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Time delay estimation
via Hilbert-transform and envelope

Dong Hwan Jung

Department of Ocean Systems Engineering
Graduate School of Korea Maritime & Ocean University

Abstract

Time delay estimation of an acoustical signal in an ocean environment is
a challenging problem because of the phase distortion of the received
signal due to reflection or transmission by the sea surface and seabed.

In this thesis, the conventional time delay estimation methods based on
the cross-correlation and Hilbert transform are reviewed, and an improved
algorithm  to enhance the accuracy of time delay is presented. The
presented algorithm is based on the Hilbert transform of the envelope of
the received signal. The advantage of this technique is demonstrated by
the mathematical formulation and consequently, the numerical simulations
are performed for the cases of various SNR(signal-to-noise ratio) conditions.
The simulation results are compared with those of existing techniques such
as cross-correlation, zero crossing of Hilbert transform.

KEY WORDS: Time delay estimation; Time delay; Hilbert transform; envelope
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Fig.4 Time delay estimation; (a) Using correlation
(b) Using the zero crossing of Hilbert Transform
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(a) Cross-correlation (b) Zero-crossing of Hilbert-transform
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Table 1 Time delay estimates at S/N = 0 dB

Cross- Hilbert- Hilbert-transform
) Envelope
correlation transform of envelope
Time . Time . Time . Time .
Delay | Z;r' Delay | Z;j Delay | Z;j Delay | Zo;:l
(T) (1) (1) (T)
1 0.2500 | 0.0000 | 0.2500 | 0.0000 | 0.2530 | 0.0030 | 0.2509 0.0009
2 0.2600 | 0.0100 | 0.2599 | 0.0099 | 0.2480 | 0.0020 | 0.2493 0.0007
3 0.2500 | 0.0000 | 0.2500 | 0.0000 | 0.2470 | 0.0030 | 0.2490 0.0010
4 0.2600 | 0.0100 | 0.2598 | 0.0098 | 0.2560 | 0.0060 | 0.2507 0.0007
5 0.2510 | 0.0010 | 0.2501 | 0.0001 | 0.2540 | 0.0040 | 0.2524 0.0024
QX
34;1 0.0042 0.00396 0.0036 0.00114
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Fig.9 Two signals with S/N = -4dB;
x(t) is undelayed and y(t) is delayed by 0.25sec
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Fig.10 Output of estimates at S/N = -4dB;
(a) Cross-correlation (b) Zero-crossing of Hilbert-transform
(c) Envelope of cross-correlation (d) Hilbert-transform of envelope
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Table 2 Time delay estimates at S/N = -4 dB

Cross- Hilbert- Hilbert-transform
) Envelope
correlation transform of envelope
Time . Time . Time . Time .
Delay |Z;r| Delay |Z;r| Delay |Z;r| Delay |ZC;:|
(T) (1) (1) (T)

1 0.2590 | 0.0090 | 0.2498 | 0.0002 | 0.2450 | 0.0050 | 0.2505 | 0.0005
2 0.2490 | 0.0010 | 0.2500 | 0.0000 | 0.2560 | 0.0060 | 0.2479 | 0.0021
3 0.2590 | 0.0090 | 0.2578 | 0.0078 | 0.2520 | 0.0020 | 0.2512 | 0.0012
4
5

0.2400 | 0.0100 | 0.2400 | 0.0100 | 0.2520 | 0.0020 | 0.2493 | 0.0007
0.2490 | 0.0010 | 0.2498 | 0.0002 | 0.2450 | 0.0050 | 0.2474 | 0.0026

0.0060 0.00364 0.0040 0.00142
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Fig.12 Output of estimates at S/N = -8dB;
(a) Cross-correlation (b) Zero-crossing of Hilbert-transform
(c) Envelope of cross-correlation (d) Hilbert-transform of envelope
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Table 3 Time delay estimates at S/N = -8 dB

Cross- Hilbert- Hilbert-transform
) Envelope
correlation transform of envelope
Time . Time . Time . Time .
Delay |Z;r| Delay |Z;r| Delay |Z;r| Delay |ZO;|
(T) (1) (1) (T)

1 0.2310 | 0.0190 | 0.2320 | 0.0180 | 0.2360 | 0.0140 | 0.02433 | 0.0067
2 0.2490 | 0.0010 | 0.2492 | 0.0008 | 0.2550 | 0.0050 | 0.2506 | 0.0006
3 0.2310 | 0.0190 | 0.2305 | 0.0195 | 0.2600 | 0.0100 | 0.2554 | 0.0054
4
5

0.2390 | 0.0110 | 0.2401 | 0.0099 | 0.2480 | 0.0020 | 0.2517 | 0.0017
0.2510 | 0.0010 | 0.2503 | 0.0003 | 0.2610 | 0.0110 | 0.2534 | 0.0034

o 0.0102 0.0097 0.0084 0.00356
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Fig.13 Environmental conditions of the simulation for the
surface reflection
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Fig.15 Received signal in simulation for the surface reflection
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Fig.16 Output of estimates for surface reflected wave
(a) Cross-correlation (b) Zero-crossing of Hilbert-transform
(c) Envelope of cross-correlation (d) Hilbert-transform of envelope
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Table 4 Time delay estimates for surface reflection

Time Delayl Error 1 Time Delay?2 Error 2

() | AT | (T3) | AT

Cross-correlation 0.0728 0.0000 0.0999 0.000
Zero-crossing of

0.0728 0.0000 0.0999 0.000

Hilbert-transform
envelop 0.0728 0.0000 0.0999 0.000

Hilbert-transform

0.0728 0.0000 0.0999 0.000

of envelope
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Fig.17 Environmental conditions of the simulation for the
bottom reflection
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Fig.20 Received signal in simulation for the bottom reflection

Table 5 Time delay estimates for bottom reflection

Time Delayl Error 1 Time Delay?2 Error 2
() | AT | (T3) | AT |
Cross-correlation 0.06502 0.0000 0.08857 0.0006
Zero-crossing of
) 0.06502 0.0000 0.08857 0.0006
Hilbert-transform
envelop 0.06502 0.0000 0.08862 0.0000
Hilbert-transform
0.06502 0.0000 0.08862 0.0000
of envelope
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Fig.21 Output of estimates for bottom reflected wave

(a) Cross-correlation (b) Zero-crossing of Hilbert-transform

(c) Envelope of cross-correlation (d) Hilbert-transform of envelope
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