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Data Aggregation Method using Shuffled Row Major Indexing on
Wireless Mesh Sensor Network
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Abstract: In wireless mesh sensor networks (WMSNs), sensor nodes are connected in the form of a mesh topology and transfer
sensor data by multi-hop routing. A data aggregation method for WMSNs is required to minimize the number of routing hops and the
energy consumption of each node with limited battery power. This paper presents a shortest path data aggregation method for
WMSNSs. The proposed method utilizes a simple hash function based on shuffled row major indexing for addressing sensor nodes.
This allows sensor data to be aggregated without complex routing tables and calculation for deciding the next hop. The proposed data
aggregation algorithms work in a fractal fashion with different mesh sizes. The method repeatedly performs gathering and moves
sensor data to sink nodes in higher-level clusters. The proposed method was implemented and simulations were performed to confirm

the accuracy of the proposed algorithms.
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Fig. 1. Address system of N x N shuffled row major indexing.
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Fig. 3. Minimum size cluster and mesh network.
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procedure shuffledindexing(x, y, p, header : integers)

N:=1<<p
if p == 1 then
k:=0

fori:=xtoi<2+x
forj:=ytoj<2+y
WMSN][i][j]. setAddress((header << 2) | k)
k++;
end
end
else
shuffledindexing
shuffledindexing
shuffledindexing
shuffledindexing

X, ¥, p-1, (header << 2) | 0)

X, ¥ + N/2, p-1, (header << 2) | 1)

x +N/2,y, p-1, (header << 2) | 2)

x +N/2,y +N/2, p-1, (header << 2) | 3)

o~~~
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Fig. 6. Address assignment algorithm.
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aStep: HIOIH =& &
startNode : Ol0IEf 0| S Al & &6l=

range : OI0IE Ol=2 +&ct= H2IQ Jt2/M=z2 =& &

procedure aggregation_move(N:integer)
head:= 0, aStep:=1, mask:=3, startNode:=0, range:=1
for cycle:=1 to cycle<((N/2)+1)
size:= 1<< (2*aStep)
if (cycle is power of two) then
aggregation(cycle, N)
else
move(cycle, N)
end
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Fig. 7. Data aggregation algorithm.
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procedure aggregation(cycle, N)
if cycle == 1 then
startNode := 0x03
else
head:= (head << 2) | 0x03, startNode:= startNode << 2
fori:=0to i<N
for j:=0 to j<N
address = WMSN]Ji][j].getAddress()
if (address % size) == head then
Data_Aggregation(i, j, (address >> (2*aStep))%4)
end
end
aStep++; range=range << 1, mask := (mask << 2) | 0x03

Data_Aggreation(x, y, type)
x0 =x; x1=x0; x2 =x0+1; x3 = x0+1;
yo=y; y1=y0+1;y2=y0; y3=y0+1,
switch(type)
case A : Data[x1,y1] <- Data[x0,y0]
Data[x3,y3] <- Data[x2,y2]
Data[x3,y3] <- Data[x1,y1]
case B : Data[x0,y0] <- Data[x1,y1]
Data[x2,y2] <- Data[x3,y3]
Data[x2,y2] <- Data[x0,y0]
case C : Data[x1,y1] <- Data[x0,y0]
Data[x3,y3] <- Data[x2,y2]
Data[x1,y1] <- Data[x3,y3]
case D : Data[x0,y0] <- Data[x1,y1]
Data[x2,y2] <- Data[x3,y3]
Data[x0,y0] <- Data[x2,y2]

% 8. HlolE 3 dard s

Fig. 8. Data gathering algorithm.
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Fig. 9. Data gathering type.
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procedure move(cycle, N)
moveStep := cycle - (range>> 1) - 1
for i:=0 to i<N
for j:=0 to j<N
address = WMSN([i][j].getAddress()
if ((address % mask) == startNode) then
Data_Migration (I, j, range, moveStep)
end
end

Data_Migration(xi, yi, range, moveStep)
int x,y
// case type A
X = xi + moveStep, y = yi + moveStep
Data[x,y+1] <- Data[x,y]
Data[x+1,y+1] <- Data[x,y+1]
// case type B
X = Xi + moveStep, y =yi + range -1- moveStep
Data[x,y-1]  <- Data[x,y]
Data[x+1,y-1] <- Data[x,y-1]
// case type C
X = Xi + range-1-moveStep, y = yi + moveStep
Data[x,y+1] <- Data[x,y]
Data[x-1,y+1] <- Data[x,y+1]
// case type D
X = Xi + range-1-moveStep, y =
Data[x,y-1]  <- Data[x,y]
Data[x-1,y-1] <- Data[x,y-1]

17 10. Hol® o] s ozl
Fig. 10. Data move algorithm.
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Fig. 11. Data move type.

rﬂ

) S7FetEE dlolE] o]se] AAFShE startNode®]
= YFo® HE HZESI] S22 17]9F dA|st

stet "ol 3do] A5 aStep, range, mask kS
Uk @Al SelsEol] Agshes S7HAIH.

sizezkoll Wl head #ke] A3AH address >> (2*aStep) A
of whE} 48] HIEFE QE%O0R FZESIL 47 UH

Al AMkE ek 1§ 99 e dloly Y Eljle] 2A
Fk ghe] 0oW AERS, 1019 BERS, 2019 CEFSY, 3019 D
Elgdoltt. 3 Efio] AAEH Data Aggregation() 2]
caser-oll A EFSJell sdal= dHoly o] 3k

a9 10 "ol ols ¢arg]Es WERATh cycledkel 2
o] Aol ofH 19 49] step 5, step6T} 2 BT
o] doJg] 7S A% olEdl= DACIERE move() 7t
“Z ¥tk moveStep startNodedl| 4] TlolE] 1S 234
head :===29] o]'53l= ©AIE 1|3l moveStepo] Al4tE]
W WMSN 2E =E2 3804 startNode =2 23l 71
ARl A rangeet moveStep FHE o]g3te] 3 HolHE
o &gt}

Hlo]E o]F-2 startNode, range, moveStep®] daNA|H FF
BArxER9 olF FUHY olF M9t AAE) oF
9] SrellM 19 119] AEF, BEIS, CEFS, DEFYS] o)
At cyclegke] Waol| el moveStepe] AW o]
tlo]E 7} »l‘C EE FAE ] Aklste] vA] 4744 B
3%t} Data Migration) 37t &% &
Z} Bbd o] o] Fo] HlolE] 3] nt2 A @A7A] g

MR Borot
Bl

2 o om O, dZ of

V. g2 T HE
o] AellM= #ltd aElFel Aee wAska dare

T Taste] Ak daElFol SwtEAl FEEA A

==

o

Zact

1. YmRIE M5 24

.N N 4] VSN ) A
= QA= A
(2P)—t— et ol &

| dare]FellA ol
=y T(N)Ol Zhar & oj
ERa i

il
=]
xd4
T2M)=TQ2"")+22" > =1)+2

QoA TEM)E 2P x 2 A B FejzEel A 4T wE



Data Aggregation Method using Shuffled Row Major Indexing on Wireless Mesh Sensor Network 989

2 Hlole7t s F9 5 WERA A 32 AR
ZejEle) S sl A g9l Fejal 43 wmse) A4
IV wE2 HolEE o)Eshe &2 5 WERM v
o g2 FHF dolE RS A% Fo 5 Rtk A
G W MEYIQ 2 x 2 UIEH I sl TR") =2 o]=
29 A8 29 vy gk

T(2")=TQ"")+2Q2"? ~1)+2
=T +2""
Ty +20" 42772

=TQY+27" +2r % 4. 42
=202 1) +2
Y

Wb TIN) =N &2 FAETH N x N #3] vEY 04
tlolg] 3ol sk Ao &2 o AFHd 5L

Al wloly z9tat

dae]Fe a9 129k 29 133
ol FEHL HAFHUH. dHOR puts 327 sfaL

jines

Create Random Network HE-28 &8 N = 2P o|2& § =
28 9] 8 x 8 A YEYI7} BA AL Show Node Address
HES 72U A HEY I =259 45 1T
2031 Show Sensing Data MES F2W 7} =259 4l
A dloly ks g1 4 Utk dolE [3s dAE
A Gl & F AEE 7} AAe] A dlolE @ 1=
s} &gl

Execute HES F2H dlo]y ol 9] Z A7}
dlo]e Fell HoJX™ hop2] #hel FAIETE Execute HES
FEHA] HolH H3lskE astA ZF dAldAe] o]
FHT o)lsE G0 & vk 18 13@T 8 x 8 HWHTE
oA HAZHAZAY &2 ol FAQ TN 4kl 8&F<t
of A =ro BE AlA dlolee gl 3ol xle At
E HolEth 19 130b)E paks 622 IS W 64 x 64 W4
Tol|A dlolEl7E FRE AE Btk wEpA] Ak
S]] pgtel TVt stolE AEe] AeS gith

Show Node Address
Show Sensing Data
Show Sync Data

0 1 4 5 16 17 20 21
2 3 6 7 18 19 22 23
8 9 12 13 24 25 28 29
0 M 14 15 26 27 30 3
32 33 36 37 48 49 52 53
34 35 38 39 50 51 54 55 | CreRamemtiotio |

File Name:  matrixxt

Create Sensor Network

Frnumber. 2

40 M4 44 45 56 57 60 61
42 43 46 47 58 59 62 63

numethops

Address View

[« |

Execute ‘

a9 12 =5 A g g o Ak

Fig. 12. Result of node address assignment.

(] =] 3
1 Show Node Address

Show Sensing Data

Show Syné Data
16 16 16 16

2 16 32 2
16 64 2
16 16 16 16
1 1

1 1

File Name:  matrixtd

Creale Sensor Network

P number:

1 Create Random Network

Y

N B A NN B BN
N

N B A NN B BN
-

1

.
Data View

Execule
< 7 T

(a) 8 x 8 mesh network.
Cl (=] E3 |

2 32 102410242 1 1 2 1024 1024 32 2

16 16 16 1024 1024 1 1 1024 1024 16 16 16

8 1 1 8 1024 1024 1024 10248 1 1 8

2 1 1 2 2 1024 2048 2 2 1 1 2

2 1 1 2 2 1024 4096 2 2 1 1 2

8 1 1 8 1024 1024 1024 1024 8 1 1 8

16 16 16 1024 1024 1 1 1024 1024 16 16 16

2 32 1024 1024 2 1 1 2 1024 1024 32 2

64 102410242 2 1 1 2 2 1024 1024 64

1024 1024 16 16 4 1 1 4 16 16 1024 1024 [
(b) 64x64 mesh network.

a2 13, gloly ¥aksl Qg 3 Al
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