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Design a parallel processing structure of exploration by sound signal in WSN

Yaser Esah Omleh
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Mech. & Elect. Engineering Faculty || Al-Baath University || Syria
Hasan Mohammed Albustani

ICTE Faculty || Tartous University || Syria

Abstract: The aim of the research is to design an energy efficient digital signal processing structure that is a suitable option
for application in wireless sensor networks (WSN), which have limited power and processing resources as well as
communication, the parallel concept is achieved at several levels. Based on the analytical approach in analyzing the problem
into several detailed levels and evaluating the detailed elements with optimal selection for each stage. First, at the node level
for hardware within the framework of convertible algorithms into structures by adding a structural modification for FIR
based on the concept of parallel processing and Noble identities that achieve an increase in productivity and a reduction in
the number of calculations. Then we implement the previous structure to achieve the functional structure of the filter bank
for each node, secondly and at the network level in terms of design a local processing system that adopts the balanced
distribution of calculation tasks required to perform spectral analysis of the audio signal by FFT for the application of
exploration by sound signal in WSN. In other words, we assign a computing role to wireless sensor node for parallel
calculation implementation of the application tasks, in order to reduce computation amount required to accomplish the
necessary calculation tasks which produce reduction both the time and energy.

Functional testing of the developed structure in the first phase of the results has demonstrated the complete recovery of the
audio signal with reduced calculation loads over time. It is preferred and important choice for implementing in resource-
limited equipment such as the wireless sensing node in WSN. Subsequently, we obtained numerical results that
demonstrate the reduction of parallel execution time versus the serial execution time of the FFT algorithm, which improves

the performance of digital signal processing applications for WSN.

Keywords: Wireless Sensor Network, Digital signal processing, Finite Impulse Filter, polyphase, Fast Fourier

Transformation, Clustering.
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Ty 30y09 (£45 pamie y51 diis ol Al

Jaadl ele¥ o el Glad! (ya3 o &eeddl 4l 852y g1 :(Speedup) duaiddl (a3 § aoyudl] ™
die due e Jeall el ol (gpanll pasll ) Busly sade e

&3ledl e alll 3 A cldeall sueg apudll (o3 o ! Ll 8523 &) (efficiency) adleall ™

AdLud) Slalyudly glad!l S 3
Qo5 Badylss Bumli (e DSP Jlmay Zalaie Al eualie sue e muasatll Slohs ciaicl
z3503 ZIABIOWIN e diny 3 Lidydzed Al8a] @udiy e olidl (£l muasaddl ciliaslosg aopd! s
{(Raspberry) w4 alaseiuls (£545 88Lxa

1[20]FIR e, wdyald Jal aals Jias H (Z) Lnyas gl Baiaie palic J) 25522l 1.3
H(z) = S h(n)z™ M

1(2) Wolall 339 (1) WUslall eliw dpai o Sy
H(2) =[..+h(-4)z* +h(-2)z?> + h(0) + h(Qz* +h(d)z* +..]+ ()
2.+ h(=3)z* + h(=D)z% + h()) + h(3)z % +..]
1(3) Wolall @ dAminsll wl)lansl slezelss

E,(2) = Yh@En", E(@2)=Yh@n+nz"
4) 8Vl 3 LS ((3) oo Bolizally (2) Alslall izl Bole] Sy
H(2) =E,(z)+z'E,(z*) (4
o (M)=h (2n) Zem 53l il Slise ) h () nstll Blaradl Slise ity Lo Wl zlyll o0
o osball suate Jeteddly Tda £y o(4) 23MMal) 3 LS By (2), By (2) 399 e (n)=h (2n+1) 2,4l @uall olies
5) Sl 3 qunga 529 plill sslall Ssuiaia yuslic By (2), E; () kel wpumic

E1(Zz)
sglall Baamie Addl z3ged (5) JSad!

AT 488 0d oo ¥ Juall Bonate Lalas¥| o] tJuall Basaie Aed | Axtlall alewlul 2.3

decrease the ) bl Juas aases Loay cniwlud cndac 4 raal JoY L Ledseiw) clial! Jusa

[27][1][20] M Jalas 339 (increase the sampling rate) <liadl Juas 249 (sampling rate
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3 Logias Tauas 058G 3,LaY1 clive Juse paiss of :(Down sampling) cluall Jiae yadss .a

eSS it of Logdder 05Se du Aajadl (aye oo ST liall Juse Led 055 @1 olileall

Jalassy A M S basinia y (m) gpal) L8] ol DSP allas 3aal Apllall 5,S14l5 sl
(5) slall § LS Larasetl] Zulee Aelio oSl o Jllls . LI

for n=0, 1, 2.......N, m=0, 1, 2 ..N/M. YIMI =X (5)

Ot ydie oud @l Sliye aledly 8,La liall Juas 28) @x ((Up sampling) cliwad! Juas a9, b
ST alla ae @31l o e b allas 255 e badl June 83030 ubedll coadl o ALY iyl
i LS Sl a8y dules delus @n BHLaYl Axllal ;5T 005 e Jony
Slgall c¥iae o @Ml sux=s 18 Ulxdl sl § y[n]=0 ¥y mexis sue m J=>¥ y[n]= x[m] peni
N=0,1,2...N,m=0,1,2, .. N/L :Jsadl 1 7,50 B g L Jalaay zylly ol
bl Juse (aass of ady ae mipll adlas Jiius pasbas Jia3 :(Noble Identities) Jsgs as)lai  .c
H ol cdanll 8absd g canylad Cagas (&) 28l dguiall cllabazell (e 795 sbisl (6) S cna
[28][20] H (z) zésyeld 2uall (up sampled impulse response) duas 2333,5 wlilziwl 2 H (zL )3(ZM)

x(m) - () (@) x(m) ¥(n)

x(n) m y(m) (b (n )
H(z )_.@m—-q. <:)> ....,,.*l(n) EI_, (]| [——

(b) sl Sl (o () slasiadll il (3a i syl (6) JSCAJI

:Fast Fourier Transform (FFT) as,udl g 598 Jog5.3.3

pldl s 3T g9 o e ) (A il pbs dogmes Bules (e Bylee 5o petuldl s98 Jogs o
Loy Aabazal) ollayl Andleey 2pad,l 5Layl Anllae paris Ll «ho¥) bl @301 Jeiaslly syued!
ahlayl Jo¥ ahaill suoes =i CByai asd Jogmtd Uall Lagall of Al 2wy Jiolsd e
(6) Wolall Capogs «ashall Julmidlly (8,0 medilly cribidad Jasdl Jall Gedatl ausiud pg dalagill
[29] 1] plusd! caspasl

N-1 —27kn

X, =>'xe N k=0.N-1 0

GV (FFT) apudl sigd Jogmes laoiylgsey (DFT) abadall sjsd Jogmedd anyudll iliadyles (£05
(7) KA1 3 ymtin S Amgishly 25oDbil) Bi5mill iatad
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Fourier Transformation [\

Discrete Fourier Transformation T HT

Fast Fourier Transformation (FFT)

|

— Fast ) puel) Ablha &) 5
Cooley- “)) Goertzel i} )y DFT algorithim based on
Tukey FFT «index mapping)

[decimation-in-time] [ decimation-in- ]

frequency
éaaﬂl o @A)J\ el 399 Lolj.a.;ai b o DFTs clilus J) N-point DFT sl oy S
suadl Ua¥ oludl wgdaddl 3 S laas mily Lo cgudadl Glasdd blally S, 35l ledivl @ig
sosd emtd Lobusdl LS o) ciiee N DFT Glud dalios gl pelly copiadl cildes oo JLos¥!
1112910 (N log, (N)) ¢:s&5 FFT J2¥5 O (N?) &0 (e e N J aladsl

:(message passing interface MPI) JilwJl Jola dadg FFT deyyles.4.3

sda g Le pols Ligie sbiad Led ude S 0] cnlie Shgumy dalises als dusis MPI geus
Lin cyo9 8Ll syad alaiial Aaline ade o Jand @) clbeall o Jolasll st Alaius Slallas daall
o 39 «Slleadl g Sl alisy cdeadl Sldane Jaud szt S .message passing deeud! cisl>
slasiul c¥olall il qly dus Sude S Jo¥ iline meliy dudis Blall syes cllabiie eens Lolall
amasl cx LS (Badl plsie suxs o cux (@ly o(send, receive) biluyld JLanadly Jlul ldes
&l numprocs aldl sumy ((£a1ll mebidl dan Q1 Lglel ess Asbll Sldeall o ST ID wyd (lgie
sl halags eews & &ue il Slaill oo Al egass « £5010) slaall chlah G olleal) sue suxy
o0 Bpaiie Liue (2) Jouandl zbss LS L[30, 31]deall cllame duslicy IBM SP, SGI Origin 2000 sLus,
MPI pal3 ham

Ll MPI plstd patses pasls (2) Joazd!

sle¥) @l als MPI_Init (&argc, &argv), MPI_Finalize ()

dyeyaill Sldaall sue MPI_Commsize (MPI_COMM_WORLD, &size)
Alaad) gy s MPI_Commrank (MPI_COMM_WORLD, &myrank)

NUNES Y Jla ! c_gls int MPI_Send (void *buf, int count, MPI_Datatype dtype, int dest, int tag,
LUl ol L MPI_Comm comm)
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oY) Al als
il abls po Jzadl il

MPI_Init (&arg

int MPI_Recv (void *buf, int count, MPI_Datatype dtype, int source, int tag,

MPI_Comm comm, MPI_Status *status)

FFT 403,193 (£ wolud!.5.3

LS Bapall Ol 25,85 Aaskey yisel Gblus ) ilete go (e DFT ol Zilos s tie

Jid oST Juad¥l SLadl ga eaull Gadasll 09 dale by Lol 2ae 005G dulududll FFT due),lgs
Syius IS 2 Led @y lud ) A3l gsell 230,801 Bapall 0uuds oo ¥ dueyanll A hslgsell Capmgs
Lruddl 3 on ond¥l o0 S o Gyl I (8) JSadl ke LS ([32] i pozy s Adee N Ll oy
Leoladeiud Bale] Soy ¥ @ludl oda old Jlall (dalu Aoy o Sblus @l alasiwl sale] ddadud
Bugde Sl Sblusdl paay jlesl @x 138 dalies Axdlan Slasy e il LpsS coun e yandl auddl @

dhd'; me]r%q

Mo dighaa 8 0
o A gf

]

DIF FFT

Aalzll ldlall dae e

du'ﬂ ‘xl}rxla'-x_\' 1

l

e e 0 5
ll e Ay by g

!

1
[ AN A shad ) (anad

\

iep

J

L 2

DITFFT

Parallel DIF FFT parallel DIT FFT

(b) FFTI £yatll culusell z3ga
I311132] ol o393 oot dun iplsie) (5880 ol Silso3ylss e el ] (9) JSaMI ada

(a) FFTS ukudd! coludl 7595 (8) JSad!

(DFT) bl il 56 i) 5

3

) S Ll o pual) ) a5

(DIFDIT)

gl ) it e il clual) ilaa ) 55

1 ! | 8

[ Binary exchange ] [Transpose algorithm] [ Cycle Block mapping]

FFT Jo¥ £yl olusdl @l ylgs cauias padele Jalades (9) JSCaJ!
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i il oluadl Slagdail Beowulf sgdic sly § Gmmwlyl Ay plusinl.6.3

Jegess (clustering computation) gssiiall olusdl & 73k A48T (o Beowulf udlic cumpol ual
a5 Glus allasd Bras el Bllasl La (o9 (e (b (0 Lyads daxbe (0 Beowulf mlhias gy Eus
i allas e setad cadally 3y asly galaS lae Joad 80y Las 2agie S50l cauls> e 05Se
sl oz [33]zs 5o bolay) dbliey duispses 5,S139 Le (ols gllas Lead LS (uS5id allai€ suall 7540
colus die Llia g8 diall 3L Ll ssaall jull 0585 elall GiSidly olell 280adl bays e Buie
Laslae] oo cluxdl dde old el qlans § agdiall Goimay @Sl e Ughun dud Budall dal o
Allacll Bdls] 3ylae liey daall Ldy 095 o el Budall aluasial Le oS=ills Ll Jousslls
Lotie .[34] 205 A4S 3ol Aany ) ISidly Sadall Sytun e gkl de e liall jadlud ooyl
L e dandas (S L (liey hadie JSo Llddd oSy Bgie plee duais asloll malipdl cllagy
Oasd Buly Aage Juidd ppbatud seatall dsls Bude S O G duaidl (05 @ JIAS] Lia Sy casdiall
(Frad) olusl Ay

spdiall z3ges 389 lao LLYI Lasgties Byiums cupuly> J8loidl Calial LimgloiSs § ppladdl il
daazl) paall cuwlsmdl o S sae i (ot Glucdl allas Gzt Lol Buae¥! uxl ISy Les
@ oosball oo 31y8 Anwlgy 05L5) @3 Al 735018 Ssalydl dad s Busly Ayl (e cunlondl Tae e
Ay Juar¥l geazs 48] ae cibiall sliall dias (e Sliey paibas cllics Auadai Caluad Lol
[34] e8! Gl J2¥ qeully sgaiall JSaT Tugs LululEthernet

oand Wlal ¥l Bl (e85 Cauls S L Lad Jlasl Gudiy Gaeuldl dde pems o)
dam Les (padsie Gl wuded doleg A8lall (adsie Plaaly 2485 ae sigall @zl Jio 2l dl wslsall
Jio Luldl Wlgall Lam cean (Jad) Ay Bl Alad cowlaxdl o adlic bt olud jz> Las
Sobel ) Aalaell (BLAISY Jagw zmaddyd Bakad s die [35]5,08 Az yty ALl 5ylsll Loyl cadlall deyw
s @ (£t Gl jleiiud Busld milid) ey Aayludl dyo5a1all 2l U1 (e (Filter Edge Detection
olighs 3sa=s @ Python dat aluziwl Ul o 4l ¥ C U1 alukiwly La dxondl cws [36]15Y)
[37) 6,5

aasllly @l 4
il § Bl Ayl Lolas 3] 5,LaY1 ae WSN AS0ad e |yguas Y1 (10) JSCa o
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Low pass

]] M | H(z)
High pass
Analysis filter bank

Speech Source
X(n)

R

- Master Slavel

Wiy sudadl Geiwa e Joadl bolas 2 WSN J:i Y Cﬁl‘ Gkl C.bj.m (10) Jscadi

Badall Sgius e é}g-u.” M‘.']A

ceaSlly (Jlad)) Julmall dlops Jo¥ cldpd) by Zadsg 6055 &udy ziged Bedmil Liad
ool bl clid [38] amll @ G 33l Aposbdl 2yl e (833l s @5 udy o (JLazad)
S lly Jelmtll sl ye e S Jo¥ il dp ) clid

Processing Unit

Vigeln]
B

-— —
Analysis Bank Synihasls Bank

Sy Jelmtdl U pe S cilomdiphl iy (1) JSCaJI
e o JWlly edlelas daiw ae lagrange half-band filter pldl gouall JULl § L Loz
1(6) Walall 3 LS Julmall &y (olidl clediy bl cliy o e et U1 aalss
H,(z) =0.3415+0.5915z " +0.1585z % —0.09152° (7)
H,(z) =0.0915+0.1585z " —0.5915z % + 0.3415z"°

sorely polll Jadl mb e JS U2 (e Polyphase psein 339 Anlus dtlyo Bole] Gudas wic

o Jelmtll mledll iy Jof (e Polyphase yolic 43giins zlitul OSeYL OgSe «padsilly aasl 3350l

2ls39 skl Sodate joliall zluinwd sl i alghall Jo> ddunss dusl, dulys @uaias [28] cedl @

(12) Sl zuosy <DSP builder 151 Slxs alugiwly 13 d2¥ dliall il 38 Leey AN al>yl el
skl suate paiall Ay 73905 pe Julmtld il U iy a4y
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Delay Down Sanping igh

HINZ)

sl Oi2

7

L wotsipd  0at ;-EJ
1
+11
/

Subtar

——Mdsgil 01—
1
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[
)
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Palel A
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it sgnalfor b
irqeny
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Constart

U
z

Pardlel A Subctr|
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mipul sgeelfrfigh
freqeny

Deay

ABus2 Pradu!
Congantf

(b) Julmill sulmdo b eliy Jo¥ .ElSlall 4idl  (a) polyphaser yaial 5L=Ll #3445 :(12) J&JI
o3 Bl e 5l ByLa] 23 elane of el sl diasd Jlas o3 siims BLE] syes gud
Loyt ((13) Sl misgs LS pas,ll gosill Blasll (e 2y L (o Jubid <52 0 on @ padsell g4l
waiiilly Wl el £,5 o JS S8 BLEYI K4 (14) K40 mose

Welch Power Spectrum Estimate

-10

-20

-30

Power (dB)

-40

-50

-60

-70

(b) pwelch (x) alall aluseiwls juuall 8yla) d8ls euds () sall 8yLa) z3ged (13) JSid!

(b) ynasill
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iraill g3 § 8,LY1 z3gai (@) Jladl ypeill £33 § 5,LaY1 7 3gas :(14) JS2I
(15) JSadl § LS 3,Lapl) CoSAll Aloya 3 Al oLl Bale] Loy Baapall 201 3aoes
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A Goium e e patll Al dxllall2.4

(MPI) aalsss (£anll luell 2yl mualall alasiwl ayadl josd Jisxi adaty Lia Lied ol
ondes I sl sl Slue Audad Clusdl aldes 21395 @ WS (zmadl oladl e C 3GUL Lolsdl
Aldes S T o Wole 2yl Anlusdl sl dl (apasis

M L Ledgiwl oLl 5z & Glusdl o axllall 321y J) (Process) Adeadl mlaian piy
sadall Bliey dad Aggsall 5)La AaaSaudl suaalls (awd Jl 5Ll (£yanll Gludl Jolhe 5lmil cliles
S dad oo J) 238U 2l 5Lyl (e Baiepll Sligall pezelly Byall ke Jlisls psds o dpwdll
sudall § mludl apems By olayd Qe yas FFTGLus jluily 4S5Lawd) 2588l suiall alddl Blie Loge
Al £patll Glusd! gl (16) JSad) g LS« (duadl) AaaSaad)

(0) uaiall
Al Aludes alag)
maaliad aaadly

Sl Al dpeall 3a8al)
@_yﬂl\ B

(1) 38 (2) 5ad)
A e clua e
X(0),X(2) &4 5 e

X(3),X(1) a5

FFT-DIF J2¥ (£ a1l Gluc!l gyl (16) JSCad1
de ol aldae 1,58 45U (e (recursive decomposition) &Sl @szdl L Lisnserw
«(divide- conquer) wud Gy8 Ay Glusdl dxdlas @3 (J5ul Audi @x> 0 Eo> log (n) Adlate J>1ye
OSer 3l (0 aie IS 1 Al ldane A5t i (AL (alis Bayanlly @awdnl] Azl Al 2105 oo
LSolosil gaty i) Sldars s ol 2y (Joall slipnd mlS 28l e Uitue 5ygimy lus
deaddl aldes d] alldl pamazs @iy &l Sliae o0 652 lus dage S pavazy Su alee ] e
sl Ao ol A ylgsedl Alad ums § Lola Thes papmsedll s caly mapping Ladasall 401 334
Sldee M cSAA] LalS J2¥9 (4-point FFT, 8-point FFT)  £,a1l oluell cnill> L Liodiu
ol ¥ sude IS Sl desdl aulils Lelas ez lgdl Lolaadl sue wylis ae 41 g Loy olaa! 5lmsl (§ Laad
Male i pisll
Com (aadl olaT) Agie 8yla) wlive (o aludud 4-point FFT Lsasiw! :Jo¥ g9yliud)1.2.4
(G (3) gl § Amisgn Auiguall 8L clive auyl (po 43sSAI X[N] Al Litazel
Aigsall Joull 8yLa) J2¥ Aigsall 8,LaY1 Slice m4d (3) Jouz!!
X[0]=-0.00616455078125000 X[1]=0.0750427246093750
X[2]=-0.0311584472656250 X[3]=0.00616455078125000

((17) ISl 3 Aol Aalydl deluall 349
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x(0)

x(1)

x(2)

x(3)

X
X(2)
X(1)

4-points (w .>.>J\J| & pewdid] FFT m»ly (17) Jscadl
:(0) Aukeadl ol £a1ll Clulls e (x[n]) SO ol !l Glusell 2 (4) Joal zise

4-point Ja¥ Mb Qf).niﬂ C)an AL ] (4) Jguzt!

fft (x) ‘ Process (0) results
FFT[O] -0.1062-0.0000%i FFT[O] -0.106201-0.000000%i
FFT[1] 0.0250+0.0812*i FFT[1] 0.024994+0.081207%i
FFT[2] 0.0316+0.0000*i FFT[2] 0.031555+0.000000%*i
FFT[3] 0.0250-0.0812%i FFT[3] 0.024994-0.081207%i

e iz fft () Judud! edl s red bgmi olus EB&?MMM‘M&M&M

((4) Joadl @ (e 52 LS Jiles uyds g5

F=100 cbigall dsl 00,5 ae (18) JSadl &paodll zyadl clivad c¥lball gxin (o latul oSell (o

0.12

(19) Sl 8 LS sl cligad sslall alasee misss Ll

0.1

]

= 0.06
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cligad) sded Jall Lalais :(18) JS&I
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0.5
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(5) ozl 3 LS Jsall il 3ulad (o Aadas J2¥ 8-point FFT Lisasiwl s GUI goylivud!.2.2.4
:(20) JKadl aoinsll Butterfly z3g0i) 2unli, )l 22luall 33
Aigrall Joudl Bli) Slice b (5) Jsuzn!
X[0]=-0.00616 X[1]=-0.07504 X[2]=-0.03116 X[3]=0.006165

X[4]=0.038086 X[5]=0.01886 X[6]=-0.02502 X[7]=-0.03116

T e

x(2)

X(2)
x(3) Y /\‘ i ><1: s X(6)
x(4) X/%o% = =W
x(5) o > %y x(s)
- LIAN e X X, we -
x(7) o s >< s X(7)
8-points e 331 § puwdi] FFT 4035135 (20) JSCaJI
e (0) Baaall gud SLA (syanll zyadly it (x[n]) LU b Ay ladadd] 7,501 05Ss g
1(6) Jguzl @ (s 52 LS cllac S (apass
8-pont FFT J=¥ cdbile 3 Jlududll g (£5aull 75l 73543 (6) Jgun!

111469 Process (0) results

.

RN
e

FFT[0] -0.1054 + 0.0000i FFT[0] -0.105438+0.000000*i
FFT[1] -0.1370 + 0.0461 FFT[1] -0.137041+0.046142%i
FFT[2] 0.0881 +0.0312i FFT[2] 0.088104+0.031189%
FFT[3] 0.0485 + 0.0339i FFT[3] 0.048540+0.033874%i
FFT[4] 0.0569 + 0.0000i FFT[4] 0.056915+0.000000%
FFT[5] 0.0485- 0.0339i FFT[S] 0.048540-0.033874*%i
FFT[6] 0.0881- 0.0312i FFT[6] 0.088104-0.031189%
FFT[7] -0.1370- 0.0461i FFT[7] -0.137041-0.046142*%i

ool dmin misgs (22) SCadly cgaa il zysdl cilial el gomie (21) S s

0.16
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