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Energy Optimal Path Planning for Mobile Robots Based on
Improved AD* Algorithm
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Abstract: Path planning with distance and time constraints is often required for mobile robots.
Meanwhile, reducing energy consumption is much more important in order to make robot perform more
tasks and more efficiently with limit energy supply. Hence, it is important to minimize the energy
consumption of mobile robots deployed in real world missions. One of the ways that can be accomplished
is to choose the robot’ s motion to minimize the mechanical and electrical energy usage required by the
robot” s motion. However, this method will cause the robot accelerate or decelerate frequently. Taking
into account the demand for reducing energy consumption and improving the efficiency of path planning,
an energy optimal path planning method was proposed based on AD " algorithm. The energy consumption
was reduced with the proposed energy optimal path planning method by taking into account the distance
and time constraints. Firstly, the energy consumption of path was calculated by using the dynamic model
and power model of the robot. The sample-based model predictive optimization algorithm was used to
generate the optimal trajectory cluster based on the kinematics model of robot. Then, an energy optimal
path planning method was proposed based on AD " search algorithm by integrating the energy consumption
into the node’ s evaluation function. Energy optimal path planning was carried out online to find the
optimal energy consumption path, according to the connection relationship of nodes and environment
map. Finally, the effectiveness of the proposed energy optimal path plannign method was confirmed by
comparing the simulation results with distance optimal path planning method. The proposed energy
optimal path planning method can be deployed on the mobile robot platform which served in outdoor
terrain environments for decreasing energy consumption.
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Fig. 1 Sketch of robot performing a circular turn
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Fig.2  Circuit diagram for motor driving system of robot
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Fig.3 Closed-loop control system for robot
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Fig.4 Trajectory cluster generated by sampling
X (8) (9 THAZE ATIRBHFE AT REAE , T 76 R4 il
JASI P R B BEFER SN (10) THREARAT . R, Bl
Hh Bk SR LR 1Y) AT AR T D B S A TH FE I E

FEIASTHAEZ A0, I

clx, (1) ,x,(8,)) = | x, (1) ,x,(2,) | +

[* Py pme e, (1) =x,.(6)) - (14)

X a—— WL AAE T3 18 B Bl RO L LA PR B
1 m BFAYRE
2, (t),%,(6) | — A x, (1)) 5 x,(ty)
Z A I L HLAS R B
— b T PEE 4 PR B
g—H JIINH
m—HLES N & kg
xo,z<tl ) \xo,z(tZ)—ﬂl_'j“l‘J_‘:‘; x, (1)) 5 xo(tz)ﬁ
z 7 1) LS
ik FARSRAE T AL B AR X S Bl
FAELEL AL 1719 A ) A 3 AT ) [ X Y A ]
(R AT AT AR AT L4 BRI 2 A T A A REFE AR
PR INAGHSRRAT, Wa(14) o

3 AD HERERERNRMBEIENL

3.1 AD &%

AD " BRI TS AT B Bk i
WK AD S FEH] TR eI AR B K
AR 29 3R 1 fe B AR B0 R () A, 5 A BER R
[F), EFEAG O R X R ZAE R I T —A He ol X+
(¢=1)  HABIE 5 9Adi A sR T ISR N

f(x) =g(x) +{h(x) (15)

P g (o) —— IR LB S /7Y A » B9 H S
AT RA

h(x) ——MH R 8 o B FH AR Bl

WATHA WA S R 1E
AD " B AT R R R p e b T
OPEN %  CLOSED £ il INCONS % 3 />3, OPEN
FPIAAETF I R A9 1 5, CLOSED R fEfiE it &
WA 2t 17y A T INCONS 72 i T Lo ) [
T ¢ BUB ST S Z PP IH AR SO 5 S B0 BURAS

A—HH T s (v#g), AD" BRI ARG
JIGEF E 59 SR AR R bR 8 F sk R e R B
REA—B7 S E B 2 OPEN £ rp, SCHGEE
() SE PP S P, OC T2 B S 3 A 5 L S
Bk[22],
3.2 FRIFERE
TEFR AR REFE S UL B AR R 7 i A T AR I R
AR TR R A v, AN T RS
PR x B9ACH AR P (o) T HR o AR BLHY 19 AR AR
R BT S(x) ., Bha' e P(x) AEIE « 1555
AR AT A, S A5 o PRA PR Y g (o) T AT 3R
NA
g(x) =g(x") +e(x' 1) (16)
K e(a’,x) HT A o' 58w Z ] L SEE AT A
ATEFE , B PS5 8 Z B ARG A T A, 7T
e (14) T
I x A BRECR Y R () ST B H AR
T A, PR B AR A , 2 ST A8 Ay P
R Z B A LA R B A TH AR AL A A S IR
JIRERE ™ Z A, B
h(x) =a |l x,0,,, || +umg(x, -x,,,.) (17)
¥ (16) (1) A (15) , AT 5« B93F
i sRECH

f() =g +a x|+ [ (PP di+

pmg(x, =) +o || 2,5, | +pmg(x, —x,,.)
(18)
3.3 ETAD EEERERERNNFEMAEETANX
gk

ASCIEMF IR FE R ] AD ™ Bk AR v
TEBS 248 2 B v 45 899 £/ OPEN 3 | CLOSED
FEHN INCONS 2, BT AD ™ 53k AL BE FE AL Y
1) B AL 6 A R B0 (PR Ry e D S A8 R R0 i i AD
k) HA AN .
(1) «x,,,,, < start,
(2) & (Fren) =7hs (%) = 5 g (%) = 5
rhs(x,,,) =03{ =8,
(3) 4 %, 1 2, A OPEN 1,
(4) repeat,
(5) M OPEN i REVEAL bR S A (B e/ N 5
Koo
(6) R g(x) >rhs(x)

g(x) =rhs(x) .
(7) ¥ x LA CLOSED %,
(8) MHRFIMFEIRE] » B9F57 554 S(x) , IF ¥
W REATIHFE A (FE RS FNREFE) .



24 P 1 R = 4

2018 4F

(9) BN g(x) =00,
(10) ARAEHUBFEFRE] » 19 F47 555 S(x) ,FFEH T
SR AT I FE AUAS (HE B FIRRFE) o
(11) until x,, B R, A BEEFE AL RS
(12) aniR o A8 ik
X T ORI A, BT HAm A T I FE LA

(13) XF Hr A BT i F2 8 g (x,) B rhs (x,) KRR
o R RITE LR,
(14) % INCONS 15 i 2 OPEN £,
(15) HELTR(2) ~ (9) A A0S 1Y REFE
EEEAE

JIT R 3L T AD ™ 553 AN BE R B R ) I 1
BRIk 51658 AD ™ AR BRI 7 i 0 AN [R) =22 Ak
FE T A 20 AR Pl FH 08799 5 I G R T Al
TERATEAL pR AL, R i Bk b A7 s A2 1 R o 2
e, MALER R LIRS TT 4R, AR 4 X (18) 19 A0
FAE AT T AN WK Al A0 (B S /N 39 AR A T4
R, B HLD R RN HAR S A 75 45, IR A R
Wit OPEN 2255 INCONS £ T Z%, HEM R
B HART A BRI R AR, TS 2] T AR iR
F ARSI RERE R A IR A2

BT IR AR LR i R, T R T AT
S AL R BT 22 I R B S A S AR R REE Il
A R L 1 R AR 1 AR N RERE SR L A2

4 {FEIXLLE

Y SR BT AR A0 B G B A KL Tk A K
P AR SCHRIEHL &8 N SEB-F- 5 B PERES R, FI LA
NFAE R SE (Robot operating system , ROS) H1 1 1/
At Gazebo A MBI Y% B 52 567 5, JF BEALEE
T 20 DNESNG R IAT O HEAE, SR A N
POECIR S AL AR A, Qi 5 s, L i R A
FEEJEH TEHL UTM - 301X — EW BRI
CCD #A8 kP ¥ AR . AL A AR
oy R AR A R A 7 RE AR R
Vil DL i 1 75 i i Ml e Nz 3, i 7e [
TR, B g AT AR A AR I 2 B B85 A Bk
fTHEZE,

K5 Hlas NEREH
Fig.5 Experimental platform of robot

7 L -

LS NSEE0F 5 10 EZERES Bk 1 iR,
TE Gazebo THZIEE 1 S BN #8 N F & 317
{5 ELI
F1 HBAFEEEESE
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