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An Efficient Range Search Technique in Road Networks
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Abstract Recently, R&D(Research and Development) is processing actively on range search in the road

network environments. However, the existing representative range search techniques have shortcomings in

that the greater the number of POI's, the more increased storage space or the more increased search time
due to inefficient search process. Accordingly, In this paper, we proposed a range search technique using
QRMP(QR-tree using Middle Point) to solve the problems of conventional range search techniques. In
addition, we made a formula to obtain the total size of the storage space for QRMP and proved the
excellence of the range search technique proposed in this paper through the experiment using actual road

networks and POI data.
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Figure 1. Structure of QRMP

Fig. 19149} 2] Quad-treeol| A FE == 99
AR, 2R ==F 7] IHFE =5 E
=9 -5 Cell Components 7H7]= ELIH)E
Zra ok wdk S uE 49 AR, HE wre)
A =EF 7H7e ERIEE Z2Ea 9lom, v e
e 99 AR, ¥R =25 7M7) ER0E 9 Cell
ComponentE 71|71+ EQIHE 2tal Qlu). of7]A]
i eeo] G St celld) v o] Fth Cell
Componentol| = POI9] 7157, LN9] 7147, MP2] 717,
Cell R-treeS 718]7]= EQHE A& slar, T3k dX)

o m1m

Cell Componentel] #7¢¥ POIE9] o}e]t], LNE2]
ofolt], 12jal MPE9 cole|HE AAgth LN
Component®l| = LN} 772 Cell Component®l] #]7
H MPe} POI9] ofo|t]& A7datal 3l|d LNSF-E] MP
L= POIZHA 2] HIEY A ARlE A3l agal
MP Component®l] = MP2} 2 Cell Component®l] #
¥l MP<} POI®] ofo|t]E A gatal, Bgt 3 MP
HE] 7]E} MP & POIZEA 9] UIES A AZE A%
gttt Cell Connection Componentol] = MPE £33}
= cell o}o]t]E A3t} Cell R-tree= A A celloll
{3 ==7F X3 §3 Be €A AOHES AF
3171 913+ R-tree©]3l, MP R-treex= MPE X33}
I AIHEES ﬂ%}o}ﬂ 913t R-tree©]t}.

QRMP S flate] Folxl o< dlolH= FH
A B35 A S Sl POIE ASigith H4 dlo]
HE dgar] d 94 493 D vlo]H 9 x_min,
X_max, y _min, y maxate ©]-835Fe] 27]99S AA
3}al QRMP FE ==29} Cell ComponentE A34d g},
I8 thaoll HAE A dvk HaE sk
Zy YGAo x3H ¥ ==52S Cell Component©]]
A shal, W35 Cell R-treeol] A3t} RE A3
of thale] AAS &3 F POI Y-S 33}
POI9] AFS12 POIE ¥3Feh= ¥ e fA Al
E7} 1A%k cell®] Cell Componentel] thal|A] G2
o} POI—E— A+ /\] = ce119] POI 71529} MP 7H$q

%Q% ?63 ?zhﬂr

53] cell 285 58 Al 94 @A EFEE cell
Aol thsle] AHEES st BEH 7} cellol
tj3te] Cell Components AJ/d gt T3 cell &3
48 9] Cell Retreeol] A4H 3w o3 A
HES 238 7} cell®] Cell R-treeoll 4F9)etc) BE

g3k POIE A9 $5d F Zb cell9] Cell
Component®} cell R-tree®l] A7 ©3 = HA A
JHEE o] &3] BE cell®] LN Component2} MP
ComponentE A3/ et} QRMPOA UES A A<
Arke: tel~Ed dag]Es AREsHith

2.2 W9 24 71y

RNE(Range Network Expansion)™ 2} ~EF
b sgstel WSl A FaAshs WAoo,
RNEE 2Rl ~E® 3 POIE ZH7t 9 24}
R-treedl] A &slar sk gfel ~Eg 1) t}E gl ~E
Yute] PAZ YA Pz ]Sk RNEA
=9 A del Jlo] FolHg ) OH 2]
Ho| T3hg glol AEHS =t} 1% §Y 2<l

o =



sEYOR AAste] QA £ sy 3
3l 7o S ekl Eo%mmw540@$
£ POIZF A9510] 91 Retree o]-g:3ke] 734

] HZE AREATE 8778 He7EA] wHEA o 2
2hel 2ER S g3ty RNEE 2H41 =E Q3 POl
£ 7} Rtreeoll A7dst7] wioll A7 g1te] vk
AR 7L QARE, Rl 2ERS e g
2l =ERgel POl fr-E5 AALSH] $18ke] POIE
A7 Retree S Eake] wid HA 5] wiizel] A
g5 o] "ol
Signature™= Distance SignatureZ} Backtracking Link
£ o]&ste] W9l HAS Falsks WA ol 3]
Distance Signature®l] = d}}2] =2 K POIZ}A]
o] UIE9] =L 72| & Distance Category®] w7 A K.
2 olgse o Anz wane AT,
Backtracking Linkol|+= st}e] =2 F-H POl =
G5b7] ffste] Afretold Q1A% e ARE A
Zettt. Signaturel M= 9 AX Al Hol A g9t
A He7E Folds W 4 g7 AAE w=E
AAstaL, s ==9] Distance Signature©l]| A 7321
3} HJHEE]. AL e 9ok AW ZFS zh= pOI
55 31 Hgtow AAsg agla, ZF 31 POI
of tfsle] Adjacency listE ©]-§-3te] AAl HES A
ﬂﬂf"— Artsto] A7 A e B Ay 2
o poIE A7} eI} Signature e BE S
HE EE POMAI S MIEN A 78 ARE A7s)
7] wjiZoll POIS] W7t B2 A7 a1tke] A
Fol dAB| FrFetA dvh Wgk 7 =R FE
POIHA &) YIEQ A A& AL Al MIEY A A
Qo ARE o]l AN HQI} S5 B Qg
gk POIE Bol AXst7] wjitol A 5ol £
%2 ol Stk
S-GRID(Scalable Grid):= £2 UEST 7Hs 1L
g 719 IPE cell® ‘jﬂ”}ﬂ dE 2= cell
;GE.E_ o] &3slo] He AL
A, Fo17 = HEYT T P-% g =A71e] 1
= celli Baala, gl ~E |
2 I8= cellol] ZghE uf 3
A& 7A1- (Border Point) .2 ’Sxo st W9l A
Al Aol Ho| FoHS uf S-GRID+= ’ﬂ de] 3ol
¥ty gl ~AEYS =) o &
Bow AlZfste] Q1% 23]l /\EE]Q‘ 3}‘/}’5} Bl
7h el 2]l 2ERe] PO} Sl=A]9] ol %5 POI
7} A= o] & R-trees ©]-&3to] A gitl A
HAEE 28] = cell Wl POIZF §IAY 12| = cell
el 3k 2= Polell tigh A4S nhS A5 2
A cellel] ek AAS FHstal AAHS 01%5}05[

oﬂi%
“-’rO _m

ate] Uil S-GRID= &%l ~E %
zhel ~Eel POl HH o}—xl i
3] POIE *
o] Wojzlt}.
3. QRMPE ©l-&-%k ¢ A4 719

B =Fo A AASHE QRMPE o] &3 9 714
daE]ES A v H, MP B3 2 A&-3IT) Fig 2=
AN Wy FxE Hof Frk

=

Cursor
v
LN or MP or POI i LN or MP or POI o
Distance Distance
CellID CelllD
Previous LN or MP Previous LN or MP
Figure 2. Search Buffer
Fig. 20114 X nlke} o] A W yjol= LN, MP,

POIE A%skal, A2 HelA LN, MP, POI7FA] 2] Y]
EY T A= A33= Distance, A4 LN, MP, POI
7} A1t cell o}elt], Z18]31 @A) LN, MP, POI®|
T2sl7] ste] AG3 ufE A LN e MPE
A7kt Cursors A M3 Ule] dA) A LN,
MP, POl % 3tvHE 7He]7]aL 7)== 74 139
2 HA IAE 7Tk MP W= 714 B ol A
A€l MPE A3t =4 MP ofelt], MP7} 3]
= cell ofolt, 18] HA MPE =9H317] 9]3}¢]
73k vEE Ho] LN ofolt] H= MP ofo|t] & A%
Shot. W9 A Al 4 o] A q=FE e Hol
rshE P B g ATIHES] 7 2379 Lﬂ

EfA AgE Akt = HESA A- o582k
2 LN, MPE A4 W30l 4F}istc}. Fig. 32 o{z]
9% 1ol diai LN3, MP1-S 734 wsol] Akqdsh
oS HojFEr)

Fig. 30419} Zo] 14 vF ol M ES A AT &
Ao 2 LN33 MP1o] AFS1E ) o] o] 714 v
o= el HoZHE LN37ZIA 9 UEY T AgE=
10]az, MP17}A19] UES A A= 29°]9, LN3¥%
MP1°] B cell 119] 9JX|&taL glom, w3l o] 52
TG35h7] 98] thE LN T MPE 4R36HA] gkon
= NULLo| A& =t} jﬂ_L’ A4 WA MP7} AF
A E) 2] k7] wio] MP B3 = NULLZ A4 %)

ths A4 Woell A Cursort 717131 Q= dlolH
5 ZRIFHE Cursor’F LN 742 735 7341 B9

¢

m H~l



Pe 1000J1oo1 4
LN15 4 mps 1| Lne
POI6,
7,
MP7

Figure 3. Example of LN3, MP1 Insertion on
Search Buffer

LN3 MP1
1 2
11 11
NULL NULL
Search Buffer
MP Buffer

A LN 2HAlskaL 2ol & q=5-E] LN Component©]]
7 POL, MP7HA 9] VIES]A A& Alktste] U]
EA A LEAECE POISH MPE A BT
AQtstel. A Mz oA Cursor’t MPE 712 75
MP W ol ‘5dgt MP7} EAsk A4 3ol MP
= 2HAlskar, MP M Bdl] sl MP7F EAI8HA] gF o
AA WA MPE AHAlstaL F7H4 o= i MP
£ MP B3] AFfgitt

=3k Cursor’} 7He 7] MP7} MP Bl ¥ o) &5}
2] ko el H q=H-E MP Componentell #73+
POI, MP7}A| 9] UER] A A& Alttste] Y ES A
A LEAkco® HA wHd Ajgith. MP
Component®] MP¢} POIE A4 W3 ol AH9str]
3te] 714 S & Cell Connection ComponentS ©]-&
sith. A4 W uollA] Cursor’} POIE 712 7%
Cursor ©]% §1%]9l] & POI7} EA8=A]5 &RlgH
o} 54 PO} EASHA] 95 7% Cursorg T ¢
A= ol Fg & HAAE A gt 18] aL Cursor
ol $1x]el s POt EAIE -5 s POIE A
A oA AARE 3 HAS Al gt

olelgt #HE& 7147 NULL= 712 wi7bA] Al
HHEslo] =alEt) Fig 4= A MY 1002 A

Search [ PoN | [ POl || POB | [Pok | *
Buffer 7 || 8 9 10
01 1001 | [ 01 | [0n1
MP1 | | MP2 | [MP1 | [ MP7
MP Buffer —MP1 L, | MP2 | | MP7 | _I"ypg | [ MPA
1 1 1001 1001 T
NULL | | LN3S | | MP2 MP2 LN3

Figure 4. Example of Range Search Result

Fig. 4941 Hi= nle} o] poIsol| sty A&
453 & AAMZF NULLS 71717 widol H4&

10

TRolal AFE wrEsth 2 dAdA o] A=
POI1, POI6, POI8, POISO|t}. 74 W3, MP B,
TE) 3 7t cello] AW ARE o] &sto] HFAHoR
RS gt webs HE A= PO, AR g
LNI1—POI1(A 2] 7); POI6, 4= q—LN9—POI6(AE]
8); POIS, 74 & q—LN1—POI8(#1€] 9); POI5, ¢—LN3
—LN9—POI5(# 2] 10)o]t}. AF7k4] A3t AA|
He AN LSS Fig. 59 2k

Function KNN_Search(Query q, QRMP *root)
Input q: Query information, root: root information of QRMP
Output  Cursor: information of Cursor in SEARCH BUFFER
1: LNK_SEGMENT LS[] = Search_ls(q, QRMP);
2: SEARCH_BUFFER searbuff =Insert LN(q, LS[]);
3: Checking_cursor(q, searbuff){
4 IF the Cursor is point to POI
S: IF the same POI exists on previous position of Cursor
in search_buffer
6 Delete_POI(Cursor);
7: Checking Cursor(q, searbuff);
8: ELSE
9: Shift_Cursor(search_buffer, Cursor);
10: Checking Cursor(q, searbuff);
11: END IF
12: ELSE IF the Cursor is point to LN
13: Insert MP_POlI(searbuft, Cursor, root);
14: Delete_LN(searbuff, Cursor);
15: Checking_Cursor(q, searbuff);
16: ELSE IF the Cursor is point to MP
17: IF MP in MP_BUFFER
18: Delete MP(searbuff, Cursor);
19: Checking_Cursor(q, searbuff);
20: ELSE
21: Insert MP_POlI(searbuff, Cursor, root);
22: Insert_ MP_Buffer(Cursor, MP_BUFFER);
23: Delete_MP(search_buffer, * Cursor);
24: Checking Cursor(q, searbuff);
25: END IF
26: ELSE the Cursor is point to NULL
27: return Cursor
28: END IF
29: i}

Figure 5. Range Search Algorithm
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