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Design and Performance Analysis of Direction Detection
Algorithm Using Correlation-Based Frequency Detection and
Phase Difference for Sound Reception System of Ships

Yeom, Myeong Gil

Department of Electronics and Communication Engineering,
Graduate School of Korea Maritime and Ocean University

Abstract

In this thesis, a new direction detection scheme of the ship whistle
for the digital sound reception system (SRS) of ships is proposed,
which 1s based on the frequency detection and the phase difference
estimation using correlation values between the received signals of
two neighboring microphones under a noise environment. In order to
suppress the noise, the proposed correlation-based frequency detector
and phase difference estimator accumulate the correlation values for
all possible combinations of two neighboring microphones. By utilizing
the estimates of the phase differences for all combinations of two
neighboring microphones, the proposed direction detection algorithm
distinguishes the sector corresponding to the direction of the whistle
signal and estimates the arrival angle. In addition, using the
practically implemented SRS hardware and software, the laboratory test

for the proposed schemes is performed and test results are presented

KEY WORDS: Digital Signal Processor, Direction Detection, Frequency Detection,
Phase Difference, Sound Reception System, Ship Whistle
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Whistle Signal
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Fig. 10. One situation of received whistle signal on microphones
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Fig. 12. Eight sectors for the sector discriminator

_27_

Collection @ kmou



o o

o

CEERIES e

&3l siF YHANM FEE olgd T F
o

Rz} 9 ghel Aot HHS

P
T
B =

% ulolaREe] 94 2ol 0,9} ¢

olt}. Fig. 13

NEO® 2 Qe FEIE ol

Sector

Sector

05 <0

@]

B < 0

E
0,— 0, <0

Sector
0, — 63 >0

9, — 65 <0

Fig. 13. Eight sectors discrimination according to signs of phase difference of two

Collection @ kmou

microphones

_28_



ZF 9% Aol o] B3 gl o]5e] xFo] wE AEE Table 13 Zo] v
Ebd = otk S14 ol 9,9 REERE AE 1F H A B 0% O, E, F,
OF A= TR 5 gon, A4 o] 4,9 FEERE ME 1% F G H
Ast B, C, D, B)E A2 72T Utk A Ao] 6,9 FI2FEH AY I
E (H, A B Ot D, E F, G Az F2& & i, 914 o] 9,9 Raz
BE AE 3% B, C D, B F, G, H, AVE M2 78 & & ok wahA,
ol# gt 4718l 9 Aol ”fﬂ n5E % z¢sd 419 A8 1F B, O,
D, B), F, G, H, AE Atk o9} BUEA, YA Aol 4,9 e
el A OF G H A B9 (C D, E PE AME 78 & § Jda, 6,9 ¥
T2HE MY IF A B, C D E F, G HDE AZ F2F & It oy
g 671 973 Aol e ¥-3E BT W 89 AEE A7 9 A
o] REZ o] g3 TE T % Urk B okt ¢ Aol s 2ol ¢, -0,
=2FHE 48 2% (B C D E F G BE A= 7=F 5 A

_‘

6,~0,ZRE = AE 1% (G, H, A, B C, D, E, g M2 783 5 9
6, —0,Z%E = HE 1§ B, C D, B#} F G H AE AZ 72Z 5 9ok

2 971x19] 94} 7ol RE ol 94 7he] Zjole] HEE o] L Table 13 7o)
AA e AEE 7 914 gk HEE HF Uk

Table 1. Combination of signs of phase difference values according to the
sector.

Phase
Sector o % Os 0, 0; Og | 0,=0y | 0,03 | 05— 0
A + + - - + - + + +
B + - - + + - + + -
C + - - + - + -
D - - + + - - + - -
E - - + + - + - - -
F - + + - - + - - +
G - + + - + + - + +
H + + - - + + - + +
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Fig. 14. Error curves of the approximated arrival angle in the angle estimator
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Table 2. Direction detection of the ship whistle using the detected sector and
estimated ¢.

Sector Final angle (¢y,)

A ¢

B m/2—¢

C 7/2+ ¢

D T—¢

E T+ ¢

F 3m/2—¢

G 3n/2+¢

H 2r—¢
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Fig. 15. Setup of the test environment for hardware experiments
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Fig. 16. Spectrum of noise at center of microphone unit
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Fig. 1794 4#7] 13 ga7] 29 EALS w¢ Ak a9 23 3¢9
B2 gE7] 13 4] 29 Aot 24 See & doy e At e

BFek 71A ey Azt s w2 2ol e Aol AAe 99 Hole 4]
10] 7] 20 Hlg) A2 A& & 5 AUk

Table 3¢ A F74 el9h & oA pele sh=sole] Fug Rl
(resolution)ol 7P§ THEF Fokrshel Aol Fuy BalHoE o] Aol

HAEZ Vel Aolth. ADCS Al&&3} FFT A5¢ A7l ofsf Fak Zalls
31.25Hz°|th.

Table 3. Difference of whistle signal and frequency resolution.

Frequency 70Hz 280Hz 350Hz 560Hz 630Hz 820Hz

Difference (%) 24% 4% 20% 8% 16% 24%

Table 4= 287 1, 487] 29| A3 gho] 27]d ois) Hod3 s A3
Zoltt. &, 7| AT FFT =

2

AEeo 4% g (AW 19 29 W =g

Ped % vlolAREY AT g (3B7) 291 B I AL A 2T /)AL
=]

FasolA 2] HolE BAFT,

Table 4. Analysis of correlator 1 and correlator 2 according to variance and
mean.

Variance of Mean of Variance of Mean of
Frequency

correlator 1 correlator 1 correlator 2 correlator 2
70Hz 27.72 [dB] 214.94 [dB] 57.33 [dB] 214.94 [dB]
280Hz 3.35 [dB] 205.26 [dB] 7.04 [dB] 205.25 [dB]
350Hz 21.82 [dB] 187.33 [dB] 40.71 [dB] 187.26 [dB]
560Hz 3.69 [dB] 192.45 [dB] 6.52 [dB] 192.45 [dB]
630Hz 8.64 [dB] 184.25 [dB] 13.15 [dB] 184.25 [dB]
820Hz 22.06 [dB] 172.71 [dB] 25.46 [dB] 172.85 [dB]
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o 5Histogram of magitude according to number of accumulation at 70Hz
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Fig. 18. Histogram of magnitude according to number of accumulation on
correlatorl, (a) 70Hz (b) 280Hz (c) 350Hz (d) 560Hz (e) 630Hz (f) 820Hz
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Table 5. Analysis of variance according to number of accumulation.

Narr
’ 2 4 8 16

Frequency

70Hz 31.35 [dB] 17.24 [dB] 8.87 [dB] 4.10 [dB]
280Hz 2.16 [dB] 1.07 [dB] 0.54 [dB] 0.27 [dB]
350Hz 20.71 [dB] 9.43 [dB] 4.65 [dB] 2.08 [dB]
560Hz 1.80 [dB] 0.94 [dB] 0.47 [dB] 0.22 [dB]
630Hz 4.33 [dB] 2.36 [dB] 1.21 [dB] 0.60 [dB]
820Hz 9.65 [dB] 5.14 [dB] 2.64 [dB] 1.47 [dB]

Table 5914 & = 3I%ol F29] 3;447} S7Fl wet &ite] £0f 3 Sith

T4 a7t Sl el SFFAAY Fukas Ael] ASdE FE A

ATh SHAIRE el 7 BoRW A= ARke]l dojABR AxElY] gie

A 72 g ARSSjoRit 71 & A5l Fuart il Fuke] Haeet

S2p7F A2 280Hz9k 560HzO| Zfolle #4bol wee & F vk § FHF
o

Bt AHgEE 718 MBS Fuer T dEd 9% o

4 I

l

N

Figs. 19 ~ 212 9% zko] 48] A3E YeRd Zio|t}. Figs. 19 ~ 212 217} 70Hz,
560Hz, 820Hz®] 71848 4155 AM&s] 7|44y Fakrol A SNRE 2dB=
ARs 7z ajze AdE #EIT 4 ddze A Aol 4719 29 6,E
oujshs 29 7Fed o rlolamEe] FAdE AW gl B Aw AE B
Aolty. MAHew Fug7t 7ietl wet 939 B Aw e VRt
FIGTE BT E e AAAR 94 A7t Bol W] WEelth 23 rhed
T orlolARE] A Aole F owiolARES g Aolst Futol whel 94 Alo]
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Fig. 19. Mean square error according to number of accumulation on phase
difference estimator at 70Hz, (@) 0° (b) 15° (0) 30° (d) 45°
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Mean sqare error of a 0 degree angle at 560Hz
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Probability

Probability of sector discrimination with a 5 degree angle at 70Hz

Probability of sector discrimination with a 10 degree angle at 70Hz
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Fig. 22. Performance of sector discriminator according to a incidence angle

(@) 70Hz, 5° (b) 70Hz, 10" (c) 560HZ, 5° (d) 560Hz, 10"

(e) 820Hz, 5° (f) 820Hz, 10°
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Estimated incidence angle according to Taylor series at 820Hz
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Fig. 23. Estimated incidence angle about a 0 degree incidence angle
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Fig. 25. Histogram of the accumulated correlation for the frequency detector
according to the number of accumulations, SNR=-22dB
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