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Abstract

In navigation route planning systems using A# algorithms, the cardinality of an Open list, which is a list of candidate
nodes through which a terminal node can be accessed, increases as the path length increases. In this paper, a method of
alternately utilizing the Dijkstra’s algorithm and the A* algorithm to reduce the cardinality of the Open list is investigated.
In particular, by employing a depth parameter, named Level, the two algorithms are alternately performed depending on
the Level's value. Using the hybrid searching approach, the Open list constructed in the Dijkstra’s algorithm is transferred
into the Open list of the A* algorithm, and consequently, the unconstricted increase of the cardinality of the Open list of
the former algorithm can be avoided and controlled appropriately. In addition, an optimal or nearly optimal path similar to
the Dijkstra’s route, but not available in the A* algorithm, can be found. The experimental results, obtained with synthetic
and real-life benchmark data, demonstrate that the computational cost, measured with the number of nodes to be
compared, was remarkably reduced compared to the traditional searching algorithms, while maintaining the similar distance
to those of the latter algorithms. Here, the values of Level were empirically selected. Thus, a study on finding the optimal
Level values, while taking into consideration the actual road conditions remains open.

N
ol

Keywords : HWAZ 4274 Dijkstra €185, Ax &a2l5, solBg= 1A Gl

s

A3, gAgsta 75633 (Department of Computer Engineering, Myongji University)

© Corresponding Author(E-mail: kimsw@mju.ac.kr)

% o] =E(I2AAS 20129 AR NFEIER)) Agdow dEATATe Qe wol FAR 7|
o] AdH A (NRF-2012R1A1A2041661)

AeAdzk 20149089102, 4 AR} 2014909€169, A EA: 20149099302

B

AT A

(2243)



110

I.AM B

g ynj Aol e Aol A& detalr] $3)
GPS(Global Positioning System)'&  2Hg-etc}. )
Ao el A AREsE =348 DBl 1805H1 <]
JAE o]gsit) metA HAZE FAE | AZX] o
A BAAANA A7t BoldgE 2 Ha sk
A& (H L8l )& Ao wet 7tetE A Srtet

=

2

2
0%
4

N
o
e

2,
=
it
=
fd
Ach
oo T
oft
ﬂr{
[N
B
112

2> A o mo = oo plo S
o4
()
10
lu
X

(o]
oY L

;d_l?z

=

Dijkstra$} A*
= AR B
Bi-directional 734 ®}:
PIL Ajtre ofe] oo Hilstol
A8l Stochastic time-dependent planning 44]%-S-
H]Zato] thekdh Aged oA Hd ARgd &
e E A Ag e

R &4

B

Al

.
= ﬂllO

of
e
)

AC)

o, N
il
o
o
o
(S}

=
o2

s
% o

=
RO

M
N
Nl
30,
o
=

2
=

4 o
o

=)

ES

rlr i
10 e 1

Mo
5

op

) HAE

7419l A7t
8] S7kskH, o]<}
Akl go] FhsHAl Hoh whEba A%
7] Sl A*
HAl skefoF skt o]

42 A gt

144

AHE Zo

LiH[AO|d HZEF0M 2 EHEEZ BMS 2t Ax2 Dijkstra 21259

(2244)

SIO|HE|= HMHY

ol

e Sy gEd,

stolBel= A AM = WA Dijkstra®
dugFor HAdAL 2 F e ARES
g dugEs 4%

Agt. =, Dijkstra®l ¢38% Open 82~
HAPLE (4* g
stol) Al

(A% Ly

o

o1

[N
o
El

- =

=2

rr
> i

o,
N
Ll
o
oo

P (m
rlo
o M ogoh X2

X
ot

1o Lo

!
i
a2}
o

k.
™~

=2
2
Rch

[
m
1o

]
=]

.
=l
i)
fijo
=

o
)
>

(Dijkstra
Eo A7y

71Ee] A% 7]
g Ab&3ke] Dijkstra
& HAEe a)e
AThH).

o
2
3}

_,4
pl
i
ol
T
N
ol
o,
rlr
N
o

H

s
.
!
Rch

diN
9

P

o

e e
K

g
xo, N
o

(% Open 22
L opoll whepd A5
B7F EAa 2
ANME Dijkstrad Euz]EI A*
2 g-3to] Open 2~ESQ Aolg o]

T el HuAg

=
LU (11t R

I

Q]
=

rir

of
-

= ElAY
— = 71

o] x.g]

e

Dijkstra®
dare]Fat WS
A4 Ay, Aok

LRTA*, Bi—directional (

ol

ol

ol

E

N

3

o
>~ioE f
L ofo o

¢ &

N =
i
o

BAZA, 204
Aol g woli: thepd W



2014 108 MXses =X H 513 ® 10 &
Journal of The Institute of Electronics and Information Engineers

7

e

Ry

go] Algke o]
A el

254 7ol

woog M
o 12 ©

1o
Kl
o
N
o
=

o
1z

tjo

e,
v}

N

faos
=

my)
=2, A
il i
(A
N
X
N,
OB ot 2 1@ B

B
WU
o,
il

e
_0|L
o N

o~
i)

i
i
i
% g ¥Q ol rx

ol
i

o~

(1

n¥H T=E7pA9 Ho
EAAANA A F
17} A 52 f(n)
£ (n)el 7AgAm 4
of £ 5 Al
B At 2}

> O
R=)
©
=
>
S
4
o

Hog A49 FHpriority queues)E
71 4 daEEYel Aok Hglem, Open #A~ES]

(2245)

111
Vol. 51, NO. 10, October 2014

Ll
rlr

Zo]i= 3 Hr} Open 2=E Wo] dlo]HE ul
A7) g wetelt), o7|A 459 Fe
R E

A o S B R e

ehare] el A

AHA Al dlo]
9 & 7H1 4%
< 7HAIH,
Open H~EE A
E 7H 4* Qaels
Aaku]go] F7teth

A7)
27

Z} o
2}

.

FohAY A W) vhct
of @) webd 4l 7

S oA AEE QF #7149

L

N

3. LRTA* &2|5
LRTA*(Learning Real-Time A#)!°Y otmgze

HEAD AARE A= A darg]Folvh 4% daly]
2o AA ARE A sl W LRTA* = A%
ARAA g SIS G, ARAH S
olealiA v dAE TS AT AR AEA
Mg oEsly] ofdell FahutE S =] s h
g A4NEk p'E sta Ak A@)e 2o

2)

o

B (s)& AEA A (s)5-E
== p7hA e A ce(s,n) %t
gk @t sellA M 2 s 7HA
Stth, LRTA* = AA7te 2 72 st

A oy, o

=
-
6‘|—

“

2 ox
&

)

oo O orlr ool ox
= gE o
RS " il

>
i
2
>

B
o 2 2 2 i\
=

ot
1= o 4

£ 52
o

=2

o
i

oF Aol w2k 7] JhAE

2 =% E Dijkstrast A*
%]—Aﬂoliy_g]

gl §7171 5
G FE Foln
A F el

gt

=95

G ol

3

N o



112 LHH[AO|M AZMHOM 2 THHE|HZE BMS T A+2} Dikstra ¥12|E9| 50|22 = AMH 0|25 9
daE]Fe AFEE 2(3)F o] udglR AlLtett
A 28 7hal, ofHW WA 307 it}
{f(n): g(n), if Level < 20 @) o7 3 (A% EATA)
F0) = gn) + h(n), otherwise (1) AO—AOUDOZ E3% ¥, 409 LE
== (n)9 B7IEE v o] Atk
AL Z_O_ﬂxﬂ /\xLxquA 7”005‘}‘4—_
Ve g e |0
S Level =1 (FM L1202 F7D2 Aeleha, o] @) AOANN A Ae BAE gel wrE ot
Lo tA] o] 23t EF Level — 2(F, L2)E A9

giot Hdl Level & 10°l8kaL 788k 7%, L1lA]
L1007 Dijkstra?l <ig]ES o]&3ste] HA
g AR5 @45k, L10°] He Agelv A* g
gEor gt Level kol Z7he
Dijkstra® €i8]l5 OPEN ¥2E A7 & %
= 71 =W, o] A* &are
Y3to] A7) ofolr]ofoltt,

A A& olgste] AYFEE AT W Dijkstra
o4 AF&-3k= Open #2ESE A* oA ARE-38l= Open
YAEE AZ 02 =Egdor $85E= gAERA
Zyzke] dma] 2o 2= Open FAEE A9 st o] &
gt gojE= g due|For AWAARE
ZE AL oy 2ol Al AR o] Foxith

=
1y

10 Ju

=

Z
Fo) e

t1

A 1 (278 @A)
(1) Dijkstrat A* &1z]5S $3
E DOt AO0E A =3
o] &3 Close Bl~E CLOSEE
th. DOE AO RU}t Level FH(1)E
& Atk
AMAAH =5 petal s, PE DO F
7kgtet, o] W DoY) PHOR poE
0%k F-olgith
Al 2 : (Dijkstra B4
(1) P wro] o3
71% DO 3
DO F718ta, nd
ghet,
Z+e e e

CLOSE F7

=
-

U 10

2

~

R W
T

314)

i

[e]
+

l—l+1% 734
(2) DONA 7+
molel &b,
(3 Ag w= &

a, 007} s 2 + A
me 1°] Level (d: 15) BT}

S
n=

= m= E
EA o]
~EQ 7

-
a—

(4)

(2246)

i &, P (1—0)& CLOSE® F7}gth
(3 DOE &Y Y=ER Al gt
(4) @A 22 2t

IV. AFE AlE80lM

Aol stolne= o
o oja A Aol
dold B4 % A A
Jolele ol431o]

A%Eg 1B 02

Lt Levelo| T2 F

a9 1 3lolHy)
L4, 733 L1082
ot e HEE
Wt o714 Hd A
FA8H L, = EA
Ao FAIBHATE



20144 108 MAS3 ==X A 513 H 10 & 113
Journal of The Institute of Electronics and Information Engineers  Vol. 51, NO. 10, October 2014

M

=
1=

—

N

(@v L19 AT Aol &3 ks "y A% dag|Fel osiA AA8E == AjtE
th &, L1°A+= Dijkstra Sig]l5S 4 &34 H7 ek thg YAl Dijkstra €3aEls5S 2835}
A* dug|ETo R AR Fadity gy A gy,
71E A* daugEa U AdE Hola gk Ao 2 9 1(0)=  L109] AR At}
g 1b)= L49) B=TA Aot F37-E e AF7HE YERATE ) SollA] ofF WA o] %
itk &, SollA Al AR o] ==7ANE Dijkstra zrotd wi7A] Dijkstra LidHS AREEE o
dugFoR g% F oA4* duFor e A* dagFoE 3l

TH stolEelE duelFoR HAUAYHEEE
Level kel wet Apol7h 9l
(@ Bt 29 109 4% ¢
gAE sS4 7 A, b HEA

o, et

=

=l

& T
Horle

R

%E
u}
x
m
N
3

fl &% oo of
te o wo 12 X
o

q

i)

4
o,
rir
~
of o
X o
10
H\-F
o,
2
T

ol Open #Z=EJ

e =22 AAs)

g btk o714 2-%E gAw
e xE

u
[\"]
rir
™~
=
~
=
N
—_
(@n)

(3
oft
1=

Ol
o - a

R
i

fp‘
rlr
B
£
J?.i
oot
ki
=2
%
ofl

il
=)
=
ot
ot
4
o,
il

1G] s gol L10FAe H g

—g— % 4 Aok A R
Mg Fol7} o At
P am. 4, 29 2941 Ao} 200
A% £19] S AAN 25l

D)
a2t
\I
[
>~
=
o
1o,
)
_V‘i
>
JFU

a0l | == Level-1 RESFANE
Level-4 e
= = = Level-10

[
m
o
T
A ]
-~

3001 -

M‘h K4
u' "

- — S} n

o m o 53}

=] =] =) =]
T T

Comparison # (computational cost)

5]
=]

o

MNode # (path length)

(e L10 a8 2. L1, L4, L10 EHol| sk i S
a2 1 L1 L4 L10S 0|83 Azt AT} Fig. 2. Calculation costs for the path search results

Fig. 1. Path search result using Z1, Z4, and Z10. using L1, L4, and L10.

(2247)



114

LHH|A Ol HAZHFOM 2HAZZEE BME ?leh A« Dikstra ¥112(59| 5l0|22|E HAH 0|8 2

n
wn

&)

Comparison # (computational cost)
= @

il
n

3.
3.

=2 o
2
-
p
>

2
N
2
2
dlo
o wo o
o

6
Level- #

Level #toll w2 £ odAH|E (W
Comparison of cumulative calculation costs for
the values of Lewvel.

il

z
ol
S
38

=
tlo

ol
e
&

—
=

tlo
=
o
ko
4,

=
o

=
rO
50

TS

AL N SN
X

o,
ol
-

4

¥,

(o]
RN
o,

3
1o

Level #& 57}
Aa)g-o] A gk
o] L1olA 74 Za, I4

3 L40]% Ak g

2. &M X=E o|E¢et AlEa]old

7b X K=ol &

JAL

Intelligent

Transportation

AT ColEe ELf &3 £
The number of Node and Link by real maps.

TA Node + Link
Seoul 8565 22182
Busan 2565 7671
Daejeon 1889 5618
Daegu 1438 4471
Kyeonggido 23747 61444
Gangwondo 6535 16184

(2248)

Gl At duEES Level S LIFE

, LRTA*9] k¥ 16, 32, 64% 3Hga}9irh

= X A9 gt F=2 gAst A9E gee

71 ARAY T AR AN BHA 7L

glo]a, ‘A g HAe ARE V] 9%

gk dA v-golrt

sh 3 2004 AREE ' duelES Dijkstra,
=i

A*, LRTA*, Bi—dir % sto]Bgl= &
=

ﬁ.\ﬂ,
Hou

B 32 on :

HeAPSI)
g o oo
=2 U
2

[0
o s =
T N M
o2
o
1=
o
N
)
off
oL
S
|
Q
o~
=S
7
o

-}
-
o 1Ir
o2
o
o%
i
-
S
.
ol
V)
-
3
S
it
rr
o2
o
o%
N 1{1
-

o= Dijkstras AHES Aot

i 29 AERAYAA Hd AR (KA BAIS )
£ ol dudFe Dijkstra$t Bi— dir(DD)o|H,
I 9E B ARE e dugFe dolrgs du
glFolth o] ARnERY stolHy= daelFe] V)&
A*o vle) o #e Ad H2RE FS FUE ¢ 5
Atk wHol 7Hg A2 dibH] 8o darg Z]
o5 Bi—dir(AA)°]H, 1L th&o] sto]H 2]
& G AEAY S ALk o]
i, Ashge] HAaskeE AERATY TR AdES
& 4 vy w&EA  Dijkstra, Bi— dir(DD),
T AEAYY da g9 T B3I
o]t} 53], AA9} DA 4%
e BEAYE F7keth v &
g5 1 ogigke]l F & UdSE B
%, Dijkstra‘\t Bi—dir(DD)9} W53 B 2A¢
Bi— dir(AA)°] <Fshe= Arv]§ o= s
S ®ol,

W LRTA*:= k o] Z71e4
ZbebH, AEAYE A% 4TS ¢

F 2914 Seoul A9 k=16, 32, 64
T o= Zkshd ARAE WS fAksth o
LRTA*7} Aghe Govks ©As7] il 3

A
R
=T

tlo
b

E

£

wu rlo

fr e 2



20144 108 MAS3 ==X A 513 H 10 & 115

Journal of The Institute of Electronics and Information Engineers  Vol. 51, NO. 10, October 2014
A A=k B8 49, o2 Az skl 2 T 29 RS wE 5 W YA b A B AY
£ Eolof dvke S4el 719% ez otk @ oA A A=E N3 Aol olshe w
A gfolBg= dueFole AE A2V 3 a9 4e A=A dAE, S8, dAgel vl T+
A A* QugZoR A ARE gAE -+ gtk A A EF(Dijkstra, A*, LRTA*(k=32), 3}o] B

M Al Mol ciet Z27Halet A& (07| £ ZEAHZ|QL 2|4 AME|E2 TS EA)

Table 2. Path distance and operation cost for real city maps. Here, the minimal distances and the smallest costs are
highlighted in bold-faced.

B LRTAx* Bi-directional ol vl =

Area Dijkstra Ax

k=16 k=32 k=64 DD AA DA AD A

Seoul 272123 284222 295718 295623 295306 | 272123 286924 291943 283790 283912
A Busan 167604 169158 265240 261554 267604 168966 170794 170794 168841 167803
2 Daejeon 281592 294378 337002 293399 293399 | 281592 294378 293229 293399 293229
A Daegu 465465 472703 477256 475566 474034 | 465465 472703 472292 475566 472292
e Kyeonggido 633475 646566 | 2609902 | 6226063 | 1447342 | 633475 647037 647045 646566 6338990
Gangwondo | 1829053 | 1863230 | 6140232 | 6083315 | 7689602 | 1835400 | 1835400 | 1889106 | 1862478 1835982
Seoul 1273491 48426 46713 | 138282 | 404783 | 1154780 21676 25941 50615 12012
o Busan 130624 6281 15359 43747 86963 59493 2690 3700 639% 3772
2k Daejeon 77330 47036 18715 28214 31179 49585 4823 3936 23463 11169
H] Daegu 45542 6790 14157 38976 85435 45542 5700 5073 38976 5073
& Kyeonggido 2910062 319247 176535 | 1152598 564053 661488 25865 86222 43840 68955
Gangwondo 388955 118676 109894 329563 778123 274514 118246 119544 118252 40079

a3
Fig.

==

ae=2

T AR 3
SewreY

AT

4. M2 XNEE 0|8 M 57 242 B 2
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Seoul 291346 15 27439 12
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Kyeonggido 635809 11 12016 11
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