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A Study on the Gutput-Vol tage Control for Step-dom Type IC-IC Chopper Using Neural Networks

Sang-June Bae® - Dal-He Lee -
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Dept. of Electrical Eng. Yeungnam Univ.

{Abstract> A novel Neural networks controller for
Buck type DC-DC converter is presented and compared
with the operation of sfiding mode coupied
several controll strategies for the converter. The
connection weights of neural networks are trained by
error back propagation algothm.

The behavior of the controll system that arises from
the use of those methods is analyzed f{rom the
viewpoint of dynamic and steady state errors and
simulation results are presented,

LA &

U gpalf ¥ ofa 7lx Yeje pe-DC FajolE)
AR, olF Aol Py cid=R FEs Ao
{1]. 22e] M= 474 Hag xojslof ol Hlel A
Az, w48y AR FHo, 29 4F FUsAY
Plant o] 2ol 3} Y& Bolof Wol &2 ALY [2]
~[4], AP PAjo] olF FEY Z9L Hohrsl i
& dHolrt

A7 g2ge /EgeE 5dy 22F ZE Neuron ©]
g3 s udy Aol R4Fe] ¥ F&E2E FYH
Qo #yRoz wdgoln, ¥ J} 15 4
feight & $4Y 4 A& R4S /AmE, WY 29
4 Sl 22 gad BAs AR AFJVY PA
o Aelviz 48¥ 4 olrl,

£ aFode 2% ¥2Ud 38 Duck type DC-De &
woltjoff thit Ao} PP& AMAst, Sliding node £ 4
ol 712 Aol Wz W 24 A% 54
Dynamic B9 &} H4& ujz 2ugich

2. Buck type Fuojele] ajo] W

-114-

IL> IR
S L Id
JIE—q D li+ RS
I CT Ve

[23 1] Buck type Euojg

(22 1] & Buck type E¥lojel8] 71 23] % Model olth
e sy g BAstn Az 54 B QdE 7
7l flal the 2e 7183s Aokl Hee Wi AR
o] gl Tto® uehd 4 du FAYHY ¢ A B
viepdch

7182 3¢ ¢ E=E 712 A Ta = VL

71E dujeA 2 = /I, 71 BF ¢ a2 Ealla

o) 2o B3 A4 (1) 9 Al HYes 4BLrcl

{* = A% Xt » (B-0)* 1)
of7|M X* = [IL¥ Ve]T olx, A* 2} (B-U)* &= vhEt
Lol Bt

1) 294 s /b B35

=] U] o=t

1 -1/R® 0,

i

2) A9x 5 71 OFF Q1 B4

O I BEU RO
1 o-lRe 0
2] Aefils oale] 4y 2YLE U

UAE 293 Bde 4 (2) &8 vehd 4 glck (1)

1

e = E@.&;vaf_f_l + (Ve* - Vref*) (2)

dve*
o] 74} Vref® & AT Yol at_f_ T %; Vet o]

Bg 4 (2) & tia B,



,ON ON OFF ON JOFF

E:gt_ 5 l /E\\ 1/
i
5//‘,/ : Y ‘
1

i i 1 {

KTs 1 ce e (K45) Ts
(K+1)Ts

Ton . Ton To

2% 2] Buck type ExjojE2] zjo} why

e = (IL* - -:(—; “Ve*) + (Ve* - \ref?) (3)

Ao} FapE chEat 2o} el MUk
e <0 olf A%]a S & 0N
€ >0 oW £9]4 S & OFF
o] Ewiolele] &9 At Sliding mede & Hojdts
Y& Plant parameter o] W] AL HH& 7HAATL,
2814 Fut$rt AUHLE AH Al £FY 4 drh

nhetd ol4tAQl Aot it FHAE WS W

3

&)

2
=3

Mt FQ=ol, I Fofa Hysteresis Hha),
Sampling Fut4> 83, YA ON-Tise Bfo] YL 54
& vebdet (11 o158 $4g ts] oosiel [ 1]
3} (g 2] of vehdglch

[ 1] Buck type Eujoje]e] Ao uhy

Control method Control action |[Switch state
. e {-4d¢ ON
Hysteresis wethod PSR OFF
Constant saspling e{K-Ts*} < 0 oN
frequency method e(K-Ts*) » @ OFF
Constant ON-Time e {0 e
method e> 0 and t*>Ton* OFF

4 &1 Error between switching surface and
actual switching
Remark | K ! Integral
Ts*: Sampling timc interval
Tou®: Constant time interval

3. 4% HEWYE 458 Buck type uloje]8] Ao
(2331 & 41 (1) 4 Al w42 49s3E A%
24949 Vet & thd Feedforward 417 3|29 (W) 2.5
AHolslz Tuloleie] AZEE Ueidcl

I.L O.L

Vrety BUCK
Ve CNV.

Iﬂﬁ N. N l

(23 3] 4% 3)2gLg AHolHi= Buck type
Folole] AR

BN 2 U85, &4%3 Holx sk ol4de] Hidden &
S8 FA551, 7} Neuron A}o}g] FHé Weight = A% ¥
292 £3 A7) Back propagation algorithm{BPA) 0.8
A duistE Delta rule & AMg2l4 29 2217} &o
2 WYL 3"k 47 275E &9 Aojo] A
ol7t o Y& HAFA ga Alolst glod Reight
Bt Mok UehRle 3 B A 2 E & 3
¥ shs WReR Uy

[
)

- 2 R 2
Eoe g B (T ) ()

A7lM T, 0, & 4P oHs) 4 Pattern of
T 285 k HA BEAH A 27 oItk o] 25}
sje) FedE gt Aol wrta] Weight £ FAHC)

B dFofa] gt A HEY Aolrly UYL &Y
Capacitor ¢ ¢tz AFEA c}gz} gk

inl = {IL* - ilz? Vet), In2 = (Ve* - Vref®)

o] al¥& AME3]A] BPA of &8} Neuron Alo]8] Veight &
AEA s g w2l ohgt Aok
Ve* - Vref*(- g olf A S &= o
Ve* - Vref*> e and (c*>de o]d A$]A] S &= OFF
Vet - Vref*> 4 & and Ic*¢-fe oj A9 S & N
7l de & 2xig viehdch
4. Simulation A3}
U3 &85 Neuron Y = o] Yz} &Y
ol wheh AR E[=1g}, Hidden %2} Neuron 8] 4~ A6l
BYH o]0 glolM, oAH7tx] 7ol thel A g3 2
12} 259 Neuron &] 4= 3 7 oleluh, [3 2] &= 4 %

~

2t

o

| g Pattern & YERd ZIRZA 1, 0 & Afx9)

10

ON-OFF  Aef& uiebdch  old Alzel + o001 &
Hysteresis #0°] 0,02 o1 Z-9-3} u}sich,
o] &g Pattern of 22jq Ugo] Byt AR s

leight &= 29 2eke) Aol 244 Fol: easix gn 2

—=115- %5k A7 H=wst wiag 31y ¢l Simulation



(& 2] 17 22 &g A2

Input signal Desired output
1 0.01 0.01 1
2 0.01 - 0.01 i
3 - 0,01 0.01 0
4 - (.01 - 0,01 1

Siiding mode #jo] wWo] A1&¥ ZEL thda} guh

Hysteresis %% . 4e =0.01
oMY} Sampling b4 Wy ¢ Ts® = 0.05
A4t ON-Time WY : - 0.05

A1& ygo] 2y A3} Aol T A7 2] A
Buck type EWolEl & Simulation & A 7I% BAHE
{28 4] of vehdigdch 4% Haw $de 245 45
ALZE (Tr®) & 2.19 2A Overshoot 7} glo}] w2 &53
B4 Agdulo] mebeln, 44k ae] Q3 (Ve - vrel*) 7}
0.0014 24 A2 PAY £ Udf BER o Ati: A&
44 och,

(28 5] & Buck type E{ole]2] Dynamic B4-& e}
& Role. A7 N2 Pdela] ¥t 2 vl FAY A
T34 Feizt 2 wjE 2y e Hdex = #z
0.0126 (2 %) 2} 0.00746 (1.2 %) 24, &Y HYL ¥}
Aste] BAYel Ael dAsctn 23d 4 gk 2jn
718 AYE 2 sle Hay Bz wjg F7 AR
of 28 Aye] FFAT (U % o 22 & 77 5,69 2
4.2 2 A 7€ dgd o] o] w2 g uehd
th

5 4 &

& ol Buck type Evjolels] &4 At & oje}
€ A2E A% ey Hol7E A¢stdrh Sliding mode
algorithn 22 417 329 847l ¥ g vehig

712 Aol winjel g J% B4 Dynamic HEE
Simulation ¥ Z12} w]z3] & Az 2gE wdjo] AL AF
e} 23t Dynasic 5-gof slold o &2 B4g vehid
oh whebd] ¥ 44 Hew axlo] AT 447 Hes
7heslAld, dY Wugale f851A4 A4y ziow Alg
et

(332 £4)

[1] B.J.Cardoso Fo, A.F.Moreira, B.R.Menezes, P. C.
Cortizo, “ANALYSIS OF SWITCHING FREQUENCY REDUCTION
METHOD APPLIED TO SLIDING MODE CONTROLLED pe-be

CONVERTERS™, APEC'92 Annua! Applied Power Electronics

Conference and Exposition, pp.403-410,

-116-

©
[N
3

ve*

05 f\\/

0.38 / /\\K -

/AN
2.08 vl
-0.1
o 2 4% 8 3 10

. (a) The reurai netwerks methed

0.85
ve'
G519
N
0.35 \v\
A,
/ Yy AT
0,2 et V‘mﬂumu.uuuu 2EAAAAMA
‘%A KERAA AR IR AL N
Q.05 / '\\A o
: A 'V'V“"'nh‘,.&\\.u AYWMAASAAAA
7y quf‘t"VVVVv)l Y
-0.1
0 2 4 8 g ™ i0

{c) The cerstant sampling fraguency methed

(228! 4] Buck Enjoluie] 7|% BA

v<6'5 75, 5
‘V\: s : 1 A
27 ; : 52
i 5 i
03944 i : 33
/ i
226t 26
c.13 l 1.3
Q 0
0 6 12 » 18 24 t* 30

- (@) Neural networks methed

0.65 6.5
eéi / ye ; f f?‘
5.39 {‘ ":‘ ' 23
0.257_——' —
6.13 [ 13

% 5 5 s a4 = 20

(c) The censtant sampling frequency method
{28 5] Buck Tujoleld Dynamic ¥4

[2] Jyh-Shing R.Jang, "Self-Learning Fuzzy Controllers
Based on Temporal Back Propagation”, IEEE Transactions
on Neural Networks, Vol.3, pp 714~723, 1992,

[3] Shin-ichi Horikasa, Takeshi Furuhashi, and
Yoshiki Uchikawa, "On Fuzzi Modeling Using Fuzzy Neural
Networks with the Back-Propagation  Algorithm”,
IEEE Transactions on Neural Networks, Vol,3, pp.80i~
806, 1992.

(4] E.Bernard, “Optimization for training Neural

Setworks”, IEEE Trans.on Neural Networks, Vol.3, pp.232

~240, 1992.



