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Convex optimization and A-star algorithm combined path planning and
obstacle avoidance algorithm
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Abstract: To improve the obstacle avoidance ability and path planning efficiency of mobile legged robots, a convex
optimization and A-star algorithm combined path planning and obstacle avoidance algorithm is proposed. Firstly, a
method of iterative regional inflation by semi-definite programming (IRI-SDP) is presented to quickly compute out a
large convex polygon of obstacle-free and its largest inscribed ellipse in the given ground environment through alternating
two convex optimizations. The obstacle-free region is utilized for obstacle avoidance and task motion planning locally.
Then, combining with the classical A-star algorithm via establishing the local and world coordinate system of mobile
robots, the transfer model of the mass center of mobile robots, the impact model and the heuristics cost function, the
optimal minimum-cost path in the global environment can be found. Finally, simulation results validate the effectiveness
of proposed method.
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free space
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(1) G Rt DX 3 m] T 8% S AL A N I B AR LRI AT 55
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Co = &lnxn,do = qo,0; € O,vjx € Oj,1 = 0; BEALR
Yo BENIEAR K AR A 73 B e 5 A i K DI I
while det(C; — C;—1)/det Ci—1 > e; % nZER e
% Rfveh MR R IRk SRS
[Aif1, bit1] = separated_lines(C;, d;, O);
% s € A MR KA VIR
[Cit+1,diy1] = inscribed_ellipse(A;+1, bit1);
i=1+ 1; %R FUIENR
end
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o4y MBI 34 2), 5% SUIRIR B2 OBRAE D BT 20
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function separated_lines(C, d, O)
% VIR BERT P Ab BLAE £
Ouseless = 95 Oremaining = O;1 = 1;
while Oremaining 7# @
%o SR B 53 14 £
™ = closest_ponit_in_obstacles(C, d, O);
% R ARIE B IEAS 2
[as, b;] = tangent_line(C, d, z™);
% EHICAR IR
forall O; € Oremaining
ifa?vjk > b;, Y, € O;
Oremaining = Oremaining \Oj;
Ouseless = Ouseless U Oj;
end
end

i=14+ 1; %R T KIENR

end

% it 45 e IR B B AR 43 R AR SR &
arlr b1

A= laz|, b= |b2].

TR B EESY AN ECOIN, AN = 0,
separated_lines ANt N\ while J§ 3, 4 N = 11,
separated_lines F N\ while JG ¥ 1 ;29 N > 2 i,
separated_lines 3 A\ while 7§ 5 X 4 H 65470 79 A 1kt
5E, /MBI IREOR L, B KRG RBCA N an &l 1A
K12 B, 1 LR LA 6 MRS (91 52 X 450, 28

VHE A 2 2 A B9 GEENARFA 2 70); 55 2 HEA S5 3
HEHS R 21 3 AN BEAS ) GG 3 100); 26 4 HE R I 21
4 FRBG A GEE AR A 4 2). R 25 35 0 R 1 B 47)
FEIIRT R A< N.
L15 SRS E N2 R KTER A IR

T2 IR i K TR D) [ SR 1R G BT A,
o R S B B R SEE AR A By 4R 3. DL — A L[
T 3R 2 SRR (X (2)), MR A TR IE L T O R
TR RIFZ AT L = {2x|Ax < b} WK
T AR P U 1) A RT LARSA

max log(det C');
st. sup a) (C&+d) <b;, Vi=1[1,2,...,N],
lzll<1
C>1. (10)
SRR [6], AR 5 AL 2 BT B

log(det C');

max log(det C);

st. sup |la; C| +ajd <bi, ¥i=][1,2,...,N],
lE]<1

C>1. (11)

1% 0] B i A Ak 1) @, T DL Mosek H B F )
Ben-Tal and Nemirovski $& H 2 52 £t A6 A B 4 — 1K
LYK AR 23,
1.2 A*BZE5EE

A*BEER —RKEH T2 RHEE B Mkt
AN T7 %, Ax BIEGIN T 8 KR 2 DR it A% 92
IIFRJA e AR, AR A B B A% O AR 7
J BB AL FR 5T TR R R B R A B AT AR AG SCHE 2
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ARSCH LA AR DU R ALEE A, W 2 B,
FEARRE 34N E B, Wit R R N g € RY2.
1.2.2 M ISR
TR T ALRR R HLER AN S n — 1B R RO B
Xoo1 = (@1, Yoot hua) (12)
MIHLEE NS n 8 BT AT KR A
X, =X, 1+ AX, 1,
AX,_ 1 = (Azp_1,Ayp_1,Ah,_1)7T. (13)
B e, 1, yn_1, bt M Az, Ayp_1, Ahy_q 535
FoRFn — VP ENLE NTE T AR R AL B (R
A0 e A& A AT 50 5 5E ) RV 565 5 B P AR IR or B AR K
BAX, BRETEn — 1L EHAEBIERTHL
WAL T — B UEIAMAE, B AX, 1] <
Sinaxs Smax VLA NI KK, HHIE2h 23 [H P
1.2.3  HLEEA RO s A
WRHLES N ZE n 2 5 LR AR AR R R SCHE SN
S, = (0,0,0,0,0,0), 7% & £ N
Thi = (Azpi, Ayniy Ahs, | AX i ||, Avniy di) T,
i=1,2,..., M. (14)
Horr: Aryy AINLER NS n 0 J5 T B2 AL R 4, d
ML N B TE RS ™Y %2 30 T3 S ) e/ B S, M
AT R AR
1.2.4 AR
RIERIFF B L ES Az = b, DU EHLER A AT
AR A0 R B 2 B R IR 7 T AERLAAR AL 2R BT BA
THAAS BIHL A N ST (1AL bRy

%= (5. (51),
N
L2 iR AR AT RS AT AL 88 N AE TH FLARER 2 (1) AR AR

cosvy sin ’y]
Xp.

—Ssm-y cos7y

(16)
Hod: LATW J3 o HLas N ATSE, X F 4350 A4
PLas N O A BT AL, WA AX Gy < b, WHLES
NAE 5 GG ) e A Rl i
1.2.5 RN R
MR HE A L, I FEAR M R £
f(n) = g(n) + h(n). (17)

Ho: f(n) RMFIGAT A X, &1 8 X, B33 H
PRAT R X, RS ENARRE, g(n) R MATAR T 51 X B3 5
T X, M SZBRARY, h(n) 2 T A X, B H bR A
X, TR AR, BARTT S

g(n) =

Wy [ Xn—1 = Xsl| + weal[Azp 1| + wgs || Ayn—1([+

Woa || Ahp_1 || + wgs AYp—1 + Wye0n_1;

h(n) = wp || X — Xoll + wp2es

1
D+ TR dn—l < -Da
On1 = dn—1 (18)
D, dp—1 > D.

Forpr: X MX 73 39l kR iR md A0 H AR i (0 T SR AR AR L
B D NIRRT 2 A S R AR R, G T R
SRR G, 38 G ke A it g o LR N IR S H bR
FITE T ALK R A, WP 1 .

BANFIERBEI T EENLE AN TR X
A AE T R b o 230 98 R AT, AT A — R R R D
A BRI TSI A,

world_init(X s, X¢); % WAL AT SR H bR 7 05
open_table=[]; close_table=[]; % & .= open il close &
while X5 ~= X¢|| Xmin ~= X¢; %5 NBART N
Xo = Xmin; %W RUE AHTHIELR T R
% JEHILETT SN open
open_table=[open_table, X ;];
grid: X + AX — X; % WKL TR AL X 35k
AXw <b— T = X — Xa; %Wt
% K T AT I3 AL SN open 3R
open_table=[open_table,X s + T}];
%o ¥ LR T HAEABATTRI AL R
father_node: open_table\ X, — X;
% 1L open F M FR AL 4G T
open_table=open_table\ X ;
%o TR H NN close &
close_table=[close_table, X ];
%48 open K £ (n) F/NATT L Xmin
f(n) :open_table— Xpnin;

end

%o M H AT ST A B BIHL AR T 51

father_node: X; — X % R 5 2RI Hizk
1.3 FRUS

A2 INEANRAE AL S I, IRT-SDP A
EAE L T P85 4 ) — AT B fie KA I8, (X PR AIEAE
AN E SUBIALEE: R hs >SN TR A R | Ry
WS LS5y kMR B, V), BB B S 2 B
BE A REES LARKIZ AL A, IEAN, KA
[ 5 KA A ) SDP 503 SR A (1) 72 42 Jmy s ARG, R4S
BB AR 2N T B In#5 AR, H &4 K1
R W AT i A7 AE, 1X 5 SDP [ & Rl A 1. R s




2912 EC o

5 Xk R

%35 %

SE TR Hb TR A58 5, A [ 9% TSR KT 84t T T A5
B LI W R E. BT A B H AR
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A B BT B A PR i g B 3 Rk, 3R B
Mt =0 A7) AR R B D5 s e, 51 S R 2
& B R, RVERIEWCSR. (7)1 g(n) AHEE h(n) 555
KIS, 2 BT BEAR 58 550 (BFS); 1 6 75 /N,
Z VR IR FE AR S % (DFS). A* ikt — Fhix
P B 20 BB R 7k, Fh R S A A S
SRR R, B 24 2R TR SRR

ASCH IRI-SDP SEARUE T 5 08 b [H] 24 55 JC
15 DX S8 22 e SO, A SR ARAIE T 42 R B A2 L R
AL,
2 fiEKHE

A SCF FH Webots 4 %2 1l T 4 5%, 156 A Matlab i
P2 1 38 HEAT 07 BRI UE. 1 3L E B R T B AR AR
2, BRI 2 LA N2 ) (s kG B AL B, TR, 3
%5 25 WLSCHR [24-30]. Wi 1 AR, DU A2 L3 AL 4G
B R (—2.8,1.5) m, HARGI E R (2.9, —1.2) m, WL
NP E KT 0.2 m /s, AN BHE/ 3D AT E] N
0.3 s, 376 K T B3 1 B30 J B, S92 B AR AR ] /N T
1.2 ms, B 5E i KIERIREL N = 100. B2 M pshg
W, F b B B RS 1 AL B G4 2 43 Sl o il Ay
HiJ7 M LL0.1 m/s LI B, 1 S HNR 1 fiow, 1
HaE R B 2 s, B RS R GE 6 B bR
104 B AR E, SO F A MLES N5 B, R ZRAE R
MLEE N GE T B A%, R AE S R A2, 1 2 147 40 o
LU, IT U H

1) AR FEA XTI ST A 1) B s ) R AT
73 B 4R P SR L, T A2 X6} B 25 A% Bl AL N R — 1
(1) B 05 0, 045 72 2 B 05 40 oK Al A K oy B 2R B
NI 4 BT R0 P ™ 22 300 T X 3

2) ML NI B U LRI R 7E 1% Bt 2 10
TEIX 35 P HEAT, SO 2% N PR VA TE % X 3k

3) b T PR B AR ST AR E D AT TR, AR LA A
Y SRR — 2 M, A B REEE M
it

4) G VY & Zh P —HE, BT ) R A R I 55 T AT
], BT LA AHT N 1) i s SR A S A iE
AR AE— MR R b, LA A2 RAREE AT 7 Al
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