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Discrete Sliding Mode Controller Design Based On
Adjustable Approaching Rate

Student : Chien-Hung Chen Advisors : Yon-Ping Chen

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

This thesis proposes a novel discrete sliding-mode controller with adjustable
reaching rate for discrete systems encountering: matched disturbance with
unknown upper. _bound. In-addition, by suitably. designing the approaching
mode, high frequency transient response-and high gain control input can be
avoided. Thereare two steps to design the discrete sliding-mode control. First,
choose an appropriate hyper-surface and the system will reach the control
goal when it moves along the hyper-surface. Besides; select sliding functions
such that the system trajectory in the.sliding layer will move toward
hyper-surface under specific reaching rate. Next, design the control
algorithms such that the approaching and sliding condition is satisfied, which
completes the controller design. Finally, to verify the feasibility of the
proposed sliding-mode controller, numerical simulation is adopted for a linear
single-input second order system and a multi-input fourth order system. From
the simulation results, the controller is indeed robust to the matched
disturbance and the system trajectory in the sliding mode can be steered to
reach the hyper-surface in a specific reaching rate.

Keywords: Discrete Sliding Mode Control
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;p;@,]»mﬁ Foo e d ET0AAE B F @/\ A€ EE R NFHEER A D T
BABC T ek s Tt W R R R B
NS & o IR ﬁﬁ%,}@,}iﬂzm?ﬁw ’;ﬁd DL SRR g 1T S 0 10

A A E

BACHDE R B KPR A REBEA R - A 5 B
B AiE T8 BCf (sliding mode) s, =0 0 & 8k St R O PR A B 4] P
o (W EFNE Ry, > @ kAL b KA ITIE B enfiiRT o g U i s
M BCRE A AR L AEFECE Y o X e P R o 5 MBI AE R

FRLG 0 AFBIHPLRP G BT - F AARE - LT RN
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3. 2 "B S0 Bk 3t
k3t DSMC 33 #4  B P - % — B % B2 a8 TR § VR HCR 0 0 RE kU
FHCRET wEDEEAIP R o 3 g 4r(3-10)50 2 S s kAL B e R BOR R
R EAREF Sk, TR

o, =X, (3-11)
BoceR™ 2 el #0 0 g HFY - LFRER GRS S HEREH LTHT 5

o,=01F XA RHBPL TG o PR{ T > ET- Bif g OERELT R[] #

Him BT

b=1r = 0,1 3-12
=1r=" (3-12)

7 =Tx = |:Wk:| (3-13)

HP z,eR" > weR"™ >y eR > GERIEBHT ¥Rk 1 2(310); - #Hx g i

Sl = Mzk+5(uk +dk) (3-14)
ER M_[M“ m”} TAT , 7%

my m,,

W =Myw +mp,v, (3-15)

Vg =My W+ myv, +u, +d, (3-16)

BEL RGNy i
o,=cx, =cT 'z, =¢,3, (3-17)

B e, =cT > £ 4

e =[e; 1] (3-18)
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el = (cTT)[T{o"llD =120 (3-19)

ok icr¢oml'+ £ s ploob s B - 5‘5;’5—“'?/’%‘ \Jrﬁﬁiz\ S
Op = €X; = Crgy = Cp W+ v, (3-20)

d Ok B B 0 (315) 8 M o, OB & A AR L, =0
k —%eq

Ty, =—c,w, 0 EHE (31507 F

Wi = (Mll —Mm,C, )wk (3-21)
BRER T_4F i (eigenvalues) » @ (3-17);% = 2 &7 em ki b » ﬁ} cd fRBLI R Y

wH = Fl(unitcycle)p » *¥ 5 d (3-17)0 2B e, 0 &
o,=cx, =c, Ix, = [ET 1] Tx, (3-22)

g BRSPSk, 0 AR RE
- SRR H AT B K 2 N B F E S e s A8 3T 2O 0
o EF L FFEN TR L SR £ o 50 Rk S e R

(\x

M RO R R & I B S e Tk e fi& LRl 8 R B
B 3T AEAT AT A B g R R e R 3 J » g BRI F LA
ko iR g SRR TR 0 T P 7 £ 38 gty p(chattering) IR % #-ig 2 A 2 o

Fot AT SHE - T WP R B Pt g kR AR

\3’1&{ o

v

FOA Y R AT AP AP Rk 5o (3-10) 50 T o - A e 30 B 5 S
o,=cx, > B¥ ceRY »elM=1°%>%NE - [Fppk B £ R 2 » HelE
Fodes, TS

s, =0, — Ao, , (3-23)
BY o, i - HPEF 3B LR DI Y s, BITEFEF 0, 77 € Eibre o, =0
Toac > EIEFIP 0o £ o5 S R A op #-(3-23)0 8- H 11z
Bt HES D FAT
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O'(Z) 1

h(z)= S(z) 11—zt

(3-24)

B 0 R R(B20)7 B R0<A<L pla(z) T - B A AN o F s,
W boid ehid 1TiE F AR ITEH RO s, = 0 FF 0 MG Rk B ST RO U B AR S A 4

r2og R BT kb

%’%m@uéﬁﬁﬁﬁﬁﬁm¢ﬁ&’@iﬁm $ea

jﬁ?

Z'q?. g4 ;LZ_;;DFIQ % BEog /’5‘1‘3— & B 2. ’r‘/{;—'— y 11 E g ,ﬁ“,f 7 ,‘{ja;\l ;‘;’g‘_“:‘ﬂ, °

3. 3 B HERE o4 liE PR

Jrlﬁjﬁ-ﬁ_ghl oS Fa — gt d s 50 E B8 4 @‘J)» » BE2L —‘J-nlg{(fﬁ_“‘
LG BF o e x T =g iR /f%&/ﬁ‘»sg iﬁ\f’ Z/j\‘,% ,“bﬁLﬁ?"*"xE‘tﬁ"fﬁ_HLmlﬁxﬁ‘x§ ’
o Y R P S B RS VTR R 2 R, o ks

m\pgﬁg& P\ 3@‘ r "'E?ﬁ"ﬁ:,": °

4 6 (3-10) 552 s 2L K B o B AR gk TIAE S 0 Rl PIpE > W

BRK Fe 20 % [ B T s 4o(2-26) 35 i - MR A R S P RN A

E
LR AL SR ok VPERU RPN ST IE R i 5 TE S SE L) I A B - O

“‘*L—%

L= o4
> e gt 3ok

EF R BT e ER) a0 P R RRPE  TF R A G TR BR

@mrﬂ% s H 2r gl ety B BT S 3R S B < ,J‘»}; Bl o m i R E R L 0 T A2
WA R RBERFER R LT 2 g ERHa T
[d—d,|
7 <7 for k=0 (3-25)

B phd, R F B T 5 -

BT j\xE‘.f—rnlé‘/ﬁ;f R |3 PR w0 ZOLE e ﬁ_&""‘“'é‘/ﬁ%’;}» cpFEo e d

Bch=1> BT koerpatiEY M il L g o d (3-10)58 2 (B-11) 5 & £
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re gk s EL Y
o, I E &

O,,—0,=c®PAx, ‘u, —u,  +d, —d, | (3-26)
,,‘F_[ v Axk,]_ :xk_xk,]_ ?3\‘ ;:2\ ~?f°11J\; f@.\—i % [ —E_ ° j’%-%‘f'] * (3'23)5\: ;‘Lﬂé"f Sy Z g:_ '/:E"__'&‘—"—r

Siq—S, =04, — 0, — Z(ak - UH) (3-27)
#-(3-26) 5 1% » (3-27)58 ¥ 1F

Spy—5,=-Ao, —o,)+e®PAx,_+u, —u,_ +d, —d,_, (3-28)
d 3@l v FIlAc, =0, -0, =cAx, > FP*#(3-28): &~ H & T &

Spn—S, =—c(A T -®)Ax,_+u, —u_ +d —d,_, (3-29)
Bl Ry, Ko™ o

u, =u,, ¥e(AL—DAx, +v, (3-30)
By, o~ (3-29)38F

S =8, =v, + (dk - dkfl) (3-31)
He oy, o i‘c‘}ﬁ“‘f Fe i dp R B e B AR BE(2-19)5¢ 20 38 3T R 12 0 i
By, s

v, =—qTs, — (77 + ;/)ngn(sk) (3-32)

He g>01-gT>0 y>0 o #(3-32)% & » (3-31)" 7 @

Sess — S, =—qTs, — Tsgnl(s,) (3-33)
H o

E=nN+y— (%]sgn(sk) (3-34)
7r e

e>2y>0 (3-35)

HARRR 3 2 AR R T S L AR
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3.4 3 B~ IR A £

N

R R

T YRR g ks BT R RS A RS 5

=

=
R om B 2 Bl kA S B AT ST

X = Ax+ B("k"’ dk) (3-45)
He x,eR" > AcR”™ > BeR" > w cR" > d, eR" > T BExeALEd, 2 %1
FHE

‘dk,i _Tdk—l,i‘ <n , i=12,.,m (3-46)

§ 5 - B ST U BTG A2 5 R AT R B I R
o e P e e R A 2 B B I R £
B & RER 6 A0

o, =Cx, (3-47)
29 g, =lo, 65 wwog] o CeR™ % LCB=1I, "% * Bk o, =0 4 a2

Rt TR B¥ LA m BE G B 52 suliche™

i

= O~ kO, 1y s (P=12,m (3-48)

e O<A <1l #8887 +s B0 3

s, =0,— Ao, ; (3-49)

St
L

T
sk:[sk,l Sk " Sk,m] )

0 L
4= =

0

0 0 A

BFR TR EAZER @ (2-19) 5% 18 3T B iE i a0 2 W o Bt IR ERTE T AT
Spari — Sk =915, — gTSgn(Sk,i) (3-50)

FR=%EAR 5
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St 8 = —q1 s, — €T Sg”(sk) (3-51)

He 2500 ¢g>0 5 1-gT >0 o 50 (3-45) ~ (3-47)% (3-49) % N3+ K §, chE & 4o

Sik1™ S8 =0, 1~ 0 — A(O'k - O'k—l)
= C(xk+1_ Xy )_ A(O'k - O'k—l) (3-52)
= CA(xk - xk—1)+ w—uw +d—d - A(O'k - O'k—l)
BB AE R S
w=u_,— CA(xk - xk—1)+ A(O'k - ak—1)+ Vi (3-53)
o~ (3-51)5% 5 B

S ™ S =Vt (dk_ dk—l) (3-54)

Sieri TSk = Vi (dk,i = dk—l,i) (3-55)

.ﬁ}

Vi =918, — (771' +7: )ngn(sk,i) (3-56)

Ho oy >0 0 7 % ked 5 % Adniot 26 T s, =0 2 5T & o ¥y, 5~ (3-55)

;T E

Spani — Sk =915, — giTSgn(Sk,i) (3-57)

&=0n+y, - [%]sgn(sk’i) (3-58)
d (3-5)7 v
&2y,>0 (3-59)
ERE AR RE LRGP -y
BT EAHDI(347)8 Y Cakzt 2 5% o b & AR A pdrd| g

Fiio, =0t  RFEBERELT KT

0
TB — |: (nm)xmj| (3_60)
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2oy = Mz, +TB(u,+ d,) (3-61)
e

2, = |:’:k:| oW, = [zk,l SRR A ]T ,
k

— M., M
d -1 1 12
Vi I:zk,nferl T zk,n] v M=TAT " = |: j|
M, M,
- 9 #(3-61)58 1+ A

woa=M w+ M,y

(3-62)
vk+l :M21Wk+M22vk+ uk‘l‘ dk (3-63)

44k

9 ARG P (3-63) 5 W o] OB g SRR R M L R
k=Ueg

FHCREPEE 24 B(B-62)5 0 5 ah(3-62) 8 2 (R Rk s o

L

5

o, =v,+¥w, (3-64)
SR TR e Jev ik Oy =0 7 Ty, ==Pw, sy &~ (3-62)5 7

31

Wi = (Mll_ Mlzq’)wk

(3-65)
g 4 (M- M) cnst i @ 3 B0 & 48 § 0% =[] (unit cycle)p » T

REW o #(3-64) 858 B

O'k:[q! Im:{w,{:|:[y] Im]Txk
Vi

(3-66)
7 T

C = [T Im]T (3_67)
TERBE C R R R A
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41 _%f ﬁ;}l N> = F‘éb ,f ?/J—v‘_,
BB PFER 72001 fy2 iE ™ > g T BT Al fein 2 o fg
X, =Axk+b(uk +dk)

12 0.1 0 )
#e A=[ 5 0.6} , b=u » 2 323 % d(r)=0.5cos(2m) » B A

v "

d, =0.5cos(27kT )= 0.5c0s(0.02k )
F AU 32 e NEEG, o 4
o, =X,

2o c=le, 1] 2 eb=2" ¥ i Ape ER R F o, =0 d

U=l gg

o, =Xy

=0, +%,=0

| — _ [y <7 ZE
EJJxk,z_ CiXpq TN X B

X1 = (1 R\ cl)xk 1

B;C_i]

(1)

5 IHz » B4k 1

(4-1);v v @

(4-4)

(4-5)

TR 4k SL AR M B (44) 2o ekt 5 095 0 ¥ B =025 > T

oy =ex; =[0.25 1w, o =4S
s, =0, —Ao, 4
P 0<A<l > % ks B & SLPLpR 2 ip 1T F o R 45(3-30) 5N Bar gk

u, =u, , +c(/112—d5)(xk—xkfl)+ v,

St
pr

v, =—qT5, —(77+y)ngn(sk)

d 3 |d, —d,,|~314T <nT > %&E % =35 d (3-34)¥ 4
8:3.5+y—(%]sgn(sk)
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Fls | B0 % 0 kSR 3T —gTs, 2 R S e T G BB 0 W F kS
B biE T R Ble - 2 T G U R e 2 T A [, < p
BERG

el (

T
<(7T+y)— 4-10
T y)l_qT (4-10)

p:

[Casel-1] g=8 > y=2 - 24=0.7

R AL AR g8 y=2 1=07 > (TR G ERE R RS R o LA ds

i % xg=[8" -6 " MATLAB it {5 i #&

i
*n

DR R RAcBl 4A1-F 4.4 0 G PR AR it s, d A ek P e R R

W@ &2 7 g RN A K s | < p o B0, B it oy < p o

- sec

B 4.1 g Bt (=8 y=2 ~ 1=0.7)
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Time : sec

85 y=2+1=07)

Bl 4.3 fdl# ~ (g
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Time : sec

44 K R(g=8y=2+1=0.7)

[Case1-2)] ¢=85 > y=2 v~ 1=0.7

EiE o d (2-19)58 ¢ o |Sk| AR R aAT T — T, 2 R aE S e R

&

SR R S = TR i o

p<(7+y) ~0.14 >« 38 g f % RIph TR g~ > 1T {1 MATLAB

1-gqT

4

W% q ST ARETF R pNTRILE 5 2 RS o

PHEHE S E AR 45~B 48 VBl A5 E R 41 Kg Slicd 84T 350 F
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"'Efﬁ’%i ggi;}—iﬁbjjgl PN j\a;’_ o
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4.2 % %?J P

¥k T AR Bk AR T=0.01 7))

X, =Ax + B[uk + dk] (4-9)
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0, = 1f2qT ~<04+7, )ﬁ (4-22)
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