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Direction detection system using phase difference of
ship whistle

Kwon, Hyuk Jin

Department of Electronics & Communications Engineering
Graduate School of Korea Maritime University

Abstract

In this paper, a sound reception system using a phase difference of whistle
signals is proposed and analyzed through a spectral analysis. The proposed
system receives whistle signals from four microphones which are installed toward
four directions with 90 degree interval at the position. The proposed algorithm
detects the phase of each received signal through the spectral analysis and
estimates the direction of the whistle signal by obtaining the phase differences of
the received signals from two adjacent microphones. Also, we theoretically
analyze the phase difference between two adjacent received signals according to
the arrival angle of the received signal and implement the proposed system
using DSP chip. In addition, we verify the operation of the proposed algorithm
using the implemented system in a laboratory environment. Experimental results

show that the proposed scheme can well estimate the direction of the whistle

signal.
KEY WORDS: phase difference, received direction, ship whistle, sound reception

system, spectral analysis
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Fig. 1 Block diagram of SRS
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D3 -

Fig. 5 Locations of the whistle transmitter and microphones on a

two-dimensional plane when the received angle for M, is 0
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Fig. 6 Locations of the whistle transmitter and microphones on a

two-dimensional plane when the received angle for M, is not 0
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Fig. 9 Curves of 2D/(D,+D,) versus D for various values of ¢
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Fig. 10 Curves of 2D/(D, +D,) versus ¢ for various values of D
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Fig. 11 Curves of A¢ versus ¢ for various f with D=2m and d=7.5cm
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Fig. 12 Curves of A# versus ¢ for various D with f=350Hz and d=7.5cm

2.0 25
@ [degree]

_20_

ion @ Kmou



A5 A WEFHA A" = 7R

Fig 138 7dE WasA Aze shEslole] BErholoagelt. THw
SRS vlolAEE FUOERE s|Haw AEE FAe ADCE 5
UA=4EE W@ DPE Yk DSPlA 4¥E NEE WIFYA

o

duYES AA TFAYANEY WBges FHOH  mRxE] 2H oA A
714 28245 WS LEDE YeRith =3 FA" 7H4gAEE Ay &
Jom 1 Ao ZVE AT 5 U
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Converter
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Fig. 13 Block diagram of SRS hardware
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Fig. 14 Implemented SRS hardware

Table 1 Specification of the DSP Chip

Item Specification

Processing speed Core performance up to 600 Mhz

SDRAM : 64MB x 2chips

Memory
Flash memory : 4MB
SPORTs 4
UARTs 3
SPI 3
TWI 2
PPI 1

EF nlo|AREOTREY YYWE T AEE UL AT WA
ADC/DAC 42 Analog Devices Al AD73322 & AR&glom FAH<QI

_22_
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Table 29} Zth & Aol A SRS Al=EeAM ARERE ADC

Aope
92

&2 16kHzo|th

=
/\E

Table 2 Specification of the ADC/DAC codec

Item Specification
ADC Two 16-bit ADC
DAC Two 16-bit DAC
Sampling rate 04kHz, 32kHz, 16kHz, 8kHz
183l Fig. 155 vwEH ZH[olde UEIt. Alfbsle daglsel wed
DSPollA 47 7| agjaZe) WS 5F9E AAH R Yein S54
C a3

Fig. 15 Master station
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AgelA 29AZ T
fFHll YHE=ES & 5
Ayt AFoM AHgE vlolZ2E HUE Fig 163 2 EAL

TR Aol e —4442dBo|t}

d

Fig. 16 Microphone unit

Fig 179 o] 2t Wgoz wsjgle vlolazE Aol Azst 75msl
vlol AZE U3} NHAYNEE WYNTIE 231A% 2me] ALE E A 0°
- 459 GYNA 1FUACE ANHLGNES WYAAA T WY 299] e
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O Aol 1A AFRRETE AR AR Ae F@Rls] Sd
AYoES dFeta, FFT ZA3E #9shr] 98 27§89 ARt
AA BAoM = ApTol EXL sjdelng 7| A& ET) WAkl ofs) TajAl=
A57r E=7] wEel d¥R4L J1HAETE Apge] "o wkabEo] 7}

U}°1aii9_i AEE Alse 2Hdo] wAshs A& WAk 98 Fig 173

_l

Fig. 17 Experimental environment

T3 XMl ALREE 71Fe AubAdnRlZ|E10]0] o3 28 ZHEofof
st=dl, 1 874 ta9] Table 33} 2t} Ig]al Agd AR8H 7|HAgrlses
A ol

ke
IS0 14859% 7|EoE Fue Wz AR O AZE Y Y8
D=2moll A tlo]| A2 E ] k= A59] A]7]7} Table 49 ZE2 HAST

[

o
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Table 3 Frequency range of the whistle according to the size of the ship

. . Sound pressure
Classification Frequency band [Hz]
level(SPL) [dB]
Vessels of less than 20m 250=<f=<700 111 <SPL=<120
Vessels of more than 20m 250=<f=<700 130=<SPL
Vessels of more than 75m 130=<f<350 138 <SPL
Vessels of more than 200m 70<f=<200 143 <SPL

Table 4 Signal levels of the received signal at the microphone for D=2m

Frequency [Hz] 70 130 200 250 350 700
Signal level [dB] 54 59 62 48 50 46
62 A3 Az

Fig. 182 218 7dagslse) =7 $9S vehdth o] o Aed
718 agAEe] FI4E 3/50HzOlH AEE BlE&2S 16kHzolth E3F FFT
A7) 5120] B & 31.25Hz¢] #allss 7HA= ©l, 343.75HzE UER = 9130l A
A7) ggel 7P A vee A& kst o] 2 350Hzet Lt
UARE o] FalFel o3 Zlo|EE FFIVE & o|RHes & 4 Utk
FFTAZ A Fo5E Sul2A] FEI9on= dsts o5 99
npo] A2 Zke] YAAtelE FITHHE Al 3FIA A Wekez] g

483 % Yk
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—&—Microphone M,
—— Microphone M2 |

—s7— Microphone M,
—<t—Microphone M, ||

Magnitude

Fig. 18 Snapshot of the magnitude response for the received
whistle signals

f

O

Fig. 19% 31404 At AHHMy) W3He=0")olx 2z FI5d
NEel 9Es

%

NAzENEt BYYL o rlolaBE FUSR FAF 4
DSPelA B Tgzolt RE Fu fidelM MelAe Asst shg

WE I Mo Myo] A57F A9 Zon] Meld 7 =8 Ae #EF 5 gl
kR B TP Er} BodLAol AL DSPAA Shtbe] xS FI|uiEe
ARSI ThA] QELEEE] dolpA| E=g o] wie wlsls dAto|th

- 28 -
Collection @ kmou



4000 , 5 : ! ! . : .
3 : : : . | —&—Microphone M,

3000 . H

—=+— Microphone M2

2000 Microphone M, |
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D00 e Y . FRT SRR S O N - i
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(b) f = 130 Hz
Fig. 19 Snapshot of a received whistle signal at ¢ =0",
(@ f =70 Hz (b) f = 130 Hz
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2500 ; ! , ! : : : :
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o011 s _E_MicrophoneMz_
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| —<—Microphone M,
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~7 ] : y: : ——=— Microphone M2

20007 Microphone M, 1

1500 —<— Microphone M4 I
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Amplitude
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LS VISR

-1000 4 g M I Ay :

-1500
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(d) £ =250 Hz
Fig. 19 Snapshot of a received whistle signal at
¢ =0" (continued),
(c) £ =200 Hz (d) f = 250 Hz
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2000 , ! , !

—&o— Microphaone M1

1800 v f e oo | —Er—Microphone M, |

Microphone M3
—<— Microphone M4 I
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5004 1) W bk SR i
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2000 - i H
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1500 -

1000

500k
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0

(f) £ = 700 Hz
Fig. 19 Snapshot of a received whistle signal at
¢=0" (continued),
(e) f =350 Hz (f) f =700 Hz
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S =15 BN 7 FApER J|HaeNET} BAYS
W mlolARE fUoE A 5o wWYe DSPeld #EF ezoldh
My A7k WA FUHD M, My, M8 £AR Asr} $A8e Y 5
1t

: : : : . | —&—Microphone M,
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(@ f =70 Hz
Fig. 20 Snapshot of a received whistle signal at ¢ =15"
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(c) £ =200 Hz
Fig. 20 Snapshot of a received whistle signal at
¢=15" (continued),
(b) £ = 130 Hz (c) f = 200 Hz
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(e) £ =350 Hz
Fig. 20 Snapshot of a received whistle signal at
¢=15" (continued),
(d) £ =250 Hz (e) f = 350 Hz
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Fig. 20 Snapshot of a received whistle signal at
¢=15" (continued)
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21 Snapshot of a received whistle signal at ¢=30",

(@) f =70 Hz (b) f = 130 Hz
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(d) f =250 Hz
Fig. 21 Snapshot of a received whistle signal at ¢ = 30" (continued),
(c) £ =200 Hz (d) f = 250 Hz
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Fig. 21 Snapshot of a received whistle signal at ¢ =30 " (continued),
(e) £ =350 Hz (f) f = 700Hz
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Fig. 22 Snapshot of a received whistle signal at ¢ =45"
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Fig. 22 Snapshot of a received whistle signal at ¢ =45 " (continued),
(b) £ =130 Hz (c) f = 200 Hz
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Fig. 22 Snapshot of a received whistle signal at ¢ =45" (continued),
(d) f = 250 Hz (e) f = 350 Hz
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Fig. 22 Snapshot of a received whistle signal at ¢ =45 " (continued)

o] AFAANA Zh WEFe] nlojARECE FAIE 71 H a5 33T
4709 wlelaRE F UM SAME 2419 N #E Tekd O el Ael:
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Table 5 Phase of

the received signal according to ¢

p=0" p=15" $p=30" p=45"
| 4.85773 | @) 0.450223 | | 5.39923 | @) 3.48751
70 Hz ’2: 4.94345 ’2: 0.527306 ’2: 5.42914 ’2: 3.48587
3| 4.85639 | @] 0.385029 | ®| 5.30029 | @) 3.29499
@ | 4.77567 | @| 0.298359 | @| 5.27459 | @ 3.3134
@ | 2.05896 | @| 5.08016 | @| 3.00986 | @ 2.07663
130 Hz ’2: 2.22657 ’2: 5.16261 ’2: 3.06757 ’2: 2.06831
@] 2.06909 | ®| 4.93213 | @] 2.80067 | 3] 1.78421
@ | 491449 | @| 4.84182 | @| 2.78878 | 4] 1.85267
| 5.31854 | @) 3.8079 | @| 2.32897 | 1) 3.16585
200 Hz ’2: 5.59347 ’2: 4.00906 ’2: 2.15778 ’2: 3.10018
@ | 5.32245 | 3] 3.54532 | ®| 2.06742 | 3] 2.67795
@ | 3.42308 | @| 3.39202 | @| 1.93723 | @] 2.69559
@ | 5.64914 | @] 0.722059 | | 4.59677 | 1) 4.83664
250 Hz ’? 5.97236 | @) 0.977529 @ 4.72215 ’? 4.83247
3| 5.65136 | @) 0.397301 | @] 4.13695 | 3} 4.19716
@ | 5.02302 | @| 0.055606 | @) 3.93926 | @ 4.14175
@ 1.69059 | @] 5.18433 | | 1.45441 | 1) 2.58783
350 Hz ’2: 2.161 2| 5.54112 ’2: 1.61298 ’2: 2.58073
@ 1.69285 | ®| 4.63059 | ®| 1.21108 | @) 2.16521
@ | 0.817995 | @| 2.84661 | @| 0.980214 | @ 2.07202
@©| 2.024 @D 4.12104 | @] 3.14159 | @) 3.2484
700 Hz ’2: 3.002 (2:) 4.79139 @ 3.4997 ’2: 3.21848
@] 2.02466 | @) 3.46066 | @] 1.3522 | 3] 2.30366
@ 0.927291 | @| 2.52685 | @] 0.661146 | @] 2.45571
Table 6 Values of the Af according to ¢
p=0" p=15" p=30" p=45"
70 Hz | A®| 0.08572 | AB| 0.077083 | AB| 0.02991 | A6| 0.00164
130 Hz | AB| 0.15748 | AB| 0.12248 | A©| 0.05771 | AB| 0.00832
200 Hz | AB| 0.27102 | A®| 0.20116 | A©| 0.09036 | AB| 0.00417
250 Hz | AB| 0.321 AB| 0.25547 | AB| 0.12538 | AB| 0.01419
350 Hz | AB| 0.47041 | AB| 0.35679 | AG| 0.15857 | AB| 0.0071
700 Hz | AB| 0.978 AB| 0.67035 | AB| 0.35811 | AB| 0.02992
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Fig. 23 Comparison of the experimental result and simulation result
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Fig. 24 Curve of the required threshold versus f
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Table 7 Average error of A# according to frequency of the whistle signal

Frequency [Hz] 70 130 200 250 350 700
Average error of A¢ [rad]| 0.0070 | 0.0127 | 0.0075 | 0.0139 | 0.0151 | 0.0177
Table 8 Average error of A¢ according to ¢

¢ [degree] 0 15 30 45
Average error of A¢ [rad]  0.0191 0.0096 0.0096 0.0109
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