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Uy = a(c — 1)92 — (CL + 1)93 — (2@2— b) 9192 — %6;’
=alc—1¢ — (a+ 1) — (2a2— L) GG — %C?
(37)
[R5 3 8 = b, RGITFENH
01 =602 — by, 6y =03,
93 = a(c — 1)92 — (a + 1)93 — (2@2— b) 9192 — %9%,
(38)

ZRGHEWREZH 2 = T(x) 1 Lorenz R4 (33)
HAMEIEA. FrLL, XF3Z# Shimizu-Morioka £
Gt (34), FIF R (37) RS T-1(r(¢)) ¥4
A% LorenziR .

Kl 145 T Lorenz &% (1) W#LE, SHCh
a=10, b=8/3, ¢=30, WI{H LB z(t) = 2,
(ty) = 2, 15(ty) = 2. Kl 2 45 T % #% Shimizu-
60
50 b
a0}
30}

20 r
10

x3

0
40
20 30
5 20
T2 —20 >0 0 o
—40—20

Kl 1 Lorenz RE 4L
Fig. 1. Trajectory of the Lorenz system.

Morioka R4t (34) fE 15t (37) fEF TN BB, S
BN a=075, 3=238/3, ¥IMEHH Lorenz & 45 1 ¥]
A E R, B Ct) =7 T (x(t))), £br I
Ci(to)=2, Ca(te) =0, (3(tp) = 2.076923076923 . K] 3
N AZ 4% Shimizu-Morioka 2GR i A u WY HIZE.
K 4 %FE 2 s 5295 Shimizu-Morioka & 4t 6
T RS T (7€), ERMHLESE 1 —3K,
FRINR e =il A A T Lorenziiiii.

50
40
30
o
20 ¢
10 +
0
200
30
20
¢ —100 =0 ° o
—200—20
Kl 2 3+ Shimizu-Morioka Z 4 #1i

Fig. 2. Trajectory of the controlled Shimizu-Morioka system.
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Fig. 3. Scale control input for the controlled Shimizu-Mori-
oka system.
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Fig. 4. Trajectory of the controlled Shimizu-Morioka sys-

ZORBAL B T—1(7(¢)) % ¥ Shimizu-Morioka % 4t

tem via the state transformation T~1(7(¢)).
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4.2 Finance &4 4 Y Lorenz iBif

Finance RGLHAT AT EAF AR PIRI R 5L
TIAIE A, ASCGERR BT 22

G = <; —a) C1+ C1¢2 +C3,

bo=—--BG, G3=-0-1G+u, (39)
HH ¢ = (¢, G, G)TRIREZE R o, BRIy NS,
FUR BE RGN b SHE; u AR

%45 Finance £4¢ 3] Lorenz JRHIHY ] S [a]
7E XCR: 1 Lorenz 248 (1) 5 R 58 (39) FEWI IR )
2t R TNA 2 (to) T (to), X FRSE (39) Jitw etk

BB

u=u(x,(,t), (40)
Herp ¢ SR, ¢ 2RSS A 4
0=1(¢), ==T(x), (41)

ARG (39) SRS (1) BB, T 205 S
e T —2L
lim |[7(¢(4)) = T(2())] = 0, (42)

t—+oo
X HL||-[| 2 T RS (0] e 1 2-30 0.
¥ Finance RGMCRE L0 = (01,04, 05)" =
7(¢),
01 = —Ca, 02 =C(,
0 = (; - a) G+ GG+G (43)
R A AR A ¢ = 771(0), B
G =02, (o =—01,
(3 =105 — (; — Oé) 0o + 6105. (44)
ORET RGN
01 =02 — 861, 0y = 03,

93: (;a7>93+<;a71>92

+ (5 — 7)9192 — 60165 — 93 +u

(o) [G-eJsssed

+(;_M—1) G- (B =G

+ [(;—04> C1+C1C2+C3} G +u,
(45)

Caapidin

== (3-a=1)[(5-0)a+ac+al

(1
3
—(Z—av—l)clﬂﬁ—v)cl@

- K;—a> <1+C1§2+C3] G2+ ¢F + uo,

(46)
HTp=0b, REMN
01 = 632 — bé,,
0y = 03,
03 = uo, (47)

FFE RS (4) IERESKR.
FIERL RGE (47) 5 RS (33), WM RGEHY

RERENe =0 — 2 = (61,60,63)7, €N

€1 = (02 + z2)eq — beq,

€2 = €3,

€z =up — [a(a+ ¢)x1 —ala+ 1)z — axixs], (48)
i~ RAS A5t

up = a(a + c)ry — ala + 1)xy — axyws +uy, (49)
I e SN

g1 = (02 + 2’2)82 — beq,

5.2 = &3,
ég = Uz. (50)
HHWOZ RGN R = BRANF RS
€2 = €3, €3 = u, (51)

A AE A BRET ]S, Hean 2 B E] e > ¢ B BE E #
eo(t) = e3(t) = 0, MIFEL > t, I R G (50) HIEHE—A
KT TN &1 = —bey, X TF b > 0B IR T
T, MIMTRSGE (50) Wik ta e, (42) e, 215
Finance 3 4t 3] Lorenz {15 RG] L[] 26 7]
SCEE.
Xt RS (51) T /2 A BR B ] £8 1) 28 B 452 ol
524 (20
ur = —sgn(e2)\/Je2] — sgn(es)v/es], (52)
X B sgn(-) HAF T eREL. Rzl g, 07 R
AN EL. Lorenz R G SR H LI FHT, ikt
WLFE 1. K 5451 T %% Finance & 4 1 HLIl,
B8 o =0.001, B=8/3F~=1.1, ¥I1H () =
0.2, Co(to) = —3.6, (3(tg) =0.2, 5 Lorenz R4t

240502-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 24 (2019) 240502

FAERMEA LI, 231 5% 22 RGEWIHE &1 (fo) =

1.523076923076923, e2(to) = —1.8, e3(tg) = —0.4452.

& 6 4 Finance RAMIFREHIA o AL, & 7 %)
Kl 5 i /s % #5 Finance £ 4t #L i fCHR 25 742 #
TH(7(Q)), LERABLE R T 1, X g 8 Y
Bl — LI, R R TR 15 18 T Bk
w26, HEmmBEaT 0, B 8 A #oty, H
JR RG2S (52) JEJ6W. JF B E T R
LI
600

400
200

—200
—400
—600

K 5 &4 Finance &R &k

Fig. 5. Trajectory of the controlled Finance system.
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Fig. 6. Scale control input for the controlled Finance system.
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Fig. 7. Trajectory of the controlled Shimizu-Morioka sys-
tem via the state transformation T~1(7(¢)).
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Fig. 8. Error between the trajectory of the Lorenz system

and that of the controlled Finance system via the state
transformation T~1(7(¢)).
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2) W i A 32 4% Shimizu-Morioka JR i R 4t
VI S22 ¥ Finance IR R G EM LN T =ML
KPR R G, HATWA #5505
1 Lorenz RS HETPIAN T FE—2L, 2R T =FAS
[FIRIE R G NTERA — o 2R AR RUTE.

3) A bR A RIE, SR B A ST 9 Fol
S Z SR R G B Lorenz TR, BRI g6 A 52
2 Shimizu-Morioka R GtiR T /2 #1i # Lorenz 1
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Lorenz chaotic system generated from Shimizu-Morioka
system or Finance system: Differential geometric approach’
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Abstract

The problem of how to generate the Lorenz attractor from several nonlinear control systems is investigated
in this paper. To be more precise, the conversions from the controlled Shimizu-Morioka system and the
controlled Finance system to the Lorenz system are achieved by using the differential geometric control theory.
For each case a scalar control input and a state transformation are proposed. The main approach of this paper
is to convert all of those three-order systems into so called lower triangular forms which all have the same first
two equations. Thus converting the controlled Shimizu-Morioka system or the controlled Finance system into
the Lorenz attractor is feasible by choosing an appropriate scalar control input in the third equation of each of
the two control systems. To this end, firstly, in order to use the tools of the differential geometry we construct a
controlled Lorenz system by treating the vector field of the Lorenz attractor as the drift vector field and
treating a linear vector field with three parameters as an input vector field. When those parameters are selected
in a special manner, the conditions under which the controlled Lorenz system can be equivalently transformed
into the lower triangular form are satisfied. Secondly, a state transformation, through which the controlled
Lorenz system can be described as a lower triangular form, is obtained by a method like Gaussian elimination
instead of solving three complicated partial differential equations. Employing several partial state
transformations, choosing those three parameters and setting a scalar control input, we can reduce the
equations of the controlled Lorenz system into its simplest lower triangular form. Thirdly, through two state
transformations designed for the controlled Shimizu-Morioka system and the controlled Finance system
respectively, the two control systems are converted into their lower triangular forms which are both similar to
that of the Lorenz system in a way aforementioned. A smooth scalar controller is given to achieve the anti-
control from the controlled Shimizu-Morioka system to the Lorenz attractor while another non-smooth scalar
controller is designed to realize the generalized synchronization from the controlled Finance system to the
Lorenz system no matter what the initial values of the two systems are. Finally, two numerical simulations

demonstrate the control schemes designed in this paper.
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