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An Efficient Receiver Structure Based on PN Performance in Underwater Acoustic

Communications
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Abstract - Underwater communications are degraded as a result of inter symbol interference in multipath channels. Therefore, a channel
coding scheme is essential or underwater communications. Packets consist of a PN sequence and a data field, and the uncoded PN
sequence Is used to estimate the frequency and phase ofiset using a Doppler and phase estimation algorithm. The estimated frequency
and phase offset are fed to a coded data field to compensate for the Doppler and phase ofiset. The PN sequence is generally utilized
to acquire the synchronization information, and the bit error rate of an uncoded PN sequence predicts the performance of the coded data
field To ensure few errors, we resort to powertil BCJR decoding algorithms of convolutional codes with rates of 172 2/3 and 3/4. We
use this powerfill channel coding algorithm to present an eflicient receiver structure based on the relation between the bit error of the
uncoded PN sequence and coded data field in computer simulations and lake experiments.

Key words - Underwater Communication, Multipath, PN Code Performance, Error Rate, Channel Coding
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Fig. 1 Model of the BCJR equalization in baseband.
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Table 1 Required uncoded error rates of QEF region in the
AWGN channel

Decoding Coding rate Uncoded error
ng ra
Method & rate
Viterbi 1/2 10723
deocoder with 2/3 -
hard decision 3/4 _
Viterbi 1/2 10719
decoder with 2/3 10718
soft decision 3/4 1072
1/2 10"
BCJR -
2 3 —1.6
(itreation=4) / 10
3 / 4 10~ 1.7
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Fig. 3 Illustration of the lake trial.

Table 2 Parameters for experimentation

Source 500bit Text
(2,1,7)Convolutional code
Channel coding coding rate : 1/2, 2/3, 3/4
Decoding method : BCJR
Modulation QPSK
Packet Size(D,) 500 symbols
Bit rate 1 Kbps
Center frequency 16 kHz
Sampling frequency 192 kHz
Distance 400 m
Water depth 43m
Transmitter/Receiver TX : 2m
Depth RX 120 m
Fig. 491 41¢] 71 G229} Zo] 7] A5 29 A
LFM(Linear Frequency Modulatlon)olfﬁ] ol HiZle] Al
I S dEle AlsolH, F WA AEQl PN AlEAE 41
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A4 A s8N s FEE F437] Y3l AEHA
o},
0.5 ..0,51".‘
LFMB N Codad . |LFME
sequence data
025> ‘_svr::lshis_.‘—wnbos—. PN

Fig. 4 Packet structure of transmitted signal
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Fig. 5 Underwater channel impulse response
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(b) Equalized signal

(a) Received signal

Fig. 6 Constellation
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Fig. 7 Relation of error rates of coded data field and PN
field (March)
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Table 3 Required uncoded PN error rates of QEF region in o8 } H }
the underwater channel - } } }
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