


Sink-node Q-node 
 

D-node 

Ideal itinerary

Q1 D2 

Itinerary 
width 
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itinerary 
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itinerary 

(a) 

Width = √3R/2 
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S-node 
C-node 
 

Center point of SR area 
 

Sensor network area 
 

Query area 

C-Node 
 

Center point of SR area 
 

Sensor network area  



Node    Entry 
 
  0                    NULL 
 
  1                     {0} 

 
2  {0} 
 
3  {0} 

 
 

4  {2} 
 
5  {1} 

 
6 {1,7} 

 
7   {1} 

 
8  {2,3} 

BM(0) 

BM(1) 
BM(1) 

BM(1) 
BM(2) 

BM(3) 

BM(0) 

BM(7) 
BM(2) 

BM(0) 

Parent node 
selection 

Parent node 
selection 

Root node 
 
Member node 



MBR 

C-node 
 
Center point of SR area 
 
Sensor network area 

10, 70         20, 70 
        d                c 

30, 70       40, 70 

30, 60 
   b 

10, 60 

10, 50 

40, 50 
   a 

3 b, 30, 60 10, 60, 30, 70  +c, +d 

+b 

Sinfo  MBR Count 

a, 40, 50 

+Clist [] 

4 10, 50, 40, 70 

c, 20, 70 NULL NULL 1 

d, 10, 70 NULL 1 NULL

<before merge> 

<after merge> 

Space                           Relation   

Space                            Relation   

Q1 
Q2 

Q1 

Q1:  Space contains 
Q2:  Space 
 

Q1:  Attribute contains
Q2:  Attribute 

Attribute                     Relation 

Attribute                     Relation 

Time                          Relation      

Time                          Relation      

Q1:  Temperature humidity 
illustrate 

Q2:  Temperature humidity 

4 O’clock 8 O’clock 

5 O’clock 7 O’clock 

Q1: 
Q2: 

Q1:  Temperature humidity 
illustrate 

Q1: Time contains 
Q2: Time 

Q1: 

4 O’clock 8 O’clock 

Report the temperature humidity and illuminance from 4 -8 O’ clock every 5b sec in the area 
{(10,10), (50, 50)} 



<before merge> 

Space                   Relation             Attribute                Relation 

Q1 
Q2 

Q1: Temperature humidity 
Q2: Temperature illuminance 
Q3: Iluminance, humidity 

<after merge> 
Space                   Relation             Attribute                Relation 

Q4: Temperature humidity, illuminance 
 

Q4 

Q4  space with Q 1, Q2, Q3 
space togather 

Q4  attribute with Q 1, Q2, Q3 
space together 

Q4: Report temperature, humidity and illuminance in the area [(10,10), (50,60)] 

Q3 

Space         Relation          Attribute               Relation 

Q1 
Q2 
Q3 
Q4 

4     6 O’clock 

5       8 O’clock 
9 O’clock 

Q1: Temperature humidity 
illuminance 

 

Q4: Time with Q 1, Q2, Q3 time together Q4: Attribute with Q 1, Q2, Q3 time 
together 

Q4: Report the temperature, humidity and illuminance 4 -9 O’clock 

Time     Relation                Attribute                     Relation 

4     6 O’clock 
Q1 
Q2 
Q3 

5       8 O’clock 

Q1: Temperature humidity 
Q2: Temperature illuminance 
Q3: illuminance, humidity 

<before merge> 

<after merge> 
9 O’clock 









Division              Pure R-tree       Pure ltinerary      IR-tree 

Query 
merging None None Refelection 

Query 
parallelism 

in query 
area 

None 
{Sequential 
processing}

None 
{Sequential 
processing}

Parallel 
processing 

(a) 

Division              Pure R-tree         Pure ltinerary       IR-tree 

Accuracy Height Lowness Middle 

Height Middle 

Middle 

Energy 
consumption 

Processing 
time Slow 

Low 

Fast 

(b) 
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