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Switching Control Algorithm with Reduced Conservativeness in
Sliding-Mode Control
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This paper presents a design method of a switching control algorithm in which the conservative-
ness is reduced in sliding-mode control. In a conventional sliding-mode control system, the control
input is switched so that a certain function can remain a Lyapunov one in spite of the presence of
system uncertainties. However, the switching gain with conservativeness is generally derived due to
the simplicity of the control algorithm. In this case, higher gain is required than is necessary. This
situation is not suitable since it causes chattering in system inputs and/or steady state errors in
system outputs. In this paper, a condition realizing a Lyapunov function is newly derived. Based on
this result, a novel switching control algorithm with reduced conservativeness is proposed. The
algorithm is also expanded to an output-tracking control problem. Finally, simulation results are
given to illustrate the effectiveness of the proposed switching control algorithm.
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1. HHROBREE
KOREFBATREND VAT LEEXD.
#(t) = (A + AA)z(t) + (B + AB)u(t) + h(t) (1)

ZZT, z(t) € R*, u(t) € R™, h(t) € R" Th?h,

(A, B) ZHI#ExCTH b L35, AA, AB, h(t) X

VAT LADREEBRERLTEY, ZhbIXROKE

EEWMBTHLETS.

(i) R&EWT a € R™X™ B € R™*™ ~(t) € R™ »
FETS. (BEEEH)

AA=Ba, AB=Bg, h(t)=By(t) (2)

(i) a, B, 7(t) DBEATHIOFT X TOER (LT, ij B
RTRET D) TR LT |yl < @y, 18] < By
%) <% THD ayy, Bij, ¥ BHFEEL, hb
BEERTHD. i, || < By BT AT
D Bi;; DA GPORIZHLT||B<1THD.

FTHRERSPEAERGEEZBRELTNAIELEY

RIREEHEBRICEI VR (1) ZKROEEER (regular

form) ICEBRFRETH S O LEdoT, UTFTIR

HERIZOERXTRAIN TS LT 3.

.’i‘l = Allzl + Alzxz (3&)
o = Ag1x1 + Ao + Bou + B2 f(z,u,t) (3b)
ZZT, 3 € R"™™, o € R™, B, € R™*™,

f=az+Pu+y 4)

Thb.
ROz BEEROXZEATS.

o(t) = Ga(t) = Gia1(t) + Goza(t)  (5)

ZZT, oft) € R", G € R Th5. %7,
|Ga| #0 Th 5.
B A% TR (3) & RABRIC R OBRITRS.

u(t) = w(t) + un(t) (6)

w(t) ITRIBHBAL, u.(t) ZEIVBXEEANZE
#L

w(t) = —(GB)'GAz(t) + (GB) 'Ac(t) (7a)

1_Pao(t)
A(t) = —p(t)(GB) ' ——— 7b
un(t) = —p(t)(GB) TP )] (7b)
Thb. T, || - | B=2—2Vy R rrk

£T.bL, ot) BRI T —RHR (Tb) X us(t) =
—p(t)(GB) 'sgn(o) LML THD. K (7a) DEDLE
LEIZ VAT AIARBEERRVE LTROONDE
EHRIEASETH Y, F2HIREL LV REFE
~NEESHDLTDDOBBANERTHS. A € RV
EEBHIERELTIWRETIITHS. X (Th) O
P, € R*™ 3R ) ¥ 7 ) 7 FBRXEMWETHE
ERFTITINTHS.

PA+ATP, = —1 (8)

p() XAB T —TH AN, ZOMEDORDFIZOVTIE
WELAE THRETT 5.
X, & (3a) LR (5) LY,

&1 = (A1 — A12G5'G1)x1 + A1G5 o (9)

B85, T, o =Gi R (1), 6), )Ly

PQO'

—* _ + GBf (10)
PPy |

6=Ao—

LB, B

Hleellz e
g G1G2 Io
DEERH BT, X (3b) I (6), (7) ZEA L THE

bNBRE (3b) ETBHE, K (9), (10) i (11)
EHIZ L VR (32), (3b) Io—FT 5.

2. IYBRAHHA

UToOERTHIBEDT- GIXGB = 1, &l
TEHICBBETNRTWDLET A, HLED TRIFUT
(GB)"1G #¥HT G LTI\, 2B, Thick
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(223a)

Fig. 1 po determined by (22)
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LILTHEEARE > OREELT
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ROV IZVYT ) 7EETHY, V() hOHETS
V(t) 25 ty RERIPNIZ 0 1272 B 72121
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LY plRmEBREL TORIZ L.

V) (15)

p—E&—q"(az+Pu+v)>0 (16)

ZIT, gq=Po/ || Po || THY fixX (4) A
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p—&—q (az+7v) > q¢"Blw—pg)  (17)

BB, a, B8, y DT _XTORAEEREBNCH L TR (17)
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ZIT, |zl gl BT b x, g DERSDE OHERE
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729,
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LB L, pDEERAEFH ZTHEIC VLI WS
EBPMn5.

p— 6> la|" Blu — pgl (20)
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p =& > Blusgn(a) - p| (21)
WE, 2 (21) OFBEZhER
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z = Plusgn(o) — p| (22b)

LBE, HEhE p, % 2 & LT (22a), (22b) %
HRdde, 1o 25. EEL, ZORIX
wsgn(o) < § DFETHD. X (22a), (22b) DRA
D p BEEER po LT B L p> po THIITK (21) B35
U EMER SRS, wsen(o) > 6 DA bR
EBETX, $LODHLUTOLEIC p BTV
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usgn(s) < 8% 5p > po = “EEEIEL ()
wsgn(c) > 87 bp > py = %ﬁ(g)ﬁé (23b)

22 EANROBEE AL FEEC, R (20) 1

%t L
z=p—120 (24a)
z=ql"Blwi — pal =Y Giluii — pgi|  (24b)
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Bi, Uy R (25) OB [ BEELTHD. 2 (26) 0
L_;fﬁt_ﬁl(24a) &0)7‘—'50)/)}4‘ = pok | ko X Hick
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4+ By
1-9,

Pok = (27)

HL
fir < por < fik41 (28)
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TERRDEREL po = pox THBZ EBbns. L
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3. HEBLOHK
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O(t) = Amw(t) + Bmr(?) (32)

ZIT, we R, re R" ThbB. £=, A, B, X
Span{4,,
725720, Span{—} I3FIZEME KT ERXBEec R
ERDOLIIERT D.

e(t) = z(t) — w(t) (33)
L7zd3» T,

&(t) = Ame(t) — (Am — A)z(t) + Bu(t)

~Bmr(t) + Bf(t) (34)

K (34) 12 U TRIBERK e(t) DZRIIC 6 & FARITK
DY #x BEEDONE EHT 5.

o(t) = Ge(t) (35)

HIAS u(t) 5 & FHEICR (6) L35 &,

u(t) = —(GB) 'GAne(t) + (GB)"'Ao(t)
+(GB)'G(Am — A)x(t)
+(GB)"'GB,r(t) (36a)

un(t) = —plt)(GB) " —22)_ (36b)

| P2o(t) |l

L0, o B LTI (10) & F o7 < 7 LAY

Mo, L, o l3R(35), iR @) ThE. Lt
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o-ls 20]

(t)

FHEMEL A O (2,2) BRIC £50% AOES), B O
(2,1) ERIZ £30% NOKEE), h(t) & LT 50 AD
AT v THEBFEL> D ETD (] <0.04, 8] <
0.3, [v] €02 KXET3) . 2(0)=[05 0T & LT,
K36 7I2Z DI AT ATk LIRE L HlEL
WA L7254 & /EKD unit vector approach DEFH D

[250] u(t) + h(t)

— A, B} € SpanB &7z L CW il
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ELTWA. 228, 7Y v 7 EAHIT Smsec Th
B, YIalb—varida=0, =0 vy=005~
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030or —0.3, y=02o0r —0.20WFThhLDEF LD
TRTOMBEDHIIK L TIToTVDA, v =-0.2
DEE v =02 DHE LEFRREIZBOTy(t) BARD
EIEEL Z L EBRTFSER CERAZRLEZO T
IXEELTNS.

M2bbond Lo, FREBEROMEIZL > TIIR
£ L7 HIfE & G633 D unit vector approach TIZIE[R
URE L D58 bH DN, W 2hDT7—A TR
® unit vector approach X ¥ BIFRISEBH AT
A, 3ETHRHLEZLIICRRIZE > TRELEHIH
RIS RESE D unit vector approach & —ET+5Z &b dh
v, ZTOBEINEIIFICEEBINRZVD, BELH
HAUNEDBIBE, FLIGEPEEINLTVD
ZEBDNB.
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