
COpy l~
 

REPORT NO. FAALRD-76-63 
n <: - FAR -71t, -~5-

~. QM/PSK VOICE/DATA MODEM 

• ." 

T. Lerner 
J. McChesney 

Bell Aerospace Corporation
Post Office Box One 

Buffalo NY 14240 

• 

.~ 
. . 

. MAFEC 
LIBRARY 

.1676 

MARCH 1976 
FINAL REPORT 

/ 

( 
DOCUMENT IS AVAILABLE TO THE PUBLIC 
THROUGH THE NATIONAL TECHNICAL 
INFORMATION SERVICE, SPRINGFIELD, 
VIRGINIA 22161 

Prepared for 

U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

Systems Research and Development Service 
Washington DC 20591 



NOTICE 

This document is disseminated under the sponsorship 
of the Department of Transportation in the interest 
of information exchange. The United States Govern­
ment assumes no liability for its contents or use 
thereof. 

NOTICE 

The United States Government does not endorse pro­
ducts or manufacturers. Trade or manufacturers' 
names appear herein solely because they are con­
sidered essential to the object of this report. 

, I 



Technicol ~eport Documentotion Poge 

2. Government Accession No.1. Report No. 

FAA-RD-76-63 
4. Title ond Subtitle 

QM/PSK VOICE/DATA MODEM 

7.' Author's) 

T. Lerner and J. McChesney 
9. Performing Organization Name and Address 

Bell Aerospace Corporation*
 
Post Office Box One
 
Buffalo NY 14240
 

12. Sponsoring Agency Nome ond Address 

U.S. Department of Transportation 
Federal Aviation Administration 
Systems Research and Development Service 
Washington DC 20591 

3. Recipi ent' s Cotolog No. 

5. Report Dote 

March, 1976 
6. Performing Orgoni zotion Code 

8. Performing Organi zotion Report No. 

DOT-TSC-FAA-76-5 
10. Work Unit No. (TRAIS) 

FA611/R6153 
11. Controct or Gront No. 

DOT-TSC-631 
13. Type of Report ond Period Covered 

Final Report 
Jan. 1974 - Apr. 1975 

14. Sponsoring Agency Code 

15. Supplementory Notes U.S. Department of Transportation 
*Under Contract to: Trans1ortation Systems

Kenda 1 Square
Center 

Cambridge MA 02142 
16. Abstroct 

Two Quadrature Modulation/Phase Shift Keyed CQM/PSK) Voice/Data Modem 
systems have been developed as part of the satellite communications 
hardware for advanced air traffic control systems. These systems 
consist of a modulator and demodulator unit which provides for the 
one-way communication of voice and/or data signals. 

The modulator and demodulator unit provides simultaneous transmission 
of analog voice and digital data signals multiplexed on a single 
carrier, using quadrature modulation techniques. The modem in ter­
face's with the transmitter/receiver at 70 MHz intermediate frequency. 

The report contains design theory, circuit descriptions, diagrams, 
calibration procedures, and laboratory test results. 

17. Key Words 

Hybrid-modem systems, Quadrature 
modulation techniques, Up-converte 
modulator, DCPSK encoder, L-Band, 
AEROSAT, ATS-6 satellite 

18. Oi stribution Statement 

, DOCUMENT IS AVAILABLE TO THE PUBLIC 
THROUGH THE NATIONAL TECHNICAL 
INFORMATION SERVICE, SPRINGFIELD, 
VIRGINIA 22161 

19. Security Clossi/. (of this report) 22. Price20. Security Clossif. (of this poge) 21. No. of Poges 

Unclassified Unclassified 96 

Form DOT F 1700.7 (8-72) Reproduction of completed poge outhorized 



PREFACE 

The work presented in this final report was performed under 
contract and technical direction of the u.s. Department of 
Transportation, Transportation Systems Center. This hardware 
development was initiated as part of a DOT/FAA program to inves­
tigate satellite based air traffic control systems for oceanic 
aircraft. Testing and evaluation of advanced hardware and communi­
cations operations techniques was the specific application of the 
modern described herein. 

The guidance and technical direction of Mr. Joseph Golab of TSC 
are hereby acknowledged. 

iii 



• • 

METRIC CONVERSION FACTORS 

------.. 
NApproximate Conversions to Metric Measures '"	 Approximate Converaiona frolll Metric Meaaurea .... Sy.bol Who. Y•• how IlleUi,1y by T. Fil~ 5,...1 

SYIDbol Wbo. You Klow Multi,ly by To Fi.~ SYIDbol ....
- .. 
- LENGTH 

II 
LENGTH	 ­

..." millimeters 0.04 inches ;n 
:: an centirtllJters 0.4 inches in 

. -	 m meters 3.3 feet ft 
'n	 inches "2.5 centimeters em 

m meters 1.1 yards yd
ft	 I.,et 30 centimeters em ~ ~ 

km kilometet's 0.6 miles m;
yd	 yards 0.9 meters m ­
m;	 mile. '.5 kilOl'T'eters km :: 

- AREA
AREA	 - ~ 

-
~	 ~ square centimeters 0.16 square inches in2 

in 2	 2square inches 6.5 Square centimeters ~ 
2 :!l m square meters 1.2 square yards yd2 

1t2 square feet 0.09 Square meters m - km2 Squere ki lomelers 0.4 IqU4l'e miles mi2 

yd2 SQU8f8 yarda 0.• square rtlIJters m' .. ha hectares 110,000 m2) 2.5 acres...mil	 square miles 2.6 SQuare kilcmeters km2
 

acres 0.4 hectares ha
 --,	 ::l MASS (weip.t)
1-"	 MASS (weight) '" ­
-< !l 

g grams 0.035 ouncea 0. 
9oz ounCt!S 26 grams ­

kg kiloorams 2.2 pounda Ib 
Ib	 pounds 0.45 kilograms kg ::: 

t tonnes (1000 kg) I.' short tons
short tons 0.9 tannes t ­ -...12000 -'bl ..."-VOLUME	 VOLUME 

= ~ 

milliliters	 fluid ounces 110zlap	 teBspoons 5 milliliters m' = m' 0.03 

Tbsp	 tablespoons 15 milliliter.. ml - liters 2.1 pint. pt'" ,, 
fI oz	 fluid (klnces 30 milliliters ml -- liters UJ6 quarts qt'" 

tilers	 , liters 0.26 gallons galc	 cups 0.24 I ~ 

pt	 pints 0.47 liters , m' cubic Metees 35 cubic feet ft' 
-

q. quarts 0.95 liters I m' cubic melers '.3 cubic yards ydJ 

gal gallons 3.6 IItet's I - ­
ft' cubiC feet 0.03 cubic meters m' -----
Vd 

J cubic yards 0.75 cubic meters m' N = ~ TEMPERATURE lexa.t) 
--TEMPERATURE (....,)	 "F.. "c Celsius 9/5 (then Fahrenheit 

temperature add 32) tetnperature-
",	 Fahrenheit 5/9 (after Celsius "c M-

-temperature subtracting temperature 
~	 

OF-
32) « OF 32 98.6 212 

-40 0 -	 ,14,0 I' ,6,0, ~ ,'~O, I ,'~O 1 , , 2~,1 
I ','

'1 ,n : 2.54 Icx,lnly .. F" ,llIwr e"arl ('J.... "ers'c>l\S dnrl "l;Ure d~,a,l<;d lilblcb. StH' t-oBS M'bl.. Publ. ~3t.	 ... I ' I ' I iii I i I I 100o ZO 40 60Un,!::; 01 /oI~lghlS and ','easur",s, PI LC~ $2.25, SJ Calal0~ N· •. [13.10286.	 --- -40 -ZO 80 

~	 37 °cI -	 °c-

.... 



Section 

1. 

1.1 

1.2 

2. 

2.1 

2.1.1 

2.1. 2
 

2.1. 3
 

2.1. 4
 

2.2 

2.2.1 

2.2.2 

2.2.3 

2.2.4 

2.2.5 

2. 2. 6
 

3. 

3.1 

3.2 

3.3 

4. 

5. 

Appendix 

CONTENTS 

Introduction 

General Description 

Quadrature Modulation Techniques 

System Design 

Modulator 

Voice Processing 

Data Code Generator 

Quadrature Modulator 

Up-Converter Module 

Demodulator 

Down-Converter 

Coherent Demodulator 

C/N. Measurement 
a 

Audio Processing 

Data Decoder and Clock Synchronization 

Code Synchronization and Error Detector 

System Test Results 

Voice Intelligibility Tests 

Data Error Rate Tests 

Carrier Acquisition 

C/N Calibration 
o 

Schematic Diagrams 

Report of Inventions 

v
 

Page
 

1
 

2
 

5
 

12
 

12
 

12
 

19
 

22
 

24
 

26
 

28
 

31
 

38
 

40
 

42
 

46
 

50
 

50
 

54
 

58
 

62
 

69
 

88
 



Figure 

Ll 

1-3
 

1-4
 

1-5
 

2-3
 

2~4 

2-5
 

2-6
 

2-7
 

.2- 8
 

2-9
 

2-10
 

2 -11
 

2-12
 

2-13
 

2-14
 

2-15
 

2-16
 

3-1
 

ILLUSTRATIONS 

Hybrid Modem #1 System 

Quadrature Modulation Block Diagram 
(Voice Mode) 

Quadrature Modulation Vector Diagram 

Quadrature Modulation Block Diagram 
(Voice plus Data Mode) 

Quadrature Modulation Vector Diagram 
(Voice plus Data Mode) 

Advanced Modem Modulator Block Diagram 

Voice Processor Block Diagram 

Audio Input Network Frequency Response 

Voltage Compressor Input/Output Response 

Data Code Generator and DCPSK Encoder 
Block Diagram 

Quadrature Modulator Block Diagram 

Up~Converter Block Diagram 

Demodulator Block Diagram 

Down-Converter Module Block Diagram 

Coherent Demodulator Block Diagram 

Coherent Demodulator Loop Bandwidths 

C/N Measurement Network Block Diagramo
 

Audio Processor Block Diagram
 

Data Decoder and Clock Sync Block Diagram
 

Waveform Timing Diagram
 

Code Sync and PIN Generator Block Diagram
 

Voice Modem Performance Acceptance
 
Test Results
 

vi
 

Page
 

3
 

6
 

7
 

10
 

11
 

13
 

14
 

16
 

18
 

20
 

23
 

25
 

27
 

29
 

32
 

36
 

39
 

41
 • 
43
 

44
 

47
 

S3 



ILLUSTRATIONS (CONT.)
 

Figure
 

3-2
 

3,- 3 

4-1
 

4-2
 

4-3
 

4-4
 

5..-1 

5~2 

5~3 

5-4
 

5-5
 

5,,6
 

5",7
 

5",8
 

5",9
 

5-10
 

5-11
 

5-12
 

5-13
 

5-14
 

5-15
 

5~16 

5~17 

5~18 

Error Rate Tests (S/N 1)
 

Error Rate Tests (S/N 2)
 

Equipment Test Set-up
 

C/N Calibration Curves (S/N 1)
o 

C/N Calibration Curves (S/N 2)
o 

C/N Calibration Data Sheet o 
Modulator Wiring Diagram 

Audio Input Network 

Voice Processing Network 

PIN Code Generator 

DCPSK Encoder 

Quadrature Modulator 

Up"Converter 

Demodulator Wiring Diagram 

Down-Converter 

Loop Filter Network 

455 kHz I.F. and AGC Network 

Coherent AGC Network 

C/N Monitor 
o 

Audio Output Network 

I
 &D Network 

Clock Sync Network 

Code Sync Network 

PIN Generator 

~'!&.~ 

56
 

57
 

63
 

66
 

67
 

68
 

70
 

71
 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

82
 

83
 

84
 

85
 

86
 

87
 

vii
 



TABLES 

Table Page 
.# 

2·1 System Frequency Errors 33
 

3~1 Voice Intelligibility Test Conditions 51
 

3·2 Summary Acceptance Test Results 52
 

3~3 Data Error Rate Test Conditions 54
 

3~4 Acquisition Test Conditions 58
 

3-5 Acquisition Test Results 61
 

• 

.. 

viii 



1. INTRODUCTION 

Two Quadrature Modulation/Phase Shift Keyed Voice/Data 

Hybrid* Modem systems were delivered to the Department of 

Transportation under contract DOT-TSC-631. Each system con­

sists of a Modulator and Demodulator unit, which provide for 

the one way communication of voice or data signals. The 

Hybrid Modem provides three modes of operation: 

a. Voice only - Voice signals are Quadrature Modulated onto 

a 70 MHz carrier for transmission. 

b. Data Only - 1200 BPS or 2400 BPS data signals are DCPSK 

modulated onto a 70 MHz carrier for trans­

mission. 

c. Voice plus Data - Voice and data signals are modulated onto 

the 0° and gOo phase components of the 70 

MHz for transmission. 

The modulation techniques employed in the Hybrid Modem will be 

tested over a ground to airborne satellite communication link. 

The Hybrid Modem will provide a test bed for demonstrating 

the feasibility of using Quadrature Voice Modulation techniques 

in future airborne satellite communication systems. 

In the voice only mode the Quadrature Modulation technique 

is designed to provide intelligible voice communication down to 

C/N levels of 37 dB-Hz and lower. In the Voice plus Data mode o 

the Hybrid Modem provides for simultaneous transmission of voice 

and data signals on a common carrier. The transmitted power 

*Hereafter, in this report, referred to as Hybrid Modem. 
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is split evenly between the 0° voice component and the 90° data 

component. Since Quad Mod is an analog voice system, the trans­

mitted power is only shared between voice and data during 

periods of voice communication. Because of the periodic 

nature of voice communications, the large percentage of the 

transmitter power is devoted to the data signal. The voice 

signal is therefore transmitted simultaneously with the data 

but at little sacrifice to transmitted data power and system 

error rate performance. The Hybrid Modem System is a C.W. 

system for all three modes of operation, which allows its use 

in satellite networks where hard limiting receiver/transmitters 

are used. 

1.1 General Description 

A front view photograph of the Hybrid - Modem Modulator 

and Demodulator units is shown in figure 1-1. At the Modulator front 

panel jacks are provided for the connection of external voice and 

da.ta signals. Voice signals may be provided from a low impedance 

microphone (Zo =150 ohms) or from a tape source at 600 ohms. A 

front panel audio gain control is provided for adjusting audio input 

levels to O-V-U monitored at the panel V-U meter. The modulator 

accepts external data and clock signals at 1200 BPS or 2400 BPS. 

The Modulator also provides for the transmission of internally 

generated pseudo-noise binary sequences of 6,7 or 11 bits in length 

and at bit rates of 1200 BPS or 2400 BPS. The Modulator provides a 

70 MHz ca.rrier signal at 0 dBm (50 ohms) for connection to the 

transmitter. 
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At the Demodulator the 70 MHz received signal is accepted 

over a level range of -20 dBm to +10 dBm into 50 ohms. The 70 MHz 

signal is down-converted to 455 KHz and then coherently demodulated 

into respective voice or data signals. Received Moice signals are 

low-pass filtered, de-emphasized and amplified to an output level 

of 0 V-U. Received audio signal are available at a front panel 

headphone jack or at the front panel Recorder connector. Received 

data signals are optimally filtered and detected after coherent 

demodulation. The detected data signal and bit synchronized clock 

are available at front panel' BNC connectors or at the Recorder 

connector. The demodulator provides for synchronization of a local 

piN code with received code sequences, when internal 6, 7 or 11 bit 

codes are transmitted from the Modulator. Local code synchronization 

at the demodulator provides for detection of received data errors. 

Detected errors may be counted at the front panel Error Test connector. 

The received signal C/N is measured and displayed at the demodulator o 

panel Test meter. The Test meter is calibrated in dB-Hz steps from 

35 dB-Hz to 55 dB-Hz. 

Both the Modulator and Demodulator units are packaged in 

3/4 ATR short chassis in accordance with ARINC Specification No. 404. 

The chassis are mounted on shock and vibration isolated racks for 

operation in a commercial airborne environment. The units operate 

from a primary power source of 115 VAC ± 10%, single phase and 50Hz 

to 440 Hz. 
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1.2 Quadrature Modulation Techniques 

The block diagram in Figure 1-2 illustrates the operation 

of the quadrature voice modulator. The preprocessed voice signal, 

v (t), is fed to a balanced modulator together with a signal, 

sin wot. (The preprocessing, which consists of high frequency 

pre-emphasis and amplitude limiting, will be discussed later.) 

The output of the modulator is the product of V(t) and sin wot, which 

is a suppressed carrier amplitude modulated signal. The signal sin 

w ot is also phase shifted by 90° to yield cos wot, which is added 

to V(t) sin wot. The output of the adder is V(t) sin wot + cos wot. The 

vector diagram in Figure 1-3 shows the various signals which occur 

in the modulator. Up to this point the circuitry is similar to an 

Armstrong FM modulator, except the preprocessing is different and the 

amplitude ratio of V(t) sin wot to cos wot is large as compared 

with an Armstrong FM modulator. In an Armstrong modulator the 

amplitude ratio of V(t) sin wot to cos wot is kept small so that the 

sum signal V(t) sin wot + cos wot is essentially a constant envelope 

signal; and the sum signal is fed to a high ratio frequency multiplier 

to yield a high deviation FM or PM signal. In the quadrature modulator 

the sum signal V(t) sin wot + cos wot is not a constant envelope 

signal because V(t) sin wot can be larger than cos wot. To yield 

a constant amplitude signal, the sum signal is passed through a hard limit­

er as shown in Figure l-~. The quadrature modulator generates 

a constant envelope carrier of frequency w0/211 and phase angle P (t), 
-1wherep(t) = tan V(t). This constant envelope carrier can now be 

readily transmitted using efficient Class-C amplifiers. 

-5­
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The angle of voice modulation,~(t), determines the ratio 

of power in the carrier, cos wot, to the power in the voice component, 

V(t) sin wot. If the maximum angle of modulation is held to 

Pirlax(t) = 72° then at peak voice modulation 10% of the total trans­

mitter power is in the carrier and 90% of the power is in the voice 

signal. At_"the demodulator, for a total received signal-to-noise 

spectral density (C/N ) of 46 dB-Hz, for example, the minimum carrier o 

CIN would be 36 dB-Hz and the voice CIN would be 45.5 dB-Hz at o 0 

periods of peak modulation. A more realistic indication of the 

respective carrier power versus voice sideband power is based 

on the RMS angle of modulationjO Prior to Quadrature Modulation rms. 

the voice signal is processed through a pre-emphasis network, 20 dB 

compressor and 300 Hz to 3500 post filter. Test results have shown 

that the degree of repeaking after post filtering of a clipped voice 

signal is about 4.0 dB. The respective peak to RMS ratio of the 

preprocessed voice signal at the Quadrature Modulator is 4.0 dB. 

For peak modulation angles of 72° the RMS modulation angle is about 

45°. Under normal periods of voice reception the average power in 

the received carrier is equal to the power in the voice side-band. 

An even distribution of power in the carrier and voice sidebands provides 

for adequate carrier tracking at the coherent demodulator. Momentary 

drops in carrier power at peak modulation angles, have no effect on the 

carrier tracking performance of the coherent demodulator. 
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The block diagram in Figure 1-4 illustrates the operation 

of the quadrature voice modulator in combination with the transmission 

of Differentially Coherent Phase Shift Keyed Data (DCPSK). The pre­

processed voice signal is balanced modulated onto the sin wot, 

in-phase carrier component. The cos wot quadrature component is now 

fed to a Phase Shift Key (PSK) modulator where the cos wot carrier is 

modulated with differentially encoded data. The voice and data 

signals are added together and then passed through a hard limiter. 

The vector diagram in Figure 1-5 shows the various signals as they 

appear in the modulator. Referring to Figure 1-5, the voice signal 

maintains the correct polarity, as either a binary "0" (cos wot) 

or a binary "1" (cos wot + 180°) is transmitted. The amplitude of the 

voice vector V (t) sin wot is dependent only on the angle of modulation, 

p (t) . The data carrier, cos (w 0 t + (nT) ), maintains the correct 

phase of 0° or 180° regardless of the voice signal level. The 

amplitude of the data vector is amplitude modulated by the voice 

signal. During periods of voice transmission, power is diverted from 

the data carrier and placed in the voice carrier. The angle of 

modulation, )' (t), determines the ratio of data power to voice 

power. Selection of}> (t) will depend on system requirements,max 

such as required received voice intelligibility, data bit rate and 

received data bit error rate. For the present Advanced Modem system, 

the angle of modulation is chosen such that the transmitter power is 

split evenly between the voice and data signal during periods of voice 

transmission. The peak modulation angle')Omax (t), is set at 58°. 

As stated previously, the peak-to-RMS ratio of the preprocessed audio 

signal is 4 dB and the resulting RMS modulation angle is 37°. 

-9­
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2. SYSTEM DESIGN
 

2.1 Modulator 

A block diagram of the Hybrid Modem Modulator is shown 

in figure 2-1 and a detailed wiring diagram of the Modulator is 

shown in figure 5-1. The Modulator consists of two audio boards, 

A2 and A13, which accept audio signals from a microphone or tape 

recorder source. All audio signals are processed through a pre­

emphasis and voltage compressor network prior to modulation. 

Two digital data poards, A4 and A6, provide for the transmission of 

1200 BPS or 2400 BPS data. This data may be internally generated 

pseudo noise codes or external data. All data signals are 

differentially encoded prior to modulation. The Quadrature Modulator 

board, All, provides for the modulation of all voice and data signa.ls 

onto a 455 KHz carrier. The 455 KHz modulated carrier is connected to 

the R.F. Up-converter Module, A15, where the signal is converted 

to a final output carrier frequency of 70 MHz. 

2.1.1 Voice Processing 

A block diagram of the Audio Input Network and Voice Processor 

is shown in figure 2-2. Detailed schematic diagrams of boards 

A2 and A13 are shown respectively in figures 5~2 and 5~3. 

The voice signal is processed at the Modulator to provide 

maximum received signal-to-noise ratio for the voice signal at the 

demodulator. In figure 2-2 the voice signal is passed through a 

1:1 transformer to a high pass R-C network at the input to amplifier 

Al. The input transformer and high pass R-C network are designed to 

-12­
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attenuate all low frequency voice components below 300 Hz. Voice 

frequency components below 300 Hz contribute little to the overall 

speaker intelligibility, and transmitter power should be conserved 

for the transmission of voice signals which contribute most to 

received voice intelligibility. Secondly, it is desired to eliminate voice 

signals which are low in frequency and within the noise bandwidth of 

the carrier tracking loop of the coherent demodulator. At the 

receiver the 6 dB bandwidth of the carrier tracking loop is 150 Hz. 

Any voice components within this loop bandwidth tend to disrupt the 

demodulator carrier tracking performance. The frequency response of the 

audio input network at board A2 is plotted in figure 2-3. It is 

seen that frequencies below 100 Hz are severely attenuated. The 

received audio signal is amplified by AI, as shown in figure 2-2, 

and supplied as an input signal totthe Voice Processor board. Amplifier 

Al on board A2 is a variable gain amplifier whose gain is controlled 

by the front panel AUDIO gain control. The audio level at the output 

of Al is monitored at the panel V-U meter. The AUDIO gain control 

should be set for peak readings of 0 V-U at the meter. 

The voice signal from board A2 is fed to pre-emphasis network, 

AI, on board A13. The pre-emphasis network provides +6 dB/octave 

increase in AC gain from 500 Hz to 6500 Hz. The typical voice spectrum 

is not flat over frequency, and high frequency voice components 

are often masked by noise in many communication systems. The pre­

emphasis network is designed to equalize the voice spectrum over the 

entire frequency range. The frequency response of the pre-emphasis 
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network is plotted in figure 2-3. The composite response of the 

Audio Input board and the pre-emphasis amplifier is shown in 

figure 2-3. It is clear in figure 2-3 that low frequency voice 

components which contribute little to voice intelligibility are 

attenuated, while higher frequency components are amplified to 

equalize the overall voice spectrum. 

Frequency processing is one part of equalizing the voice 

signal. Not only is the voice spectrum unbalanced with respect to 

frequency, but the amplitude distribution of the voice signalvarieE 

greatly. The peak to RMS ratio for typical speakers often reaches 

20 dB. Very little information is carried in the random peaks of 

a speaker, and communication systems which try to linearly transmit 

and receive voice signals often suffer serious degradation under low 

SNR conditions. To increase the level of the lower power voice 

components, the audio signal is often processed through a clipper. 

A clipper will chop off high level voice peaks and will linearly 

pass the low level voice signals. A clipper will introduce distortion 

in the voice signal~ which often results in a deterioration in 

speaker intelligibility at clipping levels greater than 24 dB. 

To reduce the harmonic distortion of a clipper, a compressor is often 

used to reduce the peak to RMS ratio of a voice signal. As shown in 

figure 2-2, the voice signal from the pre-emphasis network is connected 

to a diode voice compressor. The voltage transfer characteristic 

of the compressor is shown in figure 2-4. The compressor has a gain 

of 26 dB for low level input signals and unity gain for high level 

signals. Large voice peaks are rounded off rather than clipped, 
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thus reducing the harmonic distortion common to a clipper. The 

peak to RMS ratio of the Voice signal is reduced by the compressor, 

such that the low level phonemes of a speaker are now higher in power. 

It is the low level phenemes of a voice signal which determine speech 

intelligibility. When these signals are masked by noise, speech 

intelligibility is reduced. The compressor amplifies low level 

phonemes and reduces random peak signals, thus normalizing the 

amplitude distribution of the voice signal. 

The processed voice signal is passed through a set of low 

pass and high pass filters prior to modulation. In figure 2-2, 

a 3500 HZ, 2 pole, low pass butterworth filter is used to restrict the 

transmission bandwidth and remove unwanted harmonic signals outside 

the band of interest. A 300 Hz 2-pole high pass butterworth filter 

provides additional filtering of undesired low frequency voice 

components that are amplified by the compressor. The post filtering 

of the compressed signal introduces some repeaking of the voice 

signal, about 4 dB. The signal from high pass filter A4 is fed to 

a variable gain amplifier, A5, which controls the level of audio 

modulation at the Quadrature Modulator. The level output of A5 is 

set to ±9 volts for nominal input levels of 0 V-U as monitored 

at the front panel V-U meter. 

2.1.2 Data Code Generator 

A block diagram of the Data Code Generator and DCPSK Encoder 

Network is shown in figure 2-5 and detailed schematic diagrams of boards 

A2 and A4 are shown respectively in figures 5-4 and 5-5. 
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The '~IYti'rid' Modem Modulator is designed to transmit 

digital data at bit rates of 1200 BPS or 2400 BPS. This data may 

be either external or internal as selected at the front panel DATA 

SELECT switch. External data and clock signals may be connected to front 

panel BNC connectors of the Modulator. The Modulator also provides 

for the transmission of three separate pseudo noise codes, as selected 

by DATA SELECT switch. In the block diagram of f,igure 2-5 an eleven 

bit shift register is used to generate any of three piN sequences. 

The characteristics of the ghree piN codes are listed as follows: 

Switch Code Code
 
Position Length Polynomial
 

INTi 6 bits	 26 _1 x6+x+l 

INT2 7 bits	 27-1 x7+x+l
 

211 _1 ll
INTa 11 bits	 x +x2+1 

The selected code sequence and cloc~ signal is fed to the 

Differential Encoder network at P.C. board A6. The digital data is 

differentially encoded as follows: 

INPUT BIT TRANSMITTED BIT TRANSMITTED BIT 
AT T=N AT T=N-l AT T=N 

0 0 0 
0 1 1 
1 0 1 
1 1 0 
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The sequence of encoded data is converted from a TTL 

compatible signal to a bipolar analog signal at the level converter 

network on P.C. board A6. The bipolar data signal is then connected to 

the Quadrature Modulator. In the Data Mode and Data plus Voice Mode the 

amplitude of the data signal is ± 5.5V (Peak). In the Voice Mode the 

output of the level converter network is a constant -2.6 VDC. The 

D.C. level from the DCPSK Encoder in the Voice Mode is used to 

continuously modulate the residual carrier component of the voice 

signal. 

2.1.3 Quadrature Modulator 

A block diagram of the Quadrature Modulator is shown in 

figure 2-6 and a detailed schematic diagram of P.C. board All 

is shown in figure 5-6. At the Qdl.adrature Modulator, the audio and 

data signals are modulated onto the 0° and 90° phase components of a 

455 KHz cartier. The 455 KHz carriers at 0° and 90° are generated 

in a digital quadrature hybrid, which divides a 1.82 MHz reference 

frequency by a factor of four. A timing diagram of the division 

sequence is shown in figure 2-6. A digital quad hybrid configuration 

was ehosen to generate the reference carriers, because a high degree of 

quadrature balance is required to eliminate channel cross-talk. Convent~ 

ional passive quadrature hybrids only guarantee a quadrature accuracy 

of 90° ± 1°. The digital hybrid used on board All is built with Schottky 

TTL logic circuits. The variation in delay through the N74s113 

J-K flip-flops is 5 nsec ±2 nsec. At 455 KHz 2 nsec represents 

a phase error df only 0.33°. For a quadrature error of 0.33° the level 

of data at the audio channel is down 45 dB. The quadrature carriers 

are fed through level translators to double balanced mixers. The 

modulated carriers are summed together in wideband amplifier A2 and 

then	 fed through bandpass limiter AI. A nearly constant amplitude 
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signal at 455 KHz is fed to the Up-Converter module. Further 

limiting of the Quad ModeSignal in the Up-Conversion process 

qua~antees a C.W. signal at 70 MHz. 

2.1.4 Up-Converter Module 

A block diagram of the Up-Converter Module is shown in figure 

2-7 and a detailed schematic diagram of module A15 is shown in 

figure 5-1 The 455 KHz signal from the Quadrature Modulator is 

up-converted to 70 MHz in two conversion steps by module A15. An 

intermediate conversion frequency of 10.7 MHz is used at the up­

converter because of the availability of standard I.F. filter eomponents 

at this frequency. In figure 2-7 the 455 KHz signal is mixed with a 

10.245 MHz L.O. signal to generate an upper sideband I.F. signal 

at 10.7 MHz. The 10.245 MHz L.O. signal is generated by a digital clock 

oscillator, whose temperature stability is ±25 ppm over O°C to 50°C. 

The TTL compatible square wave from Y2 is filtered and amplified by A2 

which is used as a driver amplifier to mixer Gl. The upper and lower 

sideband output of Gl is fed to ceramic filter Yl, whose 3 dB band­

width is 210 KHz and whose 40 dB bandwidth is 600 KHz. The ceramic 

filter providesaat least 50 dB suppression of the lower sideband signal 

at 9.790 MHz. The desired 10.7 MHz I.F. signal is further amplified by 

Al and sppplied to mixer G2. The L.O. frequency at G2 is generated 

from a 59.3 MHz crystal oscillator, whose temperature stability is 

± 10 ppm over O°C to 50°C. The upper sideband output from mixer 

G2 at 70 MHz is filtered and amplified by A3. Amplifier A3 is a 

double-tuned RF amplifier with tuned input and output stages. The 

output network of A3 is a 10 turn to 1 turn matching transformer, with 

-24­
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a powdered iron turning core. The output level of A3 is controlled by 

adjusting the B+ voltage to the amplifier. The output power at the 

front panel 70 MHz OUTPUT connector is set at 0 dBm into a 50 ohm load. 

Amplifier A3 has a 3 dB bandwidth of 2 MHz and a 40 dB bandwidth 

40 MHz. All spurious signals at the L.O. (59.3 MHZ) and LSB (48.6 MHz) 

frequencies are suppressed at least 40 dB at the 70 MHz OUTPUT 

connector. The frequency stability of the 70 MHz signal is determin~d 

by the overall stability of the 1.82 MHz, 10.245 MHz and 59.3 MHz 

crystal oscillators which are used to generate the 70 MHz signal. The 

worst case drift in carrier frequency versus temperature (oaC to 50aC) 

is calculated to be t 860 Hz. 

2.2 Demodulator 

A block diagram of the Hybrid Modem Demodulator is shown 

in figure 2-8 and a detailed wiring diagram of the unit is shown in 

figure 5-8. The 70 MHz received signal plus noise is fed to the 

down-converter which translates the signal plus noise to 455 KHz. 

The 455 KHz IF & AGC Network, A12, and Loop Filter Network, AlO, 

provide for the coherent demodulation of the received signal. The 

coherent demodulator operates in three modes: voice only, data only 

and voice plus data. The demodulated voice or data signals are 

fed to respective voice and data processing networks. A Coherent AGC 

Network, A14, is used to control a constant signal level at the input 

to the coherent demodulator. The demodulated audio signal is fed 

to the Audio Output Network, AD, where the voice signal is low pass 

filtered, de-emphasized and amplified to normal operating levels. The 

demodulated data is fed to the Integrate and Dump Network, A4, which 
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optimally filters and detects the received digital data. The 

detected data may be synchronized with local piN Code Generators, Al, 

for the purpose of error detection. A C/No Monitor Network, A8, 

is also designed into the Demodulator for the purpose of measuring 

received signal C/N. The signal C/N is displayed on the Demodulator o 0 

front panel meter, which is calibrated in dB-Hz steps from 35 dB-Hz 

to 55 dB-Hz. 

2.2.1 Down-Converter 

A block diagram of the Down-Converter is shown in 

figure 2-9 and a detailed schematic drawing of module A15 is shown 

in figure 5-q. Two stages of frequency conversion are used in 

translation uf the 70 MHz signal to 455 KHz. I. F. fre­

quencies at 10.7 MHz and 455 KHz are selected because of the 

availability of components at these standard I.F. frequencies. 

The Down-'onverter accepts a 70 MHz signal plus noise over an input 

power range of -20 dBm to +10 dBm. A 20 dB attenuator is inserted 

at the input of amplifier Al to protect the front end of Al from 

limit~ng on high level input signals. Amplifier Al is an MC1590G 

integrated circuit RF amplifier, built by Motorola. Tuned input 

and output L-C networks a.re used to match the amplifier to 50 ohms. 

The output of Al is a 10 turn to 1 tunn transformer with a powdered 

iron tuning slug. Amplifier Al is designed to provide at least 

40 dB of image frequency rejection at 48.6 MHz. Amplifier Al also 

operates as an AGC amplifier. The gain of Al is controlled by 

detecting the signal plus noise at 10.7 MHz and feeding back an AGC 
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control voltage to AI. Since the bandwidth of the detected signal 

plus noise at 10.7 MHz is much narrower than the 2 MHz bandwidth of 

AI, it is important to prevent noise overloading at the output of AI. 

Unde~ no noise conditions the signal level at the input to the R-port 

of Gl is -30 dBm. At a C/No level of 35 dB-Hz the signal plUS noise 

level is -20 dBm, which is 20.0 dB below the 1 dB compression po~nt 

of amplifier Al or mixer Gl. The 59.3 MHz L.O. signal is derrived 

ffrom a crystal oscillator Y2. The lower side-band output from Gl is 

passed through a 10.7 MHz I.F. section, consisting of A2, Yl and A3. 

The overall gain af 10.7 MHz is 33 dB and the 3 dB bandwidth is 210 KHz. 

A ceramic filter determines the overall bandpass response of the 

10.7 MHz I.F. section. Filter Yl provides at least 50 dB rejection at 

ahe image frequency of 9.79 MHz. The nominal signal plus noise at 

the output of A3 is held to a level of -6 dBm by the AGC network. 

Amplifier A3 is an integrated circuit RF amplifier (UA703), built 

by Fairchild. The 1 dB compression point for A3 is + 8 dBm. The 

AGe network is designed to maintain the signal plus noise well below 

this compression point. The output of A3 is fed through a set of two 

power dividers to the AGC product detector, the 10.7 MHz front panel 

test connector and to the 455 KHz down converter. The signal plUS 

noise at 10.7 MHz is fed to mixer G3 where a 10.245 MHz L.a. signal 

converts the signal to 455 KHz. The L.O. signal is genera.ted by a 

10.245 MHz crystal oscillator. The lower side band output from G3 

is low pass filtered and then amplified in video amplifier A6. The 

1455 KHz signal plus noise is then provided as an input to the 

455 KHz I.F. and AGC board (A12). 
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2.2.2 Coherent Demodulator 

A block diagram of the Coherent Demodulator is shown 

in figure 2±10. The Coherent Demodulator is composed of the 

455 KHz I.F. & AGC board (A12), the Loop Filter board (Ala) and 

Coherent AGC board (A14). Detailed schematic drawings of boards 

Ala, A12 and AIL arp shown respectively in figures 5-10, 5-11, 

and 5-12 The Coherent Demodulator consists of either a phasellocked 

loop (PLL) or Costas loop for operation in the Voice or Data mode. 

The 455 KHz I.F. amplifier, phase detectors and VCO are located 

on board A12. The loop filter is located on board Ala. A coherent 

AGC network is locate~ on board A14 and is used to maintain a constant 

level input signal to the coherent demodulator. 

In figure 2-10 the 455 KHz signal plus noise is fed through 

a ceramic filter to I.F. amplifier AI. The bandwidth of the ceramic 

filter is 40 KHz and is selected to maximize the signal to noise 

ratio at the phase detectors. Amplifier Al is a Motorola MC1590G 

RF amplifier. The gain of Al is controlled by the Coherent AGC network. 

The output of Al is fed to double-balanced mixers, which operate 

as phase detectors. The coherent reference signals to Gl and G2 are 

derrived from a 1.82 MHz L.C. VCO and digital quadrature hybrid. The 

operation of the digital quadrature hybrid is identical to the one 

described in section 2.1.3 for the Quadrature Modulator. The 

1.82 MHz L.C. veo is designed from an LM375 oscillator network, built 

by National Semiconductor. The VCO consists of a oscillator network, 

limiter/buffer network and TTL driver stage. The VCO is designed 

to have a temperature stability of less than ± 0.4% over a temperature 

range of O°C to 50°C. At 455 KHz this results in a frequency 

instability of ± 1.820 KHz over the te~perature range. The combination 

of VCO frequency instability, Up-Converter and Down Converter frequency 
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instability, doppler frequency error and L-Band carrier stability 

determine the frequency search range of the 1.82 MHz VCO. All of the 

pertinent frequency errors are summarized in Table 2-1. 

TABLE 2-1 

SYSTEM FREQUENCY ERRORS 

Error Source Max. Frequency Error 

Adv. Modem Up-Converter ± 860Hz ( O°C to 50°C) 

Adv. Modem Down-Converter ± 859HK (O°C to 50°C) 

1.82 MHz VCO (Error at 455 KHz) ± 1.820 KHz (O°C to 50°C) 

Doppler Frequency Error ± 1380Hz (600 mph Aircraft) 

L-Band Carrier Freq. Error ±1550Hz (± 1 ppm O°C to 50°C) 

Worst Case Frequency Error = ± 6770 Hz
 

RMS Freq. Error 2100 Hz
 

Assuming that all fr~quency instabilities are independent, 

the probability of frpquency error would follow a Gaussian distribution. 

If a search range of 2.511' (6 = RMS Freq. Error) is chosen, the 

probability that the frequency error exceeds the ± 5 KHz search range 

is only 0.5%. This figure is well within the operating reqUirements of 

the Advanced Modem equipment. 

In figure 2-10, the loop filter configuration is shown. 

Electronic switches are used to control operation of the loop filter 

as either a PLL for Voice Only or as a Costas Loop for Data Only and 

Voice plus Data. An additional electronic switch A7 is used to switch 
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filter components during the acquisition and track modes of 

operation. During acquisition switcheat A7 are closed, thus 

shorting a 820K gain resistor and an 8.2 K RC feedback resistor. 

This operation increases the bandwidth of the loop for fast 

acquisition. A frequency search network on board A10 provides 

for sweeping the VCO over a frequency range of ± 5 KHz at a 

rate of 1 sweep/sec. The loop filter on board A7 is a third order 

network, where an integrator has been added in parallel with a 

conventional second order lead-lag loop filter. A third order loop 

provides for increased performance over a second order loop with 

respect to static phase error, acquisition range and 

acquisition time. The o~en loo~ transfer characteristic 

of the loop in figure 2-10 is given as follows: 

0)(1 + x 
(1 + 

where A = D.C. Gain of A3 

'1= C1 (Rl + R2 ) 3·9
 

, = .0082
2 C1 R2
 

'3= F3 C2 0·3
 

K = 4.0 volt/rad
v 

Kf = 3·3 KHz/volt 

The closed loop response of the loop is given by 

H(S)
G(S) = T+"""H(S) ( 2 ) 
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At the time of acquisition the loop bandwidth of the 

PLL or Costas Loop is going to be increased due to operation 

of switch A7 and due to the Coherent AGC network. Since the 

Coherent AGC operates on detected signal level rather than 

signal plus noise, prior to signal acquisition the gain of 

I.F. amplifier Al on board A12 will be a maximum. At acquisition 

there will be an increase in signal at phase detectors Gl and G2 

and a corresponding increase in phase detector transfer characteristic, 

K . The adaptive increase in signal level at time of acquisition
v 

has been measured to be +4 dB above normal input signa~ during 

tracking. The combination of increased Kv ' increased loop D.C. 

gain and increased loop filter lead frequency results in a wide 

bandwidth for frequency acquisition. After acquisition, the Demod 

Lock signal opens up switch A7 at board Ala and the loop returns to 

a narrow band tracking loop. The closed loop response of the PLL 

and Costas loop are plotted in figure 2-11 for conditions of acquisition 

and tracking. Also listed in figure 2-11 are the damping factor, 

natural frequency and noise bandwidth for each loop configuration 

that is plotted. 

In figure 2-10, the frequency search network is shown to 

work in conjunction with the integrator amplifier, A8, of the loop 

filter. Prior to acquisition a continuous sawtooth pattern is generated 

at the output of A8. This sawtooth is generated by applying a low 

D.C. current +3.3 uA for the 1.0 second sweep period and a high 

D.C. current -.625 rna for the sawtooth reset period. At the time of 

signal acquisition a D.C. current equal to and opposite the sweep current 

is developed at the R3 input resistor to A8. The current at acquisition 

stops thp sweep signal and holds the loop in phase lock. To 
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counteract the sweep current of +3.3 u amps, an input voltage of +1 VDC 1s 

developed at R3. This voltage can be regarded as a static offset 

voltage needed to counteract the sweep signal. A correspomding 

phase error at the phase detectors is required to develop this 

voltage. For a phase transfer characteristic of 4 V/rad at the input 

to A3 and a D.C. gain of 4.0 at A3, the resulting static phase error 

is 3.5°. While this static phase error is not large, it would result 

in a high degree of crosstalk in the Voice plus Data mode. Therefore 

after a.cquisition the Demod Lock signal is used to automatically 

disconnect the Search signal to A8 and thereby remove any static 

phase error. 

The coherent AGC portion of the coherent demodulator is designed 

to maintain a constant level input signal to the PLL or Costas Loop 

during carrier tracking periods. In figure 2-10, either the detected 

carrier portion of the voice signal is fed from A2 (board A12) to board 

A14 in the voice mode, or the demodulated data signal at A4 (board A12) 

is fed to A14 in the data mode or voice plus data mode. Electronic 

switch A3 controls which signal is fed to the AGC control network. 

In the Voice Mode the detected carrier of the Voice signal is fed 

through a low pass RC network through A3 to peak voltage detector A4. 

The detected carrier level is held at +2.0 VDC. However during 

periods of voice transmission, the power in the carrier drops appreciably. 

The peak voltage detector, A4, remembers the peak levels during 

voice transmissions and transmits a continuous +2.0 VDC signal to the 

AGC feedback amplifier, A5. Incorporation of a peak detector in the 

AGC provides for a long time constant AGC response on the order of 

5.0 seconds. In the data mode the demodulated 1200 BPS or 2400 BPS 

data signal is fed through a low pass R-C amplifier, AI. The 

bandwidth	 of Al is adjusted according to received bit rate in order to 
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maximize SNR at the output Al. Feedback capacitors are switched 

across Al by switch A3 to determine low pass response. The 

filtered signal from Al is fed to an RMS detector, A2, which provides 

a D.C. voltage through switch A3 to peak detector A4. The output level 

of A2 is held to +4.0 VDC. Also located on board A14, are the Mod 

Gate and Demod Lock detector networks. At the Mod Gate level detector, 

A7, the detected Voice carrier or detected data signal is compared 

against a fixed threshold voltage. During periods of conversation 

the detected carrier or data signal will drop in voltage, which 

will in turn be detected by A7. The Mod Gate is then relayed to the 

CIN Monitor board. At the Demod Lock level detector, A6, the 
o 

detected voice carrier or demod data is compared against the detected 

noise level from the C/No Monitor Network. At board AS the demodulated 

noise is filtered in a 7200 Hz bandpass filter and then detected. 

Prior to signal reception, the level of detected noise exceeds the 

detected signal level and the Demod Lock signal is a logic "0". 

Upon carrier acquisition, the detected signal level exceeds the detected 

noise level and the Demod Lock signal is a logic "1". 

C/N Measurement 
o 

A block diagram of the CIN Monitor board, AS, and panelo 

test meter is shown in figure 2-12, and a detailed schematic drawing 

of board AS is shown in figure 5-13. In figure 2-12 the demodulated 

audio signal plus noise is fed to bandpass filter Al. The filter is 

des~ned ID accept a band of noise about 7200 Hz and reject lower frequency 

voice signals. Amplifier Al is an active filter network with a Twin-T 
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feedback netowrk. The filtered noise from Al is fed to an RMS 

voltage detector. The detected D.C. noise voltage is fed through 

a sample and hold network to log amp AS. The sample and hold network 

stores the detected noise voltage during periods of voice transmission, 

thus rejecting further any voice power from the C/No measurement. 

The output D.C. voltage from log amp AS is given as follows: 

V (AS) == -[ 2 log (Vin ) ] ~V~C - 2.0 VDC (3)out 

The converted log voltage is fed through op amp A6 to the front panel 

current meter. A voltage trim adjust is provided at A6 for calibrating 

the front panel meter. Operation of the C/No measurement network 

depends on the fact that the Coherent AGC Network is holding the 

signal level constant over the range of C/No signal levels. For any 

increase or decrease in C/No there is a corresponding change in 

noise power while the signal level remains constant. The C/No 

network measures the change in noise power and converts the meaaured 

level to logarithmic function for display on the front panel meter. 

2.2.4 Audio Processing 

A block diagram of the Audio Processor is shown in figure 2-13 

and a detailed schmeatic diagram of board A6 is shown in figure S-JA. 

The demodulated audio signal is passed through a 3S00 Hz low pass 

filter, AI, and then fed to de-emphasis network A2. Low pass filter 

Al restricts the received noise to a bandwidth no greater than the audio 

transmission bandwidth, thus optimizing voice signal SNR. A high pass 

RC network is situated at the input to amplifier A2 and is used to 

eliminate noise components below 300 Hz; again thiE improves signal 

SNR. The voice signal is de-emphasized at A5 at a rate of -6 dB/octave 
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from 500 Hz to infinity. The de~emphasis response is matched to the 

pre-emphasis response at the modulator. Two variable gain amplifiers 

are provided at the audio processor to drive either tape recording 

equipment or monitor headphones. 

2.2.5 Data Decoder and Clock Synchronization 

A block diagram of the Data Decoder is shown in figure 2-14. 

The Data Decoder consists of an Integrate and Dump matched filter, which 

optimally filters the received data prior to level detection. The 

I&D Network is located on board A4. A maximum likelihood level 

decision is made at the end of each integration period prior to 

dumping the integrator. Clock synchronization for operation of the 

I&D network is generated on board A3. Detailed schematic drawings 

of boards A4 and A3 are shown respectively in figures 5-15 and 5-16. 

In figure 2-14 the demodulated data is fed through amplifier 

Al (Ed A4) to I&D networks #1 and #2. The data is amplified to a 

level of 0.8 volt (P-P) at the output of AI. A waveform diagram, 

showingTthe ope~ation of the Data Decoder, is contained in figure 2-15. 

At I&D network #1 the received data bit is integrated over the full 

bit period. At I&D network #2 the data is first chopped by the locally 

generated clock. The chopping procedure results in a signal inversion 

half-way through each bit period. While the output of I&D #1 

integrates to some positive or negative level at the end of each bit 

period, the output of I&D #2 integrates to zero volts over each bit 

period. At the end of each bit period a level detector is used to 

determine the polarity of each r&D network. The output of I&D #1 

is the received data signal and it is fed through a two stage shift 

register, AIO, whose parallel outputs are differentially decoded in an 

exclusive "OR" network. The decoding sequence is as follows: 
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Bit N Bit N-l output at 
E«CL OR 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

The polarity of the output signal from I&D #2 is also 

detected at All. Normally, if the local clock is in bit synchronization 

with the received data, the output of A3 will integrate to zero volts 

during each bit period. However, if the local clock leads or lags 

the received data stream, then the output of I&D #2 will integrate 

to some positive or negative voltage. The polarity of I&D #2 is 

compared in an exclusive OR network, A8, against the polarity of 

I&D #1. It can be seen from figure 2-15 that if the local clock lags 

the received data, the polarity of the I&D networks are opposite, 

and a clock advance signal will be stored in the two bit storage 

register A7. Similarly, if the local clock leads the received data 

the polarity of the two I&D networks are the same, and a clock retard 

signal is stored in the two bit storage register, A7. In the middle 

of each bit period the contents of the storage register are loaded 

into a 4 bit up-down counter. When the counter accumulates a unanimous 

count of all lIs or all O's, a phase step is added to or subtracted 

from the local clock. At the same time the up-down counter is reset 

to an initial count of 1000, and it begins to accumulate gdvance or 

retard counts again. 
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The size of the clock phase step is determined by the 

division ratio for the local clock. For 1200 BPS operation, the 

614.4 KHz crystal clock is divided-by-4 to generate a 153.6 KHz 

reference, which is sent to the ADD/SUBTRACT Clock Pulse Network. 

Under normal conditions the 153.6 KHz clock is divided by 2 and then 

by 64 to generate a 1200 Hz clock signal. Phase steps at 1/64 

the bit period are add~d to or subtracted from the resulting 

1200 Hz clock. For 2400 BPS operation, the 614.4 KHz crystal oscillator 

signal is divided-by-2 and fed to the ADD/SUBTRACT network, where 

agron 1/64 phase steps are added to or subtracted from the loca~ 

clock. The 1/64 phase steps corresponds to discrete phase in­

crements of about 5.6°. The advancing or retarding of the local 

clock in discrete step~, keeps this clock in bit synchronization 

with the received data. 

2.2.6 Code Synchronization and Error Detector 

A block diagram of the Code Synchronizer and Bit Error 

Detector is shown in figure 2-16. The Code synchronizer consists of 

a local code generator which generates piN codes identical to the 

codes generated at the Modulator. This code generator is synchronized 

with the received data sgream such that bit error detection is possible. 

Detailed schematic diagrams of the Code Sync Network (Bd.A2) and the 

piN Generator (Bd.Al) are shown in figures 5-17 and 5-18, 

respectively. 
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In figure 2-16 the bit synchronized data clock and received data are 

connected to board AI. At board AI, an 11 bit shift register generates 

any of three codes which are identical to the three piN codes transmitted 

by the Advanced Modem Modulator. If the Received Data Code is in 

synchronism with the local code, then error detection can be performed 

at A8 and A9. The detected errors ar~ fed to an integrator, AI, 

on board A2. If the error rate ~pproaches 50%, then Al will integrate 

to a negative value and trip the level detector A2. A2 will in turn 

drive latch netw~rk A3, whtch will generate a LOAD GATE to switch A6 

on board AI. While the Load Gate is low, A6 will switch received data 

into the II-Bit shift register. At this time the received data is 

being compared against itself at the error detector and no errors are 

loaded into the integrator. The output of Al will thus return to zero. 

The load gate will remain low for a period of 64 clock pulses as counted 

at A5 and A6 on board A2. At the end of this 64 clock pulses, 

monstable multivibrator A4 will be triggered and the latch network 

will be reset. The Load Gate will now go high. At this time 

the state of the 11 bit shift register has been preset by loading 

in received data. If eleven consecutive bits have been received and 

loaded into the shift register without error then the shift register 

will continue generating the piN sequence without error. The received 

data and piN sequence generator are now synchronized. If eleven bits 

are not loaded in correctly, then the sync network will continue 

the above process until code sync is achieved. At received CIN o 
levels of about 37 dB-Hz the error rate approaches 10-2 . The 

probability of error in loading eleven bits correctly is 10-1 . So 

there is 90% probability of success at 37 dB-Hz of synchronizing 

the piN code on the first attempt. 
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Not shown in the blo~k diagram of figure 4-18 are the output 

networks for various signals which are connected to the front panel 

RECORDER connector. The output signals are provided at discrete levels 

of OV to +lV at an output impedance level of 150~. These signals 

from board A2 are listed as follows: DATA, DATA CLOCK, ERRORS, MOD GATE. 
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3. SYSTEM TEST RESULTS 

Acceptance Testing of Hybrid Modem #1 Systems #1 and #2 

were performed at Bell Aerospace from January 28, 1974 to 

January 30, 1974. These tests were made to demonstrate com­

pliance of the Hybrid Modem Equipment to DOT-TSC contract 

specifications (Contract No. DOT-TSC-631, Exhibit A) and to 

determine the overall performance of the Hybrid Modem System 

under specific test conditions. Tests were made to determine 

system Voice Intelligibility (see Table 3-1), data error rate 

performance and carrier acquisition performance. As part of 

the Voice Intelligibility testing pre-recorded tapes, supplied 

by DOT-TSC, were played throughthe Hybrid Modem Systems under 

varying C/N conditions and the results recorded. The recorded o 

tapes were delivered to CBS Labs for evaluation. Voice intelli ­

gibility results are presented in Table 3-2 and Figure 3-1. 

3.1	 Voice Intelligibility Tests 

The voice intelligibility performance of the Hybrid Modem 

was tested with the Harvard PB-50 word list. Pre-recorded tapes 

of the Harvard PB-50 word list were delivered by DOT to Bell 

Aerospace for Acceptance Testing of the Hybrid Modem. A total 

of sexteen tapes were provided to the performance of the tests. 

Each tape contained 500 words or 10 lists of 50 words/list. A 

total of four separate speakers were used in recording the tapes. 

There were two male and two female speakers, and each speaker 

was recorded on four tapes. The PB-50 word list consists of 

1000 words. For these acceptance tests four lists were used 

with different scramblings. 
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The test conditions under which the voice tests were made 

are listed in Table 3-1. For each test condition a total of 500 

words were recorded through the system. Respective word lists for 

each test condition are listed in Table 3-1. 

TABLE 3-1 

VOICE INTELLIGIBILITY TEST 

Modem 
unit 

SiN 1 

SiN 1 

SiN 1 

SiN 1 

SiN 1 

SiN 1 

SiN 1 

sIN 1 

SiN 2 

SiN 2 
SiN 2 
SiN 2 

SiN 2 

SiN 2 
SiN 2 

SiN 2 

CINo 

46 db-Hz 

43 db-Hz 

40 db-Hz 

37 db-Hz 

49 db-Hz 

46 db-Hz 

43 db-Hz 
40 db-Hz 

46 db-Hz 

43 db-Hz 
40 db-Hz 

37 db-Hz 

49 db-Hz 

46 db-Hz 

43 db-Hz 
40 db-Hz 

Transmit Mode 

Voice Only 
Voice Only 

Voice Only 
Voice Only 
Voice plus Data 
Voice plus Data 
Voice plus Data 
Voice plus Data 

Voice Only 

Voice Only 
Voice Only 
Voice Only 
Voice plus Data 
Voice plus Data 
Voice plus Data 
Voice plus Data 

CONDITIONS
 

Voice Tape 

4E2 
2F2 & 4D2 

3Fl 
IGI 

4El 

2Fl & 4Dl 

3E2 
IF2 

4D2 

2E2 & 4E2 
3El 
IFI 
4Dl 
2El & 4El 
3D2 
lE2 
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In table 3-1 it is noted that an additional 500 words were 

recorded at a CINo level of 43 db-Hz in the Voice only mode and 

at 46 db-Hz in the Voice plus Data mode. The additional words 

were recorded to test any differences in the scoring perfor­

mance of female versus male speakers. Tapes 2F2, 2Fl, 2F2 and 

2El were recorded by a female speaker, while tapes 4D2, 4Dl, 

4E2 and 4El were recorded by male speaker. The recorded tapes 

were delivered to CBS Labs on February 5, 1974 for scoring and 

evaluation. The results of these tests were reported to DOT-TSC 

by CBS Labs, and these results will be a part of the final 

acceptance test data for the Hybrid Modem System. A summary of 

the acceptance test results is presented in Table 3-2 and 

Figure 3-1. 

TABLE 3-2 

SUMMARY ACCEPTANCE TEST RESULTS 
Q-MOD/PSK HYBRID MODEM - SINI 

CINo (DB-Hz) MEAN INTELLIGIBILITY SCORE (PER CENT) 
[Meter Reading] Voice Only Mode Voice Plus Data Mode 

37 30.5 No Meas. 

40 74.0 38.2 

43 82.1 76.6 

46 92.4 79.3 

49 No Meas. 92.9 
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FIGURE 3-1
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3.2 Data Error Rate Tests 

The data error rate performance of each Hybrid 

Modem system was tested as part of the acceptance tests. Error 

rates were tested in the data mode and data plus voice mode over 

a range of CINo values. The test conditions for each system 

are listed in Table 3-3. 

TABLE 3-3 

DATA ERROR RATE TEST CONDITIONS 

Xmit Mode Bit Rate 

Data 1200 BPS 

2400 BPS 

Data Plus 1200 BPS 
Voice 

2400 BPS 

CINo 

37 db-Hz 

40 db-Hz 

42 db-Hz 

40 db-Hz 

43 db-Hz 

45 db-Hz 

40 db-Hz 

43 db-Hz 

45 db-Hz 

43 db-Hz 

46 db-Hz 

48 db-Hz 

No. of Bits
 
Xmit
 

47.2 x 10

7.2 x 105 

43.2	 x 105 

414.4 x 10

7.2 x 105 

43.2	 x 105 

4
7.2 x 10

7.2 x 105 

43.2 x 105 

14.4 x 104 

7.2 x 105 

43.2 x 105 

The theoretical performance of a 

Time Period Voice Signal 

1 min 

10 min 

60 min 

N.A. 

N.A. 

N.A. 

1 min 

5 min 

30 min 

N.A. 

N.A. 

N.A. 

1 min 

10 min 

60 min 

Tape 

Tape 

Tape 

4E2 

4E2 

4E2 

1 min 

5 min 

30 min 

Tape 4E2 

Tape 4E2 

Tape 4E2 

coherent phase shift 

keyed ~ommunication system with differential encoding is given by 

the following equation: 
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P = 1 - ERF(E IN )1/2 (4)
E b 0 

where Eb/N = Engery-per-bit to noise spectralo 

density ratio
 

and C/No (in db) = Eb/N (in db) + Bit Rate (in db)
o 

The theoretical performance for each bit rate and each system 

is plotted in Figures 3-2 and 3-3. Plotted in each figure are 

the test results recorded during acceptance testing. The results 

of error rate tests in the Data mode and Data plus Voice mode 

are plotted on a common graph. The performance specification 

calls out that the error rate be less than 10-5 at a C/N of o 

42 db-Hz and a bit rate of 120 BPS in the Data Only mode. This 

specification provides a 1.3 db margin at 42 db-Hz above 

theoretical performance. This 1.3 db margin is extrapolated 

to the entire curve at 1200 BPS and is also applies to the 2400 

BPS error curve. No theoretical curve is drawn for the Data 

plus Voice mode because of the difficulty in analyzing the 

periodic nature of the communication channel. The random nature 

of the voice signal bars any practical analysis of its effects 

on data error rates. There is a performance specification for 

the Voice plus Data mode that calls for error rates less than 

10-5 at a C/N of 45 db-Hz at 1200 BPS and at a C/N of 48 
o 0 

db-Hz at 2400 BP3. In Figures 3-1 and 3-2 it is seen that all 

error rates fall within equipment performance specifications. 
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3.3 Carrier Acquisition 

The Hybrid Modem Demodulator is required to provide rapid 

carrier acquisition in the three operating modes of Voice only, 

Data only and Voice plus Data. Acquisition is required over a 

~arrier frequency error of ±4 KHz and down to CIN levels of 37 db-Hz. o 

For all acquisition conditions an	 acquisition time of less 1.0 second 

is required. The specified acquisition test conditions are listed in 

Table 3-4. 

TABLE 3-4 

ACQUISITION TEST CONDITIONS 

Xmit Mode 

Voice Only 

Data Only 

Data plus 
Voice 

CINo 

37 db-Hz 

37 db-Hz 

40 db-Hz 

l"requency Acqulsltlon Voice 
Error Time Bit Rate Source 

±4 KHz <l.0 second N.A. Tape 4E2 

±4 KHz <l.0 second 1200 BPS N.A. 

±4 KHz <l.0 second 1200 BPS Tape 4E2 

As des~ribed in section 2.2.2 on the Coherent Demodulator, 

the search range for the Demodulator is ±5 KHz which exceeds the 

required ±4 KHz search range. The range of frequency instabilities 

dictated that a ±4 KHz sear~h range did not adequately provide for 

all possible frequency errors. Therefore, the Hybrid Modem 

Demodulator sweep range was increased to ±5 KHz. All a~quisition 

tests were performed for a sweep range of ±5 KHz. Prior to carrier 

acquisition the demodulator continuously sweeps over the expected 

frequency range of the received carrier (70 MHz ±5 KHz). The sweep 

signal is a sawtooth waveform with a sweep period of 1.0 second. A 

carrier signal may be received randomly at any time point in the 

1.0	 second sweep period. Acquisition time will depend on carrier 
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frequency error and the time point of carrier reception with 

respect to the sweep signal. Acquisition time may be as small as 

100 msec or as long as 1.0 sec. In no case should the acquisi­

tion time exceed 1.0 second for in that case, the demodulator 

will have skipped a sweep cycle in the process of acquisition. 

A successful acquisition is defined as carrier acquisition within 

one period of the sweep signal. An unsucessful acquisition is 

defined as a carrier acquisition which exceeds one period of 

the sweep signal. 

In addition to the acquisition tests performed under the 

conditions listed in Table 3-3, the drop lock point of the demodulator 

was measured with respect to signal CIN for the three modes of o 

operation. The drop lock point is defined as the lowest CIN levelo 

at which the Demodulator will maintain phase lock. The acquisition 

test results are listed in Table 3-5. 

From Table 3-4 it is seen that the acquisition range in 

the Data and Data plus Voice mode was not tested. Rather, it is 

inferred from the Voice only acquisition range test, that since the 

sweep range in the Voice mode and Data mode are identical, the 

acquisition range in each mode is identical. The minimum acquisition 

CIN level for the Data mode at 2400 BPS was not tested because thereo 

is no acquisition specification at this data rate. Lab tests confirm, 

however, that the acquisition performance in the data mode at 2400 

BPS is identical to the operation at 1200 PBS. 

In Table 3~4 it is specified that the Hybrid Modem 

Demodulator, while operating in the DATA mode, acquire the DCPSK 
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carrier at a GIN of 37 db-Hz within 1.0 second over a carrier o 

frequency error of +4 KHz. The Test Results of Table 3-5 

show that the minimum GINo acquisition level in the Data Mode 

was 37.8 db-Hz for both systems. At a GIN of 37 db-Hz, neither 
o 

system was able to acquire within 1.0 second. Rather, two or 

three sweep periods were required for acquisition at a GIN of o 

37 db-Hz. This failure to meet specification is not considered 

a liability in terms of system operation. At a GIN of 38 
o 

db-Hz the data error rate is greater than 10-3 for bit rates of 

1200 BPS. At these particular error rates the usefulness of 

the data schannel is questionable. 
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TABLE 3-5
 

ACQUISITION TEST RESULTS
 

Unit 
SiN Xmit Mode 

CINo 
Acq. Level 

Freq. Acq. 
Range 

Sweep 
Period Acq. Time 

Drop Lock 
Point 

Data 
Rate 

Voice 
Source 

SiN 1 

SiN 1 

Voice 

DATA 

37 db-Hz 

37.8 db-Hz 

69.996 MHz 
to 

70.004 MHz 
Not tested 

1. 06 sec 

1.0 sec 

< 1. 0 sec 

<1.0 sec 

32 db-Hz 

34 db-Hz 

N.A. 

1200 BPS 

Tape 4E2 

N.A. 

SiN 1 DATA Not tested Not tested 1.0 sec <1.0 sec 33 db-Hz 2400 BPS N.A. 

SiN 1 Voice plus 
Data 

39.8 db-Hz Not tested 1.0 sec <1. 0 sec 34 db-Hz 1200 BPS Tape 4E2 

SiN 2 Voice 36.7 db-Hz 69.996 MHz 
to 

70.004 MHz 

0.8 sec <1. 0 sec 31 db-Hz N.A. Tape 4E2 

SiN 2 DATA 37.8 db-MHz Not tested 0·9 sec <1. 0 sec 35 db-Hz 1200 BPS N.A. 

SiN 2 DATA Not tested Not tested 0.9 sec <1.0 sec 34 db-Hz 2400 BPS N.A. 

SiN 2 Voice plus 
Data 

40 db-Hz Not tested 0.9 sec <1.0 sec 36 db-Hz 1200 BPS Tape 4E2 

I 
0­
t-' 
I 



4. CIN CALIBRATION 
o 

The Hybrid Modem Demodulator provides a direct reading 

panel meter for CIN measurement. This meter has been calibratedo 

at Bell Aerospace prior to system delivery. The panel meter readE 

the total received signal CINo in db-Hz steps from 35 db-Hz to 

55 db-Hz and operates in all three modes of operation: Voice only, 

Data only and Voice plus Data. Provision is made for external cali­

bration of the CIN meter by standard test equipment, and calibrationo 

may be performed during normal operation of the equipment. 

For laboratory operation, the equipment test setup of 

Figure 4-1 may be used for calibration of the Demodulator CINo meter. 

Hewlett-Packard 462A wideband amplifiers are used as 70 MHz noise 

sources. The wideband noise is filtered in a 70 MHz bandpass filter 

(3 db B.W. = 4.0 MHz) and then amplifier by an H-P 461A amplifier to 

a power level of about -3 dbm. The bandpass gaussian noise is then 

summed with the signal from the modulator. Attenuators at the 

modulator output provide for adjustment of the signal-to-noise ratio 

to the demodulator. The 70 MHz signal plus noise to the demodulator 

is down-converted to 10.7 MHz at the Hybrid Modem Demodulator and 

is provided at the front panel 10.7 MHz test connector. The CIN o 

of the received signal may be measured on a H-P 312A selective volt­

meter at the 10.7 MHz test connector. The following calibration 

procedure is outlined: 
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a. Set the MODE SELECT switches of the modulator and demodulator 

to the VOICE position and verify the DEMBD LOCK indicator lights. 

Set ATTENUATORS #1 and #2 of Figure 4-1 such that the demodulator 

CINo meter reads 45 db-Hz. 

b. Connect the H-P 312A Selective Voltmeter to the 10.7 MHz test 

connector at the demodulator. Tune the H-P 312A to the 10.7 MHz 

carrier frequency and measure and record the signal voltage. 

Offset the H-P 312A by 5 KHz from the carrier frequency and 

measure and record the noise voltage. The H-P 312A should be 

set to a measurement bandwidth of 200 Hz for each voltage 

measurement. 

c. The CIN o of the received signal may be calculated from the 

recorded readings. Since the 312A Selective Voltmeter is an 

average reading device, the true RMS noise voltage is 1 db 

higher than the recorded reading. The noise bandwidth of the 

H-P 312A is 200 Hz (23 db). From this data the signal CINo can 

be calculated from the following equation: 

CIN
O 

= Signal (in db) - Noise (in db) 

10 db (Avg. to RMS correction) + 23 db (Noise B.W.). (5) 

d. Verify the CIN o meter reading at the demodulator agrees with the 

H-P 312A measured CIN o within ±0.5 db. If the CINo meter is 

out of calibration, the meter may be set to the correct reading 

by adjustment of potentiometer P2 on board A8 (C/No Monitor). 
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e.	 Measure and record respective C/N meter readings and H-P 312A o 
Selective Voltmeter readings over a range of 37 db-Hz to 51 db-Hz 

in 2 db-Hz steps. At each C/N level record the settings of o
 
ATTENUATORS #1 and #2 of Figure 4-1.
 

f.	 Data Only Calibration - Set the MODE SELECT switch to the DATA 

position at the modulator and demodulator units. Set the BIT 

RATE switches to 1200 BPS. Set the DATA SELECT switches to INT 

3. For the attenuator settings of the previous paragraph record 

the respective C/N meter readings. Reset the BIT RATE switcheso 
to 2400 BPS and record the C/N readings for the range ofo 

attenuator settings. 

A calibration of each Hybrid Modem Demodulator was per­

formed as part of the Acceptance Test procedure. The results of 

these calibrations are plotted in Figure 4-2 and 4-3. In each figure 

the front panel C/N meter reading is plotted against the H-P 312A o 

Selective Voltmeter Measurement. A typical data sheet which may be 

used in recording C/N calibration data is shown in Figure 4-4.o 
Regular calibration of the Hybrid Modem C/No network is recommended 

to assure reliable operation of the equipment . 
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FIGURE 4-4 

C/No CALIBRATION DATA SHEET 

ATTENUATOR SELECTIVE VOLTMETER CIN METER READING oSETTINGS READINGS 

Signal Noise CIN Voice 1200 BPS 2400 BPS#2#l o 
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5. SCHEMATIC DIAGRAMS 

A complete set of schematic diagrams for the Hybrid 

Modem Modulator and Demodulator is contained in this section. 

A schematic of each P.C. board is included along with wiring 

diagrams of both chassis. 
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APPENDIX
 
REPORT OF INVENTIONS
 

After a diligent review of the work performed under this 

contract, no innovation, discovery, improvement, and/or invention 

was made. 

-88-­




