response(pulse)

tracking error{pulse)

-2000

Time delay(ms)

-1000

response
— - — - command

-1 T
0 100 200

2000 T T

[ 1
300 400

|
500

|
600

sample
Tracking error {(One delay)

w | |
700 800 800 1000

1000

| |
0 100 200

| | | 1

300 400 500 GO0
sample

RTT of One-delay

| | |
700 800 900 1000

300 T T

M3
[y ]
L]

P2
o]
L]

—
(A}
=

100 -----

(A}
=

-,

U |
0 10 200

| | | 1
300 400 500 600
sample

| | |
700 800 900 1000

Bl 3.14 wBpE 45 & % 4B 59 % Fl(One-delay % ipl)
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using Least square estimation

1 T T
)
o
Z 05 .
=
w
=
a 0 .
wm
2
S
= -05 .
n response
=
— - — - command
-1 I I ] F ) ] ] A ] ]
0 100 200 300 400 500 GO0 70O 800 900 1000
sample
Tracking error (LSE)
EUDD T T T T T T T T T
= 1000} .
=0
a2
S
o 0 ]
n
=
i
@ -1000} .
_EUUD | | | | 1 1 1 | |
0 100 200 .. 300 400 500 600 700 800 900 1000
sample
RTT of LSE-improve-2
25[] T T T T T T T T T
200 .
B
= 150+ i
o
-
aw 100+ 4
=
=

0
0 100 200

30

400

1
500 600 7FOO 800 900 1000
sample

B 3.15 B RS = imdIHTF RB(S ] T2 &Rl
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yr® FEdhkdR
4-1 Fphene izl & 3

BRI Ak AU E i B P P A WA RRUEFRF YL 2R R
FILFmRE Y 03 FRR Y0 F L NRARFORAERD RS O
WP TP~ A PR B Bl A E oAy AP
LN e gk S N R A 5%@%&@%?1%@ & FRE s R b L
# ke o de® 41 T XY PRl e 4 Fle S fhed BERF 2 B BRSO
]}.‘T]o

XY command XY response

0.8}

06}

04+

0.2

0
X

Bl 41 3 I 2E 48 B

AR R T R R E AR 42 B TR Y -
% Ethernet + CAN R feie it » @ ¥ — ¥ _H ¥ CAN gt o 2 ¢ Ethernet +
CAN e gt d >t Ethernet 3 &2 *h3Rudide > o2 R G A2 468> a7
Ethernet 22 CAN et @ 3k~ & 77 °0 3 4o 28 & - F]¢ Ethernet + CAN v H % i
* CAN gt BpFFRE £ o

EARHRAGSEMOEABBF] AL 78300 0 PRIt BER
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REFRA DR F T2 * AL & CCC ZFEH - & ¥ 24118 » i

IR E g R BB o

Ethernet _ \i .'!

Gateway  (/SBCAN

Client b oA m
USBCAN _l—— ‘iﬁ
i

B 4.2 B ILg b an T o 4

4-2 Fhie

4-2-1 R &R 84

i F R T el & i FIEAS fhenut BRER A o B A8 et L v

BRI R B IRt B L FERGE TR E 0 4oR] 4.3

Y(s
: o [-co ] o
_ t
¥ (1)Time-delay Estimation
I
Estimation :
A —_'LTJ,S e 1 1
% - S > =
&, | .
Sl 2 ¥
client~. > | Delay time
"~ | correction
A
3 |
1
1 Y(s
o [ co [ ao
I fn' - —
| N (1)Time-delay Estimation
____________ .
i |
: Estimation :
e oo o el — -

B 43 % k%4

FERHBAILR L S = BHH Ty 5 & Ehernet+CAN chs a2 > Ty 3 &
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CAN et cnpf P at & > fie £ B 4.3 k5

1. & fhip w)ehue B pF R £ o

—EE R £ 3 T, =102ms ~ T3=2ms -

2. PEEEv@ZIClientz > 2t 8 IEFEF L > HEXTEFDE L #ico

—>(102-2)/10=5 (P~ 2k & To=10ms) » F]pt X sk 7 10 & & 2

3. @Rt E S > ut BT ROl chfhing £ o e St B X eh o

—Client :¥ no.500 % X & > ¥ no.(500-10) %Y #h

4-2-2 EFRHBFIEER

Bk 70 X fhat 2 102ms 0 Y fibat E 2ms o B~k ir Hp 10ms

0.8
06 / \
0.4

0.2

Y axis
(=]

0.2
0.4 \\ /
-0.6

-0.8

e

B 4.4@) % &FFH B34~ 585D XY SRR

BRERUER AR R LR ERAD 2 AL S8 B
2%

4v ~ a0 ¢ 0.3584

4e ~ {8 10.0134
er EERA B w BB E N g B TR R P
;;:g = [f] o
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4-3 AR WEFHIF P WRBRRITH

4-3-1 2% 8 & £+ % (cross-coupled controller , CCC)

LR A E A E LD Koren #r3% 41[20] 0 1 & P ehR Eea il & fhenif BiGE

Zoon AR L R B A L A g B 0 AR B A IR

i

BRI BRI B o o BB e e B A AR #
DA EAA Ry oG D 2dha BEF Lard BBl e 218
Koren and Lo * #& ) - fBATHIL R 8 &5 FI 24 > 5 7 B3 £ 2 88441

F21.22] 0 A1 B H4c 45 77 o 2 STOLL T RHE DR AL AR §
BRI P R B £ B(CCy) ¢

shin § 3% £ E, U, % %) 3038
> Shir 4] S =0 >
TR\ € 1896 W/ T".
[
1 _é N
: > RS > :
1 +T |
: v,
LS XA B Cy ]!
T : _+i__|
2| whitH] S >0 >
M ERE E:,r U}. 3 4 R

45 ¥ R E IR WP ESHR

El

4-3-2 %} {8 & ¥4 F {1 i< (circular Contour)

d B 4.6 DRIRICS AR oig H s EiiE4L e 5 ¢

:\/(Px _Xo)2 +(Py _Yo)2 -R
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At egneg (RP)T N i L (EE)E APk RR o T

P, =Rsind+ X, - E,

P, =Rsind+Y, +E,

4

15

=\/(Rsin¢9— E,)* - (Rcoso+ Ey)2 ~-R

%‘\Hjﬁ EREERE X BERMmAGELE TR T e B L
B R E T o BERERL T OB A

&= [cos@+—JE —(sm

TR E L el GE L e F G

C, =

2R

Ey
Cy =Ccosf +—
2R

Y-axis
.

R: IFTJ i
R:#w®wix%

Ex, Ey @ =R 4

€ L mAEEL
(XoYo) : 17 s i

L
4

X-axis

B 4.6 FIB& 2 5 Brei4

4-3-3 2R BE A RS EPDCRE® + R I H)
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AR B b Y RER R

ERARERY 0 TR W RAERE G 2
Forte XY & 38 41> F]pt 5 B CCC et e hd =8 &4 4o~ > Flpt B 4t
SR 48 & ]k S (R AT (T e e 2 AT Behin B B T B 5
2w ([23] 4rBl 4.8 #ror o d AT R RO WA R @%}iﬁ@ # oAk s

2 L0 4 PDC 4 » B 4.8 chiE 4§ ¢ - 2@ PDC o Butterfly element 4r ¢

B3

B —

MELE CCC & * chi- B v 4Rt 5La B> S 1S (95— A4 i g o e 1@

W PAMEL > Fpt A g X 1) PDC butterfly element 22583 eniz ¥ w32

ﬁ%}iﬁﬂfﬁﬁ&m’%\mf SBAFET o ¥V B G CCC 123 B hipt ° 354 03 v o 4rf]

4.9 #7 o
X N ~ U X
me e E‘
- > pr {T > P, >
2
C, Cy
A
v
C, C,
Y T v U Y
E, + ¥ -
: > = > K—px "O » Pw. =

B 47 2R BERFI BB dird

33



[ I
u | | X
. 20— - - 12| K = P, 2
E, + T I I U,
. I |
Cx CxKl | |
1
~ ' ' K=K,
g R
+ > Network K,=K .
|
Cy C.Ks ' .
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4-4 % & OBEHhILA B4

R OE R K S d‘&ﬁﬁd’lm@ﬁﬂ‘ﬁ“#iﬁx}lﬂ——ﬁ:’mr‘i% ,inr]“zLP
SEFUMAR  FWA Y R L B ER IR AT
CCC r A R4t %iwf%ﬁ °

4-4-1 CCCH F i B 5 Il

42U B R R e BIT L) R BER Lig S e
B hdF A - R LL%P‘*"’&’}#’# "lzs}ai"a;:/z‘/i ; F]gt e~ CCC» CCC it #9 4
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