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UAV route planning based on united markov model and improved A" algorithm

GONG Hao-Ling , ZHOU Xin-Zhi , NING Qian
(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract; Experimenting an improved A* algorithm is used to plan the mission path of uav. The uav’s
step length, the restriction of turning angle and flight height are introduced to effectively reduce the uav’
s search space, and constraints such as terrain and mission are introduced to make the route planning
closer to the real environment. Considering the uncertainty of the enemy’s ability in the planning
process and unpredictability of survival probability of the uav in the route, a markov model was used,
which uses eight states markov chain to describe the state of uav. A* algorithm is combined the model in
threat area after completed the task,due to the accumulation of time, the outer point’s cost of survival is
higger than the inner point, it results too many iterations, but this problem can be avoided by virtue of
the lower survival value of concentric circle model, therefore, introducing the united model which com-
bined by the concentric circle model and markov model. Simulation experiment results show that the
method can effectively detect route in the probability of various states of the uav and evaluate the whole
route, and effectively reduce many iterations only by using the Markov model when planning new route
after completing the task.

Keywords: Improved A* algorithm; UAV; Markov chain; Eight states; Concentric circle; United model

Y Fs HEE: 2018-07-30

E£WAE: “973 i14]”Wi H (2013CB328903-2)

EEE A |G 1991, B, e A, BiEAE, W5 ) R 58 BB R 4. E-mail: 961500436@qq. com
BIREE: JE#HE. Email: xz zhou@scu. edu. cn



678 v K FRCA KA F O

% 56 &

1 51 &

T ANALIR: A= BRHT—Fe BB A i A7 b i
P R T AL EAT BASH X AR BN B T
AU A= A7 BE 758 MLt RE 4 LA B A FH O 58 2 A
TIE S R AEVF 2 52 2%  fE I 119 25 v i 3 B HL 45
FRL .

W] Jo A HILAE R0 0 3 e XI5 S 7 HBIE
1555 AAFFLRFZM T F RN —F g E—
JEFE N AMIFIE BT S 1 R EO. R A A, W
BEEE A B PSO Hil DE 8345, 75X 4
kb, A RSB, JF HAESNE RS PR UE AR
Sl v ke i B AR R A d I

HHiT . 76 =45 T xF A Byl A B ik
U AR Z 10, 255 TRAT AR R Az g2y BT
R A AT X A A0 S A T e
S SRMAE SEPRIABE AU H X 2, TE P A
HT 2 g DI TE ML) U R JE B X )
FIAEAEAR A3 0 PR

V22 SCHR 2 o7 P A5 50 25 20 [l s 21
AR TR Tl K/R dg. o, K ik gl
JopaE B 5 R SR e N ML 85 Jal s DX 3 o o 1) e S B
B AR [0 B AR AR 8 A B ) M G A5 TE A
BILAE 58 a0 DI N AT 55 i PR T g X K.

R R A 7

K IR

A up A’ DT }\' Tl
Undetece Detected ldentified
|
A DU A ™ A T !
1

JVIRZAS Markov A5 RSN J] 38 T6 AL A 47
AR AR 153 5 I R AE G L sk SR T TE N
MLAE B XS 1 5 2245 B, (R i 5 A B3k
iAo — AN, JE L TE B P DI AT
%5 W5 TP T — B AR LR, SR [ AN
9 BRI B R AR SR A N E T A Bk
FRUREIE 22 117 [7] o B AR 78 D) AN 2 8 B3k o [
(LT O [0 7 5 4 st [ R MR 2.

PRIt S 0 — g PR G2 AT 148 R A TRl FAR
ek I S B AR R TR ISR RS TN
ARZS Markov #8155 [w].00 [ 45 Y ) Markov K4
BEAY, PEAR JC AHUAEA 3% 0 AR A EIRAS D5
B S A A B Matlab 381705 B EBH T 7
BT

2 Markov Bx§1EEY

FIARAS Markov £ 8 i H /9 J2& 4 T 1
1555 B BB RIS K T T o 08 U . A 43 Ay R
BRI 55 K A,

PRIEFARL 2 — N SRR, —JhAy 4 PR
BRI U, M (D) 5 BRI CT FR A (D 5 1k g
AR B —ANEH Markov BE8Y, 0 4 IR
Jots (UHD I & (F) , 245 (VD Fild; i (FDL IR ZS
Z I FALIE 1 FoR.

B 1 AkZ& Markov BAKXKESH
Fig. 1 The eight states of markov model

S5 SCHRL T, st 5 BRER AR A% i 1 9 /)
55 U O B B R L.

| _{ Auij 5 LENREE)) @b)
Y r*d/?‘ M /1n’j ’ ?}EE%IX'J@&W



% 4 ekik,

. ATt A A -Markov B2 A KR 69 T A LA IS AL X 679

FE 2y o Ay 0 7R BRI X IO 5 MR I 56 B
s D R R TR 3R 1 IR RS
SRIEE.
xR1 VAEBEERE
Tab. 1 Setting initial transfer intensity

PRER X A4
PRER DAk P

Aup : 0. 4Apr : 0. 3477 : 0. 2
Apu:0. 2210 : 0. 2A17 : 0. 2

K FIREAI TG ALY JEBHME TV A 40E T AL
S B A O L B Y H ) racio BOE 5 AMAE IR
2 J7R s pran MRG0 O 2 R 5 0RO F o &
BLAIRESR . A SCRE A pr =0. 5.

x2 TVERIEE
Tab. 2 Setting TV

ratio TV
[0,0.2) 2

[0.2,0.5) 1.5
[0.5,0.8) 1

[0.8,1] 0.5
[1,0] 0

HfEDE A* Bk S Markov FR @A L R
A ARSIl L, 51 H I ) R 35t DA R
T R s I 2 TR,

~
/’/ ~
/ \\

B

Ay .
\ A C \E/?/‘ F
\\ J/

N y

B 2 Markov B A ALK T &
Fig. 2 The route extension points
of Markov model

BB AESF i B R AE Bl X R T, A 2 B Y
AT KL (BB, . CHE B 97 JB A 11 (G, G, D)
e CHy BT A ENRE DMy RN A FR—
AMESS L B A R B YR T RS S
PR TR CY R AR ah C i sl
D P 545 A G i E EAUCR ] Markov £
T A AR R AN RESE B

e G S ENE 55 A B AL BR AR S
TR — BN B 2 F AR open F T 174

PR fL T AT BRI open AR
(B R/ NI T AT R TR U X sl Py 32 %2
HI A AR RS open e de /MU BT 1 B i
B I Ho T A AN 5 ) ] A O, 78 gl X Sl 45
B A I TR, AR AR AU R, B BB R AU
Je KRR B — R EARUS open R HAA B HI /)N
FIRHEFN T HE(C, By B by T C #4797 e
JE4 C M open RPFEER Y RIT open Frp M
B H/NEIRHES A 22 (B, B, D, G, G}, A
B EY R B, 3 s XA TR £,
EE UM D XA T R 2 T R

Hidr AT FL RE NS SR M 5E W UM IX
FRIEAR s N 25 R FH 1] S04 A A {8/ DN g ]
FEHY, A2 ] O (R AR A I TR M 20 HL [0 [ A5
R 2% () HE AP E AR, T RE 21 T AMLAER].C
RIS A 1) 3 5% A% it 22 T Markov BER1JE G T
R[] R AR L R Al 75 e DX Bl P 1) i S W g e
HAEAE WL T ALY A AR, B X% R, $i
[ Lo R4S A 5 Markov B BIARZS & 1Y) Markov I
B,

AR B TS5 PRI O » >4 Bk DX Js
BWAAES 15 R Markov B B3 8A= 72405 24
JE DX P A AT 55 U S R 58 AT 55 iR T Mark-
ov B RAE AT M58 UL 55 U5 ol i
Markov F B A= AEAR A A ] Co [RS8 A A2 AR A S LA
P B IASCRIAE SR A= AEA AR
3 BB AEE

Xof B (R A 3 Ry 48 R s ) ekt A A e
ek, R A B RS E  T s> AT SRR = 4E
23 [6) T A9 e s AR BB ekt R A A AT AR
Hr R BRI AT BEAR R AE AR
3.1 #EERERTEHE

g A" BRI JC AL T T Y 29 )
100 JEHIRAE = YR B N8 R 2 ] g K. itk 48
R AR BOZHE FETC AP e AR DL S R
T SR T 52 3 eI RS R AR AL =
e R A BN 3 IR,

(D PR RKERTANHE R LK. TA
UGS K 55 Z W /N T — A D K 20 K
TN T T BS54 AR RO R G .

(2) BEAR - BEAR o0 o i /A S IR A . i % A
FRTE ML G/ ®AT 7 1) B ZE S e KA



680 v K FRCA KA F O

% 56 &

JE AR R AE /T AT 5 1) B IEAHL TR
26 P B KA E

(3) KA R HE BN Z i PR A KA T R
5 M T PR AR 22 4 P sl S i [R] N 2 T AL R
7w B R 2 R AN L F A B B LR L 25
FIX PR LA e AR 2 5 B 15 B0 T 7 s AR

A3 A HEER
Fig. 3 The search space of A* algorithm

3.2 KRR

A A B A K

fi=g:th; (2)
Horr, f: 70 s Y IRARARES AG THAAN B g0
R BIMURRAAN s he D9 S8 R PR RN Y R
B HARY A LB T (B AL I X A A
A B A Tk | O B A A B Al E Ay
JEARANY EARARMY s o ks ko s s T ey 53501 Ry 25
AT R AL, TR R

fi=ki © githky ca;, Thky s, thkyoh, (3
ATV =g R BRAR S FE 5 0 N BAR S T AU R G o
AR ¢ AL AR B A A R R TR D
A (D s,

2z
0
Markov B3 A FEACAT Hh BRERBIRUACHT - 1K
TR w LS (B ¢ DB AR AT B A7 Y
BREFASERLEACHY LAY R BR B R SE PR A
ri s BOXPIF B ZEAE 4T AT 7 SRR 7
ri=C —ri (5)
[F) B KO EERAR A B3 SR o ey Sk
BERLSEB A s & Dl if s B R B KO R
AR 3w, AT 7 S AR KRR S BRA A
w; =& Twi (6)
[} o [T g A= AE AU D7 R e = TR

€Y

a;

IR DX ISR SR SR JE N HILEE 5l ol DX 358 0 1)
IR MR IREAR.
o k/d", d=r,
“r 0, d<r,
AT s FE ¢ ALK 2 KA B A A AR
B s MIZ B X3 P B A AT 55 5 R S8 AT 55
iF s s, B8 A5 s 27 B DX BN A 4T 55 A 58 B
5% )5 s ORI BT 2 W 2 BUE
o NEI K KL Markov B8RS (1) A A2 AR
F 5 FEAEACHT AW AN ST s B A A

n

A LAY SSHEER.
s; =r; Tw; (8
si=w e (r;, Tw;) +¢; €))

3.3 EEXM

A R EA AU AN R S
M SEBRA MY S I A 18 1 & RRE A TE A &R
TR B T P AT S E AR A T A
P o B A /N S YR, B 2R E H Ar
ST open BAMMC AT HAUR KA
PRI 5L, close RALAHC G R 5, result
FEPRAT IS G- 11 A2 A5

REDE R E TR L I

Node, ={(x;sy;32) s Ps [iaGisTisWw;sm; )
Horpr, (s yis z) SRR 57 A9 AR F5 s Matlab
SR P R TR T SRR S B A5t A7 i
AT IAE close BRI T RS p . p 811 close £
BB R EIR S5 5 A S AR T
M5 g AATREACY 5 0 Ay BRI AR R AR 25 A8 K i)
itw, A K ITEERLRS A 0] o, AT 55 58 1
) i, RN IL MG 2 0 A 55 S8 G Ol 1 R
R 5E AT 55 » 0 AR A 58 AT 55

AT B EL AR E A E 4 R, Bk A
A BETR BN A A A R R
R PRI E R T AR 06 A5 B IME S5 s E
A AR AR WU A LR AR current
WS AT SUE B e Z IR W open 3
TS SR AR A TL 8% A (B B /N B 7 5 R cur-
rent 15 355 A SUE B L A BIAAE S AR
FHIZ AL SR BE 4540 h R AR5 p RIS ALY
BRLEAE AT AT PAE Ry X — AR B 1R i
18 X B B AR SR AE & result R s A R
— M55 A5 DU S 0 K] &5 oL I o g — AT 55 1%
FIAT H S =R AL B



%44

£k, 5, A FHEA A -Markov AR 69 £ ANALE ALK

681

@37 open, close, result?

v

FHARUR AT A B — AN T i, R UR AT Bl close
x®, T AN Sopens®, JFAE Mcurrent™

\ 4

Hicurrent™¥ 554
R EAUS,
A Eresult®

v

KT GE T AL S5 R

Feurrent™i B

i N Bclose

current 17 A

A HIES =

i 7 open & Al
closef®

HR 4 current™ i S current
AT AR — T

|

TR T R A E

HE IR
P AL B

| Blpopentirinitis |

| it Aopene |

MopenZe HHLH il iR
TN R A Ncurrent 1 R

B4 Hxaszl
Fig. 4 Algorithm flow chart

4 Matlab (FES5 5

4.1 FEE5SHNEE

R0 5 Matlab2017a #1705 H., 5o &
A 60 km * 60 km * 10 km X35, % @ 2B BRI X
BT TR TR SR X 5, 1 R AR R AR B X
B B CEERIRACRAT 5545 3 3 4 B s y)
S B U SLEES R R

ARSI H I FEEAA WA (1D ZE X 58 iU T
55w FEURHT I — BT A ) B A AR AR LR

F Markov #5715 % f] Markov BEGHEHL ) o pen
% cclose F FEARBF ] Y XF HE 5 (2) J& 36 1E A A7 AR
W ASCEE /NI SR K1) ) 52

®3 HESHER

Tab. 3  Parameters of algorithm
Bz iGN
VS AR AR R 0.1
5 b S e v 3
% ) £y 0.2 % pi
T 1 0. 16 * pi




682 Il K F S| RAFIRO

% 56 &

4.2 FEGRE5HW

4.2.1 Markov & 5 Markov Bt 4B A &9 5tk
AR YR/ T2 A5 R S UK, R TR

H Markov #i5 5 Markov B &5 8 14 22 1), A< 52

B A B A AT BB/, BOE N 0. 7 km,

TTTTTTTTITTTITTTTTITITTITTTT
H—rt1:Markov Model . ==
[ . 1
H + rt2:United Model T )
) HHHHT }
= %
17 -
1 ] ! -
‘1111 1iuini [\
40 Pt
[
L IS
S R
- = |
> % i iy
Y
HH T S
\]
1
e I i
2 1 T
AV Il
1 AAY) T
= : -
! ==
I
10
o
o 10 20 30 40 50
X

B 5 Markov #8155 Markov J2 &AL A 64 A28 21 1k
Fig. 5 Markov model compare route with united Model

&l 5 R Markov #5855 5, 45 455 1Y 1) A0 2% % L
KL, AT LLVE H P B KRB R]. HE R 4 7T
UL T8 58 AT 55 AU FEUR B 0 — B g A2 R i L R
FH Markov £ BIf1) open 3. close 32 . IECH ] H) i
R TECA A, i e m] UL, (i A B AL 5 Y
WAF LA S s A it ] 450

x4 ESZSBLSME Markov B SELSREBIXTLE
Tab. 4 Markov model compare with United model
IR open K/ close FK/ 1] (s)
Markov #7 2877 1204 227
Syl 130 20 3

4.2.2 ABRNRE by RO Ha PIER
B Ry (RN E AR AR Ry R R
8 ey AR 3 Ko B AR A X T A A7
MM TE S R - AEH, AT eI e % g A
FETTAE L e R E by =0, 65 75 BEZ R 2250 by
TR TAN L R & B i TR 20 T A
BLA AT R B N R AT RB AR B ke =15 T
PRI e A KRB Ry =1,

&1 6 Sy [ HAMAC AN B TR 3E ks R/
LA B4R el BAUE N (ks =0. 3, B4R rt2 IAUE
ks =0. 1, rtl BRI AEFMAER re2 425 7.

o1 T rt2 A TEAUIN BB X TC AL AR
B BRI 5 T U X S — T red (9 2R AR A
PG - AT L 22 St A TG AT 55 1 1 g IX
s AL 7 R 8 AT L H el 285 Ul X AR
SR NT AT 2 S IREME. 75—
A X et ek P RER D 0 /N T 2 Bl
Y HE A 0. 165 rtl B AN g 2 B i b O A RO
0. 36, /NT rt2 Feai h BIAEA 0. 41, IR &5 1Y
Lk AR,

G

I
H——rt1:k3=0.3 I
H—rt1:k3=0.3 EEEEEEsmEs -
sH 1
H—rt2:k3=0.1 :
Siinis; Tt i
50 A T i
= 1 =;
T
1 i
I =S T e
] |
; =
t
= = SO 7
Sam= ==
! )
- i AT
1 i)
e
SETISi T
30 X N
S =
SEHTE = 20l 11
AT
i thss e A
20 |
RS iwi
{ 7
15 1 %
! == ==
2 0 35 E) 55 60

A6 MX%ZEA
Fig. 6 The planned routes

1

08

0.6

04

0.2

B 7 SRIFAEALMF AT LA
Fig. 7 Tracking model probability comparison diagram

1

1
0.8 0.8
0.6 0.6 -
0.4 0.4
0.2 0.2
y
0 0
0 20 40 60 0 20

rt1

B8 XKAMAMmENILA

Fig. 8 Fire model probability comparison diagram



A4 ek, F.

BTt A A* -Markov BE A AR A # T AMDUALIE AL X 683

5 &
ARICRALGE A" BEIE AR R 23 6] 5 AU R KL
PEATECE  BIAT Markov A58 5 ). [ AH 4G A HY
HRA BT L B AT AR b 44 B A RS R
b TR 26 47 % A VEPPAL SO T AT 57
TEALAE ] Markov #5 R I 75 58 AT 55 505 T 46 T
(18 A RS P ) A QR el 2 1 L S 45 R
4f B2 TR R SR PR LU S PR B O A2 0% AR
FAAE—BEA L N SEBR AT 55 s A RS L A SUAE:
550 BE 75 SO B s IR 7R e SR S B v L AT LA
% JETIT e [n) 22 T AL AL 55 B IR 9 R F AT 52

SE Lk

(1] P, 705, XIEE. BT A~ =« BRI AN
AR S L) kO S5He4EeEH . 2013, 38. 5.

[2] Z==F, INFE. LTk A-Star B3I AN
HRISEER T [J]. =T 254, 2008, 29: 788.

(3] #scut, Shdk, JK oML B A K] A 458 A 700
g8 L. AHREHLCRS R, 2012, 48 236.

[4]  Erlandsson T. Route planning for air missions in hostile
environments [ ] ]. J Def Model Simul, 2014,12; 289.

[5] Erlandsson T, Niklasson L. Automatic evaluation
of air mission routes with respect to combat survival
[J]. Inform Fusion, 2014, 20. 88.

(6] HZrE., XMWY, 3T Voronoi Kl TE A ML #% ol
HERL R [T 3 AR 2% 2% 3. B2 R, 2018,
56 945.

(7] Z7ik, #%, X RTEEMNZERGNE
S EFREI Ik [T]. TR R AR,
2017, 62.

(8] Gz &, MRk, #E30K. BT U R RY HL
myEER TR B [T, d PR L R 222 4R
B RBL2E, 2018, 30: 106.

(9] ombuk, 5%, 2. sk AT SR E =BT

} Bl AATiE

P, geMhk . TR, TR SETHGIE A° Markov BE AR AT ABUBS AL (1], PUIESR . [ ARRRE

z W, 2019, 56: 677.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

FIh R LT]. PSS T2, 2016, 37 85.
SEUL, BN, WORAR. TR AT BRI TE AL
Al [J0. iHEHL R, 2010, 9. 29,

B, Ml BTEEAENT AN [T
G E R, 2005, 12 24

BfE, IhE. —FhIE AL A 3278 25 KA R
L] s 56, 2008, 28: 21

AT, RO, I, S BT ERBRR AT
B SRR B S AT R [T, PR
s HARFIERR, 2018, 55: 501,

Ye H. Hierarchical Markov decision processes based
path planning for UAV in three-dimensional environ-
ment [J]. J B Univ Aeronaut Astronaut, 2009,
35: 100.

Erlandsson T, Niklasson L. Threat assessment for
missions in hostile territory-from the aircraft per-
spective [ C]//Proceedings of the 16th International
Conference on Information Fusion. [ s. L ]
IEEE, 2013.

Foo J L, Knutzon J, Oliver J, et al. Three-dimen-
sional path planning of unmanned aerial vehicles u-
sing particle swarm optimization [ C]// Aiaa/issmo
Multidisciplinary Analysis &. Optimization Confer-
ence. [s.l. ] : [s.n ], 2013.

JERAR, Re#r. FETUGHE A" S0 = 4R AL
BoR#EFE [T, sFHORRET, 2015, 41; 163.
KMy, Zofil. T A BIE M IT R T M = AR
FURIE L (1], U H TOR2#5 4], 2017, 27. 163.
TR, ZERE, TR, AF. EETRH AT BRI
BUCERLR [T]. ®AT 3%, 2016, 34 39
e, AU, Tfd. L BuH AT BRI AR
WA LT WS, 2014, 21. 36.

B, . BEIE, % BAML =AU Sh A
¥k ul sy (1] AL L85 A,
2014, 27.

s

; P& . Gong H L, Zhou X Z, Ning Q. UAV route planning based on United markov model and Improved A* algo- +

+ rithm [J]. J Sichuan Univ: Nat Sci Ed, 2019, 56 677.

+

o N S S A A S S0 U G G S U SN SN U WP U SN SIS SN SN Ul D G U U S U S SN U U U U U U U U S U





