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SCIENTIFIC PROGRESS AND ACCOMPLISHMENTS: 

Future tactical frequency-hop communication networks should employ adaptive transmission to reduce 
energy consumption, decrease interference to other terminals in the network, and lessen the probability of 
detection by unauthorized receivers. The research publications listed in this report advance several new 
concepts in frequency-hop transmission, present results on the performance of new techniques for the 
use and development of side information in frequency-hop receivers, and describe an integrated protocol 
suite that couples adaptive transmission, forwarding, and routing in mobile, tactical wireless frequencv- 
hop communication networks. 

Infonnation about the reliabilities of the received symbols is very beneficial in frequency-hop 
communication systems, especially those that employ adaptive transmission. This information known as 
side information, can be used to erase unreliable symbols at the input to an errors-and-erasures decoder 



For slow-frequency-hop systems it is common that special redundant symbols, referred to as side- 
information symbols, are included in each dwell interval, and the demodulation of these symbols provides 
the side information. The corresponding decrease in the number of message symbols that can be sent in 
each dwell inten/al makes it desirable to develop alternative methods that do not require side-information 
symbols. We proposed such an alternative that employs staggered interleaving of Reed-Solomon code 
words and iterative errors-and-erasures decoding to make erasure decisions without the need for side- 
information symbols. The information obtained in the iterative decoding process can also be used to 
characterize the link for the purpose of adapting the code rate and transmitter power to match the channel 
conditions. 

The performance of the staggered Interleaving scheme with iterative decoding was evaluated for 
channels with partial-band interference and compared with the performance of systems that employ 
standard block interleaving and errors-only decoding or errors-and-erasures decoding with side 
information obtained from test symbols. In many situations, the staggered-interleaving scheme results in 
a lower packet error probability than is obtained in a system that employs test symbols. It follows that the 
staggered-interleaving method also gives a higher throughput in these same situations. The decoding 
procedures for systems with staggered interleaving and systems with test symbols each require the 
selection of a threshold. The performance of the staggered-interleaving scheme Is less sensitive to the 
value of its threshold than the performance of the system with test symbols. The staggered-interleaving 
scheme performs quite well even if the iterative decoding algorithm is limited to three iterations. 

Research has been completed on Hermitian codes as an alternative to Reed-Solomon codes for adaptive 
frequency-hop spread-spectrum packet radio networks. Analytical results were developed for the 
evaluation of the packet error probability for FH transmissions using Hermitian coding. We find there are 
several situations for which Hermitian codes provide much lower packet error probabilities than can be 
obtained with Reed-Solomon codes. Performance evaluations are presented in our publications for an 
additive white Gaussian noise channel and for certain partial-band interference channels. We evaluated 
the packet error probability for both errors-only and errors-and-erasures decoding. In general, as the 
code rate decreases or the symbol alphabet size increases, the relative performance of Hermitian codes 
improves with respect to Reed-Solomon codes. 

When employed in FH packet communications, a single Hermitian code word can replace a number of 
Interleaved Reed-Solomon code words. For example, a packet with 1,536 information bits can be sent as 
one (512,256) Hermitian code word or eight interleaved (64,32) Reed-Solomon code words. In this 
example and in several similar examples, the Hermitian code provides a lower packet error probability 
than the interleaved Reed-Solomon code for communication over the AWGN channel. For a given 
probability of packet error, the improved performance of the Hermitian code translates to an increased 
communication range for most applications of FH packet radio networks. For several other channel 
models, Hermitian codes are superior to Reed-Solomon codes. In particular, for many partial-band 
interference channels, Hermitian codes give a smaller packet error probability than Reed-Solomon codes. 

We have devised an integrated protocol suite for frequency-hop spread-spectrum tactical radio networks 
that includes adaptive transmission, adaptive routing, and adaptive fonwarding. The use of adaptive 
transmission In wireless, store-and-forward, packet communication networks often results in large 
differences in the energy requirements of the alternative paths that are available to the routing protocol, 
thereby providing the routing protocol an opportunity to save additional energy by using the links on which 
the adaptive-transmission protocol has reduced the power or increased the code rate. Such energy 
savings are critical for mobile communication devices with limited energy storage capability (e.g., hand- 
held terminals). Routing metrics provide quantitative measures of the quality and energy efficiency of the 
paths from the source to the destination and enable the routing protocol is to take advantage of the 
potential energy savings that are made possible by the adaptive-transmission protocol. We compared 
several routing metrics and investigated tradeoffs among energy efficiency, delay, and packet success 
probability. 

Our most recent research has been devoted to adapting the rate of a turbo-product code that can be 
decoded with a commercial off-the-shelf codec chip. Parallel decoding strategies were devised, and we 
evaluated the resulting performance for packet transmission over channels with partial-band interference. 
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When coupled with the development and use of side information in the frequency-hop receiver, parallel 
decoding greatly enhances the performance of turbo product codes and makes them competitive with 
parallel-concatenated turbo convolutional codes. We devised a new method for assigning weights for 
soft-decision decoding, and we have demonstrated that this mechanism also provides the information 
needed to adapt the rate of the turbo-product code to the interference conditions on the channel Papers 
based on this work were presented at the 2002 IEEE Military Communications Conference and the 2003 
International Conference on Communications. A third paper has been accepted for presentation at the 
2003 IEEE Military Communications Conference. 

The protocol for adaptive-rate turbo coding that we devised and evaluated is suitable for wide range of 
codes and soft-decision decoders. In particular, the protocol can be used with binary convolutional 
coding or any form of turbo coding. Although our numerical results are for turbo product codes neither 
the code structure nor the decoding algorithm play a role in the adaptation of the code rate Our results 
demonstrate the feasibility of the adaptive-rate coding technique and the performance advantages of 
adaptive-rate coding over fixed-rate coding for channels with time-varying interference. In particular the 
adaptive-rate coding system obtains the maximum possible throughput when channel conditions are good 
and it provides better throughput than fixed-rate coding when channel conditions are poor. 

TECHNOLOGY TRANSFER: 

Some of our early work on adaptive transmission was employed in the DARPA GloMo program as part of 
ITT's RAVEN project. Discussions have been held with Rockwell-Collins in Richardson Texas 
concerning the use of our adaptive-transmission protocols in JTRS. We have supplied descriptions of the 
protocols and performance results for Rockwell's use, and they are incorporating the concepts into JTRS 
We have also discussed the use of adaptive turbo product coding for use in DARPA's Tactical Targeting 
Network Technology (TTNT) with Rockwell-Collins of Cedar Rapids, Iowa, and the PI sen/ed on the red 
team for the DARPA TTNT contractor review. Discussions were held with ITT regarding the possible use 
of the protocols in the SUO and JTRS programs. Several meetings have been held with personnel from 
MIT Lincoln Laboratory regarding the use of our adaptive-transmission protocols in future military 
communication satellites. A joint project is underway with Lincoln Laboratory to employ adaptive 
transmission with quadrature amplitude modulation and turbo product coding to improve bandwidth 
efficiency on wireless communication links. 


