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Development of artillery sound ranging system
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Abstract
The goal of this research was to develop the sound ranging system for supporting an operational strategy
implementation. The system used target detection method from an artillery sound source of an opponent without

wave diffusion, and used the results of the detection calculation to guide the target searching device. This method
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resulted in fast and accurate attacks and could be used as a battlefield surveillance as well. The study used a
calculation of artillery sound coordinate which was conducted by a signal’s difference value approximation at a time
when it reached the sound sensors. This method is called Time Difference of Arrivals (TDOA). The research was
conducted as the followings: 1) developed a device for receiving artillery sound signals which consisted of 6 audio
receivers, 2) developed a device for sending artillery sound signals via a military very high frequency (VHF) radio,
and 3) developed a coordinates artillery sound application with higher accuracy by using data from meteorological
measurement devices.

The experiments were conducted in the artillery center, Lopburi province, which was in the middle of the
mountain with height less than 400 meters. The accuracy of the calculations was enhanced by using meteorological
measurement results from airborne instruments. The results from the simulating field examination showed that the
system range detection’s accuracy was 600 meters in average, could be operated for 48 hours, and covered the
front area for 10 square kilometers. The evaluation result by experts revealed that the system was completed and
reliable.

Keywords: passive attack, time difference of arrivals (TDOA), VHF radios
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Figure 1 Audio signal measured from the audio device.
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Figure 4 Detection of sound waves by 2 transducers at different times (Baluta, & Andrei, 2012).

Taanszuqunislawmeiluan Indduils
(hyperbolic positioning) a1n (Figure 4) \lunseinung
lunnsszymunmisresing TnelduanisAuanian

. dnwa o .
ANLANGNSTasa N I FUdy oy sandmag Tl
Tapafudtyoynousiauns 3 faauld (time difference
of arrival - TDOA) MANNNABUIANNANNTBILIAN

A135U (Potluri, 2002) nl#insignnisi 3

T="v.At (3)

e T A9 NAFI9IZEZNIY
" J oA A4 dvee A
UV A9 958en1aNAA AR L Lt
1 = ] [ I a =
Wnenan Hvdendluumnaseaduni

At Aa AvanniulFsneiu

1 ada

n1gugzazuuasnidatulug 2

aumdnszazilidsnismauisaesinglag
Wginsaumasn 35n198azliqadnaBernaus

'
=2 o

2 aaull lunisuiRiunusesing  d9azdn

q

o 1%

sveizneandng lesqndnedausiazsia fnfiasnng

WA HusugnluszuIy 2 AANINTW 191azld

AAAN9BY 3 AM MINITATUITUMIANLAUINITAWI D

q q

maumbiresing lneliqnnegs 3 4n

~ S
/ \

Enemy Artillery Position

Sound Wave Front

n

Microphone 1 ¢y

2

Microphone 2

Figure 5 lllustration of the sound ranging

operation (Baluta, & Andrei, 2012).

a1n (Figure 5) RS mamnaAumistasing
Tnenednsusening andwes 2 aaiudeg uwun
madnszaznelaanss qanenldlunismsey
v | ‘ﬂl 1 :/j Eﬂl b4 o
azdiaaduqanuiuauic 3 aaeldlunisdnyw
WanaunisaedngtaalignsnisAiuon
ANNANNIT 4 Ay aNN13 5 (Rudmad Taen5aA,

uazdrde AniL, 2553)



120

Nz, 7(1) - 114-125 (2562)

(rp +122) = (r, +13%) + 1,2 — 2(ry + 13)1, COS O (4)
r2 = (ry +13°) + 152 — 2(ry + 13)15 cos(6 — ) (5)
Tned T, WAz 13 @z lfann
rz = ". Atz

3 = V. At;

o

Inefiv ~ 330 m/s

75 = 128eTEUdNqniu 1 AL 9aFun 3 wiaetluwes

]
o A

7y = 3T8EUNNIENINaATLN 2 U 4aFuR 3 wilsendumms

q

@ = yuIzUdNqAiL 1 iU AL 2 TAaNqniLi 3

0 = yusEndNqpFuT 2 U 9anIHaEeN Faanqaiud 3

4. nagaaun1sfudoyyiiann
wrasiafudynondastiulun A9 (Figure 6)
TnantvuafiAanienisfuldesludane iy

% v ‘ﬂl v [ o %
e uniialfaursofudyyinlfle

sre1r 10 NiALNAT

10 Kilometer

distance

Sensor6

5. wm@@umizdﬁmgu@mlﬁwqgmw
mnmi'wmmumizﬁ'ﬁm@muizuuﬁwq'zﬂi@mi
Tneldane 1o 1@ 31 RT-7330 ansenia alas
7 viau dadnyunod Lﬂ?l‘ms*mﬂug"u CNR-9000

A181971N1A RC-292 AINHEIANLAINIA 10 AT

Pulse Width Modulator

Vit Drain
FB Source
Comp Shtdwn

S

Reset Computer

Military radio

|-sense

Modulator

Figure 6 Data flow diagram.



RMUTSB Acad. J. 7(1) : 114-125 (2019)

121

6. NARALTLITUNINAIUIUANANLNUIITIA
Berstlulugy
6.1 dn70aiunlunisfinfegilnsniiu

a A 6o a o
Lzﬁmimmumnum%mﬂmmmmmﬂnwmz

WM 0¢

i

LY, g

sensor

/
JASAN
~ = frequencyl

- -

frequency22

computer

:; g S [ ¥ o dl’l tdl
LLHQﬂH‘II"J’N?ZVI"J’]\TﬂusLVIQ_JEJ’]EIIF]N‘H’NFT]JWMV]‘IIQQ
¥ K o '
grAnduelneLen IﬂﬂgﬂLL‘Ll‘].lﬂ’]T’)’NﬂZ’)’N@ﬂQ
ﬁﬂﬂm%ﬁ‘ﬂLLu’Jﬁ‘tu’]UWﬁ’]ﬂ?tm’]ﬂ fu LLLL'J@?‘Q

NNAaNAY (Figure 7)

Figure 7 Equipment placement.

' 1%
aa o

62 msdenindiAnsegUnsnBuAncli
ixﬂzmwm@qﬂmﬁﬁuLﬁﬂq@qsLuizﬂzmﬁiwhrTu
NN m%\i@ﬂmﬂiﬂﬂi‘ﬂ‘l_lﬂ@mﬁ»uﬁ%WJ"N 3-5 filawums

63 mmngUnmiFudeliiszezinesing
guUneanifuidaeiuqanruAnszazinalliiu 30
Alaiums (L‘ﬂmmﬂﬂa‘xﬁw‘?jmwmmmmﬁmﬂ
RC-292 Anugalaiiiins 10 wm9 AeRaRamuER
nnsdngnistnsnlaasmian avunsniugclsnas)
Tuszazaanann)

7. nageuldsunsuulasiingiaaniiilu

a 'Y

gAlaN (UTM) NsuanaiiianJAansaiuadiia

a4 X oo aya . -
Hulugy dinliinaacnesnnlunisssyAnum

A =2 Yy \
@QUuLLNuVIVIWQW‘WW?@Qi@NﬂW?LLﬂ@QWuQﬂqqﬂ

a o G = di v a o
Qﬂﬂq@m?Lﬂu%WLﬂﬂJ LW@I%@']N']?Q?%L!WH@@\‘]UH

S g9 ~o o A \
menLW@‘lumma‘m@mwmmmwnmmmﬂu‘lmy

PrspesdAnuaznssresicesine lfazaan

NANISANE

NANITNAZALNITNINIUBYRITZUUAUNN

=

Uauunatlulunjfaeidas Inaflinsfudnan

—

[%
o o

yUnsalfudyyrudiv 6 9a b 1anLA eIy

o

PN (Figure 8)



122 Q.uMd. 7(1) : 114-125 (2562)

i
I m,ﬂmeme IIRSNCR——_

W WMMMMW

Figure 8 Data from 6 receivers.

msfuAtangUnsaliudtynaudesivlg s elazdernanflEsdeeinlug gy
1A 105 NAQLNAT ﬁ?uir%mﬂfqﬂﬂmﬁuﬁmmﬁm AIUATLAN UATAIUATLIANAZATUIDIA IR
1 6 qANFaNT %qqﬂﬂiﬂﬁuﬁmﬂ;ﬂmuﬁimﬁq% ATUAN9T899ANN LA BB W I U
ﬁﬁmm‘lumﬁuﬁ'ﬁmf‘fuﬁm?zﬂzmﬁwdwﬁm MBS LIGEN mmgﬂﬁfawmmiﬁf]uquumﬁu

o o

Sudenuazqanaialdmingi Wesfudynin Awudyanuilaiuainglnsaliuidasusiazqn

Table 1 Results of gun target per the number of audio receivers.

number of sensors error distance (kilometer) accuracy (percent)
4 10.60 63
5 5.80 75
6 2.20 81

nsldqunsnlfuldassendne 189 3gn  dyyiainginealfuldesli 4 ga aauisn

]

1 o

ldanunrnAruaumudsnnfadasld Wesann  Awiuaumbiinavestlulngls willdnmaau
TsunsndsnisAnuniandufiedlddrainglnenl  gnsieaiies 63 wWedidus Hszazaauianann

Fuidevaeinatias 3 9a uwazANn (Table 1) LHafu  1ade 10 Alaiuns LlegUnsnliuides 5 9n



RMUTSB Acad. J. 7(1) : 114-125 (2019)

123

1Hdmsmaugnsias 75 wWesidus 1Hszazaanu

= = = A g3 o
NAWAIALRAE 5 NialNAT LL@%LN@FL“IT@“]JH‘J‘M?U

@219 6 10 SR1ANgNGiaY 81 tlafiius 1hsvey

ANNNEANAIALRRS 2 DIALNAT

Table 2 The effect of the system when using the value of the meteorological information.

number of sensors error distance (kilometer) accuracy (percent) note

4 5.30 76 used of anemometer
5 1.30 82

6 0.60 95

a7n (Table 2) WAAINIFIANUIAIENT I

AaaninainAieninliinAugniasusiugn

o

TunnzAanuauinnaestuluginszilaand

a

ANNIFIGY ANAZHBVENARBAIINGNFBTBIAN

a o A |=ﬂ| v o @ % yva a
Anptulungun1s aufufecuianinasasas

o

TnanisldgunsnBudaaiuideaiiasudoynynl

v

4 g axnsnAuaniAwlsiiarastiulug) 18
pougNFies 76 wWeddus Hszazatiuianain
\ae 5.3 Alawns LL@tLﬁ@'l%ﬂﬂﬂitﬁmam 5 4
1Hemsmaugnsias 82 wesidus 1Hszazaanu
Aawanaiade 1.3 Alawas LL@zLﬁ@’L%@qﬂmmHu
AeN 6 I dR9AINgNFies 95 wlafidus sy

ANTNRANAIALRAE 0.6 NALNAT

anlsaua

1. szuuduniivunafialulugfae
al 2 o aca 1 o al
\@en TEuanNnIIauIANNNANI891IAIN 9T LIRS
NATBITEULATNIIDUAAINAAA UL TBIULUAY
o a A My % % ‘ﬂl va
Auuadestlulug 16 naldaninwandenn il
nsanipsauls lHunniiuuaszaznisnegilnenl
Fudeausiazdn waznmunszazieusiavgilnenl

o = o 6o = A
TLILARIN ﬂ’W‘WL&mﬂ’l’?ll’eﬂﬂﬂ@ﬂ‘ﬂqﬂﬂi‘&li‘lllf&ﬂﬂ une 14

ANANNLATESHARTIAEANINEINT AN AW DY
Tdsunsn (Potluri, 2002) M 1AANNTOLARAINA A
Fhunevestiulvnlnalfianuiianaiaeaaaes
ArundatiungaINgnfies 95 1afidud
fszazmnunanainldifiu 600 wWms
2. nmMawmunszuuAumdlmunatiulug

Aoelde AN LA IR A ULLLIZLILILAS
i ldAnssluiunauatlndensuasald Inaldlu

£ o =X v va 1 o -7 U
nahazdsaunaindansulffaseiuldfiaandn

o P ~ \ | o o
48 dqTu TINTzEZIIANNEINDAAN1TEIN1AS
. C d oo
nparenig aduayunazilasuiuninads us
(TN 2INTTAE, 2550) 0 1Ha1N1 70t 1 1

a :; o dl’l Qi a %
NM9AARTINUNAUINTLAT LA

3. sruuAuniluuneilulug)foeides

asnsnlifiayaainipsesiianssaainitidinnn
Wan19AANNRANAIARINANINANA LS LAz
Tinavasdnailuunetulugliadsgnéias

1 o U 19 Y dll A
udugrunnanladldAraniaresiiansaaannis
(Schermerhorn, 2015)

4. szuuAun i unnetiuluaifaedes

(7

arunsnldsaniuingdeaismieanuisniag lu

=

fn31N133ANUILTBINBIINLAN B LAY InE i Hiaad



124

Nz, 7(1) - 114-125 (2562)

nnganINNLANLTRNTUssug neulssui g
Uszwmaldann wazdedannainuanimeaaaanis

IngAeanslusruuneuzdanainisaiudnynyos

—

v a ' o a Q; oo a
An uAglnIalfudesann 1 uazglnenliuldes

Y %

qa# 6 dedtyryrouiauiuniu liesannglnsnliy

o

al

@esqn 1 uay aunsnliuideas 6 atllnarii inliild
aunsnFudnyynuiuld inldidsfieyadfeuiun
uflufeaseaniuuwasintiines o anginend
o a 1 ai o ] <1
Fuldseuazidanannlunisiudseaniy 2
And navnliinsdsdiayaannisvivdfeuniaes
&tynyruldl (Sterling, 2008)

a

5. sxuuAunluunsiulunifaadss

(7

o

Hiaandnliannsnldenliatiefilss@ninm
Tanazehunn Wlesandnmaizszufundl g
Hulngfivmunlgdununiseeanisiuides
Tnenileruan suunupesdtynyroudesazgnunen
foen@aadunnlifliarnnsnlszuaanalioting
QnFag %nViﬂ@:uuﬁwqﬁﬂmﬁ@ﬁqgﬁmqixuu
wauzAan NaNsTuiuaesdayalidnemalii e

= o 2 ¥ dy
Nﬂﬁ?‘ﬂuﬂu‘ﬂﬂﬁ‘ﬂﬂﬂ@i‘ﬂ nanlunsdszananannai

a9l

s v v & 1
1. nane I szuuAunE e tlulug

v a [~1 o dl A v
Faeidead Wluniswmuiaseanasuuuuine
WENANN1TITNIAINNAIUDILI AN T FULAEIS
NATRITEULRAINITOLAAINAARALAUIUDS

1 o al & 1 v K %

unasnvua@astiulunjaesdindnld uazarunam
Wlunistlnsedsguniindansuldfnsaiu
Tdtiaendn 48 49lu9a wadapalaaruanilun

14 o A A v ¥ <
[ﬂ@ﬂﬂ’]i‘ﬂi“u‘ﬂg\‘lLﬂi“ﬂﬂll‘ﬂﬁlul,l,‘l_l']_liﬂllﬂ’]’mLL“II\‘]LLN

ANy Aradesnan uazdluilgeszuuliiatnnsm
Waulddrauaznsansanis 1 lunumsy
2. nawmszuuAunhvuneilulng

1% =

faedes TEwmun lugaudrAnyaasldsunsudu
AUFAULIN TALA IUATUITY LATWLAAIANA
o ¥ o a o A , = % =
Whannngdunuiadastulng Teazfasiing
WU TUEIUUDINITUAAINAR T LAUIUUBEAUR
wazszuvdumaianuf1E 1R G wlfineau

3. szuvAuwndhunetlulvnjfaedesld
e o v o da .
TEnsmnfedeashaeingdeans daneiluilady

]
o o a A

adylunisdsdieyaaiiufiesldingdeansnd

?

o

AARINHUIZANIN N WazNIATUAAIAINTDTL

v ]
o=l

dyoulddaiaun Ansfeslian wuunaafang
~ va Ao o 4 v a a
waaliidnginnasdeivaanaliiiianisfinsie
semdneginanFuidecuazannaunu
4. szuuRumdvanatlulunifaades
3 G5 2 o dll A o 1
anflufiasardaiasasiionsaainialunisdne
anwanAzsazdas fiifiaAnudugnlunisg
. - o A 4 o
AW winthenunslldiAsesiiansaaniniAd
\WganasaNqAiuLdas N1IMAdeUAFaIaAY
! ! = P = o v a
n1981uARAEAINAATI9LAEINI 1A

Y a Y = N A = A
TANANAIABE LT AIAYTULATAINATIARINAN

anysaluaziiesne

ANURLAM
ALY IBUDLAM NININLVAIARTUAL
= o o o
wialulaginan s neenavananTvan Wivuaiuayu
Nuddeluaiel uazaereuAMANgNITNUNg
Tulug) Alirousonialunislideyauaznis

nagaun1AauINiluagneg



RMUTSB Acad. J. 7(1) : 114-125 (2019)

125

LaN&19R19DY

i laenad, uazdade aouiia. (2553). szuuRnaIN
Lm:i:qfﬁwme"u'aﬁmqeluﬁ”uﬁidﬂm?ﬂ%Lrﬁmj'm
navaqulFane (Zigoee). 1w n1stlsegumvizinig
uenad AT s AU A A AN ARaT 11
(W, 461-467). YAULNL: NUIINLIBLUBILN.

LEANIE A8NLAT, wara1wn Usrndian. (2549).
ﬁqmwmuq@aﬁn%ﬁmﬁmmuLiIGnLLqu ing
Winaledidnysnninduaniie (Anidneue
UATANMANLF LUNTATIAADL). 9174173984A S
WENIT NAT, 29(4), 483-498.

TUNA BINTEAE. (2550). n17L5ulAseafiaseuunig
A9iNa91199989n8iNLN Ansaniensl
neINAIAT 1 (MATNUSET YN LU R).
NUNINENREBITNANART, NPUNNCI.

aa

UTUNN NONBUAITTY. (2557). mwftfiymﬁmﬁ'mn”u
walulagisnif SAR (Synthetic aperture radar).
upseN: INELNeBaENIzaaaaNingn.

Baluta, S., & Andrei, G. (2012). Determining the

coordinates of a hostile gunfire by using the

sound ranging method. In Proceeding of the

International Conference of Scientific Paper

AFASES (pp. 637-640). Brasov, Romania:
Association for research and education.

Fear, E. C., Meaney, P. M., & Stuchly, M. A. (2003).
Microwaves for breast cancer detection?. /[EEE
Potentials, 22(1), 12-18.

Gillette, M. D., & Silverman, H. F. (2008). A linear
closed-form algorithm for source localization
from time-differences of arrival. |[EEE Signal
Processing Letters, 15, 1-4.

Potluri, S. (2002). Hyperbolic position location estimator
with TDOAS from four stations (Master's thesis).

New Jersey Institute of Technology, USA.

Schermerhorn, E. (2015). Sound source localization
using a 2D acoustic vector sensor (Research
report). Netherlands: University of Twente.

Sterling, C. H. (2008). Military communications: from
ancient times to the 21" century. California:
Santa Barbara.

Talbot-Smith, M. (2000). Sound engineer’s pocket book
(2nd Ed.). USA: Focal Press.

Wu, S. F., & Zhu, N. (2013). Passive sonic detection and
ranging for locating sound sources. J Acoust

Soc Am., 133(6), 4054-4064.



