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Finite-time prescribed performance safe tracking control for robotic
systems based on control barrier function

PENG Jin-zhu, RONG Yu-ming, WANG Hai-jing'
(School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: This paper proposes a finite-time prescribed performance safe tracking control (FPPSTC) method for robotic
systems based on the control barrier function (CBF). To address the position safety constraint problem of robotic
systems in Cartesian space, a Cartesian-space finite-time CBF (CFCBF) is constructed, which combines the system
kinetic energy with the safety constraints by directly established based on the dynamic characteristics of the task space.
By leveraging the kinetic energy of the system, the position safety constraint with a relative degree of 2 is reformulated
into an equivalent barrier function condition with a relative degree of 1. On this basis, to deal with the trajectory
tracking and obstacle avoidance problem of robotic system in an obstacle environment, a FPPSTC scheme is designed
by integrating the CFCBF and prescribed performance constraints into a quadratic program (QP) optimization
framework. Based on Lyapunov stability theory, it is further proved that the designed controller can guarantee the
finite-time convergence of the tracking error within the predefined performance boundaries. Simulation results show
that the proposed method can ensure safe tracking for the robotic systems while achieving finite-time convergence of
trajectory tracking error, thereby improving the control accuracy and dynamic performance of the system.

Keywords: control barrier function; robotic systems; finite-time control; prescribed performance constraints;
quadratic program; safe tracking
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TR R 22T EJY, () « RT — RY NS PERE
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T SRR
HIK, %%‘Fﬁiﬁ’f#h‘ B, (t), 14 (9) v

e, (1) + en(t)
LT i o S
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RZEUNT:

yCam] =T — T4 (20)

=

AT I IE € S B R
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R E e XSFHREN:
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B SOHEFEPRER R ZITT:
€y = [€u1y vy Com]| =T — Tpege (28)
B 28) IR 27), 4 & (24) AT15:
Z = —K,z, — Lysig(z,)]z]" + Ye,. (29)

DR S T R % A IR BB BT VT 1 3
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B, TSR AT
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B, (z)(K,e, + Lysig(e,)|e,|” +9z,).  (31)
H, K, = diag(kay, - - - , ko) B Ly = diag(lss, . . .,
Lo ) AAF B E I 1E TE 2 506 P
WPt g (31) AR (28) ATEATS 2
é, = —K,e, — Lysig(e,)|e,|” — ¥z. (32)
5l# 4 FEHEANRG 4), EEFHHA 31)
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T, FLATAIG6 BRER 15 2205 2 TR 1k g 10 5 2% A4
30 (21), JUI7E 2 A 2 i) e A R R R 22 o JR A R RR
TEALZIRTEHE Z .

EBH  FEREWIR Lyapunov BREL:
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25, R (29) A1k (32), AT15:
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— 21,V — 2] Ly sig(zy) |21 —
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Horb, gy = min{ )\ (K1), A (K2} A (1) RN EE
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AR ROyl < Il pear, i
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33
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m m
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i=1
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€
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(3,1), e, W (28) e, H I &
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B, B EE 1 AR, Y REYIIR R R 2 b T i
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u* = arg min | — Uges||?

s.t.u € KCFCBF' (33)

25 H QP I L Ay PR A
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w_{%+uwwwxwm<o (34
Uges; T(X) =0
Hrp
V(X)) = —i"ug + Po(2)' 2+ (v — z,) 2+
a - sig(h (X)) - [he (X)) (35)

HEEFI (33) AR FZA R R T Aul
Pis AR, FrrATIE0E T — 7). i H
b R BN — R B H L Hessian 58 BN 1E B FE, 1% QP
e fAE JUART b S A T K PR AR 458 1) 0w #3522 CFCBF
FERG 25 1F 2 75 (B . M4 Karush-Kuhn-Tucker
(KKT) A", eIt w5065 187 (7 1% 0 H 3181~ C b
JI R0 Z A

i PR XS V.L=wWw —uw) — ¢
(—2) =0 = u" = ug, — (3

(i) HAMATYE: (WU(X) = 0HC > 0.

HU(X) > O, FRFRa ] O 2 2 a2 W, it
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TR L), ¢ > 0HY(X) = 0. % PRtk
FAARNBOE 1)L F 71

—2"u + P,(2)" % + a.(x — x,) 2+
a - sig(he (X)) - [h(X)|" = 0.

‘ v(X)
o, AT AT AR AT R T H SR T ¢ = EE Bk

Gt AR SR, 64 B = —¢, BT 3 sk (34)
B i b A

FHE2 HBEHBARS @), AEZELHRK
Hh(z)m=X (10) keaefEd A (1), &6H R
IR AL N3N 1558 SR Eh, (X) sk (12), IF45
5 FO B ) A A A K (13), &S brEtiluh
QP [l I fAMT AN R (34), MIFHFRHLES N R GEi

(). EEFMACIERT, 22846 A BAGH
AR, M RG L LEN, HX(0) ¢ A, R4
RESTEARE T = UAGAO) PSSR 28 %2

a(l—7)
EEE A

(i). 20 SR AT IR B 5% 2 9 A TR T il S =X
(21), JUJ R g 5 2 6F il A B 221 a6 240 36 L 12 T 4% 1P o
), HARTS o A PRI [ sk 2 S iz .

EH @) BYX) =0, WA —i g+
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B u* = e, € Kopopr, IRYEEHE 1 745 A, F A1
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HU(X) < O, I (34) IS
T = 2 g + U(X).
AW AT N S W) CS
—z'u + P,(2)"% + a.(z — x,) z+
o siglh. (X)) - [h (D))" =
— & U — V(X)) + P,(z) i+
0 — )7 + asiglh, () b (X)) =
— T Uges + Po(2)"% + ao(z — x,) "0+

asig(he (X)) [h(X)]" = ¥(X) = 0.

AR FEIEE A Kopone W10 (19), V5w € Kepepr, 1R
FET 1 ATA, R R LN, AL, R X (0) ¢
A, REREENRT = LAG0) REEt

a(l —7)
BREERA..

(ii). H1 (i) T3 R Gt 2, B RGUIRSTE %
EREG AT, WA Y(X) >0, R4 E (34), H
U = Uge,. IRE T 4, D406 BR R R 22 3 /2 T
A1 Gt (21) I, BRIER 1R 22 06 BT A I 200 46 2835 2
LR (21), HERER R 2 Be 76 A7 BRI 8] P9 Je 8l 1
i, Bl lim, e, = 0. WAL, IR o PRIN ]
WSk = BT 2, UEW 58, O
4 fiRKAE

N T BRAUEASCHTHE I FPPSTC J5 ik il JCR,
AAEZ HHENS N RS EdAT 7 BUE 0 HIRE.
RGN FSHII MFRR AT
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B(q) o |: Qg + A3Cy ag ] ’

. asG>  a2(qr + ¢
Hig.q) = |2 (@),

Plg) = 0,50
HA ay = mal? + myl?,ay = myl2, as = —mylylys,,
ay = (myly + myly)g, as = maylyg, my Fm, 7 53R
INEERT 1 MUERT 2 BTE, 1 ML, 70 ) 3R AT 1 A
AT 2 K, gRREIEE, g =9.8 m/s*; s;+
Cin Sy Me; 3R 7R cos(q:)~ sin(g;)~ sin(g; + ¢;) M
cos(q; +¢q;), 4,5 = 1,2.
PLEE N R GE R E AT L AR R ] LA

o =151 — 13819
J(Q) | Lien F e

A SCHR [11], —H HENE ANRZES N
l,=1m,l,=1m, m; =8kg, m,=4kg. HHEN

. T
B B A T = [0 2" = [L25in(0.41 — ),

T
L.2sin(0.4¢ + )", Horbiy, Ry, 54 AR o My )7

—l5515
lyers

) b P A R BRBER R 2 1 TR 1 e 2 R A S B
THOLBE, A H R R Hn =X (8) IS HIKE
Mo = [3,3]", pee = [0.1,0.1]%, 0 = [0.1,0.1]". &
Rl 1) P EHBRNK, =20, K, =
25ys, Ly = 20,00, Ly = 0.11,,,. FEFS Y 00 % 5
Nz, = [1.19593,0.09876]", % 4= 8 d = 0.05m,
B b5 2% AF an =0 (18) I Z B N o = 300, a =
500, v = 0.5. L &% N ¥ 46 IR & 4 2(0) = [—0.73,
1.60] " m, fJj ELI 8] 5 B 40s, KAERE] 90.001s.

NFE Gy B AR SCHT BT R I O R AR R, K
H 545014 HoCBF J5 k4T T XL sie. FEARFE &
Gi5) 1 F SR BT T, A SO ) s
CFCBF [ 15 2% B 4k A5 1 1) HoCBF JE 3, H &
WAL N L2 h(2) + L, Lih(x)u + ki Lyh(z)+
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AR SCK HoCBF )28 V3 2 Koy A oy HEAT T I AR 556
K IBRTAFASHAE TS 0 R ERE
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2B ky k, €., FIRMS (m) e, FIRMS (m)
41 150 300 0.0986 0.303 1
42 300 450 0.1091 0.2401
43 350 500 0.0796 0.2122
g 450 600 0.1140 0.2713
415 550 650 0.0884 0.2478
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