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DOA estimation based beamforming technique for DTV reception
performance enhancement
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Abstract

This paper proposes a DTV receiver using beamforming techniques to improve indoor and mobile reception. The proposed DTV
receiver estimates the directions of arrival (DOAs) of incoming signals using Capon’s DOA estimation method and generates an
adaptive anienna beam pattern to the estimated DOA of the mainpath signal to improve the channel condition. After beamforming,
a following decision feedback equalizer (DFE) removes the remaining multipath components. The proposed receiver can be
implemented with a conventional DTV receiver without anymodification. The performance of the proposed receiver is analyzed with
modified Brazilian field test models, which include DOA information of incoming signals. Simulation results show that the proposed
receiver can satisfy the threshold of visibility (TOV) when input signal to noise ratio is slightly over 10 dB,
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Table. 1. Modified model of Brazilian field test channe! including signal
amplitude, delay and DOA

Signal No.

Type Factor

0 | 2 3 4 5

Amp. 1 102045 | 0.1548 | 0.1790 | 0.2078 | 0.1509

A Rel. Amp.[dB] | 0 -138 | -162 | -149 | -136 | -164
Delaylus] 0 015 | 222 | 305 | 58 | 593
DOAL°] 0 -15 2 50 -60 40

Amp. 1 | 02512 | 06310 | 0.4467 | 0.1778 | 0.0794

B Rel. Amp. [dB]) 0 -120 | 40 10 | <150 | -2

Delay[us] 0 030 | 35 | 440 | 950 | 1270
DOAL°] 0 -15 2 50 -60 40

Amp. 0.7263] 1 0.6457 | 0.9848 | 0.745% | 0.8616

Rel. Amp. [dB]{ -28 0 -38 -0.1 -2.5 -13
Delay[us] 0 003 | 042 1.5 232 | 280
DOA[°] -15 0 20 50 -60 40

Amp. 0.2045| 0.1341 | 1.1548 | 0.1789 | 0.2077 | 0.1509

Rel. Amp. [dB]] 01 | -38 -2.6 -1.3 0 -2.80

D Delay[us] 015 | 063 2.22 3.05 5.86 5.93
DOAL’] 0 -15 20 50 -60 40

Amp. ] 1 1 - - -

£ Rel. Amp. [dB]| 0 0 0 - - -
Delay[us] 0 1.00 2.00 - - -
DOAL"] 0 -15 2 - - -

Amp.: Amplitude
Rel. Amp.: Relative Amplitude
DOA: Direction of Arrival
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error, (f) Output symbol after equalization.
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Fig. 2. The perfomance of a conventional DTV receiver with one antenna
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Channel type Before equalization After equalization
Input SINR SER SINR SER
Brazil A 16149 0.5314 17.4310 0.0362
Brazil B 1.4870 0.7052 9.3584 0.4919
Brazil C -5.0668 0.7914 9.1450 0.5059
Brazil D -5.2384 0.7931 2.3923 0.7645
Brazil £ -3.0144 0.7641 51354 0.6574

A

B3 93 MS of FSH7 20dB2! AR M9 DTV £407(2) M
Fig. 3. The performance of the proposed DTV receiver with four
antenna elements (SNR:20dB)

Channel type Beamformer Equalizer output
Input SINR| Qutput SINR | SER SINR SER
Brazil A 7.6149 11.9286 03513 | 235032 | 9.76%10"
Brazil B 1.4870 101319 ] 04366 | 23.2839 0.0013
Brazil C -5.0668 1.0397 0.7002 | 22.6047 0.0022
Brazil D -5.2384 427123 0.6422 | 25.2048 3.2x10°
Brazll E -3.0144 20,3311 0.0204 | 227591 0.0028
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