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Various research attempts have been investigated to navigate and
locate source of the sound originated from the events such as
firing, explosion and the human. Noting the importance of this
subject in security and environmental protection organizations, a
novel approach is presented to locate sound source with a higher
accuracy and a lower response time. Conventionally, the proposed
approach is based on the sound signal time difference of arrival
(TDOA) received by a sound sensors array. The novelty is to use
the simplified results of the deployed geometric equation system.
Thanks to the special structure of the sensors array, without a
need to the complicated mathematical calculations and a heavy
processing, just by incorporating the values in the equations the
required response is achieved with the highest accuracy and the
lowest time. For the proof of the concept, a primary scheme which
is based on a 3-microphone array is simulated. Due to the minor
error (ie, 0.12%), to detect the source with 100% probability a 4-
microphone array is developed. Also, to confirm the effectiveness
of the concept in the 3-D space, the scheme is extended to a 5-
micophone array. The time delays readout error is proportional to
the error of the detection of the target location, and this error is
dependet on the quality and the specification of the utilized
hardware. Alleviating the complexities in the conventional
techniques, it decreases the process time and also the required
hardware. Therefore, this method saves the implementation costs
in the common applications.
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EXTENDED ABSTRACT

Introduction

Accurate detection of sound source location has many applications such as
automatic detection of a speaker in a conference for a better sound recording,
interaction between a talking robot and the user, and detection of the shooter in a
terrorist attack. Detection of impulsive sound source location such as source
originated from an explosion is one of the most important applications. Various
methods have been developed to detect the impulsive sound source location.

In this paper a new mathematical method based on trigonometric relations was
developed to detect the location of impulsive sound source. The proposed techniques
utilized an array of the sound sensors which took the advantage of the widely-used Time
Difference of Arrival (TDOA) approach for the target detection. In the proposed method,
the sounds’ time difference of arrival to the microphones was measured and incorporated
in the developed mathematical relations. Thus, an accurate location of the sound source
was detected with a lower complexity. For the proof of the concept, a primary scheme
based on a 3-microphone array was simulated. Due to minor error (i.e. 0.12%), to detect
the source with 100% probability a 4-microphone array was developed. In addition, to
confirm the effectiveness of the concept in 3-D space, the scheme was extended to a 5-
micophone array. Alleviating the complexities in the conventional techniques, the
proposed method decreased the process time and the required hardware.

Methodology

For the detection of the sound source location on a 2-D surface, at least three
microphones (sensors) are required. The concept of the target localization is shown in
Figure 1. It is assumed that the 3 sensors are located in the corners of an equilateral
triangle with a side length of D. The aim was to locate the coordinate of the target, (xy).
Assuming the velocity of sound as V and the arrival time delay attributed to each sensor as
d1, d2 and ds, it can be shown that the target position is calculated by solving Equation (1).
Solving this, one can achieve the position of the target on a 2-D surface.

{x =An +B
y=Cnr,+D
Where: &y
A= —d, B= x5 —dj C= x3d, dy di %3 | ys | X3Xp | X3d}
x, 2x, VaX; Y3 2y;  2y; 2 2y;  2y3x;
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Cir2(x2, y2, ry)
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Mic3(x3, y3)

Cir3(x3, y3, rs)

Figure 1. The concept of the target position detection based on a 3-microphone array.

The simulation results show that there is a negligible error (i.e, 0.12%) in target
detection in a 3-microphone array. To detect the source with 100% probability and also to
further confirm the effectiveness of the proposed concept, the number of the sensors was
increased. A 5-microphone array in a 3-D space is shown in Figure 2. In this scheme,
microphone No. 5 was utilized to detect the height of the target. Following the proposed
mathematical approach, the relations required to calculate the target coordinate (x,y,z) can
be stated as Equation (2). Similar to the 3-microphone array, the points x and y, can be
calculated using Equation (1). However, the height of the target position can be calculated
solving Equation (3). Finally, to achieve the position of the target, Equation (4) should be
numerically solved in accordance with (1)-(3).

((x X))+ -y +(z—z) =1

X =x) 2+ (=) + (z-2) =1f )
x=x3)2+ (-3 +(z—23)° =1f
(= x5)* + (7 = y5)* + (2= 25)* =7
z=En +F
Where: ()
g p
Zg 27¢
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Figure 2. 5-microphone arrangement in a 3-D space.

(A2 +C?*+E?—1)r?+ (2AB+ 2CD + 2EF)r, + B>+ D?+ F? =0 4

Results and discussion

The simulation of a 5-microphone array scheme was performed in MATLAB with the
space constraints as -200 < x,y < +200, -5 < z < +30 and the step size of 0.1. The simulation
was carried out for more than 5 billion points in the space and the results are summarized
in Table 1 for different cases. The simulation response time was also 0.006457 seconds for
a PC with the following specifications: Intel, Core2 @ 2.80GHz. It was clear that increasing
the number of the sensors and the 3-D space points during simulation led to target
detection with 0% error. It should be noted that this significant achievement was gained
with a lower response time and less hardware complexity thanks to the new developed
mathematical method.

Table 1. Simulation results for a 5-microphone array scheme.
Condition # of points  # of correct points  # of incorrect points  Error %

all 5618808351 5618808351 0 0
A=0 5618804665 5618804665 0 0
A<Q 3686 3686 0 0

ri>0 & /<0 0 0 0 0
ri<0&r/>0 3432829723 3432829723 0 0
ri<0 & ry<0 0 0 0 0
ri>0&1/>0 2185974942 2185974942 0 0

=r r 3686 0 0 0
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Conclusion

In the present research, a novel approach was presented to locate sound sources with a
higher accuracy and a lower response time. The proposed approach was based on the
sound signal time difference of arrival (TDOA) received by a sound sensor array. The
novelty of this approach was in using the simplified results of the deployed geometric
equation system. Because of the special structure of the sensor array, without a need for
complicated mathematical calculations and heavy processing, just by incorporating the
values in the equations, the required response was achieved with the highest accuracy and
the lowest time. For the proof of the concept, different schemes such as 3-, 4- and 5-
microphone arrays were studied and extensive simulations were performed. Alleviating
the complexities in the conventional techniques, the proposed approach decreased the
processing time and also the required hardware. Therefore, this method saved the
implementation costs in common applications.

463



514.9,: 9 GI.S olRS1y uo.l.ﬁ aolilad
£00-£A+ o) oylods VR 0y93 VE+ Y Lo

d | :10.48301/KSSA.2022.298512.1

https://karafan.tvu.ac.ir/ :a pis (w5

Gpo K al,l 5 a3l

Mo.&dow‘ \UQ(UL.S\JB [ESRVES

.Q]ﬁl‘dlﬂé‘dlé\épguﬁamb‘éﬁL;»J&Q(oag)f‘uolng‘;&gyé.a -)
Oyl el gy g (8 o 5y (pwkige 09,5 ¢ylikil -Y

LXVLES

Ao OleWb!

5l ey ghe gie Gbple 5 plbiaz aie) jo ook Dliio gl 4 b
Ol el @ azgi bl oo al,) Ll slas g el (Sl asile (59,50
) o b alie ol jo gl 5 Sl G slaglejle [0 g9ge
Ol Cm S 50 9 Vb Hlows CBo L dao 0 pie (380 S o] 0 a5 00,5 e
slabl e Feo JuKew 3955 0loy 236 Golaly IS (o9) wedsn 03l paseis
gy Sgli wtloe Jolite slagty) Gl (o &5 cuul (Feeo gla K
Jag‘g) olKiws J= )‘ Jol> oaiosls C"L"’ )l ool allio u.:‘ 5 okt
S O ol (b9, oS 4] P Ll & azrgi bl e
3 plie ool (138l S b e by il g ez Shesle el 4
Sl S oo drilone 285 VL L g Ol Cn e 53 |y SIS 50 Fly calad
ol (gjlwdnds (85,50 ¥ 5 lal)T s e adgl Zob eolpiing ol L
Jlil b g5k, 88T gl o] 50 (soumy0 =AY sg0 glas 099 Judo a0 el
Y oslad o oyl S Sl gl e 5 (89,500 Tyl b ooy Vet
alal) (Sloy slo b il slas oyl cdl W)l 299,50 O 4T & (gom
4 dily Uz ojlal 5 o )ls Ban 6 asis glas e 5 o )d b it
B Sazmy (S b g, ol il ce oolaiul 050 Jl8licin CueS g CunS
oolaul g,0ml 51 800,8 oo 3Lis a0 B3l n loj g Ji8lcsen ralS dely (Jglaise
S35 pgwye S35 s luosly slaaize 2ol carge Wlgis Sy, cnl

gy dlio 1l £o5

VELRITY i L
VE [ YN0 e (6,5550
VEe LYY e (Wi dy

1 3lg a8
LRI
e
Fyo sl S
3909 e b
sBgSee 4l

JEEOSIRWCIR I [V X WWEp e i
Sl S oy

mtamaddon@tvu.ac.ir

? @ (1) & | ©2022 the authors. Published by Technical and
S Vocational University, Tehran, Iran. This article is an
open-access article distributed under the terms and
conditions of the Creative Commons Attribution-

Noncommercial 4.0 International (CC BY-NC License)
(https://creativecommons.org/licenses/by-nc/4.0/)

YOVA-FFY 1 Sy pSU sLLS
YYAY-AVA5 : gle sLLS



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/
https://www.doi.org/10.48301/KSSA.2022.298512.1656
mailto:mtamaddon@tvu.ac.ir
https://orcid.org/0000-0001-6256-8142
https://orcid.org/0000-0002-7358-8437

FOA-FA+ ) o,lods ((1F+1) 1] (81,5  code anliliad g0 @i 3 (6 3he ST disa) 55 (g g &1,

LV R

shoaizo; > 5ol sLaslS a5 o o ol 5 5 o s b o Sy g i 380 S s
e (6l e glm I ST o it JS0e anskis 4 g o O)lse (pl dlas ol ails Galise
390,50l s y955 dlaz S5 0 il s S S e (asis g oidS plle 09> Cbole b ) S ol
adg olsgS glabasd 1o 5 SLSL 5 (g il Ll @y a5 plalas aie K6 anseid (585065 slalas glgl L
50 blas 45650l 8985 ain (R A5 Wgm oo i Al lan s S @y 055 ;(\‘5.';'.5[1‘: Slao) digd oo
i wlgb gl jloxdil lome sl IS0 B oopodsd dilbygr il ST glaxs oo (58l ez (o IS
N 05,8 0 oolaiul 38 g e sl bglas o

39 9 i plal VAFE Lo jo Sl Sgo zlgel Joulotigas 155 0,50 10 Wiy ol yo lidod (yuiwss
LIVl e 3 oo pla oy S S0 Sl 5l ol (shio jLas] Sigka 590 40 o jebay 1AV Lo
=il glalao aseis 4 by e «ladss (ol gbasls gl (S F &l las adgi ae K6 ausis
o ey 10 b iy st wlas cpl 1o ol se ol S L asdid S§ Sl ol gl wiile
1AY0 Jlw j0 ol)yd (59, ladiss S0 ,0 ReId pb a4y gaseils 1) 0t Sy alglS o Sbo, 5 ailugs
LF57] w5 solind Sty S ) Jol>  Sgo slo Ui 3955

&)l oo auie e o gl cipgh sloz b g asli )Ll (Yl jo Galizes g, paiz jo,el 4 U
A gl 10,8 (G0 el Alsd A 4 (g8 o0 (S Ganmen S jo |y W hs, cpl ded sl 00 F
cib S 5l ead i sla Sy (luly pgs aiws o Slee [0] wiS o )5 Toniculan Fuly oy olul
MPEG-Y Gaogi  —ibs (55,51 (MFCCT (LPC™ siile gladiges olgs oo 5 ol oo YU g9 b g
P50 s 8y pb s ol [ sad iagh 8)lge alex 51, [YI MUSIC? 4 [#] viwcals sla S5
i 55 g ol 095 A0S e LS o JuSmw (TDOAY) 59,5 Loy B33 ol
lite (SKirn sln g, 5l Sl blite (Sisen slo g, alooj] ilisin (slaasls s

Y Impulsive sound

2 Steered Response Power

3 Linear Predictive Coding

4 Mel-Frequency Cepstral Coefficients
5 Multiple Signal Classification

6 Time Difference of Arrival

7 CC:; Classical Cross-Correlation

70



Ooed puxe g (S L joozxe FO-FA 3 oylods ((1F+1) 1A (431,15 cole anlibad

Hlite (Siopn oyt & olad (s iy he) 3B B 5 00 lsen cwgden s aidly e
L8] sl o "asl 1o ohg oy98 ¢ CalblSai

S o el )3 g odein (2L Laly) Sl eslitul wiejls pgs 5 Jol atws (ogasa bty il (Koo
S8 g ey o el g (ol @l )3 ladilels STl (6 2) £ 4 a5 bl oo b 4 e B A3l0
Jrise & yamdy e (gl o lailid gy S TDOA c¥lie 51 (6 ks 10 0l om0 o (puseits
YU s ey b 0l o 45 00 5 oo 4il) TDOA Lully (sauaz (jbg,y llie ol j0 [V -] 05 oo (5yme
AR i |y Dgo aie e

s 9 B S basgi (Sgo JUSew cdl o Sl SO bl TDOA (39, 40 (2b oo Slibes
=l S oo S oS (Kb ez 5 lagle; cnl 0 ablal) (55, 5l (Sge gte (S Suxge 4 o
9 Sy 4o S b Ko Loy JUS @by slaplej 13l analone (IS (430 93 4 g (ol (el
Sligios Gl aS o)l (alize glgl 05> g Jol (A 39d o0 ol laple) il 69 3l @rie S dalone
sty b S Lags b JiS 28l po Sloj IS o (sl Lo gy e S| (S 5B o g, 28,5 ploxl
5 SLilie i) 59 an Vg ane 53 o5 s 3 d5se sl DTV g, e Jlatiay 5355 slalame o
g oo randl Sl

gl b3 Oygon gy o ol e o cudd AOAT L TDOA g,y S 5 d g,y ol 51 S
w255 5 WLS') 559 Sl o S L TDOA gy S0 obs, 58 [VFl 205 0 3jlo 0 o 205 el
bg 5o o dmiio Cudgaze oyen 1y hg Slaye Bl Koo slallie [VO] ol suis oS 5 Firefly
LSl s S e |y g o S 5 ke G 03990 by ol [V 05 oo S5 0 ol Conadsn (ol
Jieizt (555 0, Shoe saiopdlol fSlao § (Stwsa oy 3l ool L TDOA g 500 ()b )0 S o0
=k 5l 5 anls TDOA g, SeaS b asilgs oo DNN' ae oo sloaSss [VY] 5,5 oo )13 oolil 590
o oy (s (s (B9 & L |y S L LS po Ty JiSms 2959 sloplej oais s (55,50
alols (5,955 1 (e (5,505 @R ys Ul oy LlyS 53 (LS B3 Sgue jobinear [VA] ws gl
VAl el o aislos 385 5 b b 4 Sliws (ol o cwi

Fomo GodiSms e Sloy DS aS (538 (0l L g 0jls 00 TDOA i) pes (is &y allie o
a ey 6l Sk gy ol 1y souoe SIS g, (gl 25w) il e 332750 b S 5l ondly o
9290 SLahy) 5l (5o Sl ealiiwl Ly e s b ool 50 @Blyy0 0 oo (Byme (G e B0 e

1 GCC; Generalized Cross-Correlation

2 SCOT; Smoothed Coherence Transform

3 PHAT:; Phase Transform

4 Spatial Linear Prediction Method

5 Multi channel Cross-Correlation Coefficient
6 Eigenvector-based techniques

7 Angle Of Arrival

8 Weighted Least Squares

9 Deep Neural Networks

\idd



FOA-FA+ ) o,lods ((1F+1) 1] (81,5  code anliliad g0 @i 3 (6 3he ST disa) 55 (g g &1,

S b s 055 0005 T 2 (9395 lgisds 5 955 drmilns 85 S & (Fgo S sy (ot (Sloj DL
ab dalS B3l Dgo qie Caadse 335 gl (£2L) 7S g ool Sllee

@l o 5 ) s Laome 4 0 085 S ¥l USie sl )T b (olgeniy b bl alie aclol
ol amao pls bla 5l 55 50 Las oS 0o )0 9529 wodelcwnsdy gulis 00,5 oo gy (5ilwaad
Syzge anlyl A ;500 (99, Sl Bl Bua Lo alo o o dalle (pl vgzg 4 az g L g, (ol 5l s oo
Tk e 28l oo (905 dazme 0 Ban bli gouo 0 Vo0 asid (S g jlednd gl 00 5 e a8l
G2 Ve i ol oo LBl gamans slad )5 eslitiul (gl K00 (B9 ,S0e S (padiong B L goleriny
5y Slas Eomo 45wl oo b ol 6l Lasets (6lid Sy 0 (g 3lotnnds el 2l Lol s g0y g om Ll
S ool

SOl Lo o9,

S g S gl lal Lad 5 )0 (oBlS Bgo gie Sl (g ol Bo 4 o 1
e ) oo e L LS 4 Lo o] Jalotigy 128 51 g 5 955 ST (samgo s S 50 008
e oozl s ao S o L gle; B 5 ol Cali iy ity &5 39500 o Sy
sl e HLal o do S lang Seo

B9 ¥ bl 5o (2L e

2 g (il 8K ds il 2925 (smgd ki S 5 Gloj p3b gy 4 LS eens
Slp o5 o0 (281 U5 Bl D Jsbo @ edVlgsluie Slin Sy & jg0m (589,500 aw (nl oniiddl ) 2 b
Oygods 89,8 Dlaize plply 008 0 o8 Dlaise Tae ;5 ) oyleds 99,80 clowlns o sl
b anlgs dnlowe (1) dlal,

. -
. Ld
- d *
Mic1(x1, y1) O Q = Mic2(x2, y2)
. .
., .‘
X "0 0..
‘0 0.
Y Mic3(x3, y3)

Aoy By Suw BT a1, Caxdgo ) S

\id



QS (punro g (1S LS jeone FOA-FA O oylods ((VF1) 1 (81,15 sole anlibad

(xllyl) = (0,0)
(x2,¥2) = (D,0) M

2

D , (P
a0 =|7 =)

o JiSm o 851, ey 5 35500 48,5 1185 3 S S |, VX S VL iy 5 S a9
(P90 (S 90 haw 10 a5 0ad e (B8 o g e ol TS o b X alold b sauate 4 545 s
A LSS s adg Sgo aaie S Y S 3l Target (X,Y) akais o

Ta rget(%
m

1)

Y Mic3(x3, y3)

Ladg S )T 4 Cond Wguo guio Canndgo ¥ S

O Jleis! S @ 4z b gy ol 5l 058 oo 0duali T3 5 11, 12 489,50 ds s S alaiis (sl alsld

sl 08 & S o Ko bogt o JUSms 8L 0 o Gloj o3 S 8 el gy dmallslé ) polie

S 5 Sa5 a0 il o 39ig0 0anality 5 1, o Sy olads b caliie Jloy 13T ol 05 alys
Db oo T Hlade 90 (o IS el )l (F) 5 (V) sl 40 .0 dlys Gguin yio o)

d, =(t, —t)) XV )
d; = (t; —t)) XV )
dy=1r—n )
dy=1r;—1, o)

f2A



FO-FA ) 05l ((1F+1) 18 (3118 cole aolibiad g0 puien )50 (6 3wy ST dse) 33 mig gy 4]

2ol Ol ca clame 1 Doy Lty 55 5 Gloj slo Sl e (09 atiie e 5] (20 4 25 L

s e o] 8l s 4 9wl e Lz o Target abs clatse a5 ol ol p aliee (559

ol Cawsas (B) B (V) Laly, 51 Sloy S slaosls ay ag5 b aS ail so 13 9 11, 12 (s Loy, i slaools

(Sl 05550 0pls s oy b G055 | asi e T lad 5 (85 Seo yo oo @y 00l S gim ol 5 a8l s> &

ol dolee (£) alal, axil ansls B 0S5 L Target akis ;o opls dw cpl b & UG gllas do8s Se

Olod 45 018 dws () (W e 0lfiws S lgieas ] U b Sloeesgs 3o a5 ams o lii | o pls dw
Dl Qplgs Candds il o 5 Target ahas Slaise

Cir2(x2, y2, r;}

Target(x, y)

Y
2
/7 !
/ !
/ /
4 | N
- D — -
i [ < | mic2(x2, y2)
o

Mic3(x3,y3)

Cirl(xL, y1, 1)

Cir3(x3, y3, r3)

(5 abgly ol 0 315 duw I Jomo ¥ S

(x—x)*+ (@ —y)? =1
(x=2x)2+—y)2=71F *)
(x— x3)2 + - }’3)2 = 7'32

alaf, s oLl ol 4 (1) alaly o a5 (39 See » Slaie 4 axg b lunl (F) alal, oKiws J> sl
A algs (V) olKiws o] Jol> 5 00l camgisl

X2 +y? = 1P
(x —x)? +y? =713 Y
(x—x3)+(—y3)* =7

54



O (o g (1S LS joezmo FO-FA+ ) ojlois ((1F+1) 14 (311 cole aoliliad

2 Y 9 X polie g e dalg) (giluoslis mams g (1) 5 (F) alal, ;o (V) olfiws Jgl abal, 5,8 sl> b
g (A) dlaly Ojg0n 1) Sas Coadye

_ rE-ri+xd

X =" 3]

2%,
_ rE-rf+xd+yi-2xx3
2y3

oS alal) g0y 5 39500 il Ao F 7oL «F) alal 5l osliiad b P2 e (A) olSiws ol alal, s

235 50 53k ()

x=Ar, +B
— %
A=— @
x%—d%
- 2%y

I3 glea d3 + 71 ke I8 6l 56 Q] ps alaly 1o (A) oius Jol alal, 51 X jlade (6,138 sl>

D58 0 szl (Vo) oSiwd O g0ty alal ) ol (B) alaf,

y=Cr, +D
__X3dp d3 \
Y3X2 V3 A
D= _9 | x8  ys xxs  x3d}

2y3  2y3 2 2y3 2Y3%X5

SIS b 0 o il (1)) alal, olSs 5 1) (V) 5 (3) V) oKaas s 5| gl csloalad ol
oo Sy a5 (V) abaly (3 (3,5 y0 s 9 0T Jgl abtly 50 (V) ]y cpgos g g alaly 1Y 9 X olie
oy o5 aisl e b olael D 5 A, B, C alal, oyl o 90,5 o ol akblco 11 ooy pgd 435
53,5 oo drlme | oo Cewdts (1) 9 (V) Laslg, 51 aS O g O polie g laydg See s

X2 +y? =1rf

x=Ar, +B oY)
y=Cr; +D
(A2 + C? = r2 + RAB +2CD)r; + B2+ D? =0 Q)

o los olKiwd pou g pgo abaly ;0 (6,I05 gl b g sl Cawods 11 jlade s g, b 5l dolee ool S b
Jo sl W g,y les a5 (V) alaly 3.l mils o Wl .‘.\;"Iu;o sty (X,Y) s Target alag claise (1))
S o Sy ahS Ll ol dalys adgi Ty 977 Joe Slsz 90 il oo pgo 4, dslas

—b+V4 av)

2a

[Ny

n,n =

fv-



FOA-FA+ ) oyl ((1F+1) 14 (0315 ade aolibiad g0 puien )50 (6 3wy ST dse) 33 mig gy 4]

o lade las g (Gelas 4ly)) o)l Cle S s (V) alaly w0sd oo ply s Jlade a5 90 40
3 hls dolrs (pl 5 058 yao Wlee dolrs Lo Jlade a5 canl SYl> colre (] Jo [0 oo 4S5 Lol
Sl LS dslae (pl &S wiiwn e wdeliwwod aluly o Slas Coo 5l Lokl s 455 b 0o 511 5l Clg>
o gl s Sl 5o toman vl alions (sl (S Al s o il 3 g 1l ki el 59
29bi o8 (gmy (il )3 ool 93 (nl0gh Cate Wb Fly 5

P ln oo gl plyied Soto fly (gite gl So g e Gl Sy g Gloj 50 &5 Sl oy
A 11 gl Cudio Caadle b feuly 90 alolas a5 oK Ll il )y Bas alaii 4 1) Lo by g 09l 0 428 5
Sy sy ol wamd il 35 Sl Sl Sl g Ty 5Ty e oS 1Y) el & a5 b S
39 S o0 oy (V) abal) jo Jde oo cadle Sloaiil a4y LS gl codio ol 4 Sl Az g b g ol
WS ol @3, Gl qgom Gi5u 10w 005 sy oddizshae lalesl B ol sl (g 5lwad Tasl aslsl
A e &l )b o gl

039550 ¥ U o 50 (1l (0 (53l

b -V e oogaome o aoxe . pdy plol Gl 38l 5 lasee )0 (gilwdncd )90 ol yitn Julow (ol
rl 5l ahads o il & Oy (nl 4005 gl J8le 5 Lawgi o) Gl AL 5 Y 9 X jomme 93,8 y3 4T
Sl Yl 58 ) IS ;0 D oojluil agd ce ools ¥ole 4y (69,5 (lsieds g anle t3 g h, T2 polie oo
Sl 1 ok g S 0 a0, Q—l WD A<O Jaie oS S 50,0 1 dulxe s adliy oS ;5 00 5
5 oS oo DBl 1) o] sl yho 5l 555 gl 5l (SO his ST ws 4 >0 i o5 K 048
oolazl (VY) alal, ;o roz codle 5l icuie grwly 4 5o 4y oloul b wisds jao 3l 55,5 el 90 2 a5 90,0
el 0ol 03l ioled N Jgaz 50 (g5lwdand does g oo

B Gilednd 3550 jo50e phaw jo adal yglie YF 51 s woald cols Lisled Jgaz (nl jo a5 jebjlen
FS gl 90 bg 4 >0 s o lag] Koo adl a8 ail oo s glls abais 5o FV sgas 5 a5 aid 5
Ok B> gl Jg ail oo 01505 gax s 5o Lal il e j0 Uas as s ax STl oolidl Glasl jas
Sy S50 sy o 5 sy BB ) 5, 4l S L

Gl i Gt Gl 99,0 a5 e 0 (V) alal) jo (Gt dle) 11 Sl el Judos s
oo Gl 4 s sl dlas Ll 5 (e caidle) Ty 5l ooliid a5 sl S50 Cpmass Can 0351 Sy
@ 2L s S o oy T USE (59, bl ol dogyl iy o g las bla B Boa b aslsl )0 0 salgs
Al )8 e 39 Se (00,8 e £ Slaial liwl) jo bl | (Sad a5 oo g5 oo L&l ygas

(29500 dw sl (g5lwand s ) Jguo
dolra Jo blpd bl JS olin  pomo bl oliny Wl bl olawy U oo

oY e FEe Ve o) FHAV-NOF F1AFY LAY
A>- FEe - AAAY FOAFVATE F1AFY LAY
A=- Y Y

A



Ooed puxe g (S L joozxe FO-FA 3 oylods ((1F+1) 1A (431,15 cole anlibad

Aslee o bolpd bl JS olax gommo bl slaw bilé bl slows s woys

A< Yo VA Yoo VA

ri>- & s

s & 1> VAe Yo PA VA Yoo SA

ris- & 1<

> & 1> VYAAYANY VAP 7 FYATY <Y

=1 Yoy Yov.

o3gie (pmed ;0 wliie alall Sy (ghls F IS5 (55, alall 2 oS w35 ol 4z (ol e oy p b

alais g3 Jlio (glp o ply ol oyl O g 02 4z jo gt o 1, T2 polie calaii 90,0 gy 45 Wil oo bl

Sl oS ol aseis Ly, 5l ool slfim (g3 ood 5, ol 51 ls |y Ll ol (FFYY FO3A) 5 (05.1F)
2l os )32 s9u (lea (g, (ol sl 5 Ced e B Gl 5

Error points on XY-coordinate

300 T T
ic2
Micl 4
100 N
Mic3
—
E o Ty
> X (m)
-100 - q
-200 - q
-300 - -
-300 -200 -100 0 100 200 300

X (m)

B30 590 Ao jo s 4 e bGP SCS

89,50 F bl o (2L

Olyedr 8 S8 Bllae K00 e S (189,50 ds )] )b 50 las caiiSudy bl jaseds jslaied;
5 (1) JUfwr iy Gloj o3l K ol (6l aline jobas 05,5 oo ilil bn S )l @ S (oo loz
S ol polie (ol 5l 0ed oo dmle (V0) 5 (VF) Laly, 5udo (0a) <SG o,las (85 ,See 4y Conns alols 8D
wassis sl adgi ISl oS dald les ) el Cute Gy g0 b g 4 > 0 s 50 (V) doles Loyl
Cdio gewly 99 2 3l eslaiul b o Cosdge (XY) sl ol 0 a5 & yg0 s 0l dplgs oolitul (Cails S92
gl 4 oS bzl 5l oS 12 g 09l o dlore Sure ds jlodie «(VF) alal, 51 ool b s 305 o0 dlre
S o )l SR &dly j0 Al anlgr bl e Gl Gleiedy @il 5oy (V0) akyy odelCawsdy
S oo ol 1) Sue ol 59 o e Gy DBl 5l

fyy



FO-FA ) 05l ((1F+1) 18 (3118 cole aolibiad g0 puien )50 (6 3wy ST dse) 33 mig gy 4]

wenmsnnnnnns D ............X
kg o
S o
. - * -
Micl(x1,yl)|: % R

0 Q" | Mic2(x2,y2)

g
w 0 -

0

0

| .

Mic4(x4, y4) Mic3(x3, y3)

azbuo 35 Wby ySomn P all Contign B JS

dy = (ta —t)) XV %

d,=r —r
4 4 1 a8
099,50 F L o 30 (b (380 (5w
Gilodert? 33 30 eadplnl Lulyd les b (gilodnd (89,800 Sz alTL 2)b oo om)p &l

a5 s o i ¥ Jgaz 5 odeliwsas guls 00 5 o S5 (g5lwdnd cpl €085 Se T L o j0 ol S
D9 o s do )0 g oS Bie | las bl Coddge b ol atuilys p)loz K

(95500 sz wly] g5lwand @l ¥ Jgus
dobro Jo bylpd bl JS Sl e bl Sl Sl bl sl U w0

AN ESPUNY AR ZTR R PO YoAav-Nof
Az- Y& e AAAY YOAPYNYF
A<- Y VA Yoo VA

ri>- & ry<.

rn<- &> YA Yo PA YA YV PA

r<- & ry'<-

ri>- & ry>- \YAAYAYY \VAafr. 77
7 =n YooY Yoy

o995 B L LSy b e

299,50 Ayl S 518 USE Bllae (saman slad 4 (samgd s S5l ik ()5 Gl (slp adsl o
G b oty 3,5es 5 ol Sl o LB 2 0b 9Ss oz 4 Cusbse sl nl 45 08,5 s eslinl S Bl
8 b alin s o plis |y Lad o bapydg Sie Slaise (V) alaly 06 oo adly Lad o elay )| auseis
Gl 0038 5 538 Slatisce Tae o ) ojlets 089,50

fyy



QS (punro g (1S LS jeone FOA-FA O oylods ((VF1) 1 (81,15 sole anlibad

Microphone array position on XYZ-coordinate

1 ° Microphone position point{ )

08— )
—~ LT ’
\E, 0.6 - |
N 04—

02—

b 35 sy om0 42lyT Carmgo S JSC

(x1,¥1,21) = (0,0,0)
(x2,¥2,2;) = (D, 0,0)
(3,¥3,23) = (5, —V0.75DZ,0) 0%
(%4, Y4,24) = (0,¥3,0)
(xs5,¥s,25) = (0,0,D)
4 S 35 Se alold (S aulome (5l (Y4 B (VY) Lals, (0) U (V) Lals, s ogdle L3 7 )b allis

o Sloy ;b ojlail gls Bum &y 85 Sen 005 b Sl yl 40 9 o AL Do aite b S0,

A dalg>
dy,=7r—-n v
ds =15—1, QT
dy=(t,—t)) XV \9)
ds = (ts — t) XV \Re

slotlols 5 Lolyh BT 4 gy o Ly, s ool €05, 5n T b e 55 ol (i 5 il el
2wl o Caws 4 (F) abaly 10 Sg90 0l dus I 5| (Gomgd mhaw ;0 Buw alali gl o (cmmgiib Bk Slej
oolail dolas ¥ 3l dolee ¥ (sloay g 098 0 colitil 0,5 3l 0 pls (gl wunl (gaman glad a5 > )l

Dy se by 1 lp (1)) olKiws lin joboty g 295 oo

FYF



FOA-FA+ ) o,lods ((1F+1) 1] (81,5  code anliliad g0 @i 3 (6 3he ST disa) 55 (g g &1,

(=) + -y +@E—2z) =1
(=) + O —y)+(@z—2)=r V)
(x=x3)2+ (= y3)* + (z—23)* =17
(x—x)*+ (Y —ys)? +(z—25) =13

(VA 5 OVV) (@) «(F) Lalg, 5l ookl b (YY) bl 2 0y &y (i ol o a5 (glwosles g, wilos

355 oo dmlma (5550l Sygods (YY) 5 (V) dQ) Laly, 51 (X, Y, 2) (i Sigo aie Slaisis g 990 o0 00l

a8 ds b dp ppolie g bagds S Slaisee Lol o5 w2l sl F g A, B, C, D, E baalal, oyl ;o
50,5 oo dlire ] oo Cedas (Y+) 5 (V2) (Y) (V) Ly,

z=En+F
_ds
E=="=
Zs ")
_ 7-dd
- 2zg

@ (V) abaf) alie (hg) 4 a1 (V) dolee wil wgo mte Candse (2lod oy & o) i el

.)5»: J> “)‘JL.S"' Cawd
(A2 +C?+E?—1)r?2 + (2AB+2CD + 2EF)r; + B2+ D*+ F? =0 Y)

O ol by sl (135 50 bl jo colas slogeuly g A polie (gly + w0 o50e o fulod coled

D pdy &ygo (5wt Sllas Wb )5 Cono (cu) p sl p 6 o

P95 B L Lad 5o b (g5lwanss
i walyte iludnd 3)90 (5LaS Sl & (g0 0 LS & mhaw | iluand Lie i)l 4 a2 L
nl 3 S oo ple) 1y (silodnnd anld 5wl go (Rl s (y90310 90 blE ol Bl am 4 o gl 3
2 (e & S o0 L 30 F S8 | el dm g 0 (o0 (28 (88l L Sy L el ], LS
Ay o) Gldl s L (Ken g +Ve b -0 0090 Z jom0 (gl g+ Ve L=V v odgamo Y g X 9500 90,0 (5l
Sl silodnss cpl il o0 €39,500 Y L zrhans jo b (giluaiy iss alive SIS le 08 o IVER S
Como Sils gl .l oo eols Gioles ¥ Jgoz 5o ol asis 5 adpdy plosl Lad jo abais o)Ll iy 5l yies

il oo 90310590 (SLad [0 aue CuaBas (aid o ik pl (sas s

(89,50 gy T (gilwand s Y Jgax
Aol o bilys b IS olow  gome bl ok Bl bl olow Uas duayd

Yl don BFYAANAX DY BFYANAX DY
Az DEVAN-F 220 DEVYANF250
A<- Y EAP Y &FAF

ri>- & 1<
r<- &nr>. YEYYAYANYY YEYYAYANYY

fyvo



Ooed puxe g (S L joozxe FOA-FA+ ) oyl ((1F41) 1A (31,15 ol aoliliad

Wslee o bylps bl JS olax gommo blis slaw Ll bl slaws s wo s

r<- & ry<-
ri>e & ry>- YAADAYEATY YAADAYFATY
I Y.SAS

039,520 O L Las 50 (bl 50 Fwly 4 o) oo
Olies B ol ¥ lal Baa Soadge & (i) Bu b Lo 00 Slaslme l2l ploy S ojlal sl
el 4 adgl (6395 Slyieds 5 95,5 drwbre al,l (lb K & Card 25,3 Bud Cusbee Sy Sloj sl b
4l sy 00l dlre Sloley g oo 48)F Ll o (YVLF) Claies b Bus Cousdge diged (gl 09 0ols

Sl 2) b 4
t1= 0.002043379550915 sec
t2=0sec
t;=0.002632164216615 sec
t»=0.001548124333234 sec

ts=0.001201775746380 sec

PSS e S g QU Jlocrn 9o b (V) Joy Gon Cusdae 4y i, gl Sl 6l 2l oo

Aibos Jgoz b mls g ab (6 el

(29,50 gy 4y Aol g1y (3o 5 S0l gl F Jgus

00 duwloylo G503l el Jl38le 03 sy lasi 8 lesew
. oo 2¥AY \ us MATLAB V: A.\ Intel, Core2 @ 2.80GHz Sbd
Lay- V. US Keilu ¥.# ARM, Cortex-M3 @ 72MHz ~ J 5u55 S
GL&.C ‘SQW )l&b')

sl K il gl & S alie 380 e o5l S il o bl p3Y 7 b ) Sldes ol gl
saSdunlio G 5l e ol 1008 aslaul ¥V SS lae 51 g e 236 by o3l (sl g axsle S0
Sgo DAl a5 Sloy B g oS so dunlio g pe 5Ly SO L 1) 89,500 5l (69,9 JUKws a5 el 00y oolazu
4 Sl e 0ulais 51y 050 0 a5 W 5Ly haw j0 1, DO Jlzus ()5 il yiin o1 51 8l 0
ol 00 00l ylogesly G 51 (639,9 (gl

\Aid



FOA-FA+ ) o,lods ((1F+1) 1] (81,5  code anliliad g0 @i 3 (6 3he ST disa) 55 (g g &1,

Sl et e g oolatiuls jee (sl 85 S b (SWL CoaS g 0 LSS ¢ Sl o5l cs L s
goly 3l VL CBs ol az e o8 b ) 3T g 6,Solail CBs s 4l ¢ ge JiSiw
wbee 5Ede Sl

RI
pot]l Se 2R2
100Ky By F10K Detection N\
AO .
DO
UlA
! R3 5 U2B | R4
- > 10k
150 ?9,_
. 3 f
Micl + igh speed OP
GND k&
OPA2340
V_Ref 1 =
GND

e s JUSw 49 bod 9 Wgo (paskdd slae Y Sl

oy Sy 4 A JSs @llas 35,500 O » lawg DO suds sla JiKew b cudd oY al> o o 5T 4o

S5l b e sloy s Sl (6l g dlone Bas CosBye da )] oy w3 b (5 puSolsl e g 595 8

il 1) o S o Sloy OOt las 1 %aS b Wlgts 355 (s5l3e G330 ailB b b g exliz! FPGA
S dalys ailigh ¥ Sley M ol s il 5,086 00+ 1 6 )l5 (wl5 8 31 ke (gl aiS

s )

Mie3 FPGA
it

Mic5 Driver
| _/
FPGA luwgi DO (slaJUSms <l yo A JSb

Olia 508, b Lan lagT o)k )5e (slo el 5 Aol so Dglie 5 it o Do grin (S slogiy,
2 S sheme la el 5wl s (silunnd Sygon dllie en wiile bzl 5l (F i K3 Soe 5l aiies
3o 331y 2l Slse 3l (B Olgiss 9575 nl b 99 e dumliie ol 3 I 5w el ol pl 5l B

ol @8 3y plonil B Jgazr 10 15 cpl o S dislie KouSs b cYlie glaools (o 0 Sg>g0

fYy



Ooed puxe g (S L joozxe FO-FA 3 oylods ((1F+1) 1A (431,15 cole anlibad

(S 3o GO g e dmslie B Jgu

oy Iyl oboj St Slaas
15 glad  SIN gl ms 7O -
Gn e i (M) s (ms) oolaiwls y g0 prwes &
ol
YD - Y ST in Shlos 5 oy 5k 5 “l;
J
D 3 ‘. 3 B Eox & s o9y ,See (b v [¥]
(GCC-PATH) .oib jiw ol o5
D B . B 3 GCC- 55l 5 ailoo 2l 5l oslicl v [¥]
PATH
vD - VesY - - 5 SNR (1, ES4 s, \ [¥]
D N - 0 LOYA US-GCC o [vy]
dB
D v - -5 Y£ GCC 0 [yl
dB
D Ve B Y - EDM 0 [1al
dB .
\e v EDM +
YD - - I V4
dB q OPTIMIZATION(DOA) hal
& 3> Ao

o g bl (Sl wiile (60 )l5e 5l adg Glae mie Gble 5 Ghiaz ae) o oo Clides

Cumdga oy (slp s by, Bl b Gl Alie cpl o 4zl (gdge Cuodl 4 4z b ol oad @l Ll
Sy 5 s il 3 Shae sl a3 e asgdy ol 1S 5 S8 W b S Sy e
59555 Ol Slajy oSl (ul & el 1l 2 28 5 Mo (TDOA) Sigo slo S @ g0 JuSiw
Lalgy 51 gy cnl )0 e sl iy g llecie wiels a5 Sgzge slag, Iy )l gy alis
S5 b 5 |y Bigo gie Capadsn i e 45 el 00 ool i lalne oSt 5 ask Lol
b 2 oo el 5 0I5 o K gy B0 4 55 Sy 5l S ] ol ez S S o0l ()5 sl
et el el 00 )| b 45 A so Lt (53lerkenh gl bl arils oS LIS 55 (gomn (sl 1o
Rl b (s3leting bs) a0 paseds (ghoyd Vo Zudbge bl s ge glad 50 (15e5l050 alaii o )Lles O
o )l5 o anse (28l 5 jlis g0 Jlilicr )0 p92ad o (B30 loy (Rl el ¢ Jslae sla Sz

DY P9y

References

[1] Dorostan, R., Zabihi, H., Asgharzadeh, A., & Gorji Poshti, M. (2021). Explaining the
Components of Feeling Safe in Crime Prevention in Urban Design (Case Study:
Rajai Main Street, Karaj). Karafan Quarterly Scientific Journal, 18(1), 77-93.
https://doi.org/10.48301/kssa.2021.130678

fYA


https://doi.org/10.48301/kssa.2021.130678

FOA-FA+ ) oyl ((1F+1) 14 (0315 ade aolibiad g0 puien )50 (6 3wy ST dse) 33 mig gy 4]

[2] Borzino, A. M. C. R., Apolinério, J. A., & De Campos, M. L. R. (2015, April 19-24).
Robust DOA estimation of heavily noisy gunshot signals. 2015 IEEE International
Conference on Acoustics, Speech and Signal Processing ,South Brisbane, QLD,
Australia https://doi.org/10.1109/ICASSP.2015.7178009

[3] Amiri, M. (2021). Fast Texture Retrieval Using Walsh-Hadamard Transform. Karafan
Quarterly Scientific Journal, 18(3), 137-153. https://doi.org/10.48301/KSSA.2021
.262698.1326

[4] Abiri, A., & Pourmohammad, A. (2016, February 17-18). A rieview of the sound detection and
localization of the snipers. Third National Conference and First International Conference
on Applied Research in Electrical, Mechanical and Mechatronics Engineering, Tehran,
Iran. https://civilica.com/doc/479788

[5] Zhang, Z., Wu, M., Han, X., & Yang, J. (2020). Performance comparison of UCA and
UCCA based real-time sound source localization systems using circular harmonics
SRP method. Applied Acoustics, 164, 107241 .https://doi.org/10.1016/j.apacoust.2
020.107241

[6] Hrabina, M., & Sigmund, M. (2018, April 19-20). Gunshot recognition using low level
features in the time domain. 2018 28th International Conference Radioelektronika
Prague, Czech Republic https://doi.org/10.1109/RADIOELEK.2018.8376372

[7] Kumar, N. (2017). Study Of Sound Source Localization Using Music Method In Real
Acoustic Environment. International Journal of Electronics Engineering Research, 9(4),
545-556. https://www.ripublication.com/ijeer17/ijeervin4 _09.pdf

[8] Kraljevi¢, L., Russo, M., Stella, M., & Sikora, M. (2020). Free-Field TDOA-AOA Sound
Source Localization Using Three Soundfield Microphones. IEEE Access, 8, 87749-87761.
https://doi.org/10.1109/ACCESS.2020.2993076

[9] Rahimi, M., Sadeghi, H., Ghasemi, A., & Shamsi, M. (2015). A combined method of locating
audio sources for near and far field applications. Journal of Iranian Audiovisual
Engineering Association, 3(1), 10-25. http://joasi.ir/article-1-57-fa.html

[10] Ho, K. C .(2012) .Bias Reduction for an Explicit Solution of Source Localization Using
TDOA. IEEE Transactions on Signal Processing, 60(5), 2101-2114. https://doi.or
0/10.1109/TSP.2012.2187283

[11] Diaz-Guerra, D., Miguel, A., & Beltran, J. R. (2021). Robust Sound Source Tracking
Using SRP-PHAT and 3D Convolutional Neural Networks. IEEE/ACM Transactions on
Audio, Speech, and Language Processing, 29, 300-311. https://doi.org/10.1109/TASLP.2
020.3040031

[12] Kan, Y., Wang, P., Zha, F., Li, M., Gao, W., & Song, B. (2015). Passive Acoustic Source
Localization at a Low Sampling Rate Based on a Five-Element Cross Microphone Array.
Sensors, 15(6), 13326-13347. https://doi.org/10.3390/s150613326

[13] Ramamurthy, A., Unnikrishnan, H., & Donohue, K. D. (2009, March 5-8). Experimental
performance analysis of sound source detection with SRP PHAT-4. IEEE Southeastcon
2009, Atlanta, GA, USA https://doi.org/10.1109/SECON.2009.5174117

[14] Yassin, A., Nasser, Y., Awad, M., Al-Dubai, A., Liu, R., Yuen, C., Raulefs, R., & Aboutanios,
E .(2017) .Recent Advances in Indoor Localization: A Survey on Theoretical Approaches
and Applications. IEEE Communications Surveys & Tutorials, 19(2), 1327-1346. https:/
doi.org/10.1109/COMST.2016.2632427

[15] Wu, P., Su, S, Zuo, Z., Guo, X., Sun, B., & Wen, X. (2019). Time Difference of Arrival (TDoA)
Localization Combining Weighted Least Squares and Firefly Algorithm. Sensors, 19(11),
1-14. https://doi.org/10.3390/519112554

Ya


https://doi.org/10.1109/ICASSP.2015.7178009
https://doi.org/10.48301/KSSA.2021.262698.1326
https://doi.org/10.48301/KSSA.2021.262698.1326
https://civilica.com/doc/479788
https://doi.org/10.1016/j.apacoust.2020.107241
https://doi.org/10.1016/j.apacoust.2020.107241
https://doi.org/10.1109/RADIOELEK.2018.8376372
https://www.ripublication.com/ijeer17/ijeerv9n4_09.pdf
https://doi.org/10.1109/ACCESS.2020.2993076
http://joasi.ir/article-1-57-fa.html
https://doi.org/10.1109/TSP.2012.2187283
https://doi.org/10.1109/TSP.2012.2187283
https://doi.org/10.1109/TASLP.2020.3040031
https://doi.org/10.1109/TASLP.2020.3040031
https://doi.org/10.3390/s150613326
https://doi.org/10.1109/SECON.2009.5174117
https://doi.org/10.1109/COMST.2016.2632427
https://doi.org/10.1109/COMST.2016.2632427
https://doi.org/10.3390/s19112554

Ooed puxe g (S L joozxe FO-FA 3 oylods ((1F+1) 1A (431,15 cole anlibad

[16] Jin, B., Xu, X., & Zhang, T. (2018). Robust Time-Difference-of-Arrival (TDOA) Localization
Using Weighted Least Squares with Cone Tangent Plane Constraint. Sensors, 18(3), 1-
16. https://doi.org/10.3390/s18030778

[17] Hosseini, M. S., Rezaie, A., & Zanjireh, Y. (2017). Time difference of arrival estimation of
sound source using cross correlation and modified maximum likelihood weighting
function. Scientia Iranica, 24(6), 3268-3279. https://doi.org/10.24200/sci.2017.4355

[18] Pertilg, P., Parviainen, M., Myllyla, V., Huttunen, A., & Jarske, P. (2020, September 21-24).
Time Difference of Arrival Estimation with Deep Learning — From Acoustic Simulations
to Recorded Data. 2020 IEEE 22nd International Workshop on Multimedia Signal
Processing, Tampere, Finland. https://doi.org/10.1109/MMSP48831.2020.9287131

[19] Kafaei Zad Tehrani, A., Makkiabadi, B., Parsayan, A., & Hozhabr, S. H. (2018, December
17-19). Sound Source Localization Using Time Differences of Arrival; Euclidean Distance
Matrices Based Approach. 2018 9th International Symposium on Telecommunications
Tehran, Iran. https//:doi.org/10.1109/ISTEL .2018.8661037

fA.


https://doi.org/10.3390/s18030778
https://doi.org/10.24200/sci.2017.4355
https://doi.org/10.1109/MMSP48831.2020.9287131
https://doi.org/10.1109/ISTEL.2018.8661037

