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PERFORMANCE AND EVALUATION CRITERIA FOR SIMPLE TES 
ISOLATED WORD RECOGNITION (IWR) SYSTEMS IN HOSTILE 
TACTICAL MILITARY ACOUSTIC ENVIRONMENTS 

R C Power, R D Hughes and R A King.1 

ABSTRACT 
A preliminary investigation into the performance of a simple Time Encoded Speech ( TES) 

isolated word recognition (IWR) direct voice input (DVI) system is described. Experhnen­
tal conditions included evaluations with four untrained m.ilitary speakers in severe acoustic 
background noise (~ 80 - 100dB SPL) with hand-held omni-directional microphones. The lim­
itations of conventional "percentage recognition" scores as a measure of system performance 
for the military role are discussed. 

INTRODUCTION 
Essential to all tactical military direct voice input (DVI) systems is an ability to operate 

effectively in a hostile, degraded and variable acoustic environment. The military system must 
also remain e:ffective despite variabilities associated with extremes ofmental and physical stress 
imposed upon the human operator. In addition, since the penalties for error in this role may 
be catastrophic, the operational user seeks 100% system integrity. Under such conditions, the 
use of "fail-safe" protocols would appear to be mandatory. Such protocols involve veri:fi.ca.tion 
and feedback as part of system design, with nth choice options ava.ilable to a.void syste1n 
lock-up, Ref. [1]. The nth choice routine reduces the likelihood of cata.strophic error, at the 
expense of user interaction with the recogniser. In the "fail-sa.fe" mode, a. few errors poorly 
ranked may incur more exchanges with the recogniser, than a larger number of errors ranked 
more closely to the first choice of the machine. 

This paper describes a preliminary investigation into the performance of untrained military 
speakers exercising a simple TES DVI system in severe acoustic background noise, and com­
ments upon the limitations of conventional "percentage recognition" scores as performa.nce 
and evaluation criteria for the military role. 

TES CODING 
In the subject investigation, speech bandlimited to 4KHz (300 - 4.3KHz) is coded into a 

29 symbol TES alphabet. A detailed account of a TES system for IWR, together with an 
algorithm for simple TES analysis is provided in Ref. [2]. A flexible CMOS LSI en1bodiment 
is shortly to be exercised. 

THE SYSTEM MODEL 
A block diagram of the TES system under investigation is shown in Fig. 1. The current 

investigation examines isola.ted words whose end-points are delimited by the action of a. pressel 
switch. A TES symbol stream is generated from the incoming waveform. 

Given this sequence of symbols, for each vocabulary word, a two- dimensional "A-matrix" 
can be generated. This A-matrix is the feature set representation utilised for recognition 
purposes in this study. Typical A-matrices are shown in Fig. 2. 

AIMS OF THE EXPERIMENT 
This investigation was intended to provide some insight into the performance of TES 

systems incorporating "fail-safe" protocols, in operating conditions close to the threshold at 
which the recognition algorithm presented very high ( > 50%) error rates with a view to 
indicating the relevance or otherwise of simple DVI systetns in a hostile tactical military 
environment. 

EXPERIMENTAL PROCEDURES 
RECOGNITION VOCABULARY: The vocabulary exercised during this examination 
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was limited to the ten digits "ZERO" to "NINE". 

END-POINT DETECTION: In view of the use of an onmi~directional microphone and 
the high noise levels under investigation, the start and finish of an utterance were defined by 
means of a pressel switch. Having been promped by the system, the user would depress the 
switch, say the appropriate word, and then release the switch. 

SUBJECT SPEAKERS: The four subject speakers used were untrained male Army Of~ 
ficers with no previous experience of DVI systems. All had experience of conununicating 
over a radio link using a pressel switch. Training and familiarisation was limited to abrief 
verbal description of the evaluation procedures with the first "hands~on" use being the initial 
training pass. 

ACOUSTIC ENVIRONMENT: Tests were carried out in the TES research laboratory at 
R.M.C.S., an unexceptional room with no special or protective acoustic properties. External 
acoustic background noise conditions were varied to produce SPL values at the face of the 
subject speakers as follows:~ 

Medium noise 82dB SPL 
High noise 94dB SPL 

A typical plot of the spectral content of both noise and signal + noise for the High noise 
case can be seen in Fig. 3b. The measurements were taken at the input to the TES coder, 
that is to say, directly after the microphone. Markers on the diagram at 300 and 4.3KHz are 
self-explanatory. 

A hand-held onmi-directional microphone (SONY ECM-170 with pop filter fitted) was 
used during trials, to introduce some variability in microphone placement and thus, a degree 
of inconsistency in acoustic coupling such as might he found in operational use. 

The background noise used was "cocktail party babble", a mixture of human speech 
recorded from the BBC sound archives. This numics, to some extent, the acoustic condi­
tions in a husy forward area conunand post, and is a most severe test since the use of human 
speech as background noise effectively precludes the use of noise cancelation strategies as a 
pre~processing aid to the recognition algorithm. Fig. 3a. shows the frequency spectrum of 
this noise. 

EVALUATION ROUTINES: Two sets of evaluations were taken for each of the four 
speakers as follows:~ 

Medium noise A familiarisation stage comprising. one trainingpass followed by two eval~ 
uations of 50 random utterances of the words "ZERO" to "NINE". And an evaluation stage 
of 250 repeats of the same words. 

High noise A familiarisation stage comprising one trainingpass followed by two evahiations 
of 50 random utterances of the words "ZERO" to "NINE". And an evaluationstage of 500 
utterances of the same words. 

These procedures took several hours per person, similar to a 'shift' on duty. During 
this period the subjects experienced boredom, minor discoinfort, and fatigue. There were 
also some complaints of disorientation at the higher SPL level. At times the subjects made 
mistakes either in speaking the correct word, or in depression of the presse! switch. Errors 
resulting have been included in the scores. 

PERFORMANCE AND EVALUATION CRITERIA 
In "fail-safe" systems at high noise levels, conventional percentage recognition scores would 

appear to be an insufficient measure of system performance. In the present investigation a 
'ranking table' of errors was produced for each evaluation set with a view to providing more 
insight into the performance of the system. Our first linlited examination indicates that the 
"ranking distribution" of errors is likely to relate directly to the performance and stability of 
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the system when operating under adverse conditions. For convenience, this distribution may 
be simplified into a single "System Transaction Overhead", T0 , defined as:-

T. _ No. of additional transactions required to achieve correct recognition ( 
1

) 
0 

- Minimum number of transactions required 

An example of the difference between this measure and conventional percentage recognition 
scores is highlighted in Fig. 4. The scores obtained are shown in Table la. 

These scores show that even though there are twice as many errors in Fig. 4b. as there 
are in that of Fig. 4a., the value of T0 is lower since less exchanges are needed to achieve 
100% system integrity. 

RESULTS 
Fig. 5a. shows the total percentage recognition scores for each of the four speakers 

for medium and high noise levels. Fig. 5b. illustrates, for both noise levels, the ranking 
distribution of errors averaged over all four speakers. Figures have been compiled fron1 three 
thousand input utterances. Overall results are given in Table 1b. 

CONCLUSIONS 
A simple TES IWR system has been exercised in very high acoustic background noise 

using four untrained speakers. An exarnination of the ranking distribution of the errors 
suggests that "fail-safe" protocols may permit satisfactory system performance to be achieved 
using TES systems. This measure for performance and evaluation is conunended for further 
investigation. 
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Figure 1. System block diagram. 
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Figure 2. Typical A-matrices for the words 

"FO UR" and "SEVEN". 
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Figure 4. illustrative "ranking table" of errors. 
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Figure 3. Typical High noise plots for 

noise and signal + ~oise. 
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Table 1. I?erformance values. 


