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Abstract With the recent advancement of IoT (Internet of Things) technology, there has been

much interest in the spatial query processing which energy-efficiently acquires sensor readings

from sensor nodes inside specified geographical area of interests. Therefore, various kinds of

spatial query processing algorithms and distributed spatial indexing methods have been proposed.

They can minimize energy consumption of sensor nodes by reducing wireless communication

among them using in—network spatial filtering technology. However, they cannot optimize multiple

spatial queries which will be widely used in IoT, because most of them have focused on a single

spatial query optimization. Therefore, we propose a new multiple spatial query optimization

algorithm which can energy-efficiently process multiple spatial queries in a sensor network. The

algorithm uses a concept of ‘query merging’ that performs the merged set after merging multiple

spatial queries located at adjacent area. Here, our algorithm makes a decision on which is better

between

the merged and the separate execution of queries. For such the decision making, we

additionally propose the cost estimation method on the spatial query execution. Finally, we analyze

and clarify our algorithm’s distinguished features using the spatial indexing methods of GR-tree,

SPIX, CPS.
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Algorithm: Optimization (g, S)

(8 349 ¢ T T FYARE S
1If ( = NULL) Then

2 Sinsert (gi);

3 Else

4 < 1; costl < Cost (g);
5 optQuery < NULL,

6 For a query gs of Sl Do
7 am < Merge (q[m QS);
(gm)s

8 cost2 — Cost (g9);

9 If ((costl + cost?) = mCost) Then

mCost < Cost

10 If (optCost > mCost) Then

11 optindex < 1, optCost <— mCost,

12 optQuery < qm

13 End If

14 End If

15 I+ 1

16 End For

17 If (optQuery '= NULL) Then

18 Sdelete (optlndex); S.insert

(optQuery);

19 End If

20 End If
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Table 1. Variables

Variables Descriptions
q A spatial query which is sent to nodes
Cost(q) | Total wireless communication cost
Wireless communication cost of a query
Costp(q) .
propagation
Wireless communication cost of sensor
Costa(q) L
result acquisition
N Total number of sensor nodes
ht Height up to QA in a spatial index tree
d Distance between BS and QA
d; Distance between BS and ic
Area(QA) | Area of QA
Area(W) | Total area where sensors are deployed
sn Expected number of sensors within QA
Area where intermediate sensor may be
QB located, when sending sensor data with—
in QA
ht Height up to @B in a spatial index tree
e Distance between BS and @B
e Distance between BS and ic
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Figure 3. Cost estimation of sensors
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Figure 4. Comparison of real execution cost and estimation cost on GR-tree, SPIX, CPS
with varying number and size of queries: (a) Random distribution and (b)

Skewed distribution of queries
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Figure 5. Comparison of real execution cost and estimation cost on GR-tree, SPIX, CPS

with varying number of sensor nodes: (a) Random distribution and (b) Skewed

distribution of queries

29



+ =EE FRE AAsE Ay &9’ 7Rk
o] Mol EfjE AAEIEH, B8 GR-tree® Grid
7INke] S~ S B3 T A B
Al Y Grid WellA e HeAE 291" 7Rk
o A2l EFE AAdstE 5A4S /A k.
oA AQME HE dSWHE V2R HY
A 8o BEAS 72X o R o)t ot
3 J18EE 1Hsk o Bhew AR FE
o Z5l7] wjite] ABAow 91 AF 13} 2004
GR-tree7} Altel d|ZHw 3 71 A+ Cost(q)
£ HolFe Zo] Bdsitta ddHrt

422 OF FEGA Y HAHg Y A 24

g Q)
el sty AlotE tF FrAoHE A3
duzlFe] 8 A9 Cost(g)e vl #4359
th FAAeZ 7} FIHARIW | tiste] thE ]
Aol sk AoAe vES 2AFgZA ATH
A3}t e AsS v #4359

Cost (q) (x 1,000)

Cost (q) (x 1,000)

Figure

—s—All-QP
—a—EST
—a— Opt-QP
—e—One-QP

Cost (q) (x 1,000)

50 100 1500 200 250 300 350 400 450 500

Number of Query Object (GR-tree)

——All-QP
—=—EST
—a—Opt-QP
—e—One-QP

Cost (q) (x 1,000)

W
d
50 100 1500 200 250 300 350 400 450 500

Number of Query Object (GR-tree)

g

-
=
S

-
[~}
=}

g

80

60

40

180 1

160 4

140 4

120

100 A

80 A

60 4

40

S wo] HojHg H&

+ Estimation (EST): &7H2de] ¢& #2344
=, AdE T HEujg dF U
o =g doxg g

+ Optimized QP (Opt-QP): A|¢td F7Ha o] =

o gmeFE olgstel ¥
R EEERE

+ One-QP: B3| ¢F Mo w4
St aekA 2w, wE ANwEEe YuE
R3] fatel AA GG WE olgstel © 3
el gelne FPsae Wl delqe v

lo
Q
s
ol
o
o

A7 3elA= 10,000 7§ AlM == 100m 7]
A9 g5 5050002 TheksHAl RE AT
A GR-tree, SPIX, CPS el thsle] doE
e HA 3 iy

dgatals W Atd v

5 i
o B ] =] =7 =N
Ass EAETE WA FEE B

off & to 4 B Lo

(I
=
2

el ARl gol ol mlHske]

Cost(q)7t <742 AAE 5 Sl

AR SR whEe] 3ol wep S7hEel
ks

e tha zpol7t Ak All-QP

180
—e—All-Qp ——All-aP
—a—EST 160 —=—EST
—&—Qpt-QP —— Opt-QP
—e—0One-QP 140 1| —e—One-QP

Cost (q) (x 1,000)

W

50 100 150 200 250 300 350 400 450 500
Number of Query Object (SPIX)

50 100 150 200 250 300 350 400 450 500

Number of Query Object (CPS)
(a)

180 4

——All-GP —+—All-QP
—=—EST 160 4| —=—EST
—&— Qpt-QP —4—Opt-QP
—e—One-QP 140 4 | —e—One-QP

120 4

80 A

60 A

Cost (q) (x 1,000)

40 4

20 o

- S - e Y
50 100 150 200 250 300 350 400 450 500
Number of Query Object (SPIX)

50 100 150 200 250 300 350 400 450 500

Number of Query Object (CPS)
(b)

6. Performance comparison of multiple spatial query optimization on GR-tree, SPIX,

CPS with varying number of queries: (a) Random distribution and (b) Skewed

distribution of queries

30

3= All-QP e GR-tree, SPIX, CPS<9]

19 64

Wl Cost(q)7}



AQAA HES D T

g A ow Zr7leta les &
o] EST 4+ Opt-QP W&
], Cost(@)ol UM E&*2
Mg S7 ol = &5tk

olof H]3|
1-QP w4

24 etk gol
Cost(@)dll & ¥37t Sl
S B Uk o) AljkE HAH s daE|Fo] A
ol e} Z}ol

s
T U
AER%)

BEZ)

o},
Al

o

o2

E QAN Age] sbssinie
2 ongth a9 6olA Fhm FET e B

79 g7} RandomstAl #X2 wi= One-QP
o] 23] AItE Opt-QP WyrTt E&44Y
UtkE Aot o= ¢ 7t 2A F7hek
Gd9o] AA G Well -3 A9ole t
A E HHglete] Fgste A BHrksE W
‘Er shtel A E FYste Ao U &
217] Wiolty. AAZ g7} Random3}H|
A 6(a)oll 4] SPIX, CPS -&3kA2l 9]
One-QP "ol Opt-QP WHKRTH
Ql AsE HoFa stk

AE 4eMe A9 39 24 ¢
BOMNZ A, Al Aol 5
7N720,0007 = WAEAI7|HA do& —’Ffﬁo ‘Ri% o]

o
o

iy
2 ol 1o K mE o W

\

Hell vlste =& Cost(q)s
wgh A 39419k wpRHA 2
Randomé}ﬂ] +XxH a9 7(a)E 2¥ S
2 One-QP ol Opt-QP K
oA EE&EAYS B 4 AUtk
o] g7} SkewedstAl 3xE W= FIHAQ1E]
F R N9 Sk #Alglel
One-QP T}t 1 2
T ATh
A3 37 49 ARE TR vt

18

o1 kel
253 2

oo
=

el

Auo

[

)

fE C}-tl

AR Cost(g)olA &4 573 A5s
ot 4= 99l ey SPIX9F CPS A2l9]
WAl ByEE

ool 3047 Wl
Opt-QP o] All-QP WHRTh= Ao

KX
=

160 160 160
——All-QP —e—All-QP ——All-aP
140 —a—EST 140 —=—EST 140 || —=—EST
—a— Opt-QP ——Opt-QP ——Opt-QP
120 —e—One-QP 170 4 L.—*=One-QP 120 { [ .—*=0ne-QP
g =3 =3
=3 o o
S 100 S 100 S 100
P — -
Y = x
80 + 80 o 80 o
= E G
= 60 o 60 = 60 4
7.3 w w
N 8 S
20 40 40 4
0 — T 0 ——— 0 e ——
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Number of N (x 1,000), GR-tree Number of N (x 1,000), SPIX Number of N (x 1,000), CPS
[a)
160 160 1 160
—+—All-QP ——All-QP —+—All-QP
o —=—EST 140 4| —=EST 140 1| T®EST
—a— Opt-QP ——0Opt-QP ——0pt-QP
120 —e—QOne-QP 120 4 —e—One-QP 120 4 —e—One-QP
= 53 =3
=3 =3 [=3
< 100 S 100 S 100
- - —
k.3 £ k)
20 80 80 4
z C I
= 60 = 60 = 60 4
“ W W
] 3 ]
Y oa Y a0 Yow
0 = e 0 4 - 0 4 —_,——————
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 2 4 6 B 10 12 14 16 18 20
Number of N (x 1,000), GR-tree Number of N (x 1,000), SPIX Number of N (x 1,000), CPS
(1]
Figure 7. Performance comparison of multiple spatial query optimization on GR-tree, SPIX,

CPS with varying number of sensor nodes: (a) Random distribution and (b)

Skewed distribution of queries
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