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Simulation of pursuit-evasion among multi-UAV
GONG Hua-jun, YANG Chang-feng, WANG Biao, YANG Zhong

(College of Automation, Nanjing University of Aeronauticsand Astronautics, Nanjing Jiangsu 210016, China)

Abstract: Comparing with the confrontation model in differential game theory, the pursuit-evasion model of unmanned

aerial vehicles(UAVs) constructed by algebraic graph theory is easier to be simulated. Therein, the control inputs of pur-

suers and evaders are implemented by changing nonzero eigenvalues of Laplacian matrix based on gradient method, and

the communication variation or sensing degradation of UAVsis investigated through the boundary weighting function.

Simulation provides information for combining the real conditions to compose the guidelines for practical applications.

Simulations indicate that evaders may change to a crossing escaping trajectory to confuse the pursuers, and pursuers may

also change their objects, thus, the relative distances is continuously change.
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1 ÚÚÚóóó(Introduction)

8c£ãÃ<ÅJ<é|¯KÑ´|^éüØ

½�©éüØ,�é|¯KE,õC,±9Ð©^�

��Å5,¦�¯KéJ)û[1]. ,	,�©éü�

.�¦)O�þ�,¿Ø·Üu�ý,�ØUNy�

Ó5. �©�ûéüØÏLïáo�8IÝ
5)

ûé|V���Ó¯K[2] ,Ó�I��þO�.

3Ã<Å?è�1��¥|^Ä�ãé£Ä�

Nï�,òÏ"�+N1���=z�ã�5�,l


|^ãØ�£����Ñ\[3] . ©z5^�êãØ

�{ïÄJ<é|¯K,�=�â�Nm��éå

l���UN,�UN�ÅÄA5ØUNyÑ5. �

éù«�¹�©ÏL�E5U�IéÙ?1��,

ÏL�ýL²,�©JÑ��{�ÎÜ¢S�¹,J

<é|/ª�E,: <ºö��¾JÂöØ���

<º,<ºö¬=�JÂö��ølJÂöÀ��

�;
JÂöØä��JÂ8I.

2 ������zzzLaplacianÝÝÝ


���ªªªÌÌÌ(Maximizing
the spectrum of Laplacian matrix)

2.1 ÄÄÄ���ããã���...(Dynamic graph model)

�R
n¥�N�£Ä�UN, Pxi ∈ R

n��U

Ni�G�, Ä��§�: ẋi(t) = fi(xi(t), ui(t)),

ui ∈ R
m���Ñ\, i = 1, · · · , N .-

x = [xT
1, x

T
2, · · · , xT

N ]T,

u = [uT
1, u

T
2, · · · , xT

N ]T,

Kkẋ = f(x, u). ��U�NéAG�ãg(t) =

(v(t), ε(t), A(t))¥�(:v, Ù¥v(t) = [v1(t),

v2(t), · · · , vn(t)], (:vi���8Ü½Â�Ni =

{j ∈ I : aij>0}; >eij ∈ ε(t)(i 6= j)L«�Ni,
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jm�éX; A(t) = [aij ]��­��Ý
, Ù¥é

u∀ i, j ∈ I = {1, 2, ,n} : i 6= j, aij > 0; aii = 0.

���aij = ω(‖xi − xj‖), ω���¼ê,Ù��0

u0 – 1�m,L«(:m�'é§Ý.��¼ê��

uÀJ�: ω(y) = ǫ(r−y)/(R−r), ǫ > 0, y > r; Ù`

:´��59¢^5[3]. ��Ý
�A(x) = [aij ],

?
��LaplacianÝ
�: Lg(x) = △(x) − A(x),

Ù¥△(x)�é�
, [△(x)ii] =
∑

j,j 6=i
aij . d½Â

�LaplacianÝ
�é¡��½
, b�ÙªÌ^S

�: 0 = λ1 6 λ2 · · · 6 λN , Ù¥λ2¡��êëÏ

5[4],�±£ã+N¥�U�Nm��péX5. Ï

~�¹e, λ2��,L²éX5U�r.

2.2 ������zzzLaplacianÝÝÝ


���ªªªÌÌÌ(Maximizing

the spectrum of Laplacian matrix)

3Ä�ã¥, �\r�Nm�éX, I�AO

�LaplacianÝ
�A��,k��½
U�{[3]
!�

ÍÝ[6]��{,�©¦^FÝ�{.

½½½nnn 1 -λk(x)Úνk©O�Lg(x)�1k�A

��9éA�IOA��þ(=νT
k νk=1),éui 6= j,

xi 6= xj�keª¤á:

∇xiλk(x) =
∑

j,j 6=i

νki(νki − 2νkj)(ω̇) |‖xi−xj‖

xi − xj

‖ xi − xj ‖
. (1)

Ù¥: νki��þνk�1i���, ω´'uîªål

���¼ê[5].

w,k∇xλk(x)=[∇x1λ
T

k(x),· · · ,∇xNλT
k(x)]T,

¤±λ̇k = ∇xλk · f(x, u).?
|^�êãØ�{�

�è/��¥�UN���Ñ\�

u(x) = arg max
u

{∇xλ
T

k(x) · f(x, u)}. (2)

=�UN���Ñ\^5Or�UNm�éX.

3 JJJ<<<ééé|||¥¥¥���AAA^̂̂(Application to pursuit-
evasion games)

�©éüé|�.Ø´¦�Nash²ï:, éJ

��)Û),|^�êãØ�{¦)J<é|¯K

�´|^Ù´u¦)�A:. éJlöP5`��

u\rÓ<ºöm�éX, ÏdP���þ^5O

�LaplacianÝ
A��;
<ºöEK��.

3.1 JJJ<<<ééé|||������ÑÑÑ\\\(The control inputs of

pursuit-evasion games)

3J<é|¥, PP , E©O�JÂöS�Ú<

ºöS�, P = [1, · · · , N ];E = [1, · · · ,M ]. �

ÄR
n�m¥�é|,-xi

p ∈ R
n(xj

e ∈ R
n)L«J

Âöi ∈ P (<ºöj ∈ E)�G�Cþ, ÙG��§

©O�: ẋi
p = f p

i(x
i
p, µi), ẋj

e = f e
j(x

j
e, υj) . òJ

<V�w�Ä�ã¥�(:, J<é|V�>��

3uJÂöÓ<ºö�m, Óa�UN�mØ�3

>. -κN,ML«:�P , Em�V�ã, N�(:L

«JÂö,
M�(:L«<ºö.

�\¯ÙÂñ�Ý,�ÄLaplacianÝ
�¤k�

"A��[5],keª:

JPE = ln(
N+M
∏

N+M−K+1

λLκ),

Ù¥2 6 K 6 N + M�K = min(N,M). ��J

ÂöÚ<ºö���Ñ\©O�:

µp = argmax{∇xpJPE · fp(xp, µp)}, (3)

υe = argmin{∇xeJPE · fe(xe, υe)}. (4)

3.2 ���ýýý(((JJJ(Simulation results)

�ÄR
2�m�Ã<Å$Ä�§ẋi

P = µi Ù¥i ∈

P : ẋj
e = µjÙ¥j ∈ E; �‖ µi ‖= µ̄§‖ υj ‖= ῡ;

�{z�ý-µ̄ > ῡ,,�V�Ñ±���Ý1¨;

G�þ�Ã<Å3²¡þ� �. >.��¼ê

¥R = 10, r = 0.5, �é�é|�ýÐ©ëê�:

P1, P2, E1, E2Ð© �©O�(0, 0), (−5,−5),

(−1, 3), (1, 5); Ð©��Ñ\�0;JÂö�Ýµ̄�2,

<ºö�Ýῡ�1.

ã 1 J<é|;,­�

Fig. 1 Pursuit-evasion trajectories

�ý­�Xã1¤«,�±wÑ:¦^�êãØ�

{�±éÐ�)ûJ<é|¯K, J<V���N

y�Ó5(<ºö©Ñ<º, JÂöK©O(½JÂ

8I?1JÂ).UCJ<é|Ð©ëê9ë�é|

�JÂöÚ<ºöê8?1�ý, þy²
T�{

��15. ,
,3�ý¥�Ñ: <ºö3¯��J

þ�E,U��;,$Ä,du�Ýþ��³,<º



1 9Ï ÷u��:Ã<Å�ä�J<é|�ýïÄ 1021

ö��½¬�Jþ,ùÓ¢S�¹ØÎ,ù�<ºö

Aæ�Ù§��,'X=��ö�.

4 ÄÄÄuuu���III���JJJ<<<ééé|||������(Guidelines-
based pursuit-evasion games control)

Ã<Åäkõ�ØÓ5�G��,e=�Äî¼

ål���¼ê, K¿ÂØ²(!���JØn�.

Ïd,�©JÑÄu5U�I��êãØ��,�â

G�nÜÑk¢S¿Â�5U�I��é|V��

����(O�½~�T5U�I).

4.1 ���EEE555UUU���III(Development of performance

guidelines)

±Ã<Å2�²¡þ�$Ä�~: �ÄÙÅÄ

5, JÂö�Ý��, ��=��»Ò��
, J

<V�Ñk`³, 
Ø2��Ä���`³. �J

ÂöÚ<ºöÀ�ål�dPE ,JÂöÀ�PE�J

Âö�ÝVP��m�Y��θ, Xã2¤«. ±θ�

Y�, dPE��»�÷/, ±÷/¡ÈS�J<V�

O�½~��8I. ù���¼êØ2�´�m

ål�¼ê, ����Ý
���aij = ω(S). d

½n1�LaplacianÝ
�1k��"A��é�U

NiG��FÝ�

∇xiλk(x) =
∑

j,j 6=i
νki(νki − 2νkj)(ω̇) |S

dS

dxi

. (5)

,���Xª(3)(4)/ª���Ñ\. é�©¥�5

U�I(÷/¡È)�±n)�<ºö�¦¯<lJ

Âö�Àú��; JÂöKæ���O�<ºöÊ

33ÙÀ�����m,±�¿�JÂ8I.

ã2J<V��é �«¿ã

Fig.2 Relative position of pursuit and evader

4.2 ���ýýý(((JJJ(Simulation results)

�Ä2�²¡þ�Ã<Å$ÄG��§:














ẋp = Vpcos θp,

ẏp = Vpsin θp,

θ̇p = Vpµ/Rp.















ẋe = Vecos θe,

ẏe = Vesin θe,

θ̇e = Veυ/Re.

(6)

Vp, Ve�J<V���Ç, �ØC; Rp, Re���=

��»; θp, θe �V��Ê�,3�©¥��Ý��

�x¶���m�Y�; µ, υ�Ù��Ñ\�|µ| 6 1,

|υ| 6 1; >.��¼ê¥R = 10000, r = 20,�é

�J|�ýëêÐ��L1.

L1 �ýëêÐ�

Table 1 Simulation parameters initial values

P1 P2 E1 E2

Ð© � (70,−32)(−183,−167)(−138, 63)(−56, 8)

Ð©Ê�(lÝ) 4.99 0.105 1.32 0.22

��=��» 50 50 20 20

�Ý 3 3 2 2

d�ý�: <ºöØ2���~�ÓJÂö�

m�ål, k�¬=�JÂö��, <lJÂöÀ

�.Ó�3J<L§¥JÂöU�JÂ8I,±9�

ÓJÂÓ�8I; 
é<ºö5`, Ø�Ñy��±

�¾JÂö. ã3�JÂöÓ<ºöm�ål, ØJ

wÑ,ålØäu)Cz,
���ål310�ü 

�m,�=±ål�8I�'JÂöJþ8I�J

ÝO\. Ïd,�±�âØÓ�¹(¤'%�¯K)U

CJ<V�����I,'Xé<ºö5`3,�

�X­uUCJ<V��m�ål, 
3,���

­:N�ÓJÂö�� 'X,±��<º�8�.

ã3JÂö�<ºöm�ålCz­�

Fig.3 Distance between pursuers and evaders

5 (((ØØØ(Conclusion)
�êãØ�{´)ûJ<é|¯K�#�{,�

��©éü�N´�ýO�, ¿�Ny�Ó���

J.,	,ÏL��¼ê5�ÄduG�CzÚå�

Ï&½a�Uåeü. �é�ýL§¥Ñy�¯K,

JÑ�âØÓ�¹�E5U�I, r5U�I��

J<V��gñN,�ýy²U�ÎÜ¢S�¹.
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