
Evaluation of Low Rate Speech Coders for HF 
Thomas E. Tremain, David P. Kemp, John S. Collura, Mary A. Kohler 

U.S. Department of Defense 

Abstract 
In 1988, the NATO Tri-Service Group for Communica- 

tions and Electronics Equipment (TSGCEE) Sub Group 11 
(SGIll), established Working Group 2 (WG12, Narrowband 
Speech), to develop a voice processor standard for a secure 
voice system for operation in the High Frequency (HF) por- 
tion of the electromagnetic spectrum. The voice processors 
evaluated had a bit rate of 600,800,900, and 1200 bps. For- 
ward error correction was added to bring the total bit rate up 
to 2400 bps [l]. This paper compares the performance ofthe 
three candiiate U.S. low rate speech coders, to the standard 
2400 bps Linear Predictive Coder, under a number of differ- 
ent test condiions. 

I Proposed Test Procedures 
After several meetings, W W  established a proceas for 

selection of the speech algorithm to become the NATO 
Standard. Each country wishing to submit a voice processor 
operating at any of the above bit rates notified wG12 at its 
September 1991 meeting. Performance testing was accom- 
plished as follows: 

- Each country wishing to submit candidates identified 
(to W W )  the voice procesMws it will sllbmit. 

- Each country wishing to submitted a test plan to wG12 
for performing the tests. wG12 specified modifications to the 
test plans as necessary. 

-Each country submitting a test supplied all of the coun- 
tries submitting candidates with the approved test plan and 
the associated database to be used to perform the tests on 
the candidates. 

- Test results were returned to the country of origin and 
evaluated in accordance with its approved test plan. 

The performance evaluations along with complexity and 
delay of the voice coders were presented at the September 
1992 meeting of WGR. Real-time hardware versions of the 
candidate algorithms were also demonstrated at this meet- 
ing. W W  will make its final selection based on the perfor- 
mance evaluations, complexity, delay and demonstrations of 
the real-time hardware. 

I1 Candidate Coders 
Belgium submitted two coders running at 900 bps. The 

low rate coders were based on the Multiband Excited 
Speech Coder. 

France submied three coders, two running at 800 bps 
and one at 1200 bps. The low rate coders were based on 
the Linear Predictive Speech Coder [2]. 

The United States submitted three candidates, one each 
at 600,800 and 1200 bps. The low rate coders were based 
on the Linear Predictive Speech Coder [3], [4]. 

All candidates were compared to the present NATO 
standard which is Linear Predictive Coding at 2400 bps. 

111 Tests Run on Speech Coders 
U.S. Tests 

The U.S. source material consisted of digital recording of 
the Diagnostic Rhyme Test (DRT)[q and the Diagnostic 
Acceptability Measure (DAM)[G] test, for each of the four 
microphone and acoustic background combinations and two 
error conditions as listed in Table 1. The DRT is a two choice 
intelligibility test in which each item consists of two rhyming 
words, selected so that the initial consonants differ by a sin- 
gle phonetic attribute, for exanple vault vs. fault. The listen- 
ers task is simply to judge which of the two words have been 
spoken. The test has 192 words which are scored and 40 
unscored filter or test words. The final score is the number of 
correct words minus the nunber of incorrect words divided 
by the total number of words. The single speaker DRT lasts 
approximately 7 minutes. 

The DAM speech data base per speaker consists of 12 
sentences spoken at a rate of one sentence every 4 sec- 
onds. A personal computer is used to record the responses 
of a listener to nine signal distortions, eight bacloground 
noise distortions and three overall effects, intelligibility, 
pleasantness and acceptability. Each distortion is rated on a 
scale of (0) - not detected to (9) - overwhelming. The source 
material contained 3 male and 3 female speakers. 

Table 1 : U.S. Test Conditions 

0% ber * 
3% ber 

Netherlands Test 
The Netherlands source material consisted of Conso- 

nant Vowel Consonant (CVC) digital recordings for the con- 
ditions listed in Table 2. For the Dutch language this results 
in 17 initial Consonants (C,), 15 Vowels (V) and 11 final Con- 
sonants (C ). Each word list consists of 51 CVC combina- 
tions, resuhng in both nonsense as well as meaningful 
words. The CVC words are embedded in five different car- 
rier phrases, with each speaker reading 50 different word 
lists of embedded CVC words. There are a total of 400 dif- 
ferent lists derived from permuting carrier phrases with non- 
sense words. Each phrase was presented separately in a 
sequence of one phrase every 3 seconds. Hence, a list of 51 
words and phrases lasts a total of 153 seconds. 
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T e ~ i  No. 
1 

2 

Table 2: Netherlands Test Conditions 

Acoustk Nolse 
Quiet 

Noise Condition 6 -12db SM 
3 
4 

5 

Nois Condition 6 -6db SM 
Noise Condition 14 -1 2db SM 

Noise Condition 14 -6db SM 

c.t.gory Scm 

spwch Llstonlng Mosl 
hung DOg.drtlon Effort CVC DRT DAM DMOs 

Roqulmd ------- 
Excolknt Nono Nom >97 >96 >75 5 

I 4 
B.d Vorymuch Veryhardto <33 

Teal smnchrd Devbtlon 2.5 

poorw undolut.nd 
<70 <30 1 

1.0 1.5 0.15 
---- 

~~~~~~ 

Quiet Input Conditions: Table 6 shows the quiet 
Intelligibility and Quality test results for the different U.S. 
speech coders conpared against the reference Linear 
Predictive Coder at 2400bps. The intelligibility test results 
(DRT) and (CVC) and the quality test results (DAM), (MOS) 
and (DMOS) show that a coder at 800bps provides 
performance almost as good as a 2400 bps coder. Based 
upon channel simulations where the 600, 800 and 1200bps 
voice coders are error corrected to 240Obps, the preferred 
data rate is 6OObps or 800m because 12OObps with a half 
rate code does not provide acceptable performance over a 
degraded HF channel. The performance in random bit errors 
between the 60Obps and 800bps coders is small as shown 
in tables 11 and 12. However there appears to be a large 
difference in performance between the 6OObps and 800bps 
coders based upon intelligibility and quality tests measured 
in various acoustic noises and the quiet background 
condition as shown in tables 6, 7, and 8. 

Table 6: Quiet test conditions 

Teal No. 
1 

2 

D: 

Comblned 

Microphone Acouotlc Background Emor h t e  Welght 

dynamic quiet O % k  25% 

dynamic tacticalnoise O % k  25% 

US I Male 

3 
4 

54.7 

militaly quiet O%ber 25% 

dynamic quiet 3 % k  25% 

I Comblned 1 55.6 I 51.0 I 53.9 I 54.0 

1 Male 11 66.9 I 48.4 I 64.0 I 66.8 
Test No. 

1 

2 

3 
4 

5 

I 1  

cvc I -male II 65.5 

Acoustk Baclplround 

Quiet, (270 files) 

Helicopter SM = ldB, (20 files) 

Helicopter SM = 1 WB, (20 files) 
Armowed Penonnel Carrier (APC) - S/N=ldB, 

(20 files) 

APC - S/N = 1 Odb, (20 fils) Combined 
d 

47.9 

4a.2 

3.214.3 

3.114.4 

3.1Y4.4 

- 56.4 

60.2 

3.914.9 

3.al4.8 

3.W4.85 3.8Y4.85 
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lntetlilgiblilty in Acoustlc Noise: Table 7 shows the 
U.S. speech coder intelligibility test results based on the 
U.S. DRT test and the Netherlands CVC test. For the US 
DRT test jeep and tank noises were added acoustically 
using a first order gradient noise cancelling microphone. The 
S N  was improved by 12-15 dB by using the noise cancelling 
microphone. For the Netherlands CVC test the average 
speech spectrum noise and destroyer operations room 
noise were added electrically at -6dB and -ladB relative to 
speech level. Since both noise environments have most of 
the noise in the lower frequencies the s/N would be 
improved 12-15 dB by using a noise cancelling microphone. 
The U.S. test was run at D-t in Austin Texas and the 
Netherlands test was run at TNO in Soesterberg the 
Netherlands. 

Table 7: lntelligbilii Test Conditions for Acoustic Noise 

~ 

Tank Mmab I 76.5 [ 72.8 I 73.3 I 74.6 

C o m M w  ll 78.7 I 755 I 75.5 I n.6 

cvc Mab 49.3 33.0 39.7 502 

w b n 8  Fe" 34.2 21.6 31.9 33.3 
- 

Rm-1268 Comblnetd 41.7 27.3 35.9 41.8 

m h  h~Mk 38.0 27.9 30.8 39.5 

S p a - 1 2 d B  Comblnad 46.0 30.7 39.8 46.5 

Quality In Acoustic Noise: Table 8 shows the U.S. 
speech coder quality test results based on the U.S. DAM 
test and the Canadian MOS and DMOS test. The U.S. test 
was run at Dynastat and the Canadian test was run at BNR 
in Ottawa, Canada. For the U.S. DAM test the jeep and tank 
noise were acoustically added using a first order gradient 
microphone. For the MOS/DMOS test the speech was 
preemphasized and the Helicopter and Armoured Personnel 
Carrier noise was added electrically at -1 dB and -10 dB 
relative to the speech level. The Canadian MOS/DMOS test 
compared the quali i of the low rate coders against the LPC- 
10 at 2400 bps. 

TaMe 8: Quality test for Acoustic Noise 

Acowtk 

DAM J m  

DAM Tank 

F 1 .W4.2 2.014.4 

14.0 I 14.1 

14.0 I 
1.314.0 I 1 d4.2 

14.1 I 14.1 

Hellcoptw Fmab 14.2 14.8 14.5 

-1WB Comblnad 1.W 1.714.1 1.N4.3 2.1143 
I I ,I 1 ~ 

Comparison of flat with tactical microphone: 
Table 9 compares the Intelligibility (DRT) for a flat micro- 
phone and a tactical microphone which preemphasizes 
the i ut with a first order digital filter approximated by 1 - 
0.92 . Table 10 conpares the quaiiy (DAM) for a flat 
microphone with a tactical microphone. There is a loss in 
intelligibility and quality for the tactical microphone. 

Table 9: Microphone lntelligbilii Comparison 

.?p 

92.9 I 89.5 I 90.9 I 92.4 

90.8 87.7 90.8 

m.7 81.4 83.9 86.9 

88.7 I 84.5 I 86.4 I 88.9 
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Table 10: Microphone Quality Comparison 

US DRT I LPC-1Oe I 600 1 800 11200 

1 1 Male I 1 1 89.8 I 88.1 I 87.1 1 
I%BER Female 85.4 85.5 86.6 83.8 

Comblned 87.6 87.4 85.4 

S B E R  

Male 86.0 87.8 87.4 80.4 

Female 81.3 84.1 83.2 79.4 

Comblned 83.7 85.9 85.2 79.9 

Table 12 gives the DAM results for the coders with 1 
and 3 percent random bit errors. Comparing these 
results with those for the quiet condition found in table 6 
shows that the 800 bps coder has almost no loss in qual- 
ity between the quiet and the 3 percent case. The 1200 
and 2400 bps coders have a DAM loss of about 15 
points between the quiet and 3 percent case. 

IV Conclusions 
All of the test resutts reported in this paper were 

reviewed at the NATO Working Group 2 meeting in Sep- 
tember 1992. Under the majority of the test conditions, 
the 800 bps speech coder is performing close to the 
present standard LPC-10 at 2400 bps. The one area 
where there is a loss of performance in the 800 bps 
speech coder relative to the LPC-10 is in the severe 
CVC intelligibility test conditions. All of the tests will be 
completed and a coder at 800 bps will be selected at the 
WG12 meeting in March 1993. 
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