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ABSTRACT This paper investigates the finite-time consensus tracking problem for nonstrict feedback
nonlinear multi-agent systems with unknown dynamics and control directions. Firstly, the backstepping
scheme based on command filter and fractional power control law is proposed, which can not only solve the
problem of computational explosion, but also ensure that the state of each agent can follow the leader’s output
within a finite time. Then, the error compensation signals are designed to compensate the error caused by
filtering. The unknown nonlinear dynamics are approximated by the fuzzy logic system. The state variables
problem in the non-strict feedback system is well solved through the scaling of inequalities. By introducing
the Nussbaum function, the intermediate input signal and control input signal based on adaptive control law
are designed respectively, and the problem of unknown control directions is solved. Simulations are given

to show the effectiveness of the presented method.

INDEX TERMS Finite-time control, nonstirct feedback multi-agent systems, unknown control directions,

Nussbaum type function.

I. INTRODUCTION

Recently, the consensus control problem of multi-agent sys-
tems (MASs) has received many concerns since the extensive
engineering applications for multi-unmanned boats, multi-
unmanned aircrafts, multi-sensor network and so on [1]-[4].
Consensus problems include MASs with leaderless-
following case and leader-following case. The leader-
following system can strengthen the communication between
individuals, improve the anti-interference ability, save energy
and so forth. Therefore, many people are committed to
study such problem, such as in [5] a leader-following struc-
ture of the consensus algorithm is designed; in [6]-[13],
the single-intergrator, double-intergrator and high-order non-
linear dynamics for MASs are considered, respectively.

The nonlinear dynamic in the MASs, especially the higher-
order nonlinear characteristics is a challenging situation.
As a mature method, the backstepping control can solve
this problem well [14], [15]. But in backstepping process,
the explosion of complexity problem will occur. Therefore,
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backstepping technology combined with some advanced con-
trol techniques have been given. For example the dynamic
surface control (DSC), by using the first-order filter can
solve the expansion of the differential term and make the
controller design simple. [16] puts forward a DSC approach
for MIMO nonlinear systems under immeasurable states;
in [17] and [18], the distributed DSC design approach is
proposed to design the controllers, and the DCS on the
containment control problem with dynamic leaders is further
considered. But how to compensate the filtering error is
not proposed in them. The command filtered backstepping
control is also an effective scheme [19]-[22], in which the
error compensation signal is constructed to eliminate errors
generated by filtering. So that the higher control quality
and desired tracking performance can be obtained. For the
unknown nonlinear dynamics, the adaptive neural network
(NN) [23], [24] or fuzzy logical system (FLS) [25], [26] is
usually introduced to approximate it. However, the closed-
loop systems under the above design schemes are all asymp-
totic stable. Compared with finite-time control, they lack
faster convergence and higher tracking performance. So the
finite-time control method are proposed to improve the
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convergence rate and achieve the fast stability of MASs.
In [27], the authors study the finite-time control for second-
order multi-agent systems with antagonistic interactions.
In [28], the authors consider the finite-time backstepping
control for nonlinear MASs, and the finite-time formation
for spacecrafts subject to external disturbances is addressed
in [29].

It is worth emphasizing that all the control schemes men-
tioned above are not aimed at non-strict feedback systems.
They are only apply to strict or semi-strict feedback systems.
Therefore, there will be some limitations in practical engi-
neering applications. In order to solve the problem of non-
strict feedback, some different schemes have been proposed
continuously. In [30], [31] they usually use the method of
variable separation to deal with the non-strict feedback struc-
ture, and in [32] the author studies the trajectory tracking
problem for nonstrict-feedback systems. But the variable-
separation method has a disadvantage that the stability analy-
sis is complex in general. So other simpler approaches should
be further studied for stability analysis. Up to now, to our best
knowledge, the problem of finite-time consensus tracking
for nonstrict feedback nonlinear MASs is remain unsolved,
which need to be further study. Further, in the control systems,
the signs of control gains are called control directions that
are required to be known a priori. But in some practical
control systems, such as uncalibrated visual servo system,
autopilot design of uncertain ships and unmanned sailboat
heading control, their control directions are often unknown.
Therefore, the design of control signals becomes difficult in
the process of backstepping, and the adaptive problem is also
difficult to solve. It is gratifying to note that the Nussbaum
gain can solve the unknown control directions (UCDs) well.
After this, the authors in [33] present a robust adaptive control
approach for uncertain nonlinear systems with completely
unknown control coefficients. In [34] and [35], the authors
consider the cooperative output regulation problems for non-
linear multi-agent systems with unknown control directions.
Although the design of controllers for signal nonlinear sys-
tems or nonlinear MASs with UCDs are all very concerned
problems, the work for nonstrict feedback nonlinear MASs is
little.

This paper will consider the above discussion, study the
adaptive finite-time consensus tracking problems for non-
strict feedback nonlinear MASs with UCDs, and design a
controller of the MASs under a general directed graph. The
main contributions and advantages of this article are summa-
rized in the following two points.

1) Compared to [17]-[19], [21], a fuzzy approximation
based finite-time command filtering backstepping technol-
ogy is design to solve the explosion of complexity problem,
and guarantee the closed-loop system converge quickly and
ensure better tracking accuracy. The filtering error compen-
sation scheme is designed, which can further improve the
control quality.

2) In [15], [19], [21], [28], they study the systems with
strict or semi-strict feedback structure, a non-strict feedback
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nonlinear MAS is investigated in this paper. The state vari-
ables problem in the non-strict feedback system is well solved
through the scaling of inequalities based on the basis function
vector of FLS. Moreover, the UCDs of the MASs are solved
by using the Nussbaum type function, which is more adopt to
engineering applications.

Il. PROBLEM FORMULATION AND PRELIMINARIES

A. GRAPH THEORY

In this paper, the weighted directed graph G = (V, €) is
used to describe the communications about N agents, where
E C V x V represents the edges and V = {1,2,...,N}
represents the nodes, respectively. N; = {j|(j, i) € £} describe
the neighbors of node i. If similar to this form of continuous
edge sequence {(i, n), (n, k), ..., (m,j)}, we say from node i
to note j exists a direct path. A = [a;] € RV*V is the
weighted adjacency matrix where a;; = 0 for Vi, and a;; > 0
when (j, i) € &, a; = 0 when (j,i) ¢ &. the Laplacian
matrix is L = D — A, where D = diag{d,, d, ..., dy} with
di = Zjvzl ajj. If there exists a node that has a directed path
from it to other nodes, then it is a root node. If a spanning tree
is existed in G, then the root node exists.

We use an extended graph G = (V,€) to describe
the communications between a leader agent O and the
N following agents, the adjacency matrix is described as
B = diag{by, b>,...,by}, in which b; > 0 means from
nodes 0 to i has an edge, otherwise, b; = 0.

B. SYSTEM DESCRIPTION

Under the directed graph G, we discuss the communications
between N following agents and one leader. And the equa-
tions about the ith follower of the MASs are given

Xig = fi.qx) + 8i.q(Xi g)Xi g+1
Xing = fin; (%) + &im; (5Kt

yi=xi1, q=12,...,n—1 (D
in which x; is the state vector and i € V, x; = [x;1,
T i with & T
Xi2, ... Xigl" € R with Xig = [Xi1,xi2,...,%iq4]".

vi € R is the output signal and #; € R is the input signal.
In the MAS, f; ,(-) is smooth nonlinear function but unknown.
8i,q(-) is a smooth bounded and known function, which
01 < |gi¢()l < 02, and o1, 0y are known positive con-
stants. The gain K; is transfer coefficient and the sign of it
is unknown. The leader’s signal r(#) € R is known and the
functions r(t), 7(¢) are assumed to be bounded and smooth.

Remark 1: f; 4(-) is the unknown smooth nonlinear func-
tion and it need all states of the system (1), so that it is non-
strict feedback case. Many practical systems can be described
as or transformed into (1). For example, the electromechani-
cal system in [20] and the one-link manipulator system in [31]
and so on.

C. SOME LEMMAS AND ASSUMPTIONS

Assumption 1: G contains a spanning tree and the root
node is the leader node.
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Note that Assumption 1 guarantees that all eigenvalues of
the matrix H = L + B have positive real parts [28].

Lemma 1 [28]: If the numbers o1 > 0, op > 0, and
y € (0,1), and the Lyapunov function satisfies vV +
o1V(x) + oaV¥(x) < 0, then the system is finite-
time stable, and the setting time is T < f +
[1/(o1(1 — yN1In[(o1 V™7 (t0) + 02) /02 ].

Lemma 2 [35]: If the continuous function X(-) : R - R
satisfies

1 n
lim sup—/ R(w)dv = +o00
0

n— 00 n
1 n

lim inf—f Rw)dy = —o0 2)
n—00 nJo

then it is a Nussbaum type function. v®cos(v) and
e"2 cos(m/(2v)) are the common Nussbaum type functions.

Lemma 3 [33]:Let V(t), {(¢) defined in the interval [0, #r)
and they are all smooth functions and V¢ € [0, #), V(¢) > 0,
and the function R(¢) is even smooth Nussbaum-type func-
tion. If there is the following inequality:

t
V(D) < o+ e /0 [OREQ) + 11T ()

in which ¢ is a suitable constants, ¢y is positive constant, and
the time-varying parameter g(t) takes values in the [[—, [+]
with 0 ¢ [ and the interval is unknown. Then on [0, #),
the functions V(¢) and fot g(t)N({)éd T must be bounded.

Lemma 4 [20]: If the continuous function f (x) is defined
on a compact set W. Then the FLS WTS(x) meets the follow-
ing inequality

sug Fx) = wisw)| <y “4)

where the any scalar ¥ > Oand W = [w, wo, ..., WQ]T is
the ideal weight vector, S(x) = [s1(x), s2(x), ..., so(x)]T/
Z,’Q:1 si(x) is the basis function vector, and s;(x) =
exp[(—(x — y,-)T(x — yl-))/(riz)] is the Gaussian function,
respectively. where y; = [vi1,¥i2,...,Vin) for i =
1,2, ...N is the center vector, and the width is ;.

Ill. MAIN RESULTS
Define the following tracking errors for the ith agent:

N
g1 = Z a;j(yi — yj) + bi(yi — r)
=1

Eiq = Xig — Tiq» q=2," 0 ®)

where 7; 411(t) = @i 4,1(t) and @; 4,1(¢) is defined as follows.
Lemma 5 [28]: The following second-order command
filter

Qig1 = Xig.1
1
Xi.g,1 = —Fig1 |<Pi,q,1 - Oti,q|2 sign (‘pi,q,l - Oti,q)
+‘pi,q,2
Pig2 = —riq28ign (@ig2 — Xig1) (6)
155264

can guarantee ¢; 41 = @4 and x; 41 = @; 4 are satisfied in
finite time by choosing proper r; 4,1 and 7; 4 2.

Remark 2: The parameters r; 41 and r; 42 of command
filter (6) should be chosen large enough, and r; 4> should
be firstly selected. Then by inputting the virtual signal «; 4,
we can get 77 g+ and 7T g4 1.

Remark 3: In the process of backstepping, the command
filter (6) is used to get all intermediate functions and their
derivatives by inputting o; , of each step, it can also filter the
virtual signals precisely and get its derivatives and guarantee
the conditions ¢; 41 = ;4 and x; 41 = &; 4 are satisfied
in finite time. The application of command filter can well
solve the problem of computational explosion in traditional
backstepping control design in [14], [15].

Now, through the command filtered backstepping scheme
based on fractional power control law, the virtual control
signals o; 4, o; ,; are designed as follows:

1 ( 1 r vi16;
o] = ———\ —zvi1—ki1&i1 — =57
l (di + bi)gi1 2" o 2¢7,ST,Si1
N
—oivl | + Zai,jgj,lxj,z + bii’)
=1
1 ( 1 . viab;
a2 =—\ —zvi2 —ki2gin— —5
8i2 2 2¢325525i,2
- Qi,zvzz +1ip — (di + b)gi€i, 1)
1 1 Vi,qéi
Qg = —(— “Vig — ki,qgi,q e
8iq 2 2¢i2,qSiTqS"’q
— 0igVi 4 Tig — 8i,q—18i,q—1>
R(&i) (1 Vi O
Ui =djpy = —\ = i_}_k.’ L€, i++
i in, i 5 Vin i,n;€i,n, 2¢gnngniSi,ni
+ Qi V), — Fim + gi,n,-—l£i,n,»—1> (N

1 _ yl o . .
where 5 <y = » < 1, y1, v are positive odd integers, k; 4,

0i,q are all positive constants, N(¢;) is a smooth Nussbaum-
type function and the updating process of ¢; is designed as

A

Vin0i
+ 292 ST
¢i,n,— [

in; Si.n;

. 1
= Vi,n; i i C1n;
¢ Vln(EVin + ki n;€in

+in”ivgjni - fri,ni + gi,n,'lgi,n,-l) (8)
We further define the compensated tracking error v; , as

Vig=¢iq— Vg q=1,...,n 9

and give the following error compensation signals to elimi-
nate the error 7; 411 — @; 4 caused by command filter (6)

Vi1 = —ki19i1 +(di + b)gi1Vin

—;,18ign(¥;1) + (d; + bi)gi1(mip — @i1)
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Bin = —ki2®i2 — (di + b)gi1 Vi1 + 8i2(mi3 — ati2)
—ti2sign(¥i2) + gi2vi3

Dig = —kigViq — 8ig—1Di.g—1 + 8i.g(Tig+1 — ig)
— i gsign(V; ¢) + giqVig

Dimg = —kinDin; — LinSigN(Din) — Gin—1Dim—1  (10)

Now we establish the following Lyapunov functions with
n; steps to show the designed controller is effective.
step 1: Firstly, choose the following Lyapunov function

1,
Vir = 3% (1)
then Vi,l is
Vii = vi1(éi1 — 1)
N
=1 ( — %1+ Za,;/(fci,l —Xj,1) + bi(%i1 — f))
=1

Vi ( — Bi1 + (di + b)(fi 1 (50 + gi1(xi,1)x.2)

N
= > a1 () + 8.1 (5.1)x;.2) — bﬂ")

j=1

N
Vi ( — D1 4 (di + bi)fi1(x) — Z aij(fi1 ()
=1

+ 815, 1%j,2) + (di + bi)gi,1(xi,1)Ei 2
+ (di + bi)gi,1 (xi,1)(7i2 — @i 1)

+ (d; + bi)gi,1 (xi, Dei1 — b#)

N
=il ( — D1 +fi (i ) — Zaijgj,l(xj,l)xj,Z
Jj=1
+ (di + bi)gi,1(xi,1)ei2
+(d; + bi)gi1(xi )2 — o 1)

+(d; + bi)gi1(xi a1 — bﬂ") (12)
where fi 1(xi, ;) = (di + bi)fi 1(xi) — Zﬁvzl ajif;,1(xj) and it is

unknown, from Lemma 4 it can be approximated by the FLS,
that is

firGei,x) = W SiGxi, ) + 8iy (13)

where x;, x; are state vectors of agent i and j, |8; 1] < Vi1,
and ;1 is a positive constant. Because 0 < Sl.TSi < 1 and
through inequality scaling yields

LiJi, — 2
297 2 2 2
viIWiil® ef vE v
SalsTs, T2ttt M
2¢i,15i,15i,1
where ¢; 1 > 0 is a constant, §; = S;(x;,xj) and S;; =

Si,1(xi,1, xj,1). Now, substituting (7), (10) and (14) into (12),
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we can get

. Vil (”Wi,l 12 — éi)
Vi1t < V',1<
l l 2¢l~2,15515i,1
— ki 1vijn + (di + bi)givia — 0i1v] |

. v P
+u,1s1gn(z9,~,1>> + 71 + 71 (15)

step 2: The second Lyapunov function is constructed by

1
Vio=Vi1+ Evzz (16)

So we can get
Vio = Vig +viavio = Viq +via(=di2 + %2 — 7i2)
= Vi1 + Vi,2< — Dip 4+ fi2(0) + gi2(Fi2)xi3 — 7'Ti,2>
= Vi1 + Vi,2( — B2 +fi2(6) + 8i2(Fi2)ei 3
+8i2(Xi2)i2 + 8i,2(Xi2)(7i3 — ati2) — fri,z) (17)
From the FLS, there exists a Wi?2Si(xi) so that

fin() = WhLST (i) + 8i2 (18)

where [6;2] < Y2, and ;2 > 0 is a positive constant.
Similarly we use the inequality technique like in (14) and
substitute (7), (10) into (17) yields

2
2 . y+1
Vi< > [—ki,qvi,q + Vigligsign(ig) — 0igV; 4 ]
g=1

2
1 2 1 2
+ 2} <§¢i,q + 5%4) + 8i2Vi2Vi3
g=

2 2 (|Wig|” - )
+ Z—"qziz l;;” o (19)

g=1 i,q~i,q" "4

where S; ; = S; 4(Xi 4).
step q: The Lyapunov function equation of step ¢ is con-
structed

1
Vig = Vig-1 +§viq,q=3,...ni— 1 (20)
Then we get
Vi,q = Vi»qfl + VigVig = Vi,qfl + Vi,q(—zz/‘,-,q + Xig — Tig)
= Vig—1 +Vig(—Viq + fi g+ 8i.q(Xi g)Xi g1 — Tig)
(21)

Similarly, the given constant v; , > 0, from the FLS, there
exists WiTqSi(xi) so that

figG) = W ST (xi) + 84 (22)

155265



IEEE Access

G. Liu et al.: Adaptive Finite-Time Consensus Tracking for Nonstrict Feedback Nonlinear MASs With UCDs

where |8;4] =< 4 ,and S;y =S4, .Through
the inequality technique, we can get the following
results:
Vigl Wial” q|| 1
2¢l SigS

Then combine (7), (10), (23) and (21) we have

q
+1
Z [ ki pVi, + Viplipsign(di ) — 0ipvi, ]

S | Vip
+ ; (7 5

i 2, (Wi, |)*
2¢2 ST Sip

p=1 i,p°ip

+ &i,qVi,qVig+1 (24)

where S; , = S; p(Xi p).
step n;: The Lyapunov function equation of step n; is
constructed as

1
Ving = Vin—1+ 2v, ni (25)

and
Vi,n,- - Vi,n,-—l + Vi,n,-“ji,n,-
= Vi,n,'fl + Vi,n;().fi,n,' - ﬁi,n[ - ﬁi,n,')
= Vini—1 + Vin;(fi.n; (i) + 8in; Kivti
- ﬁi,ni - ﬁi,n,-) + ;l‘ - g‘l’ (26)
Similarly, there exists a Wi,Tn,«Si(xi) so that
Sim i) = W ST ) + 81, 27)

where [8; ;| < Vin, and ¥;,, is a positive constant and
where S; ,; = Si n;(Xi.n,). We can get the following results:

2 2
Vinfon () < 2 ||Vme | ¢>, s R S
2¢lnsln 2

So substitutes (7), (8), (10) and (28) into (26) we can get the
results

y+1
Vim < Z [ i qu q + vigli, qSIgn(ﬂz q) QiqViq ]

o, Yha) , 3o 0l =)
- +y
Z( T

+ (K& + D& (29)

According to Yang’s inequality we can get

. 1 . 2 2
LigVigSign(¥ig) < Eti,q[mgn(ﬁi,q)] 3tiavig
11,
< Eli,q + 2‘1 qVi, q (30)

155266

Further, substitutes (30) into (29) we can get

n;
. 1
Vi,n; < - Z <ki,q = q> Z 0i, qVVJr

g=1
+Z( w,q+ L,q+ ¢,q>

N 2’: vl ZVi qT|| )
g=1 2¢; qSl qS’ q
+ (KRG + D ¢ (31)
We denote 6; = max{||W; 1], IWi2l?, ..., |Winl?}, and
the adaptive updating law about 6; is designed as

n; )\[ qu
—2Aii; + Z 297 5T 5im (32)
Lg Lq

where the constants A;, u; are all positive.
We further define

V= Z Vin + Z —92 (33)

where 9~' =06, — 9,-, SO we can get

V<_ZZ<"’ qu) ZZQWVHI

i=1 g=1 i=1 g=1

F D0 (4t ) + X
i=1 g=1 i=1
N .

+ ) (KR@)+ 1) & (34)

i=1

where pi00; < — [(i(2e; — 1))/2¢:] 67 + (wici /2)6?, and
ci > (1/2). So we have

V<—ZZ<14 ‘tq>

i=1 g=1

+ZZ< Lig + ¢,q+ w,q>

zlq—

ZZQt quH

i=1 g=1

v+l y+l

N
Z<5’92> 2 +Z<5’92> RN

+ Z picif] + Z (K@) + 1 & (35)
i=1 i=1

in which ¢; = A [(ici — 1)) /2¢], if (5i/2)67 = 1,
so that [(5i/A)07 17V — (6i/ai)0F + pici6} < wicit},
if (i/)6} < 1, we have [(i/A)6717D/2 — (/2067 +
,u,c,-@f <1+ ,uic,-é’iz. Applying these to push and we can get

N

. y+l .

V<—olV-—0V? +n+) KRG+ D& (36)

i=1
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where o0y = min{2k;y — (4,26}, 02 = min{g;4 -

2002, @) D and = 3L, S0 g/ 2+ 87,/ 2+

v JD+N+ SN | wici6?. (36) implies that V < —oy V +
N .

n 4+ > (KiR()+ 1), and from Lemma 3 we know
i=1

Zflzl (KiN(g“i)]V+ D¢ is boundpd in [0,#), and Nmax =

max,cfo,;] =1 KR+ 1D &, = 0 + fmax. So the

inequality (36) can be rewritten as

. y+1 _
V<—0V-—onV2 +p 37
Then there has a constant v € (0, 1) so that (38) can be written
as
. y+l1 _
V<—-voV-0-v)oV-onV2 +n (38)
or
. y+1 y+1 _
V<—-0V-vnV2 —(1-v)nV 2 +n 39

We can get V. < —voy V — ooV@*TD/2 when Vv >
[11/(1 = v)oi]. According to Lemma 1 the decrease of V will
put v; 4, 6; into the region

(thve) € { 1 } (40)

(1 —v)o

in finite time 711 < [1/(vo1(1 — (y + 1)/2)]In[(vo,
V1I=+D/20) + 02)/02]. From (39) we have V < —oV —
Vo, VD2 g yr+D/2 o [n/(l — v)az], similarly,
we know that v; 4, 6; will be driven into the region

(Vig. 0) € {v < [(1 — vm} ] (41)

in finite time 712 < [1/o1(1 — (y + 1)/2)]1n[(oy
VI=0+D/2(0) 4+ voy)/vos]. So that we know v; , will arrive
[vig| = ming,/203/((1 = oDl {200/((1 = o)
in finite time 77 = max{77 1, 712}. In order to prove that ¢;
is bounded, we need also to prove that 9; is bounded in finite
time since &; = v; + ¢;. Now we choose

Z Z 92 (42)

zlq_

Then, one have

N
V= Z <(di + bi)gi Vi1 (i — ain) — ki19 i
i=1
+(di + bi)gi 10,1052 —
—kip®2i2 + ginVin(mis — i) + gioVi2Vi3
—(di + bi)gi Vi1 2 — Vit 2sign(di2)
+ .+ 8iqVig(Ti g+1 — i g) + 8i g Vi g¥ig+1
— 8i.q—1Vi,g—1%i,qg — Vi gli,¢Sign(d; )
e ki,n;ﬂzi,ni = &ini—1%in—1Vn;

- ﬁi,niti,niSign(ﬂi,”i)>

Vi, 1ti,181gn(D4,1)

2
_ki,ql9 i,q
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n; n;

- Z Z ki.q? Z Z Viqli.qSign(Dig)

i=1 g=1 i=1 g=1
N ni—1
+ Z Z 8i,qVi,g(Tig+1 — iyg)
i=1 g=2
N
+ Z (di + b)gi10i1(mi2 — o) (43)

i=1

Form lemma 5, we have |7r,-,q+1 — a,-,qi = 0 is satisfied in
finite time 75, so we rewrite (43) as

v

S_sztq ZZLHI’I?"A
i=1 g=1 i=1 g=1
< —koV — L)V % (44)
where 19 = +/2minf{t,}, ko = 2minfk;,}, then we

have lim,7,9;4 = 0 for T3 < T» + [1/(ko(1 — 1/2))]
In[(koV'~1/%(T2) + 10)/10]-
Finally, we will get for t

1] < min(y 2T =D1], 207/ — Vo) P/ D).
Denote Y| = [81,1,52,1,...,8N,1]T and ®; =
bi—roya—roon—rlt, @1 = (H®Iy.w) '
Then we can get |y; — r| < [\/ﬁmin{ 2[n((1 — v)ayp)],
V27110 = )21V +D}/ ppin(H)], where the minimum sin-
gular value of H is represented by 0y, (H).

Theorem 1: Consider the MASs (1) satisfies
Assumption 1, and r(t) represents the leader signal. Using
the finite time command filters (6), design the virtual control
functions (7) and the error compensation signals (10), then
the control law is chosen u; = «;,, and combine with the
adaptive law (33) can guarantee that the consensus tracking
error of the closed-loop system can converge to a sufficiently
small neighborhood of the origin in finite time.

Remark 4: We can see that the steady-state error is deter-
mined by the parameters o1 and o, which are defined in (36).
And the control parameters 2k; ; > ©; 4 should be satisfied.
so that if we choose larger control parameters k; 4, 0;,4 and
smaller ¢; 4, y we will get bigger o1 and o2. Then we will
obtain the smaller steady-state error. But the small ¢; ; will
affect the convergence rate of the error compensation signals.

> Ty = max{Ty, T3},

IV. NUMERICAL RESULTS

In this part, we will through a specific simulation example
and comparison of different control schemes to illustrate the
effectiveness of the current method. As in Fig.1, consider the
system has three followers and one leader, and the followers
models are chosen by

g1 =1,
gr2=1

f1,1 = cos(x1,1x1,2),
fi2 = x1,1%1,2,

fo,1 = sin(0.5x2,1x22),  g21 =1,

fo2 = xo1x00e 0322 gy =1

f3.1 = cos(=0.5x31x32), g&3,1 =1,
f2=x31x32, g32=1 (45)
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FIGURE 1. The leader and three followers.

in which x{(0) = [1.5, —0.5]7 is the initial state of agent 1,
the agent 2 is x2(0) = [—0.7,0.3]7, and agent 3 is x3(0) =

000
[1.4, —0.4]7. The Laplacian matrix is L = —-110],
—-101
100
the leader adjacency matrix B = [ 0 0 0 |, and the output
000

of the leader is given by r(¢) = sin(0.5¢). Control parameters
of the system are set as k; ; = 10,4 = 8,0;y = 20,y =
(3/5), Tig,1 = 450, )\.i = 1, MHi = 1, Vig2 = 2000, ¢i,q =1.
The unknown control gain K; = —1 and the Nussbaum type
function is chosen as ¢2cos(¢). In the FLS, the number of
the fuzzy rules is 10, and the basis function whose centers
are distributed in [—3, 3] x - - - x [—3, 3], and the width
v = 4. The responses of x;1,i = 1,2,3 and r are shown

2
—_—
xi,i
15) X1]
*31
1 e |
- N
= ///
“@ /
o~ J
W 05| / \ |
L / 2 AN
< // N\
n AN
of — \
\ N\,
0 7& \
\
05 AN 7
-1 N
0 0.1 0.2 0.3 \\\
1 . . . . . . . . !
L] 1 2 3 4 5 6 7 8 9 10
Times(s)

FIGURE 2. The responses of x; 1,i =1,2,3, and r.

0 = I T

( M2
- Y

&

-20 T

2%

-25 T

-30 T

35F 4

-0 7

Times(s)

FIGURE 3. The responses of 7; ; and «; ;.
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in Fig.2, we can see that the closed-loop system has realized
consensus tracking within a finite time although the control
directions is unknown and the system is a non-strict feedback.
Fig.3-Fig.5 reflect  the virtual control signal «; 1 and the
intermediate virtual signal ;> designed in this paper. The
overall tracking error OTE = ||[e1,1, €21, 83,1]T|| is used
to compare the consensus tracking performances with the
command filtered backstepping subject to different control
parameters. Fig. 6 shows the different OTEs under the dis-
tributed finite-time command filtered backstepping control
scheme and distributed command filtered backstepping con-
trol scheme, respectively. It is obvious that the better tracking

60 T

50 ’

301 T

T2,22%2,1

20 T

. . . . . . . . .
0 1 2 3 4 5 6 7 8 9 10
Times(s)

FIGURE 4. The responses of r; ; and «; ;.

r 13,2

31

40 N

50 B

-60

Times(s)

FIGURE 5. The responses of 75 ; and o3 ;.

25 T T T T

command filtered backstepping,k, . =10

command filtered backstepping,k, =20

command filtered backsteppingk; =30

e Finite-ti filtered ing,k. =10
im

OTE

T

Times(s)

FIGURE 6. The OTEs of different control approaches.
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performance and faster convergence rate are achieved under
our proposed algorithm.

V. CONCLUSION

In this paper, the consensus tracking problem for nonstrict
feedback MASs with nonlinear dynamics and unknown con-
trol directions has been solved by the presented method. In the
designed method, the command filtered backstepping scheme
based on fractional power control law is proposed, in which
the error compensation signals, intermediate input signals
and control input signals combined with adaptive control law
are all constructed, the filtering errors are eliminated and
the states of each agent can fast track the leader’s output in
finite time. In addition, the state variables problem in the non-
strict feedback system and unknown control directions are
well solved by introducing Nussbaum function and through
the scaling of inequalities. Further, if the state of each agent
cannot be completely measured, the state observer will be
studied in the future. And the switching topology can also
be considered by using the presented method.
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