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ABSTRACT

To relieve the overloading of present voice transmission channels, we recommend
a Mobile Terminal System~-a computer -controlled communications system in which
computer -coded information would be transmitted at much higher speeds than are
possible for voice, with a consequent increase in the effective channel capacity.
This recommendation is based on a one-year study which attempted to find a simple,
low-cost system of transmitting such information at the highest speed practical over
available mohile radic channels.

A simple method of phase modulation with synchronous detection was shown to be
effective at rates up to 2400 bauds, or 300 characters per second, within the usual
voice bandwidth., This method was employed in fairly extensive tests of various
transmission paths representing best-worst conditions in the Santa Clara Valley.
Results showed that the system tested would be satisfactory in any geographical
area where voice transmission is now successfully used. Transmission of coded
data would increase channel efficiency at least ten and possibly a hundred times,
with many side benefits. Error detection with automatic request for retransmigsion
might be employed to avoid errors caused by poor reception, and voice transmission
could be resorted to in emergencies.
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I, INTRODUCTION
A, THE PROBLEM: OVERCROWDED RADIO CHANNELS

With present methods of voice communication, even if transmission
were steady, the communication rate would be about five characters
per second. When we take into account pauses for taking notes and other
interruptions, the effective rate declines to something like one to three
characters per second. But the broadcast voice mode also requires a
certain amount of vocal addressing, acknowledging, and redundant
voicing of letters or digits. This redundancy compounds the transmission
inefficiency, creating problems in transmission over a relatively small
number of channels.

The problem of crowded voice transmission channels, particularly
in the public safety and special services, has been well documented.,
The President's Commission on Law Enforcement and Administration
of Justice has called for improvements in police communication. 16 A
big part of the delay in getting police to the scene of a crime, according
to the Task Force on Science and Technology, is the police communi-
cation. 17 The task force recommends a number of ways to shorten this
delay: automatic reporting of patrol car locations, computer assistance
in dispatching decisions, and giving a police officer direct access to
his department's computer.
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While law authorities are hoping to speed up and extend police radio
communication, the Federal Communications Commission is concerned
about the overloading of the present channels. With mobile transceivers
in this country now numbering more than five million, and still multi-
plying rapidly, the channels assigned to safety and special services are
seriously overcrowded. One FCC study13 concludes that the land mobile
service has already reached "the bottom of the barrel.' The number of
mobile units licensed for such service in the United States doubles
every five years. Last year, the New York City Police were forced to
operate many police cars without radios until they got temporary
permigsion to use Forestry Service frequencies. In New York City, it
is said, land-mobhile radio communications will reach the saturation
point in 1971,

To alleviate the problems in land mobile spectrum allocation, several
changes have been proposed:

1. Re-allocation of some of the UHF TV channels for land mobile units.
2. Pooling of present land mobile channels in a sort of public utility,
similar to the wireless phone service offered by the Bell System.

3. Allocation of a portion of each speech channel for data transmission
to obtain enough narrow-band channels for radio teletype.

4. Alternation of voice and telegraph transmission on the same channels,
5. Assigning of some channels for matrix transmission of messages to
printer. (This would still require human check for retransmission in
case of error,)

B, OUR APPROACH: DIGITAL COMMUNICATION IN A MOBILE TERMINAL SYSTEM

To get some real relief for the FCC's present jam and at the same time
improve the speed of police communications, we recommend a computer -
controlled communications system. In this system, a computer central
would communicate with buffered input /output terminals in mobile units
for police, fire, industrial and other land transportation services. This
approach we call the Mobile Terminal System.

The advantage of such a system is that the information transmitted
would be in a computer code transmitted at much higher speed than
present voice communication. The transmission of binary data, taking
much less time than voice communication, would in effect increase the
channel capacity. (VHF radio at high speeds of 10, 000 bauds would be
possible, but probably too expensive.) The modulation system must be
simple, low-cost, and capable of operation at the highest practical speeds
over available mobile radio channels, Within the usual voice bandwidth, up
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to 2400 bauds* or 300 characters per second, the modulation system
can be a relatively simple method of phase modulation with synchronous
detection.

We propose to substitute digital for voice communications in all land
mobile applications where this is appropriate, and in this way to
eliminate most of the veoice communication. Each motor vehicle would
have a buffered input /output terminal and modem. The dispatcher at
the control center, with a computer to assist him, would not make
general broadecasts but would send messages, usually 50 characters or
less, to individually selected vehicles at the rate of at least 50 char-
acters per second, with 300 characters per second as an objective. At
the vehicle, the messages would be temporarily stored in a buffer and
then printed out or displayed at 10 to 30 characters per second on a
compatible low-cost device. The buffer allows the human recipient of
the message to visually verify it, and stores the message until he
depresses a transmit key which starts transmission in the high speed
burst mode (on a contention basis).

Initial studies indicate that a Mobile Terminal System would use
channel capacity at least ten and possibly a hundred times more effi-
ciently than present voice communications. Many other important
benefits are inherent in the system. These include source recording,
display or printout, akility to leave messages in an empty car, positive
confirmation of message receipt by terminal and human at different
times, computer processing, and computer allocation of resources
{by linear programming techniques).

C. EXPLORATORY STUDY: SUMMARY OF METHOD AND RESULTS

We have just completed a one-year exploratory study of the communi=~
cation channel problems which are basic to the development of a reliable
mobile terminal system. The first question is what digital transmission
speed is practical and what level of error detection or correction is
required. The approach we took to this question and the results we
obtained, which are discussed in detail in the subsequent sections of
this report, are summarized below for the reader’'s convenience.

1. METHOD

a. We established 300 characters per second as a target transmission

rate. This is equal to 2400 bauds --well within the voice channel capacity
of present land mobile radio.

*Baud is the unit of signaling speed equal to the number of code elements
per second.



IBM Confidential

b, We applied for and received an Experimental Developmental Ser-
vice Status Class license in accordance with Section 5.252 (a) of the FCC
rules.

¢. We purchased two standard narrow-band FM mobile radios,
mounting one in the car and the other in our laboratory.

d. We conducted base-station-to-mobile and mobile-to-base-station
transmission at 300 characters per second throughout sections of
Santa Clara County selected for geographical characteristics that repre-
sent best-worst conditions for this type of transmission.

e. More than 45,000 127-bit messages (equivalent to 17 six-bit
characters or 13 eight-bit bytes, plus selective station addressing in
a working system) were transmitted. These were processed on a
computer, which compared each message as received with a pre-
recorded copy and compiled the number of bits in error to determine
the effectiveness of the transmission technology and the level of results
to be expected,

2. FINDINGS

a. In any geographical area where voice transmission is now
satisfactory, the percentage of error-free messages ranges, depending
upon geographical conditions, from 33% to 95%. In an operating system,
automatic error detection and retransmission at the standard rate of
300 characters per second would be a built-in requirement.

b, Within the percentage range stated above, an effective transmission
rate of from 100 to 300 characters per secend can be achieved. This is
an improvement of two orders of magnitude over the 1 to 3 character
per second effective rate of voicing.

c. With the elimination of verbal "hand shaking' and redundancy
voicing of letters and digits, message {ransmission time is reduced to
the net time required to send the actual message. As a result, an
additional order of magnitude of improvement is predictable,

d. Since standard land mobile sets, without modification, were used,
the capability of the system to be employed in the voice mode for
emergency override is not impaired. This is especially important in
public safety transmission.

3. RECOMMENDATION

Two-way digital communication with mobile VHF units can be
provided in a way that would conserve radio frequency spectrum: VHF
mobile units can transmit and receive at 300 characters per second
by using phase modulation, synchronous detection modems and a
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buffer with automatic error detection logic at 2400 bauds. This basic
strategyv permits the use of present voice mobile VHF channels* for
digital transmission with emergency voice override.

II. TEST EQUIPMENT AND EQUIPMENT MODEM

The equipment used in our tests is shown in Fig. 1, and is listed in
Table 1. The equipment consists for the most part of conventional
components. Their characteristics and their use in our tests are
described in detail in Appendix A. This section will concentrate on the
experimental modem (modulation-demodulation unit) used in the tests,
since this is a unit that was developed in this laboratory especially for

this type of application.

A, PHASE MODULATION, SYNCHRONOUS DETECTION MODEM

This modem is a reliable, low-cost device based on the principle of
phase modulation with synchronous detection, which takes advantage
of the synchronous characteristics of the VHF-FM radio channel. This
system has two advantages:
i. It rejects any noise interference that is effectively ninety degrees
out of phase with the signal,
2. It uses a direct binary system which is more immune to noise than
multilevel systems.
The principal disadvantage of the simple synchronous phase modulation
used is that on typical telephone lines it is not possible to recover the
clock, since the telephone channel is nonsynchronous.

At present, if operation over both telephone lines and radio links is
required, it is necessary to demodulate at the radio end of the telephone
line, and use a different set of modems on the telephone lines.

*This study does not examine the nature of input /output devices for
public safety vehicles. Those are left to a separate study. To determine
the characteristics of the communication channels, we used a magnetic
tape unit in the vehicle to simulate the buffer storage of an input /output
terminal.

]
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Table 1, Test Equipment

ltem No. in

Name Specification
1 Fig. 1
1A, 1B FM Radio (Motarola, U73MHT-3100A) 151,070 Megahertz, 110 watts cutput
1C Antenna on roof of station wagon Antenna,
iD unity gain
2A, 2B Radio Control Boxes
2C, 2D Microphones
2E, 2F Speakers
3 Adapter to switch between microphane,
tape recorder or speaker
4 Oscillator to provide 2400~-hertz clock Hewlett-Packard Model 200 CD
source Oscillator
5 Signal Generator & Control Logic Generates 127-bit pseudo-random
sequence
& Modem consisting of moadulator and
demodu lator for 2400-baud phose
modulator with synchronous detection
plus deto synchranized clock.
TA Tape recorder (Sony TC-800} to receive
or send audio signel consisting of phase-
modulated 2400-hertz sinewave.
7B Tape recorder, same as 7A, to receive
2400 -baud signals from demodulator.
8 Adapter to connect demodulator to
Terminal Contrel Unit
9 Terminal Control Unit-A special unit on
the 1620 poper tape chanrel fo receive
or send information from 1620 core
mernory.
10 1620 Computer 127 bits stored as 254 numeric core
60K core memory positions with 46 numeric positions
1311 disk file (2 units, one for programs; for message numbers and jobels
uﬂdlone for datq?. F'or experimental ) 150 messages fiil 45K of core
analyses one radio bit stored as glphabetic
. . . 15K for program
character {2 numerics or B bits) to avoid 5P .
adding serial-to-parallel hardware. programming
11 1800 Process Computer Batches of 75 messages stored on Disk 1
for analysis of errer messages 2310 disk working stere for analysis under
storage. FCRTRAN compiled programs.
12 5PS5 Message Handling
Program for 1620 Computer
13 FORTRAN Error Distribution Analysis
Program for 1800 Computer.
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The phase modulation modem used in the reliability tests is shown
in Figs, 2 and 4. The modem is constructed of computer logic modules
similar to the modulation circuits used in IBM files, The modulating
and demodulating wavetorms are shown in Figs. 3 and 5.

A sample data input waveform is shown (curve 0) in Fig, 3. The
data is converted to transition coding (curve 3) before reaching the
modem, A 2400-Hz clock is required (curve 1), The clock and the
inverted data signal are ANDed together, as are the inverted clock and
time data signal. Each of these outputs is inverted and both are ORed
to give the modulated signal (curve 8). The modulated signal is then
sent through a low-pass filter giving a signal output waveform like
curve 10 in Fig. 3,

The synchroncus demodulator is shown in Fig. 4 and the correspond-
ing waveforms in Fig. 5. The input signal {curve 11) is amplified and
then is reproduced through an emitter follower. The signal is then sent
to a balanced modulator and to a subcarrier recovery section. Full -
wave rectification coupling through a 4800-Hz tuned circuit and a phase
control unit to a frequency divider (+2) gives a 2400-Hz sinewave (12).
This subcarrier (12} and the input signal are compared by the balanced
modulator, giving a positive voltage when they arec in phase and a
negative voltage when out of phase. This gives a recovered signal wave~
form (13), which is filtered and squared to give waveform (14). The squared
waveform is then differentiated to give short pulses (15), which trigger
a single-shot hold circuit to give the original level ~coded waveform (17).
The clock is recovered by sending the short pulses to a tuned circuit
and square to give the clock waveform (16),

B. ALTERNATIVE MODULATION SYSTEMS

The tegts of 2400-baud digital transmission over VHF mobile radio

were done with the phase modulation, synchronous detection modem

described above., Before and during the tests, we tried a number of

alternative modulation systems. Some of them were carried only as

far as iaboratory bench tests and then dropped because of synchronization

problems requiring a better clock recovery system. Others were carried

as far as preliminary tests on VHF radio and/or telephone lines. Only

the phase modulation, synchronous detection modem was fully tested,
Waveforms used in alternative modulation systems considered

are shown in Figs. 6 and 7. Curve A in Fig. 6 shows a sample binary

sequence that is level coded. A phase modulation waveform is shown

in curve 1. Due to the ambiguity in phase modulation from level coding,

we used phase modulation from transition coding as shown in curves B

and 4 in Fig. 7.
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Another trial system was the double<frequency modulation shown
in curve 2. This double-frequency modulation system is similar to
phase modulation, but might not have as good a noise rejection as phase
modulation with synchronous detection.

In considering alternative modulation systems, one characteristic
to be sought is adaptahility to both radio channels and telephone lines.
The phase modulation, synchronous detection system of curve 4 works
well at 2400 bauds on VHF radio links because of the synchronous nature
of the VHF-FM communication system. However, the nonsynchronous
nature of dial -up telephone lines precludes use of this modulation system
on a switched telephone network at 2400 bauds, connecting state police
and local police systems, 8

Conventional double-sideband frequency modulation systems work
both on teiephone lines and radio links at 1200 bauds. Due to the band-
width of the telephone lines, and for minimum adaptation from voice
usage of VHF -FM radios, single-sideband, or vestigial-sideband
systems, as well as multilevel operation, would have to be used to
obtain the 2400-baud transmission. Experiments were done with a
vestigial -sideband (VSB) FM system similar to that described by Hopner,
Calfee and West. 9 The waveform of this VSB-FM modulation system
before filtering is shown in curve 3 in Fig, 6. The logic involved in this
modulation system is a type of duobinary coding. The systems considered
requiring transition coding to avoid ambiguity are shown in Fig. 7. The
transiticn coding waveform is shown as curve B for the same data as
curve A in Fig. 6. Curve 4 can he easily decoded using a clock signal
derived from itgelf. Each transition at the sample time gives a one,
and when no transition occurs it corresponds to a zero,

Another system was investigated to see if 4800-baud operation could
be easily obtained. W. H. P Pouliart in a U. 8. Patentld showed a code
containing both the binary information and the clocking information,
Curve 5 illustrates one implementation of the Pouliart code by putting
the phase modulation signal of curve 4 through a binary trigger to obtain
the waveform of curve 5, This is then divided by two to give the wave-
form of curve 6. Some experimental tests were made of this Pouliart
code, but this line of investigation was abandoned when initial tests
indicated that, at 2400 bauds, best noise rejection can be obtained by
using phase modulation.

There is a reliability penalty of 3 db associated with duobinary systems
having three detection levels as compared with two-level (binary) de-
tection. Synchronous detection provides 3 db of additional noise rejection.
Since the VHF transmission medium is very noisy, the 6~db noise
rejection bonus plus simplicity of implementation led to the decision to
use synchronous phase modulation for the mobile links.

11
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IiT. TEST PROCEDURE

In planning our tests, we wanted to make certain that we covered a
range of conditions, including worst conditions for VHF transmission.
(We did not include telephone line, VHF repeater or UHF link trans-
mission,) Examination of the map of Fig. 8 shows the geography of the
Santa Clara Valley, which is at the south end of San Francisco Bay. Most
of the valley floor is from 100 to 200 feet above sea level, between two
mountain ranges having peaks as high as 4,000 feet--the Diablo Range
and the Santa Cr{uz Mountains,

The width of the valley varies from two miles in the south to twelve
miles in the north. The IBM experimental antenna is on the roof of
the IBM Los Gatos Laboratory, whose location is on a flat sheif at the
opening of a smalil valley along the edge of the Santa Cruz Mountains.
This gives a clear straight line-of-sight path to the center of San Jose,
Milpitas, Santa Clara, Alviso and Camphell. The path to Los Gatos,
Cupertino, Mountain View, and parts of Sunnyvale is obstructed by a
small arm of the Santa Cruz Mountains. This location gives a range
of conditions from good to worst case. The Santa Clara County Com-
munication System Center has its main base-station on a hill
(elevation: 400 feet) southeast of the center of the valley, marked in
Fig. 8, This positicn gives a straight path to practically all areas on the
valley floor.

One of the two FM radios, of a type commonly used in police radio
systems, was installed in a station wagon, while the other was mounted
on a movable table in the laboratory. The feedback shift register
described in Appendix A generated a pseudorandom (PR) sequence of
ones and zeros which served as test messages. The output of the
sequence generator was phase-modulated by the modem described in
the previous section; and the 2400 hertz signal was connected to the
audio input of the FM radio. The main tests were transmitted at
151. 070 megahertz from the unity gain antenna on the roof of our
laboratory and were recorded on an audio tape recorder carried in the
station wagon traveling around the county.

The routes around the valley traversed by the station wagon during
the tests are shown by the bold black lines in Fig. 8, and further
described in Table 2, which also gives the original numbers and com -
puter file numbers of the transmission tests on these routes. Trans-
mission from mobile to base was recorded for two sections of the run.
For the mobhile—to~-base tests, modulated messages were prerecorded
on magnetic tape and then played back from a battery-operated tape
recorder in the station wagon. The first mobile-to-base tests were

12
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unsuccessful, because the radio frequencies disturbed the speed control
circuits on the tape recorder. Building of a shielding hox for the tape
recorder permitted tests to be conducted without this disturbing effect.
This experience indicates that there may be a need for similar shielding
of the buffer, error detection, and control logic in a Mobile Terminal
System.,

The stability of the tape recorder in the station wagon was tested
by driving the station wagon around the parking lot of the ASDD
Los Gatos Laboratory while recording the received signals. This tape
was then brought into the computer laboratory and tested. It was found
to have all mesgsages 100% correct for basc-to-mobile transmission.

A gimilar test was made for mohile-to-base transmission. For this
case, a laboratory recorded fape was used in the moving station wagon
to supply the digital messages. The received messages were recorded
onh a duplicate tape recorder and then compared in the computer
laboratory. On these tests, messages transmitted from the parking
lot averaged 80, 7% perfect messages, and 96.7% having one bit or less
in error. This indicated that with two audio tape units in the system
for mobile-to-hase transmisgsion there could be errors in the system
due to instabilities compounded by the use of two audio tape units.
Therefore, we made most of our tests (33, 378 messages) in base-to-
mobile mode, where we could be sure there was no ambiguity due to
audic tape instabilities. We ran a smaller number (12, 372 messages)
mobile-to-base to determine if there were signs of any cther problems
we might have overlooked.

The tape from the station wagon was brought to the computer room
and read into a demodulator controlled by a logic adapter and then into
a terminal control unit connected to an IBM 1620 1/0 channel modified
to accept 2400 bauds through the paper tape 1/0 channel. The messages
received in the 1620 were analyzed for errors and the number of
transmitted messages and summary of the number of errors were
printed out,

In addition fo the count of messages in error, either a copy of each
message in error or the crror bit pattern was punched into cards for
later detailed analyses.

From these error statistics one can simulate the effect on matrix
printing or the functions of proposed error detection or correction codes
for digitally controlled printers. The problem in matri.: printers
without error detection logic is that the police officer at the mobile
terminal must watch for defective characters and decide whether to
guess at the correct character or request a retransmission. If digital
transmission is used with logic decoding to the printer, some crror
detecting logic is heeded to request automatic retransmission.

13
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Table 2. Routes Travelled by Mobile Unit in Transmission Tests
{see also map of Fig. 8)
Route 1620 Test No, 1800 Test Group

Base-to-Mobile Tests

A, Country Road (1 to 4 miles)
Blossom Hill Road toward Los Gatos

23005-23070

B. Intercity Freeway (4 to 10 miles)
Highways 17 and 250 Camphell to Cupertino

23071-23124

AL 8/360 Volume 5
File 1 (A)

N, 87360 Volume 585872
File 4 {D)

C, City Street and Depressed Highway (10
to 13 miles) Homestead Road and Highway 85

23125-22158

F, 5,360 Volume anba72
File 6 (F}

D, Industrial Freeway (14 miles) Highway 85
at Highway 82 and Highway 237 near
Highway 101

23159-23167

FA. 57360 Volume 585872
Fite 11 (K}

E. Country Highway (13 miles) Highway 237
Sunnyvale to Milpitas

23176-23218

B. $/360 Volume 585872
File 2 (B}

F. Downlown Street (6 to 7 miles) First
Street, San Josc

23219-23263

C. 5/3680 Volumce 385472
File 3 (O

G. Suburban Through Street (2 to 5 miles)
Downer Road, IBM Plant toward
Almaden Road

23264-23315

E. 5/360 Volume 585872
File 5 (E)

Mohile -to-Base Tests

H. Downtown Street (6 to 7 miles) First
Street, San Jose

Sclections from
25476-25522

G. 8/360 Volume 583872
File 7 (@)

1. Downtown Street (6 to 7 miles) First
Street, San Jose [same raw data us in H
but analyzed for different sync-idle periodj

25801-20633

H. S/360 Volume 585872 T
File & (H)

J. Suburban Through Street (2 to 5 miles)
Downer Road from IBM Plant

25428~25444

I, 87360 Volume 585872
File & (D)

K. Suburban Through 3treet (2 Lo 5 miies)
Downer Road near Almaden Road

23574-25583

K. $/360 Volume 583872
File 10 ()
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Table 3. Summary of Test Results

5 miles (15~Bit Sync Idle)

TEST NUMBER OF % ERROR h €4 T
MESSAGES FREE ERRORS
BASE TO MOBILE
A Country Read, 1to 3 miles 4682 69 80
B [n.fercil'y Freeway, 4 to 10 4877 89 94
C r%les Street and D d
ity Street a epresse
Highway, 0 to 13 miles 4150 38 66
D Industrial Freeway, T4 miles
{Intermodulation MNoise) 1331 7 0
E Country Highway, 13 miles 4499 a3 94
F Downtown Street, & to 7 miles 5829 54 77
G Suburban Through Street, 2 to B
5 miles 6000 95 98
MOBILE TO BASE
H Downtown Street, 6 to 7
miles (14-Bit Sync Kdle) 3246 54 57
| Downtown Street, 6to 7
miles (15-Bit Sync Idle) 4932 60 70
J Suburban Through Street, 2 to
5 miles (14-Bit Sync Idle) 2547 69 96
K Suburban Through Street, 2 to 1647 58-80 80

16
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IV. RESULTS

The average percentage of error-free messages recorded as our
station wagon travelled the main freeways of the county and downtown
sireets of San Jose ranged from 30 to 100%, With error detection

and automatically requesting repeat of messages in error, we would
have an effective transmission rate of 100 to 300 characters per second.
The error patterns and their message numbers were saved in punched
cards so that future analyses could be made as to the relative efficiency
for different block lengths. The results obtained for the different test
routes are summarized in Fig, 8. The top number in the circles
represents the percentage of error-free messages; the next number

is the percentage of messages with four or less bits in error out of a
13-character message (104 bits plus 14-bit sync-idle and 9 -bit EOM);
and the third number is the total number of messages transmitted.

The reliability of transmission on the different test routes is also
summarized in Table 3. The correspondence between the error rate
and the interference of the hills can be seen by examining the per-
centages of error-free messages and the contours marked on the map.

Full details of the method of error analyses and the error distribution
for different routes are given in Appendix B.

The summary of the reliability tests in Table 3 is arranged to show
the effect that error detection with automatic request of error checking
would have on the message transmission, in comparison with the effect
of human error detection by using a matrix printout. If we take Set
No. C to the downtown area with tall buildings with 54% error-frce
and 77% of messages with less than five bits in error, we see that half
the messages would have to be repeated with electronic detection and
request. If we assume up to four bits in error in a matrix printout
normally could be corrected at sight by the person reading the printout,
the matrix format would still require about one out of four messages
to be repeated on operator request. This indicates that error detection
with automatic request for retransmission is likely to he more practical.

V. CONCLUSIONS

In the geographical area where voice transmission is satisfactory, the
percentage of error-free messages at 300 characters a second ranges
from 33% to 95%. Simple error detection with automatic request for
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retransmission is recommended to permit automatic printing of a
message when the vehicle is unattended and when the vehicle is passing
through tunnels, overpasses, etc.

With this range of error rates, the effective fransmission rate is
100 to 300 characters per second, which is two orders of magnitude
times the voice operation effective rate 1 to 3 characters per second.
(Switching time, note writing time, etc., reduce the voice transmission
rate 5 characters per second to the range of 1 to 3 characters per
second. )

These reliability tests indicate that the present problems in VHF
frequency transmission, especially by public safety services, might
be relieved by converting land mohile communications in the major
metropolitan areas to 2400-baud digital communications using the
present voice VHF-FM radio equipment. This service could be pro-
vided for both terminal-to~-terminal and computer -to-terminal systems,
so that repeating of messages in error can be handled automatically.
This reduction of channel use by two orders of magnitude might allow
free channel capacity for voice override in emergency and for future
growth of digital land mobile communication.
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APPENDIX A: TEST EQUIPMENT
A. FM RADIO AND ACCESSORIES

8.8V - o
OR —» OSCILLATCR MODULATOR _bAMPLIFIER HAMPLIFIER —» TRIPLER
+9,.4v
VOICE
MIKE U: L AUDIO -
AMPLIFIER
AMPL IFIER
DATA [ANfL [—=2 & 1.D.C.
MODEM OR

Items 1A and 1B in Table 1 are Motorola MOTRAC Mobile FM Two-Way
Radios covering the range from 136 to 174 Megahertz, model U7T3MHT-
3100A, 110 watts radio frequency power output. These sets have erystals
for 151.070 Megahertz, a frequency allocated for highway maintenance
service. The equipment has been assigned Federal Communications
Commission Type No. CC3042, and the FCC has granted IBM permission
to operate an Experimental (Developmental) service (Class Experimental
XD MO) with call sign KB2XAF, in accordance with Section 5.252(a) of
the Commission's rules.

The block diagram of the transmitter is shown in Fig. 9. For these
reliability tests, the private line tone oscillator was removed, but no
other changes were made in the transmitter. The phase modulation
signals at 2400 bauds were connected into the audio amplifier through
the microphone jack.

The receiver block diagram is shown in Fig. 10. The received signal
to be recorded for later analysis is taken off between the discriminator
and the first audio amplifier. The private line switch is left off. The
amplifier did not require any internal changes to receive phase~
modulated signals. The connection was made from the output of the
discriminator through the test jack on the radio control head, and then
through the adapter control box to the tape recorder.

TAPE RECORDER

B

15T N 4TH __’| D OUBLER L. POWER

DOUBLER AMPLIFIER DRIVER AMPLIFIER ANTENNA,
B B++

. 9. Transmitter (Block Diagram)
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Fig. 10. Receiver (Block Diagram)
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