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' SUMMARY
' INTRODUCTION

This report presents the results of a traffie and spectrum use study of the
. Vaneouver Police Department Mobile Data’ System (MRDS). The periods of

study covered the time 'before' and the time 'after! the introduction of data
terminals into the Police Force. These correspond to 1980 and 1982
respectively.

The terms of reference established for the study were:

1. To retrieve and to analyze the records of voice and data traffic activity
on the Vancouver Police radio channels. Thése records are contained on
magnetic tapes. Voice channel tapes are in analog format and data
channel tapes are digital. v

2. To carry out a comparative analysis showing how the introduction of data
terminals affected the message content, radio channel utilization and
traffic volume on the Vancouver Police System.

3. To attempt assessment of the impact of MRDS on radio spectrum
utilization and long term growth of the Canadiam Police Information
Centre (CPIC) query traffie. ’

The objective of the study was to provide a post-installation assessment of
one aspect of the MRDS System relative to design objectives and provide
detailed radio channel-use data in a comprehensive form suitable for the
DOC spectrum planning and management funections. A secondary objective
was to foster development of anédian Industry expertise and methodology - '
appropriate to this type of radio channel evaluation. |
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. SYSTEM CHARACTERISTICS

The periods of study cover two system situations:
e the first one, in 1980, characterized by all analog voice communications
- the 'before' situation
e the second one, in 1982, representé a 'tinie period following the
introduction of digital techniques to augment the voice communications

~ the 'after! situation

‘Before' _

In the before' situation the Vancouver Police Department employed four
analog voice radio channels, one for each of the policing districts, to support
all dispateh, status reporting, information support and other related
funections.

Requests from patrol units for queries to the national and provincial (B.C.)
computer data bases were accomplished in two stages. The first by voice
cdmmunications carried over the radio channel from the unit to the dis-
patcher. The second by means of conventional landline data base access from
a remote terminal placed at the dispatcher's console. Responses were
communicated to the unit from the dispatcher by voice. A significant
amount of radio channel time was required for this purpose.

'After’

Data communications was introduced into the Véncouver Police Departmerit
for the first time in 1980 as an adjunct to existing voice radio systems. This
new mode of communications became known as the Mobile Radio Data
System (MRDS) and provided an alternate and more efficient means of
communicating with patrol units for certain types of mességes. It was
intended to augment rather than displace the existing voice radio
‘communications. In the Vancouver - Police operations, MRDS became
particularly well suited for handling queries to the remote computer data
bases direetly from data terminals in the patrol units thus off-loading the
dispatch personnel. In addition MRDS proved valuable as a communication
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channel for narrative traffic between patrol units and for bulletins and
desériptions originated by the dispatcher. No dispatching is carried out by
means of MRDS and for status communications it is only rarely used.

Operational Aspects

During the time interval between the two periods of the study - _from 3rd
quarter 1980 to 1st quarter 1982 - some irhporfant_ operational changes were
introducted within the Vancouver Police Department. It is of some impor-
tance to understand these changes, sinece they had, jointly;With the effect of
MRDS, a strong bearing on the intensity and character of communications, in
particular during the peak busy hours of traffic.

The changes of importance to the study are characterized by the following:

'Before' Operation - 3rd quarter 1980

- vehicular patrol units déployed in five overlapping 8-hour shifts during a
24 hour period '

- manpower allocated to each of the four distriets in accordance with its
size and crime characteristics

- manpower alloctions relatively flat (40 to 60 units) over the course of
& working day )

- personnel assigned to two-men per unit on the average 60% of the time

'After Operation - 1st quarter 1982

- team policing concept in effeet as introduced in a modified and
expanded form in June 1981

- overlapping shift schedule made ionger and arranged to permit the peak

demand for service to be better satisfied

- manpower allocation and overlapping 10-hour shifts arranged to have
maximum number of patrols during the hours 2000 to 0200

- variation in units employed in a typical 24 hour day became as follows:
0700 - 1600 60 units -
1600 - 2100 build up to 120 units

’
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2100 - 0200 120 units
0200 - 0400 reduction to 40 units
0400 - 0700 40 units

- MRDS terminals introduced into the patrol vehicles to a level of
approximately fifty (50) terminals at this time

STUDY METHODOLOGY

Available Data

Radio voice traffic recordings were available on magnetic tapes, one for each’
24-hour period starting at 0700 hrs. Twenty-nine (29) voice tapes were
available for 1980, the 'before' situatiori and fifteen (15) for 1982, the tafter'
situation.

Data channel traffic is recorded on computer tapes each covering a time
interval varying from three to six 24-hour periods. Tapes were saved for the
periods corresponding to the voice records.

Certain supplemental information was required for analysis purposes. It
included: the CPIC query statistics; Vancouver Police daily duty sheets and
records of assignment of MRDS Terminals to policing districts; records of radio
channel use; a number of reports and specificatibné relating to the MRDS
overall plan and to the Vancouver Police Department System.

Sampling Plan

The terms of reference of the study required that peak busy hours for voice
channels be studied - these being defined as the hours during whieh radio
channel use exceeded 1080 seconds during the hour. Such level of use is
considered as a threshold above which queueing time for access to the channel
increases, méssages become shorter and dispatchers start working- under
considerable stress.

Radio channel use records served as the primary source of information on the
basis of which peak busy hours were identified. The sample of busiest hours

- covering 'before' MRDS consisted of seventeen (17) hours on each of two voice

radio channels: channel 1 and channel 3. ‘After' MRDS twenty-one (21) hours
were analyzed on each of the voice channels and the data channel.
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Voice Data Capture and Reduction

Analysis of voice tapes was carried out by listening to the conversations,
identifying them as to type and timing the individual voice activity periods
(transmiss'ions), gaps of silence between them, and the duration of the overall
message from start to finish including ihter-aétivity gaps. )

Data captured from voice tapes was first manually recorded 'on forms and then
transferred to diskettes using an Apple II+ microcomputer. 'Approxim'ately
120,000 data entries were gathered during this part of the study and it was
therefore considered essential to have machine computation assistance during. -
the analysis stage. '

Because the accuracy of data captured from voice tapes was very much
influenced by the operator's reaction, attitude and alertness, regular spot

- checks of records were instituted. Integrity of c'a'ptured data was thus

preserved by taking corrective action as deemed necessary.

Reduced data was primarily made available in the form of a computer printout
which provided, on an hourly basis, information on all the important parameters
required to characterize the messagé and channel content of a radio channel.
‘This includes:

e number of messages per hour - all fypes combined and each type
individually ‘

e average duration per message of dispatcher voice activity (transmissions),
patrol unit voice activity and idle time gaps

e average overall message length

e average number per message of dispatecher transmissions, unit
transmissions and idle time gaps

e frequency distributions of message duration for the total number of hours
sampled on each voice channel ‘

Further manual reduction was undertaken with a hand calculator to produce
information of interest to the study.
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Digital Data Capture and Reduction
A record of messages carried by the data channel is available in digital format
on computer tapes. This information was accessed and analyzed by means of a

software program prepared as part of the study. The following statistics were
produced for each sampled hour:

e frequency distribution of message duration for each digital message. type »
e mean message duration for each type
e number of messages

¢ number of MRDS terminals which have originated messvages during the

sampled hour

STUDY RESULTS

General Comments

As discussed above a number of significant.operational changes took place in
the Vancouver Police system between 1980 and 1982. To make comparisons
more meaningful between the two periods of time it was felt desireable to
normalize some of the values charaecterizing the traffic on radio channels. A
concept of deseribing the activity on a per patrolunit basis was adopted to
assist in understanding the changes that took place. ‘ | ‘

Thus, typieal peak busy hour ratios that evolved are:

® average number of messages handled per patrol unit(messages per unit)

-® average time contributed to the message occupancy (transmissions plus -~

gaps) or a radio channel per pat.:rol'unit (seconds per unit)

® average time contrlbuted to the voice activity or transmission occupancy
of a radio echannel per patrol unit (seconds per umt)

e average number of digital messages handled by a MRDS terminal in a
' patrol unit (messages per unit) ‘
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Throughout the study the terms 'message length, duration or time' are used in
line with the international definition and include the aggregated air time of

‘individual voice activites and idle gaps between the first and the last activity.

In describing traffic on police systems the term message time frequently refers
to the aggregated time of only the voice activities in a message. In this study
“transmission length, duration or time' are used to deseribe this value.

Finally, the study examined in detail only channels 1 and 3 of the radio system.
However since there does not appear to be anything that would cause traffic on
channels 2 and 4 to have different chﬁracteristics,' discussions and coneclusions
stemming from the work of this study,are stated as applying equally to each of
the fou’r radio channels of the Vancouver Police Department.

Message Characterization

Analysis and comparison of the 'before' and 'after' radio channel data has shown
that overlay of the MRDS mode of communications on the existing voice radio
system has caused little change in the volume distribution of different message
types during an average peak busy poiicing hour. This is depicted in Fig'ure. 1-1
showing the before' and ‘after' content charts. | A

Status messages (type 3) have somewhat increased and narrative messages (type

6) have decreased slightly. The average number of messagés per hour (NM) has
increased by 6.6% while the average message length (TM) has remained the
same indicating good channel eontrol exercised by dispatchers under peak loads.

The number of messages per unit (Ny /& ) has decreased, in part probably

. . | . .
because of increased number of units contesting the voice radio channel access

and in part because of availability of MRDS terminals in some 60% of the patrol
cars. This latter aspect becomes evident when examining Figure 1-2 which is
similar in presentation to Figure 1-1 except that the 'after' chart shows the
combined content of traffic on voice and data channels. As expected on an
overall basis there has been an increase (43%) of the combined data base query
and response class of messages. |
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'BEFORE’ MRDS
MESSAGE | <
= 148.3
TYPE | Ny =1
1 Ty = 10.9 s
45.6% 2
/0. 38 = /
- N, /= = 8.7
o,
No. of hours saméled = 34
Average no. of units, Fp = 17
MESSAGE TYPES:
Tyﬁe 1 - Dispatch
Type 2 - Tactical
! ] Type 3 - Status
AFTER" MRDS Type 4 - Data Base Requests
Type 5 - Data Base Responses
Type 6 - Descriptive/Narrative
MESSAGE _
N, TYPE . N, = 158.1
1 . TM = 10.9 s
45.5%
2
0.6% =
T N = 5.7
/e,

No. of hours sampled = 42
28

Average no. of units, Fp

FIGURE 1-1 'BEFORE' AND 'AFTER' MRDS COMPARISON
Content of the average busy hours by message volume (ﬁM) -
VOICE CHANNELS ONLY




-' : -. "-‘ —

‘-.
Fan

.
i

sy e,

—‘M
—

,‘ i
’ -,! ‘.,
] — o

Page 9
'BEFORE' MRDS - VOICE CHANNEL TRAFFIC ONLY
N, "MESSAGE
TYPE
1 N, = 148.3
45.6% 2 Ty = 10.9 s
N = 8.7
0.3% A M/ép
No. of hours sampled =.34

Average number of units, F 17

P

MESSAGE TYPES:
T 1 - ; Type 1 - Dispatch
AFTER' MRDS VOICE AND DATA Type 2 - Tactical
' ' ) . Type 3 - Status
_CHANNEL TRAFFIC COMBINED ‘Type 4 - Data Base Requests
: Type 5 -~ Data Base Responses
Type 6 — Descriptive/Narrative

- MESSAGE 'iq‘M = 203.1
N
M TYPE

1 2 N

0.4% M

_'/%- (without MRDS term)= 5.7
P N '
N ﬁ (with MRDS term)= 11.1

35.4%
M/Fy

No. of hours sampled = 42 (voice)

- = 21 (data)
Average number of units, FP =28
Fy = 8.3

FIGURE 1-2 'BEFORE' AND 'AFTER' MRDS COMPARISON
‘Content of the avérage busy hours by message volume (ﬁh) -
VOICE AND DATA CHANNELS COMBINED ‘
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Finally a comparison of the message content by radio air-time occupanecy is
shown on the charts of Figure 1-3. The average message time occupancy (TOM) '
and transmission time occupancy (TOT) have both slightly increased (by about
7%) however the average per unit values, TOM F and TOT F have decreased
as a result of the larger number of units deployed in the 'after' Eituation.

Channel Utilization

" The study has shown that changes in the operation and method of policing in the

Vancouver Police Department have not materially affected the-average mes-
sage occupancy (TOM) of the voice radio channels. The average change from
Figure 1-3 is 7.3%. On the same figure the difference between TOM and TOT
represents the channel idle time between transmissions in individual messages.
For the two situations this idle time averages 35% of the channel message
occupancy.

It may be possible to consider improvement of channel utilization by making use
of this time which is made up of individual gaps within each message and
averages 1.6 sec per gap. This is long enough to aceomodate at least one data
message which on the average is 0.3 sec long. _Howevér since we are deaiing
with averages, before seriously considering such an approach in practice,
additional studies would be regquired. -

It was of interest to determine whether the voice message content during the
peak busy hours was a funqtion of total message occupancy (TOM) i.e. whether
the size of the sectors of the pie-charts in Figures 1-1 to 1-3 exhibited some
relationship to the message occupaney. For this purpose a number of analyses
were performed on the data gathered during the study but no particular trends
could be detected.

Another value of interest was the ratio of the average dispatcher to unit
transmission time (TD T ). The study has shown that introduction of MRDS did
have a small effect. Th&ratio changed from 0.94 'before’ to 0.81 'after".

Spectrum Utilization
A measure of spectrum utilization of voice channels is the message occupancy

averaged over a period of time. Police systems must be designed to handle the
peak policing activity and it is for this reason that peak busy hours are of

) H ? " '
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'BEFORE’ MRDS
T MESSAGE Toy = 1610.0 s
~OM TYPE _

T = 1048.8 s

l oT )

49.8% |

2 _ TOM/I:—‘P = 94,7 s

0.2% — _
Tb?/%P = 61l.7 s

No. of hours sampled = 34

Average no. of units, Fp = 17
MESSAGE TYPES:
Type 1 - Dispatch
Type 2 ~ Tactical
'AFTER’ 'MRDS Iype 3 - Status
Type 4 - Data Base Requests
Type 5 — Data Base Responses
Type 6 — Descriptive/Narrative
MESSAGE -'fOM=1727'4’s
TYPE _ .
1 ‘ " Torp = 1116.2 s
50.3%
| r2 -fom/f' = 61.6 s
"0.5% 7 =309 s
onfe, = -

No. of hours sampled = 42
Average no. of units, Fp = 28

FIGURE 1-3 ‘'BEFORE' AND 'AFTER' MRDS COMPARISON

Content of the average voice channel busy hour by

message air-time occupancy (TOM)
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interest. The study has shown that in the Vancouver System 'after’ MRDS an
average peak busy hour is occupied by messages for 48% of the tifne, as
compared to 45% in the period 'before' MRDS. However the average number of
patrol units has increased by 65%, from 17 to 28 per channel. |

This tends to suggest that there may be a saturation level for Vancouver and
based on the observations collected during the study the following hypothesis
has been proposed:

e the saturation level of radio channels is a message content representing
' approximately 50% message occupancy of the hour corresponding to the
Vancouver Police Department

e . this saturation level occurs when the message traffic results from a large
number of unrelated crime events o

e the saturation level is primarily influenced ‘by what one dispatcher.can
handle on a continuous basis - dispatcher's decision time becomes shorter
" as the hour becomes busier

e the saturation level is exceeded, peaking-up to.75% of the hour or 2700
sec channel use, as a result of one or more multi-unit policing events
oceuring in series

e increasing the number of MRDS terminals will not significantly reduce the
average peak message occupancy of the busy hour message occupancy but
it will improve the grade of serviee for patrol units in the field and their
ability to fulfill the policing funetion. Some reduction in occupancy may
result from reduction of the CPIC queries currently handled by voice.

Occupaney statistics for the data channel show that it is carrying messages for
130 sec. This is a small value indicating an apparent speetrum under
utilization. However if the traffic carried by this channel were to be
transferred to conventional voice it would require approximately 2700 seconds
of air-time or the equivalent of approximately two voice channels. From this
point of view the impact of improved spectrum utilization as a resuilt of
application of MRDS mode of communications becomes apparent.
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Traffic Assessment

‘ Message traffic carried on voice channels has only marginally increased

between the two situations studied: from 148.3 messages per hour 'before' to

© 158.1 messages per hour 'after' or by 6.6%. The distribution of traffic by

message type within the hour has also remained substantially the same.

It is the date traffiec that is primarily responsible for the overell increase in -
message traffie. In particular the rate of generation of CPIC queries/responses _
has inereased by almost 100%.

There appears to be a significant spare capaeity left in tl{e Vancouver Police
data channel to handle the traffic not only during policing activities corres-
ponding to the maximum peak levels currently experienced but also as the
system grows to its design target with 100 terminals and an expected message
generation of 1765 per hour. '

CONCLUSIONS
The study has coneluded that:

e introduction of MRDS terminals has caused little change (around 6%) to
the average message content of a voice channel either by volume or by
air-time

e the average voice message length has not changed and remains at 10.9
seconds '

e the average air-time occupaney during peak hours is approximately 50%
peaking to 75% of the hour. It is hypothesizvedvthat the former value
represents the average saturation level of a voice radio channel in the
Vancouver System. The latter value rhainly occurs as a result of multi-
unit policing events of longer duration that take place simply or in
sequence.

e grade of service for all types of communications'has deteriorated in the
'after' situation for patrol units not équipped with MRDS terminals. For
units with terminals, capability to handle queries has improved greatly
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e at the traffic level the data channel is primarily responsible for most of
the increase from 'before' to 'after’. The query/response traffic has on
the average increased by 100%

- ® the average message occupancy of the data channel is 130 seconds of the
hour. This traffic would require approximately 2700 seconds if transmit-
ted by voice and would need two radio channels

e the data channel has adequate capacity to handle the existing peak busy
policing hour traffic and to grdw into its design target values of 1765
messages per hour generated by 100 MRDS terminals

e CPIC query statisties suggest that hours other than those studied may
contain the peak busy hour data traffic

RECOMMENDATIONS
The study recommends:

e that Vancouver Police sample the traffic on data channel at various hours
throughout the week on a regular basis. This will give an insight into how
peaky is the hourly traffic.

e that an attempt be made to determine the ratio of queries originated by
patrol cars equipped with terminals versus those without them. This along
with the background information from this study will help to determine
whether the grade of service for the two cases are the same.

e that an attempt be made to find out whether the terminals are used to
their full extent or are there impediments to this during situations of high
stress caused by peak busy poli.cing periods. This would be done through a
behavioural type study. ’ '

e that it would be useful to develop an improved tool for sampling the
message characteristics from voice tapes. The present manual techniques
ai‘e too time consuming and not well adapted for use within operational
environments. -

) . Ny 4 . ! . - -
o 4 0
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2.0 INTRODUCTION

© 2.1 Terms of Reference for the Study

2.2

This report presents the results of a Traffic and Spectrum use study of

the Vancouver Police Department Am’obile radio system. Emphasis of

the study was on vehicular patrol communications, both the conven-

tional two-way mobile radio system and the overlay of a radio data

system. The terms of reference established for the study were:

1)

2)

3)

4)

to analyze the records of voice traffic activity on Vancouver
Police dispatch radio channels. These records, contained on
magnetic tapes, represented several twenty-four hour periods of
traffic activity existing 'before' as well as ‘after' the introduction
of MRDS terminals into the syStern.

_ to retrieve and analyze the records of activity on the Vancouver

Police data channel. It carries all the transactions between the
MRDS terminals located in field units and the centralized compu-
ter facility. The information is stored on digital magnetic tapes

_each one containing three to six days of records.

to carry out a comparative analysis showing how the introduction
of data terminals affected the message content, radio channel
utilization and traffic volume on the Vancouver Police System.

to attempt assessment of the impact of MRDS on radio spectrum
utilization and the long term CPIC traff_ic growth.

Scope of the Study

The main scope of the study was to sample the peak busy hour records

contained on magnetic tapes relating to the voice and data traffic on

the Vancouver Police radio channels, to capture the dat&i and to carry

out an analysis of the situation 'before' and 'after' MRDS.

v
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The peak busy hour information content of the voice tapes was

- examined in detail as to the message duration and its type. Duration of

each radio channel activity was timed and identified whether initiated
by a patrol unit in the field or the dispatcher. Gaps of silence between

-activity periods within each message were also timed as well as the

duration of complete messages from beginning to end. The messages
were classified into different types as defined by the Vancouver Police.
Software was prepared for data end and statistical analysis of the raw
data derived from this manual transeription of information from the

voice tape recordings.

Data radio channel records stored on digital tapes by the M_RD System
required the preparation of a ‘statistical software program prior to
being able to capture the data. The program was used to analyze the
stored information and to classify the messages according to their
duration and type.

A comparative analysis was carried out of the voice and data channel
statisties and the effeet of introduction of MRDS terminals was
assessed on the message characteristies, radio channel utilization and
the radio channel traffie.

Objective

The primary objective of the study was to obtain a comparative analysis
of the traffic on radio dispateh channels before and after the
introduction of digital date terminals into police patrol cars. This
analysis would provide a post-installation assessment of one aspect of -
the MRD System relative to design objectives, and provide detailed
radio channel-use date in & comprehensive form, suitable for the DOC
spectrum planning and management functions. A secondary objective
‘was to foster development of Canadian industry expertise and
methodology appropriate to this type of radio channel evaluation.
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Specifically the study was directed to address the following questions:

1) Is there a noticeable change in the message characteristics of the
~ voice radio channels as a result of MRDS?

2) Has there been a significant increase in the CPIC enquiries during
peak periods as a result of making MRDS terminals available in the
field?

3) Has the average message length changed?
4) Has conversion to MRDS affected the grade of service? '

5) Has increased efficiency in the overall u’giﬁiation of radio spectrum
resulted from the use of MRDS terminals?
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SYSTEM CHARACTERISTICS

A compreﬁensive description of the Vancouver Police Department Mobiie
Radio Data System and the associated analog voice communications system is
contained in Appendix A. This descriptioh is intended to put into clear
context the nature of the overall system under study. The specific focus is
on radio communications between the patrol personnel (both in vehicles and
on foot) and communications centre staff (eg. dispatchers) as well as
information support services. The particular system situations studied are
the before' case which is characterized by all analog voice communicaﬁons
between dispatchers and patrol units, and the 'after' case which is character-
ized by the existing voice communications system augmented by the new
mode of data com'munications.

Factors which are relevant to the analysis and comparison of the 'before' and
'after' cases include some which are in addition to system implementation
characteristies. For example, the degree of adaptation of the patrol officers
to the new data mode of communications relative to design objectives is

potentially very significant, though this aspect is not addressed directly in

. this study. The changes to police operational practices, either by design as

part of the introduction of the data communications capability or for other
reasons such as resource re‘all‘ocation_, affect the comparisons to be made
regarding radio spectrum use for the 'before' and 'after' cases. Such factors
are specifically accounted for in this study to the greatest extent feasible.

Thus, the impact on radio spectrum use due to augmented communications

capability must be interpreted in the context of _both technical and non-

technical features of the overall system. .
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- | 4.0 STUDY METHODOLOGY

4.1

Available Data

The main source of information around which the study was centered
are magnetic tape recordings of -traffic on voice and data radio

channels deseribed as follows:

| Voice Tapes

e All transactions on voice radio channels are continuously recorded
over a 24-hour period on twelve-inch multichannel reels starting at
0700 hrs one day and finishing at 0700 hrs the following day.

® The tapes are coded with the date at the time of removal. Thus
tape 82.03.07 represents a tape covering the period 0700 of 82.03.06
to 0700 of 82.03.07.

® Twenty-nine (29) voice tape reels are available for the year 1980,

the time 'before’ introduction of MRDS terminals. They cover the
following days: | - |

- Sept. 08, 13, 16, 18, 23

- Oct. 18 to 31

- Nov. 01 to 10

e Fifteen (15) voice tape reels, for the year 1982, the time 'after’
introduction of MRDS terminals, are available as follows:
- 82.02.19, 20, 21
- 82.03.05, 06, 07, 14, 20, 21, 26, 27
- 82.04.05, 10, 12, 17
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® 1982 tapes primarily cover the week-end periods (Thursday night
through Sunday morning - three tapes). Tapes for week-end Mar 26~
28 are not available for two reasons:
- tape 82.02.26 was inadvertently overwritten very shortly after
data capture was complete. '
- tapes 82.02.27 and .28 had a recording defect and were not kept.

e The recording voice quality of 1980 tapes is better than 1982. In
particular the voice levels on the latter are:quite :low and it is
sometimes difficult to understand the conversations.

Digital Data Tapes

® Data channel recordings are made on 8-inch computer tapes
- produced by the Vancouver Police DEC PDP11/34 system.

e Each data tape covers a time interval varying from three to six 24-
hour periods which is a funection of the radio channel traffic.

e Digital tapes set aside for 1982 were those to correspond with the

_time intervals of the voice tapes. However, after writing the data .
capture software for the purpose of analyzing those tapes, it

- beecame evident that some of them were either totally or partially
unusable. Useful tapes that have been saved cover the periods:
- Feb. 19 to 21
- Feb. 25 to 27
- Mar. 04 to 07
- Mar. 10 to 15

- Mar. 17 to 20 : -

- Mar. 30

Supplemental Information

Certain additional information was required for analysis purposes. This
was obtained from various sources and is described below:
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“MRDS CPIC statisties covering the period 80.12.08 to 81.04.30

(Ref.1) - source: Cpl D. Lea, Vancouver Police

MRDS CPIC statisties 78.01 to 79.02; 75.08 to 76.08; 77.02 to 78.01
(Ref. 2) -source: Mr. P. Vanderwood, City of Vancouver

MRDS Radio Coverage Tests - October 1979, Research Branch,
Engineering Department (Ref. 3) - source: Mr. P.Vanderwood. This
information was needed in assessing the radio air-time occupaney of
the digital data channel.

Vancouver Police Daily Duty sheets and Records of Assignment of
MRDS Terminals to policing districts (Ref. 6) - source: Cpl. D.Lea.
These records provided information on the number of patrol units
and MRDS terminals operating in distriets 1 to 4 during the hours
for whieh analysis was performed. - |

Records of Radio Channel Use (Ref. 4) - source: Cpl. D.Lea. These
records provide a measure of the radio channel occupancy. They
show on an hourly basis the total amount of time that a radio
transmitter and receiver is keyed on each channel separately.

Deseription of MRDS System and its Error Control Strategy (Ref. 5)
-source: Mr. R. Fujaros, DOC/CRC, Ottawa. On the basis of this
document with some assisstance from Mr.‘Streékoof International
Mobile Data Inc. it was possible to convert the digital channel
records available as characters per message to radio air—time.

Classification of Communications carried on Mobile Radio Channels
-Vancouver Police Department - source: developed through discus-

- sions with Cpl. D. Lea. This is the key reference document used to

develop message characteristics of the radio channels. It is ineluded
in Appendix B. '
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4.2 Sampling Plan

Vancouver Police Department has four operationai voice channels 1 to 4
. (one for each of the policing districts), one tactical voice channel (#5)

LB
4

and one data channel. A review of the historical records at the
beginning of the study indicated that voice radio channels 1.and 3
(corresponding to the same numbered districts) were generally more
active than the others and that districts 1 and 3 were the first ones to
use the MRDS terminals. This consideration led to the choicei of
channels 1 and 3 as those to be studied.

Since the terms of reference required that peak busy hours be studied,
the following sampling plan waé adopted:

"Before' MRDS - 1980

o Channel Use Records (Ref. 4) were examined to identify those hours -
which showed channel use in excess of 1080 seconds during the hour.
This is considered by the Vancouver Police as a threshold above
‘which queueing time for access to the channel increases, messages
become shorter and dispatchers start working under considerable
stress. These hours are referred to throughout the report as

peak busy hours.

® The selected hours were then grouped as to channel use in
descending order and data capture proceeded starting with the
largest one, examining as many hours on each channel as the project
budget permitted. A list of the actual hours sampled is included in

a

Appendix E. : . ‘

gy 2730V Nyt ez b =

'After' MRDS - 1982

-n-\,,_f.-,‘,:f-i

o A somewhat modified sampling plan was applied to the records
'after' MRDS. Since the digital data channel is shared by the MRDS
terminal users in all districts it was considered necessary to locate,

]
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as candidates for sampling only those hours that had channel use in
excess of 1080 seconds on each of the channels 1 and 3 simulta-

neously.

e The peak busy hours were sampled as above from the records (Ref.

4) obtained during six successive_ weekends (Thursday evening to
Sunday morning) in February and March 1982. The project budget
. did not permit any analysis of the April 1982 records. Refer to
Appendix E for the list of actual hours sampled. : :

Constraints on Study

There were a number of constraints under which the study was carried
out and it is important for the reader to have a clear understanding of
them while reviewing the results of analysis.

4.3.1 Size and Type of Sample

Data capture process from voice tapes is quite time intensive and,
in view of the project budget limitations, - the total number of
hours sampled had to be constrained to a iielatively small number:
- for 1980: 17 hours on channel 1
17 hours on channel 3
- for 1982: 21 hours on channel 1
21 hours on channel 3
21 hours on data channel

The main criterion for selection of an hour for analysis was its
activity as determined from channel use records. No other
information was available as to the causes contribixting to the
“hour being busy e.g. planned events, tactical situations, armed

hold-ups, ete.
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Voice Traffic Analysis

Prior to commencing the data capture from voice recordings it
was necessary to adopt a uniform method of classification of
communications carried on mobile radio channels. Initially it was
felt that the classifications developed by CPIC in 1976 would be
satisfactory. However because problems arose with their prac-
tical application a modified list (Appendix B) was developed
through discussions with Vancouver Police and was-used through-

out the study.

Voice Data Entry

As data was captured from the voice tapes, it was entered onto
floppy diskettes using an Apple I+ microcomputer. Statistical

"analysis on this machine presented some difficulties because of its

limited core capacity. A significant amount of data had to be
processed manually to complete the analysis.

4.3.4 Digital Data Analysis

Information stored on digital magnetic tapes contains the follow-

~ing records:

e All completed messages originated by the patrol units equip-
ped with MRDS terminals in distriets 1 to 4.

e All CPIC and other data base responses regardless of whether .

or not they were transmitted to the unit in the field.

e Error messages transmitted over the radio channel,

e Messages, local to the Police Communications centre and not-

carried on the radio channel.
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The tapes do not contain any information on messages that were
subject to retransmission due to radio channel propagation errors,
nor could the information be readily obtained as to the district of
origin (i_.e. distriet 1,2,3, or 4) of the messages.

To convert the statistics obtained from digital tapes it was
necessary to exereise some judgement regarding:

° percentage of any data base response (text) message which
is transmitted over the radio channel. These messages are
blocked into pages up to 315 ché.racters in length. The
pages (up to 30 in number) are stored in the host computer
réady to be sent out when requested by the patrol unit
personnel'via the 'terminal. The number transmitted depend
on the nature of information contained in them. Vancouver
Police were helpful in making this assessment. For more
details refer to Appendix F.

0 retransmissions due to propagation errors. A radio propa-
gation test report for the City of Vancouver (Ref. 3) was
helpful in assessing this aspect. Some comments on this are
included in Appendix F. -

4.4 Voice Data Capture

. 4.4.1 Voice Tape Analysis

Prior to commencement of a full scale program for data capture g -
pilot run was initiated to establish an acceptable appro'ach of
analyzing the voice tapes. A number of techniques were tried
ineluding simultaneous use of two operators - one for classifi-
cation of méssages and the other for timirig.
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The techmque finally adopted is to use a single operator through-
out the whole process which is as follows:

° while the tape reproducer is running the operator listens for

start of a message

o as soon as voice transmission starts a stopwatch is started

-

and left on to completion of the transmission

) the lapsed time for the first transmission is recorded on a
form and identified whether by a unit (U) or dispatcher (D)
(Figure 4-1) |

. e
~ B - o . -
C

° the tape reproducer is then slightly backed-up and the time
for the idle time gap (G) between the first and the following

. P
'-_

transmission is measured with a stop watch
° the gap time is recorded on a form and identified as G

® the tape reproducer is again backed-up slightly 'and_ the
second transmission is timed, recorded and identified
whether Uor D '

e the timing continues until the end of the complete message
is reached recording and identifying transmissions and gaps
in sequence

X

the tape reproducer is then backed-up to the beginning of

‘.

~ the message and the lapsed time is clocked from beginning
of the first to the end of final transmission including idle
gaps in between. This value is recorded as the clocked

message time.

[
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® while elocking the 'complete message the content of the

message is listened to, and the message type classified and
recorded

° the process continues from message to message until data

for the sampled hour is completely captured. Idle gaps
between the end of one message and the start of another are
not timed

e  after every lapsed operator hour of capturing the data a

short period of rest is taken

Definitions of various _te;ms used in ecapturing the data are
included in Appendix H.

Computer Data Entry

Captured voice channel data, recorded on forms as above was
entered on diskettes using an Apple II+ microcomputer. Because
of the large amount of data being gathered (approximately
120,000 data entries) it was considered essential to‘have machine
computation assistance during the analysis stage. In total twenty
six-inch (26) single density diskettes were required to enter all the
data. Details on data entry software developed for this study and
labeled VOICEDAT is included in Appendix D.

Quality of Captured Data

Because the accuracy of data captured from voice tapes was very
much influenced by the operator's reaction, consecientiousness,
attitude and alertness, regular ch_ecks‘of records were instituted
on a weekly basis. These checks were set up as follows:
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® Several tape minutes of the data were selected at random
from each of the two operators records.
o Each operator was asked to repeat the analysis on his own
and the other operator's segment.
L) The data from re—analyzéd segments was then compared

with that originally captured and comparison made of the
measured message time and classification to assess the data
reliability.

An additional check was built-in to the measurement process
itself.  As described in section 4.4.1 the records contain
information not only on the individual components of the message
i.e. transmissions and gaps but also on the overall clocked
message length. By aggregating the time for individual
components and comparing it to the clocked time an indication
could be obtained of the accuracy of the data. This feature
proved useful in the analysis since the computer was made to flag
any entries which had more that 20% difference between the
aggregated and clocked message time. It permitted identification
and correction of major data entry errors and gave a measure of
the overall data reliability. |

4.4.4 Productivitg

The overal] process of capturing data from recordings of voice
traffic on the radio channels proved quite time consuming. On
the average, to capure the data from an hour's activity on one
radio channel, it took 9.7 operator hours (Appendix C provides a
detailed breakdown of this budget). A total of 76 channel hours
were analyzed in this manner.
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Digital Data Capture

As deseribed earlier in this section, traffic associated with the MRDS
radio channel is recorded on computer tapes by the Vancouver Police
PDP11/34 system. ‘A computer program, labeled MAGREAD, was made
available to the study by means of which data recorded on the tapes
could be accessed. Supplementary software labeled MAGSTAT was

written which in conjunetion with MAGREAD produced the desired
statistics (see Appendix D).
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5.1

5.0 DATA REDUCTION

Voice Tape Data Reduction

5.1.1 Microcomputer Ohtput

The statistical data reduction program (VOICEDAT), working on
the information captured from voice tapes was designed to
produce the following values for each analyzed channel hour:

o Total number of messages per hour (N M)

e Average aggregated duration per message of:

- Dispateher transmissions (T)
- Patrol unit transmissions (TU)
- Idle time gaps (T)

e Average clocked message time (TCM)
@ Average of the absolute value difference (ATM) between
(Tp + Tyy + Tg) and Ty
e A tabular presentation for each class of message of the
following: :
- number of messages in the class (N M)
- average clocked message duration (TM)

- average aggregated gap duration (TG)

- average aggregated duration of trans- 2

missions (T, + T

U G)

e Average number per message of:

- dispatcher transmissions (N D) '
- unit transmissions (Ny;)
- idle time gaps (N G)
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o The types of messages for which printout is provided are:

Type 1.1
Type 1.2
Type 1.3
Type 1.4
Type 1.5
Type 2
Type 3
Type 4
Type 5.1
Type 5.2
Type 5.3
Type 6

Initial Dispatch of Call

Supplementary Call Information

Unit Clearing '

Information Request

Repeat Broadeasts

Tactical Communications

Status Communications

Information/Assistance Request

Information Dissemination - vehicles not on file

mformation Dissemination - vehicles hit"

Information Dissemination - persons and others
Descriptive/Conversational Exchanges

A description of these types is provided in Appendix B.

In addition, summary statistics of the analyzed hours (17 hrs for
each of the channels 1 & 3 'before' MRDS and 21 hrs 'after' MRDS)
are printed out on a per channel basis at the end of the hourly

printout. These statistics provide time-frequency distributions of:

e Aggregate time of the duration of transmissions for the

sample

e Aggregate time of the duration of idle gaps for the

sample

e Aggregate time of clocked mmge_duration for the sample

e Total number of messages in the sample

The time intervals within which the distributions are presented

are one second apart from 0 to 15 seconds and five seconds apart

.from 0 to 60 seconds.
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5.1.2 Further Statistics.

Additional data reduction to produce further information of
interest to this study was undertaken manually with the aid of a
HP 41C calculator and included the following: '

: aggregation of the sub-type message classifications to produce .
statistics for only six major types 1 through 6 as defined in
Appendix A

: Hourly values for the 'before' and ‘after’ séniple of combined

channel 1 & 3 hours for:

- number of messages (NM)

- message length (TM)

- transmission time per message (TT)

- total channel occupancy time by messages (TOM)

- total channel occupancy time by transmissions (TOT)

- average number of messages by a patrol unit (NM [FP)
Tom/fr

- average ratio of dispatcher (base) to unit (mobile)

-.average channel occupanéy time by a patrol unit
P
transmission time (T )
D/Ty
‘= average ratio of idle time gaps in the message to
the message duration (T )
G/T !
- average of the absolute ing,rence between the sum of
individual measured transmission and gap durations

and the clocked message time (A.TM =Ty - TCM)

Noté that values described in section 5.1.1 and 5.1.2 which have been

computed as part of the study are not necessai'ily presented in the , -

report on an hour-by-hour basis but typically on an aggregate basis.
Hour-by-hour values are available in the working information for the
study and may be reproduced from the raw data entered onto diskettes.

5.1.3 Estimation of Errors

‘The process of data capture from voice tapes was subject to two

types of errors:

)
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e time measurement errors
o message classification errors -

Timing Errors
The timing errors could result from a number of causes such as:

e inconsistent reaction time

e variation of reaction time between operators
- e operator fatigue i
e variation in work attitude
e physical state of well being of the operator

As described in section 4.4.3 checks were carried out on a regular
basis by re-analyzing small time segments of the voice tapes
randomly selected. The number of message rechecked for timing
.and classification are 257 out of a total of approximately 11,600'
or 2.2%. The following results ‘were obtained for differences
between operators:

e measured message time: ,
for 79% or messages -within 5%
for 87% of messages - within 10%
for 98% of messages - within 20%

No dominant sign of differences were evident.

A cross-check of operator accuracy in measuring the individual
components of a message was provided by the & TM factor
described earlier (section 5.1.1). The absolute value of this factor , -
averaged over each hour was available as part of the VOICEDAT
program developed for the study (Appendix D). An analysis
of ATM over the total sample of 76 hours shows: '

- Average message length, Ty = 10.9 sec

- AverageI&fM|= 0.48 sec

- Std. deviation = 0.17 sec
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Classification Errors

The problems with obtaihing consistency of message classifica-
tions were more pronounced than with timing. Operators had
problems with deciding when to consider messages containing
more than one class of information as a single longer message or a
number of shorter messages each of a different type. Even with
the assistance of Vancouver Police it became evident that the
process was not clear-cut and that some judgement was required
on behalf of the operators in deciding on the classification. As a
result of these classification difficulties, the measured difference

in message eount between operators was 7%.

The effect of this problem does not appear too serious on thé
shape of a distribution when 5-second time intervals are used.
Differences of up to 15% in the o:fd'inate of the distribution have
been observed.  Using 1-second time intervals differences
between the operators of up to 40% can oecur.

Digital Data Reduction

A statistical program (MAGSTAT) prepared as a subroutine to

~ MAGREAD (see section 4.5) produced the following hourly statistics for.

each sampled hour.

time-duration frequency distribution for each digital message type
mean message duration for each type (TM)

number of messages (N M)

number of MRDS terminals (F 0) which have originated messages
during the sampled hour.

Provided for convenience on the printout, following each hour, is a

summary of statistics for all the previous hours.

The number of different types of digital messages is quite large (eighty

four (84) in number as shown in Table 4-1 of Appendix F). Only about

30% of these are in frgquen_t use, but not all are transmitted over
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radio channel. In addition some are error messages which cannot be
easily classified.

For the purpose of this study, to facilitate comparisons with traffic
over voice channels, digital data functions were grouped into seven
types, (as shown below), the numbered ones corresponding to voice
classifications of Appendix B:

Type 3 - Status Communication

Type 4 - Information/Assistance Requests

Type 5 - Responses

Type 6 -~ Descriptive/Consversational Exchanges

Type E - Error Messages

Type L -~ Message not transmitted over radio

Details of the MAGSTAT program are included in Appendix D.

Supplementary Data

Analysis of references 1, 2, and 9 has produced the following additional
information for the Vancouver Police Department (VPD):

¢ long term growth trend of CPIC queries over a period from 1976
to 1981

e number of patrol units in policing districts 1 & 3 operating
during the hours of interest to this study

e number of patrol units in distriets 1 & 3 equipped with MRDS
terminals during the hours of interest

e ratio of MRDS terminals in distriets 1 & 3 to the total number
of terminals in the field during the hours of interest '
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place. The following per unit ratios were developed for each hour
sampled and were extensively used in the analysis:

e average number of messages (NM) per hour either origméted by or
directed to a patrol car (FP) in the field - NM/F (messages/unit)
P

@ average time in seconds contributed to the occupancy (TOM) or air-
time of the radio channel during the busy hours by messages, either -
originated by or directed to a patrol unit (FP) in the:field - TOM/F

. ' P
(seconds/unit)

® average time in seconds contributed to the voice activity or
transmission time (TOT) of a radio channel by messages either ‘
originated by or directed to a patrol unit (FP) in the field - TO.IﬁP
(seconds/unit)

e average number of data messages (NM) resulting from activity of a
single MRDS terminal in a patrol unit (FM) - Ny / F
(messages/unit). M

The number of MRDS terminals is at present always less than the
number of patrol units hence in a mixed situation 'after' MRDS
usually two values are used to describe the activity:

1) NM/F (without MRDS terminal) - this is the number of voice
messzslgesP per patrol unit averaged over the total number of field
operating units. i.e. it includes all units; those with and without an
MRDS terminal. It is assumed that the average rate of voice

: 'message origination from units not equipped with a MRDS terminal, "

is the same as those with a terminal. There is no data available to
test the validity of this assum'ption, however discussions with the
Vancouver Police indicate that this may be true but only for the
peak busy hours.
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2) N IV;/FP (with MRDS terminal) - this is a value which applies only
to those units equipped with a MRDS terminal. It is the arithmetic
sum of N, /o (without MRDS terminal) defined as above and the
average numbgr of data messages per MRDS terminal N M . le.
NM/F (with MRDS terminal) = M
(w1thout MRDS terminal)+ N Nyi,

Some comments are necessary relative to the term "Message Length" as
applied to voice channel activity. During earlier "project work
associated with the MRDS program this term was used to designate the
aggregated air-time during which a transmitter aﬂd a receiver of a
simplex or half-duplex radio channel was busy handling voice activity
(or voice transmission). The time of idle channel gaps between periods
of voice transmissions was excluded from the definition of message
length (Ref. 6). '

Since this study is not only concerned with the traffic on police radio
channels but also with spectrum utilization it was decided to use the
international definition for the message length which includes not only
the voice activity but idle channel gaps in the total. For coxﬁparison
purposes with previous MRDS work the terms "Transmission Length,
Duration, or Time" are used to replace the earlier message definition

and designate the aggregated air-time of voice activity periods in a

message.

Finally it should be remembered that only channels 1 and 3 were
analyzed as part of the study. However there does not appear to be
anything different relative to policing methods of distriets 2 and 4 that
would cause the traffic on radio channels for these distriets to behave

"in a manner.different from channels 1 and 3 during equivalent peak busy

periods. Discussions and conclusions stemming from this analysis are
therefore stated as applying equally to each of the four radio channels
of the Vancouver Police Department.
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6.2 Message Characterization

6.2.1 "Before' and 'After' Comparison

This section discusses the results of analysis relating to the

‘message itself i.e.:

® average message time statisties for different types of
message classifications given in Appendik.’B .

o frequency distributions of number of messages and message
air-time occupancy for different types of messages

[} statistics for average transmission time associated with
different types of messages

. frequency distributions of transmission air-time occupancy
for different types of messages. This as well as all the
above are present for both voice and data channels.

e voice message statistics dealing with transmission and idle
gaps in the message including ratios showing the relationship
between dispatcher and unit voice activity (’I‘D/TU), gap to

message ratio (T‘;A‘ )
' M

Examination of Figure 6-1 shows that introduction of MRDS has
caused little change in the volume distribution of different
message types during an average peak busy hour. The dispatch
(type 1), query (type 4), and response (type 5) message proportion
is virtually identical. Status messages (type 3) have increased by
3.5% to 18.7% of the total and narrative, bulletins and miscel-
laneous messages (type 6) have decreased by 2.5% to 11.9% of the
total.
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Ny = 148.3
Ty = 10.9

8.7

No. of hours sampled =
Average no. of units, Fp =

S

34
17

MESSAGE TYPES:

1 - Dispatch
Tactical

P WN

Status

- Data Base Requests
Data Base Responses
Descriptive/Narrative

Type
Type
1 1 Type
AFTER’ MRDS | e
' Type
Type
MESSAGE
TYPE
1
45.5%
2
o/
0.6%

FIGURE 6-1 'BEFORE' AND 'AFTER' MRDS COMPARISON
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- No. of hours sampled
Average no. of units, Fp

158.1
10.9

= 5.7

" Content of the average busy hours by message volume

VOICE CHANNELS ONLY

S

42
28

() -




- e o e

- b .

7/

-
“. -

[ . - =
i N 'y
—, : - : . — -I

Page 42

The average number of messages per hour (NM) has inereased by
6.6% but the average message length (TM) has remained the same.
This is somewhat surprising as instinetively it was felt 'that since
many more patrol units (65% more) had access to a radio channel
in 1982, the pressure would contribute to communications being
shorter in length. It indicates good channel control exerecised by

dispatchers and units under peak loads.

The number of messages per unit has decreased on ‘VSice channels
probably partly because of the increased number of units contest-
ing for access to the radio channels and partly because of
availability of MRDS terminals in some 60% of the patrol cars.
The latter aspect becomes more evident from Figure 6-2, which
shows the volume content 'after' MRDS with'the: voice and data
messages combined.

The average number of messages generated by the car units
equipped with MRDS terminals is 11.1 per unit as compared to 8.7

per unit 'before' MRDS. However, the former figure should be -

viewed with caution as it is derived from the sum of averages
obtained from voice and data channel statistics respectively (i.e.
Total of 11.4 = 5.7 per unit from voice channel activity and 5.4
per unit from data channel activity,refer to tables 6-1 and 6-2).

Insufficient information was available to determine separately the

" per unit values from the patrol unit group having voice only

capability and the group equipped with MRDS terminals. Perhaps
if this had been possible it might have shown that units with
MRDS terminals in fact generate less than 5.4 messages per unit
through the voice channel and those without, more than 5.4 per
unit. This could be a likely scenario.

The pie-charts of Figure 6-2 show that on an overall basis there
has been a 4 3% increase of the combined data base query and
response class of messages.
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'"BEFORE’ MRDS - VOICE CHANNEL TRAFFIC ONLY

MESSAGE
TYPE

1 N, = 148.3
45.6% 2 Ty = 10.9
o N, /= = 8.
No. of hours sampled = 34
Averége number of units, F, = 17
MESSAGE TYPES:
' _ _ Type 1 - Dispatch
'AFTER' MRDS VOICE AND DATA Type 2 — Tactical
Type 3 - Status :
: “Type 4 - Data Base Requests
CHANNEIL TRAFFIC COMBINED | Type 5 — Data Base Responses
Type 6 - Descriptive/Narrative
— MESSAGE ﬁM = 203.1
‘N
M TYPE
1 2§

35.4%

FIGURE 6-2

N/L (without MRDS term)= 5.7
M/F,

ﬁ%/%- (with MRDS term)=11.1
P :

No. of hours sampled = 42 (voice)
=21 (data)
Average number of units, FP =28
Fy = 8.3

'BEFORE' AND 'AFTER' MRDS COMPARISON

Content of the average buéy hours by message volume (ﬁﬁ) -
VOICE AND DATA CHANNELS COMBINED
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Figures 6-3 and 6-4 show in & histogram form the message volume
content of the traffic per unit on radio channels 'before' and

“tafter' MRDS while Figure 6-5 shows the time distribution for the

data channel only. A few aspects of this latter figure are
noteworthy, namely: E

e Channel use time for type 4 and 5 messages on the data
channel clearly dominates and confirms the use of the MRD
System for its design purpose. :

. Absence of type 1 and 2 messages. By decision, Vancouver
Police do not use MRD System for diépatching or tactical
communications. The MRD System was not implemented
with full computer aided dispatch (CAD) capabilities.

) Very small percentage of type 3 status messages. Again
because only part of the units are equipped with MRDS
terminals it is not a regular practice to use them for
indicating status. | |

® An additional category of data mesages has been included in
the data histogram designated as ‘error'. This represents a
class of messages which for various reasons were invalid but
were recorded on tape. Since they occupied air time they
are included here for completeness. Radio retransmission
attempts for unrecognizable transmissions are, of course,
not logged to tape.

Charts on Figure 6-6 show the breakdown of message air-time
ocecupancy Ty, for voice ehgnnels only 'before' and 'after'* MRDS.
Again for the 'after' situation, one observes that there is some
adaptation to increased number of units on the channels, and
average time occupancy per unit is smaller than for the 'before’
case.
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'BEFORE’ AND 'AFTER’ MRDS COMPARISON
RADIO CHANNELS _ _ _ 1 & 3 COMBINED_ _ _ _
'BEFORE"' 'AFTER!
Ny __ 148.3 __ _ _158.1 _ _
N, L 8.7 5.7
Fp —=———=—=—= —=—=='=—-=—

-/é - 'BEFORE' MRDS
P

N@/g - 'AFTER' MRDS
p :

FIGURE 6-3

TYPE 2

TYPE OF MESSAGE

Unit and Type of Message.

'BEFORE' AND 'AFTER' MRDS_— Voice Channels Only.
Sample Hourly Distribution of Messages (Ny) Per
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'REFORE’ AND ’'AFTER' MRDS COMPARISON
RADIO CHANNELS _1_&_3_PLUS QAZA_C@@;IEEE -
'‘BEFORE' 'AFTER'
Ny . _148.3 __ _ _2031 _ _
ﬁv/g (without MRDS terminal) _ _ _ 8.7 _ _ _ _ _ 5.7 _ _
P :

ﬁlﬁ/ﬁ (with MRDS terminal) _ _ N/A _ _ ° _ - _‘1;1 o

NN — NM/F ~ 'AFTER' MRDS-DATA CH.

T — NM/ ~ 'BEFORE' MRDS-VOICE CH.

l"_'j-—- NVF ~ 'AFTER' MRDS-VOICE CH.
P
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TYPE 2

TYPE OF MESSAGE

FIGURE 6~4 'BEFORE' AND 'AFTER' MRDS - Voice and Data Channels
‘Combined. Sample Hourly Distribution of Messages (Ny)
Per Unit and Type of Message. '
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'AFTER’ MRDS - 1982

RADIO CHANNELS DATA ONLY _ _

Averade number of messages carried on the data.channels ﬁﬁ 97.0
from terminals assigned to Policing Districts 1 & 3

(includes message Types 3 through 6 and Error messages) _
Average number of MRDS terminals assigned to Policing Fy = 16.6
Districts 1 & 3

‘Average number of messages per terminal ﬁ%/%- = 5.4
' (Types through 6 only) M
Average messade length Tﬁ = 0.33 s
= 0.05 s

— B
TYPE 2  TYPE 3

TYPE 1

TYPE OF MESSAGE

FIGURE 6-5 'AFTER' MRDS - Data. Channel Only
Sample Hourly Distribution of Messages-(NM) and
Air-Time Occupancy (TOM) Per Unit versus Type of
Message.
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'BEFORE’ MRDS .
5 MESSAGE Ty = 1610.0 s
“oM TYPE - |
Top = 1048.8 s
1 _
49.8%
2 TOM/§P =94.7 s
0.2% . s m - 61 7
TO?/%P = .7 s
No. of hours sampled = 34
Average no. of units, Fp = 17
MESSAGE TYPES:
Type 1 - Dispatch
. Type 2 -~ Tactical
"AFTER’ MRDS Iype 3 - Status
: Type 4 - Data Base Requests
Type 5 - Data Base Responses _
Type 6 - Descriptive/Narrative
T, MESSAGE T = 1727.4 s
oM TYPE o
1 " Top = 1116.2 s
50.3% B
2 T /L = 61.6 s
/o . _OM Fy
‘ T = = 39.9 s
Oa/fp i
No. of hours sampled = 42
Average no. of units, Fp = 28
FIGURE 6~6 'BEFORE' AND 'AFTER' MRDS COMPARISON

Content of the average voice channel busy hour by

messagde air-time occupancy‘(TOM)
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To provide additional insight into the frequency time distribution
of the number of messages and air-time occupancy of different
types of messages on voice and data channels, histograms 6-14 to
6-47 have been prepared and are located in Appendix G.

'‘Before' and 'after’ comparison of the peak busy hour values is
shown in Table 6-1 for: total and per unit number of messages per
hour, average message length, channel message oecupancy time
and channel air-time occupancy. For the data channel, message
and air-time occupancy are equivalent and thus message time only
is indicated. It should be noted that because of the small sample
of type 2 message, standard deviation is large and the average
values shown in the table are not too meaningful.

Corresponding values for the data channel are summarized in
Table 6-2 with message oecupancy per unit also included.
Columns labeled channel 1-4 show the characteristics for the
combined traffic generated by all four policing districts. While

those labeled channel 1 & 3 provide estimated values for traffic |
from districts 1 and 3. '

An assumption was made that all terminals originate messages at
a uniform rate. The traffic in distriets 1 and 3 was then
determined by taking the ratio of terminals in those two distriets
to the total number in service during a particular hour. No other
means is available at present of discriminating between traffic
generated by the diffetfent policing districts.

= ~
; P 3




- R W Gl
- G . 5 i

e

L i RN ;. } . N Lty

TABLE 6-1 'BEFORE' AKND 'AFT-EJR' COMPARISON OF AVERAGE MESSAGE ASSOCIATED VALUES

Type By . Ny/untt Ty (sec) Tom (8ec) Tor (sec)
of Before After Befor After Before After | Before After Before After
Message Voice Voice Voice Voice |- Voice | Voice | Voice | Voice | pata Voice Voice Data Voice Voice

& pata & Data

ALL value 148.3 158.1° | 203.1 8.7 ‘5.7 | 11.1 10.9 10.9 0.3 1610.0 1727.4 14.8 1048.8 1116.2
g 31.1 25.7 32,1 - - - - - - 281.3 292.0 6.2 197.8 222.3
‘ 1 value 67.6 71.9 71.9 4.0 2.6 2.6 | 11.8 12.2 - 801.0  869.4 - 532.8 588.4
¢ 27.2 28.3 | 28.3 - - - - - - 288.3 379.2 - 197.7 272.0
2 value | 0.5 0.9 0.9 0.03 0.03 0.03 14.3 7.9 - 3.8 7.2 - 2.1 | - 4.6
g 2.0 2.0 2.0 - -. - - - - 14.4 16.1 - 8.1 11.2
| 3 value 22.6 29.6 32.9 1.3 1.1 1.5 6.4 7.0 0.2 144.2 206.3 0.7 - 80.7 123.0
5 o 8.2 8.5 8.7 - - - - - - 51.6 73.9 0.5 29.3 46.6
4 value 25.0 25.8 44.6 1.5 0.9 3.2 14.4 14.1 0.2 358.2 363.2 3.8 228.4 229,.1
G 10.0 11.0 13.5 - - - - - - 170.4 162.0 1.6 120.3 106.5
5 value 11.2 11.0 26.4 0.7 0.4 2.2 13.0 12.9 0.5 138.8 140.7 8.3 107.1 92.8"
g 7.0 6.5 11.4 - - - - - 1 - - 110.4 105.0 5.2 80.€ 69.8
6 value 21.4 18.9 26.4 1.3 0.7 1.6 . 7.6 7.5 0.3 164.0 140.6 2.1 '89.5 78.3
4 8.5 6.6 6.7 - - - - - - 71.7 66.4 1.3 42,2 37.8

0s @beq




- ‘ feopsd | ¥ . _ A - . ot 123

TABLE 6~2 ‘'AFTER' MRDS DATA CHANNEL MESSAGE CHARACTERISTICS

Fy Tow (sec) /By Tou/Fy (sec) Tyy (sec)
CHANNEL CHANNEL CHANNEL CHANNEL
CLASS 1c3 1-4%2_ | 1z3 1-24 13 1-4 1c3 1-4
|3 value 6.6 15.6 1.4 3.3 0.4 0.4 0.1, 0.1 0.2
0 3.9 7.4 1.0 1.9 . - - - - -
4  value 37.5 90.7 7.5 18.2 2.3 2.3 C0.5 1 0.4 0.2
g . 15.8 30.5 3.1 5.9 - - - - -
5 value 30.8 75.0  16.6 40,7 1.8 1:8 1.0 1.0 0.5
o 18.7 44.2 10.3 25.9 - - - - -
6 value 15.0 37.4 1.2 10.6 0.9 0.9 0.3 0.3 0.3
a 8.3 21.0 2.6 6.5 - - - - -
E  value 7.1 16.5 2.2 6.3 0.4 0.4 e | 0.2 0.4
¢ 7.3 15.4 2.1 4.2 - - - - -
ALL value 97.0 235.2 32.4 79.2 5.8 5.0 2.0 2.0 0.3
\ o 38.4 | 66.7° 13.1 26,8 - - - - -
TERMINAL Ch. 1 & 3 Ch..1 -4 ‘
RIB Fy Fo Py o ]
No. of terminals 16.6 12.6 40.7 29.0
¢ i.8 3.6 8.2 5.4

Note: the value for F, (the number of terminals which have originated
messages during the hours sampled) was obtained from the data base.

TS 9beq
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The average terminal distribution relative to the policing districts
is shown at the bottom of Table 6-2. Hourly distribution is
included in Appendix E. FM corresponds to the number of

terminals in active patrol cars while FO indicates the number of-

terminals that have originated messages during the hours sampled.
This latter quantity is available in the output of the MAGSTAT
program described in Appendix D.

Channel Utilization

6.3.1 Channel Occupancy

The study appears to show that changes in the operation and
method of polieing in the Vancouver Police Department have not
materially affected the average voice radio channel occupancy.
There has been however some increase in the dispersion of the
peak busy hour occupahcy as is indicated by an increased standard
deviation. This is summarized in Table 6-3.

What is not evident from the results is that the frequency of
oceurrence of the peak busy hours is greater now than before the

reorganization. i.e. there are now more peak busy hours in a -

given time interval. This is borne out by the long term records
maintained by the Department.
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TABLE 6-3 Average Peak Busy Hour Occupancy Measures - Voice Channels

.

Peak Busy Hour Occupancy
(seconds)

Occupancy 'Before' 'Afterf

Measure MRDS MRDS

Total Message Time, TOM value| 1610 1727

(Message occupancy) 2 281 i . %901

Channel Use, TCU value| 1257 1274

' 4 222 283

Total Transmission Time, Top  value| 1049 1116

(Transmission Occupancy) 4 198 999

TOM - TOT 561 611
TCU - TOT 208 158

From the sample examined during the study, maximum value of
the peak hour message occupancy (TOM) is 2230 sec before' and
2530 sec 'after'.
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In Table 6-3 the difference between Tonm @nd Tqq represents the
channel idle time made up of gaps between transmissions in
individual messages. Note, however, that the radio channel is
inactive for only a portion of this time and the difference
between T~y and T,y represents the time interval when the

radio carrier is keyed on but no voice activity takes place.

With improved mobile radio design, where voice activation is
used, this time difference would probably decrease and it might
be feasible to use gaps in voice communications for serviee, time
shared with data considering that the average data message
length is only 0.3 sec. From Table 6-4 the average duration of
gaps in one message is 3.8 see and the time of average individual
gap is Ty /4y = 1.6 see, long enough to accomodate at least one
data mesSsage.

It should be noted that the above discussion deals with average
values only. A number of questions still arise: would data and
voice be able to operate on the same channel during the peak time
of a busy hour?; would not the probability of voice and data
collisions be quite high?; do intra- and inter-message gaps offer

"the same potential for increased channel use? Before seriously

considering sharing of radio channels by voice and data in practice,
additional studies would be required to resolve these questions.

Average ratios of interest in assessing the voice channel occu-
pancy have been summarized in Table 6-4. For the data channel
equivalent values are not readily available and could not be
determined within the scope of the study.
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TABLE 6~ 'Before' and 'After' MRDS - Voice Channel Occupaney - Values of Interest

Message Type T, (seconds) TQA‘
-l P —
Before After -Before After
All Combined 3.8 3.8 0.35 0.35
Type 1 3.9 4.0 0.33 0.33
Type 2 (note 1) 10.1 2.8 0.71 0.35
Type 3 2.8 2.8 0.44 0.40
Type 4 5.5 5.2 0.38 | . 0.37
Type 5 4.2 4.5 0.32 . 0.35
Type 6 - : 3.4 3.4 - 0.45 0.45
T T
DTy 1 Py
All Combined value 0.94 0.81 0.65 0.64
‘ d 0.19 . 0.19 0.02 0.04
NG N
All Combined value 2.35 .2.49 3.35 3.49
4 0.25 . 0.26 0.25 0.26
Note 1: only a small number of samples of this message type was
encountered during the study.

6.3.2 Variability of Messagé’ Content

It was of interest to determine for voice channels whether the.
voice message content of peak busy hours varied as a function of
total message occupancy (TOM) and were there any trends evi-
dent. For that purpose Figures 6-7 to 6-10 have been prepared
which along the absecissa show the message occupancy of the busy
hour and along the ordinate the percentage content. Figure 6-7
and 6-8 show the 'before' and 'after' time occupancy of -the busy
hour with transmission occupancy of messages separated into two
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patrol units has inereased by 65% from 17 to 28 per channel.
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groups: Type 1 and Types 2 to 6 combined. In addition the
channel use (TCU) as percentage of the tbtal message oceupancy
is also plotted in those figures. No particular trends can be
detected from this analysis either 'before' or 'after' MRDS. '

Similarly Figures 6-9 and 6-10, which show how the total message
count breaks down into dispatch and other types of communica-
tions (type 2 to 6) as a funetion of the channel message oceupancy
(Tpp)s do not contribute any insight into the causes for variation .
of ocecupaney during a peak busy hour.

Finally an attempt Was made to examine only the query type
traffic (types 4 & 5) to determine whether its intensity varied as
a funetion of the total message activity of the busy hour. This
time the message volume was nomalized to a 'per unit' basis since
the average number of patrol units 'before' and 'after' was
different. The results are plotted in Figures 6-11 and 6-12 and
again no indication can be obtained from these figures whether
the activity of a busy hour-is in any way related to the query
traffie.  Figure 6-12 does show once again, however, the
stimulation of increased query/response messages-as & result of

- having the MRDS capability.

Speetrum Utilization Aspeets

Yoice Channels

A measure of spectrum utilization of radio voice channels is the
message occupancy averaged over a period of time. Police
systems must be designed to handle the peak policing activity and
it is for this reason that peak busy hours as defined in section 4.2
are of interest. The study has shown that, at the present time in
the Vancouver System, an average peak busy hour is occupied by
messages for 48% of the time, as compared to 45% in the period
‘before' MRDS. However between these periods the number of
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This tends to suggest that a saturation level for Vancouver is
being reached and that the average peak busy hour occupancy may
not increase with additional patrol units. This may be true even
though the variability of message occupancy of the peak busy hour
is somewhat greater 'after' than 'before' and that the maximum

'observed peak value 'after! is 2530 seconds as compared to 2230

seconds as 'before'.

Operators who have captured the data from tépes seem to agree
that the really busy hours are not caused by large numbers of non-
related erime occurrences but rather by events usually involving a

~number of units at one time.

More often than not it is one or a number of such events as break
and entry, bomb threats, parties out of hand, fights, e'tc., that
cause the message occupancy to peak., The chief dispatcher
frequently pre-empts the channel under these clrcumstances and

_ ecommunicates with a small group of units virtually excludmg

those not associated with the situation from using the channel.
More than one such event, following each other in sequence during
a busy hour, will cause the message occupanéy to peak signifi~
cantly. Grade of service for units not involved probably drops
considerably depending on the nature of the incident. .

Based on the observations collected during the study the following
hypothesis is proposed for the Vancouver ~Poli¢e System:

. the saturation level of radio channels is a message content

representing approximatély 50% message occupancy of the
hour

\

from a large number of unrelated erime events
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® the saturation level is primarily influenced by what one

dispatcher can handle on a continuous basis - dispatchér's

decision time becomes shorter as the hour becomes busier

® the saturation level is exceeded, peaking-up fo 75% of the
hour or 2700 sec channel use, as a result of one or more
multi-unit events oceuring in series

e increasing the number of MRDS terminals will not signi-

ficantly reduce the average peak message occupancy of the
busy hour message occupancy but it will improve the overall
grade of service for patrol units in the field and their ability
to fulfill the policing function. Some reduction may result
from reduction of the CPIC queries currently handled by
voice.

More observations over a longer period of time would be required
to fully éonﬁrm the above hypothesis, althbugh even with the
information currently available there are strong indications that
this could be true.

Data Channels

Occupancy statistics show that the data channel is carrying
messages from all four districts on the average for 79.2 sec. This
does not include channel air-time occupied by retransmissions due
to propagation errors, control messages, automatic acknowledge-
ments and form requests. As discussed in Appendix F an
appropriate allowance. for these factors is 65% of the basic
message oceupancy increasing it to 130 see. The total occupancy
of the data channel in the 1st quarter 1982 is thus estimated at
approximately 130 sec. | |
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Note, however, that there are two radio frequencies in-use: one
on the outbound direction which is 'on' continuously and the other

'k inbound accessed by terminals on a contention basis. This results

in time overlap of messages in the two directions. In real time

‘the data channel is not occupied for 130 seconds because of this

overlap. Messages type 3 and 4 and probably 'error' are primarily
carried on the inbound frequency while type 5 on the outbound
frequency. Type 6, of which a large number are unit to unit
narrative, are probably equally split between the two directions.

Based on the above and using Table 6-2, an approximate occu-
pancy of the two directions of the data channels during the voice

peak busy hour has been computed as follows:

e inbound direction 54 s
e outbound direction 76 s

These are small values by any standard indicating an apparent
speetrum underutilization and a significant growth capability.

However another perspective on spectrum utilization would be to

- consider what does the data channel occupancy represent in terms -

of equivalent message time on voice channels. Taking the 'before!
values from Table 6-1 for average lengths of type 3 to type 6
voice messages and applying them to the average hourly
distributions of the number of messages on the' data channel
(Table 6-2) results in an equivalent per channel message
occupancy of 2665 sec generated by terminals in all four distriets.

It must be remembered that these are average values and

therefore larger peak‘ values could be expected to occur. If each

‘district was generating the same amount of traffic this would

correspond to an equivalent per voice channel load of 666 sec.

This extra message load could not be accomodated by the system
as it is presently configured. Most likely an additional two voice
channels would have to be provided for this purpose. It is from
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this point of view that the impact on improved spectrum utiliza-
tion of establishing a police MRDS type system becomes apparent,
although the conversion is not necessarily one to one because the
data channel is full duplex while voice is half-duplex.

This, of course, assumes the necessity of the messages transmit-
~ted and the attendant increased effectiveness of the police
operations. This latter aspect is outside the terms of reference
for this study. -

Traffic Assessment

As discussed in previous sections, the average message traffic on voice
channels has increased only marginally: from 148.3 before' to 158.1
messages per hour ‘after' or by 6.6%. The distribution of tréffic by
message type within the hour has also remained substantially the same.

It is the traffic on the data channel that is primarily responsible for the

overall increase in message traffic and in particular the type 4 and 5
which are CPIC data base queries and responses. From Table 6-2 these
amount to 165.7/hr for all the MRDS terminals in the system during the
average peak busy hour. Since analysis of periods outside the peak busy
hours was not the subject of this study, it was not possible from
available data to relate the average peak busy hour traffic to other
hours during the day or week. ' '

Records maintained by CPIC on data base enquiries from patrol units
indicate that there has been a substantial increase of the average
monthly traffic between 1980 and 1981, the year when MRDS terminals
in large numbers first came into use. Figure 6-13 has been prepared,
using data derived from references 1 and 2, to show the long term

~ growth in CPIC query traffic orignated by the Vancouver Police

Department. The growth line in the figure has been drawn using the.
least squares fit.
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Without MRDS terminals the average monthly values for 1981 extrapo-
lated from the figure would have been 31,500 queries per month. The
actual value from CPIC records is 57,900 per month of which 19,500 are

‘attributable to MRDS terminals. From this the hourly average is 79 per

hour overall and 27 per hour due to mobile terminals.

The number of terminals in Vancouver in 1981 were as follows: 10 from
January 1 to June 21 and a gradually increasing number from June 22 to
December 31, 1981 up to approximately the number -encountered in the
study. Averaging this throughout the year gives 27 terminals. The

hourly rate per terminal thus becomes 27/27 or 1.0 queries averaged -

over a full year for each of the 24 hours during the day or what is
probably more representative 2.0 queries averaged during the typically
twelve busy policing hours of the day.

CPIC queries as reported in their statisties consider an enquiry and a
reponse as one query. Therefore to relate the 2.0 hourly rate in the
preceeding paragraph to that in the study it should be multiplied by a
factor of two and becomes 4.0 messages per terminal per hour. If this
rate were also maintained throughout February and March then the
average for 42.7 terminals as found during the study would be 42.7 x 4.0
= 170.8 messages per hour. This is slightly higher than the average peak
busy hour value of 165.7 messages determined from this study and
indicates that there may be hours during the day outside of those
sampled when voice channels are relatively idle but data channels peak
perhaps higher than that value. ‘

There are no CPIC query statistics for 1982 available at this time to
expose what is now regaréed as a stabilized situation relative to
terminal installation. Without this information any projections for
growth on the data channel in future years would not have a sound
basis.
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Regarding the presént system loading on the data channel there appéars
a significant spare capability left for it to handle the data traffic
dﬁring policing activities corresponding to the peak busy voice hours as
shown in Table 6-5 and as the system grows to its design target under
the VPD column. |

The average level of data traffic achieved by the VPD system even if
sealed up to 100 terminals from an average of about 41 indicates a level
of utilization substantially below the VPD design target values for the

 different message types. This difference may be explained partly by

some operational considerations which tend to inhibit use of the
terminals for some message types. For example, the status message is
not used as expected since its value has been determined to be small in
the absence of both a full cad-system implementation and all terminal-
equipped units in the field. The smaller use of query/response mess\ages
is somewhat more surprising though a partial explanation is that not all
units with terminals necessarily handle data during the policing busy
hour. See the chart in Table 6-2 (on page 51) showing terminals in
service (FM) and terminals handling data traffic (FO). Also, during the
busy hour it is found that dispatch type messages using the voice

‘channel predominate and that data messages may substantially increase

in the voice non-busy periods. This aspect as well as behavioural
influences regarding data terminal utilization are not covered within
this study and are suitable topies for future research. .
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TABLE 6-5 Comparison of MRDS System Design Values and Those Enc¢ountered During -

Peak Busy Voice Hour - Data Channel all Four Distriets Combined

VARIABLE HOURLY DATA TRAFFIC
| System Design Peak Busy Polieing Hour
Target(1) _Average Levels Max. Level
MRDS VPD . Feb/Mar 82(2) | Feb/Mar 82(3)
overall
MESSAGES
Type 3 - Status 1600 125 15.6 6
Type 4 - Requests 1500 700 90.7 131
. Type 5 - Responses 1500 700 75.0 132
Type 6 - Narrative 800 240 37.4 93
All Combined 5500 1765 218.7 322(4)
TIME
- Estimated Message 2220  587(5) 72.9 124.6(4)
Occupancy, TOM(sec) : :
Average Message - 0.80 0.23 0.33 . -
Length, TM(sec) _
Estimated Total(6) 3660 970 130 206
Air-time (sec)
TERMINALS 100 100 40.7 57.0(4)
(1) System Design Target values: MRDS overall - from reference 10;
Vancouver Police Department (VPD) target - from reference 11
(2) Obtained from Table 6-2
(3) Obtained from study data
(4)  These values are for 20th of February, 1982 )
(5) Estimated using average message 1engths (TM) from Table 6-2 " 2
(6) -Estimated TOM occupancy does not include messages in error form, requests,

acknowledgements and control messages and retransmissions. These consume addi-
tional air-time and increase the channel air time. An allowance of 65% of TOM
was used to arrive at this value (Appendix F). In the ease of MRD System design
target, the value of 3660 seconds does not necessarily represent a requirement for

" more than one channel because of inbound/outbound message overlap.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

A study of traffic and spectrum utilization during peak busy hours in the

Vancouver Police Department MRDS System has resulted in the following

conclusions:

1.

4'

Introduction of MRDS terminals has caused little change to the average
message content of a voice channel either by volume or by air-tiine.
On the average these two values have increased by over 6%. However
long term Vancouver Police Department records indicate that since the

reorganization of June 1981 more peak busy hours oceur during any

- given period then prior to this time.

The average voice message length has not changed as a result of MRDS
- it remains at 10.9 seconds.

The air-time occupancy during an average peak busy hour is approxi-
mately 50% peaking up to 75%. It is hypothesized that when the
number of non-related crime events is large, approXimately 50%
represents the saturation level of voice radio channel in the Vancouver
System. Peaks up to 75% ocecur as a result of events of longer duration
such as break and entry, street fights, ete.

Study observations tend to indicate that in the ‘after' situation the
grade of service for all types of communications has deteriorated for
patrol units not equipped with & MRDS terminal. This may be partly

due to increase in the average patrol units per radio channel from 17 to-

28 and partly due to the capability of a single dispatcher handling a
given peak load. For units equipped with terminals, capability to handle
queries has improved greatly.

On the sample studied there is limited relationship between the level of
radio channel activity and message content.
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At the traffic level the data chanel is primarily responsible for most of
the increase from 'before' to 'aftert. In particular the hourly

query/response traffic has on the average increased by 100%.

The average message occupancy of the inbound and outbound directions
of the data channel is under 130 seconds. In real time this is even less
because of message overlap in the two directions. This appears as poor
utilization until it is determined that the traffic carried by it, has an
equivalent voice channel occupancy of 2665 seconds or approximately

two regular voice channels.

The data channel has adequate capacity to handle the existing policing -
peak busy policing hour traffic however nothing is known of the data
traffie outside of those hours. CPIC query statistics suggest that hours
other than those studied may contain the peak busy hour data traffic.

The recommendations resulting from the study include:

1.

3.

4.

~That Vancouver Police sample the traffic on data channel at various
~hours throughout the week on a regular basis. This will give an insight

into how peaky is the hourly traffic.

That an attempt be made to determine the ratio of queries originated
by patrol cars equipped with terminals versus those without them. This

.along with the background information from this study will help to

determine whether the grades of service for the two cases are the

same.

That an attempt be made to find out whether the terminals are used to
their full extent or are there impediments to this during periods of high
stress caused by policing peak busy periods. This would be done through

- a behavioural type study.

That it would be useful to develop an improved tool for sampling the
message characteristies from voice tapes. The present ménual tech-
niques are too time consuming and not well adapted for use within

operational environments.

- END -
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MRDS TRAFFIC AND SPECTRUM USE STUDY

APPENDIX A
TO
REPORT R-276-001

VANCOUVER POLICE DEPARTMENT RADIO SYSTEM DESCRIPTION
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Introduction

This description of the Vancouver Police Department Mobile Radio System is
intended to put into clear context the nature of the overall system under
study. Two system situations were studied. The first one is the case
characterized by all analog voice communications which existed before the
introduection of data terminals into the patrol units. This is referred to as the
'before' situation. The second represents a time period following the
introduction of digital commnications to augment the voice communications
and is referred to as the 'after' case.

Communications System Before MRDS

Prior to the introduction of a digital radio commnications capability for
communications between dispatchers in the communications centre and
patrol units, the Vancouver Police Department nominally employed four
analog voice radio channels, with each radio channel designated for use in one
of the four defined policing zones or districts for the City of Vancouver.
These channels were used to support all dispateh, status reporting, informa-
tion support and other related functions. Incidents or events were typically
collected via telephone from the public by complaint takers in the communi-
cations centre. The necessary information was recorded on hard copy and
forwarded to the appropriate dispatcher personnel by way of a card conveyor
system. A simplified illustration of this configuration is shown in Figure
A2-1, '

During busy hours four dispatchers were employed with each dispatcher
responsible for one of the four zones and using one of the four dispateh -
channels. During non-busy hours two dispatchers were adequate to serve all
four zones, (two zones per dispatcher) with capability at the dispatcher radio
consoles allowing control over two or more of the radio channels as demanded
by the situation.
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For the case of the Vancouver Police Department teleprinter devices were
also placed at the dispatcher radio consoles to enable the dispateher to query
the national and provincial (B.C.) computer data bases for desired informa-
tion upon request of patrol personnel. Though the actual query by the
dispatcher to the data base was carried out by means of conventional landline
data base access from a remote terminal, ‘the patrol unit request and
corresponding dispatcher response was accomplished via voice communica-
tions using the voice radio channel discipline of the police department.
Though the keyboard oriented input and printer output from the data base
might be rapid, "voiceing in" the request and "voiceing out" the response was
still a significant use of radio channel time. One rationale for introducing a
data capability was to off-load the data base query/responée function by
voice from dispatcher personnel as much as possible.

Communications System with MRDS

The Mobile Radio Data System (MRDS) featuring the new mode of communi-
cating known as data communications was introduced as an adjunet to
existing voice radio systems for use by the police department. MRDS
provides an alternate and more efficient means of communicating with patrol
vehicles for certain types of messages. However, it is not intended to

‘completely supplant existing voice radio channels. The existing four voice

radio channels continue to be used by dispatehers.

The MRDS requires the addition of electronic equipment to enable this new
mode of radio communications. Police persoﬁnel use electronic devices (data
terminals) to interact with the system. For example, each dispatcher and
most patrol vehicles will have their own terminal. Each terminal has a .
typewriter-style keyboard and a TV-like screen for displaying received

‘messages in the form of alphanumerie characters.

A digital computer is required to interconnect the various data terminals and
provide automatic handling of messages being forwarded within the MRD
System.
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Other equipment required includes radio equipment to support a radio channel
for carrying the data-type niessages to and from fpatrbl units, the communi-
cation centre and other sources of data messages. This speecial radio channel
(a dedicated radio channel for the Vancouver system) is automatically
controlled by the MRDS computer and related equipment. The dispatcher
continues to control all voice channels through his normal voice radio
console.

The ovérlay of the MRD communication system upon the voice communica-
tion system is illustrated by Figure A3-1. The particular communication
channels of interest to this study for analysis and cdmparison purposes are

the two between the patrol vehicles (units) and the voice radio base station -

and data radio base station. For voice communiecation purposes the conven-
tional twd-Way mobile radio is used, while for data communications the
patrol unit uses the terminal device illustrated in Figure A3-2. These two
channels operate independently from an electronic point of view.

Specific features of the MRDS are the followi‘ng:A

- High speed digital transmission carries more messages on the dedicated
radio channel than similar voice channels.

- Delay in accessing a digital radio channel is shorter than for a voice
channel and MRDS performs all radio operations automatically. The
operators receive information more quickly.

- Patrol officers access various external data base files directly, using
mobile terminals, without having to wait for assistance (by voice) from a
dispatcher. ’

- Digital messages sent between mobile terminals and the communica- ‘

tion centre are highly secure, as compared with eonventional voice radio
messages. Only designated terminal users recieve the digital messages.
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- Digital data is stored and displayed in readable form with a minimal
chance for transmission errors. All messages can also be stored on

magnetic tape and printed on paper for later review, when necessary.

Functionally the Vancouver MRD System is designed to support the following
message types for communications with patrol units: "

- query/response to central data base files (both national and provincial
files) - typically by requesting and filling in an appropriate blank form

- status reporting may be entered with or without comments. Dedicated
status keys on the terminal permit single key depression status reporting
(eg. "en route" to an incident).

- narrative messages - may be sent to or received from mobile terminals

- emergency message indication by single key depression on the. mobile
terminal - this message has priority on the radio channel in the system

The primary emphasis for the police department needs is on the first item
(data base query/response), with secondary emphasis on the latter three items
(computer-aided command and control functions). '

Due to the faet that not all patrol units are to be equipped with mobile data
terminals and that foot patrol units will not have terminals, the teleprinter
devices have been retained at the dispatcher positions in the communications
centre to service voice radio requests for data base searches.

.Operational Considerations

The MRDS capability was introduced in the Vancouver Police Department

‘during the period 1979 - 1980 and final systém acceptance tests were

completed with twelve (12) data terminals in September, 1980. Thereafter,
additional terminals were gradually installed into the patrol vehicles to the
present . level of approximately fifty (50) terminals. Ten (10) additional
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terminals are currently used for training purposs and held as spares for

terminal servicing reasons.

Prior to the installation of mobile terminals (the 'before' period of study) the
police department employed vehicular patrol unit shift schedules of 8-hour
duration, with shift periods as follows:

0700-1500, 1000-1800, 1500-2300, 2000-0400, 2300-0700

Manpower was assigned to each of the four policing distriets (representing an
area of 44 square miles to be patrbled)in accordance with zone size and the
crime incidence/calls for services characteristics of -the particular zone.
However, patrol manpower allocation was typically relatively flat over the
course of the working day. Personnel were assigned to two-men per vehicular
patrol on the average 60% of the time. Analog voice magnetic tape records
covering this environment were preserved for representative periods in 1980
(September, October, and November).

To account for evolving crime patterns and to pursue increased efficiency of
resoufce utilization, the Vancouver Police Department recognized the need
to alter the prevailing allocation practices of patrol personnel. An appro-
priate course of action was planned during the period of MRD System
introduction and the "team policing" concept was modified and expanded in
June, 1981. The concept included the extended use of overlapping shift
schedules for patrol personnel to permit the peak demand for service to be
better satisfied. A typieal 24-hour day, for example might have officers
report for 10-hour shifts, with 64 officers reporting at 7:00 a.m., 64 officers
at 4:00 p.m., 24 officers at 5:00 p.m., 24 officers at 6:00 p.m. and 40 officers
at 9:00 p.m.. "

"Analog voice magnetic tapes and MRDS data magnetic tapes covering this

changed operational environment were preserved for suitable periods in 1980
and 1982 to cover the 'after' period of study.

Clearly those changes to police operational practices which affect the
intensity and character of communications, in pértieul&r during the peak
hours of traffic to be studied, must be accounted for in the comparative
analysis of radio channel use. ’
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A5.0 Sj}stem Technical Parameters

Voice Channels (two frequency simplex)
RF Frequency Band VHF (high band)
Modulation FM '

. Method of Operation Push-to-Talk

Data Channel (two frequency duplex)
RF Fregquency Band 'VHF (high band)
.Modulation Baseband on FM
Data Rate 4800 b/s
Throughput Efficiency ~ 48% min (in bound)
Displayed Errors 1 in 10 messages |
RF Signal Threshold 6 dB above 12 dB SINAD
Fade Margin Required 6 dB or less for 5% retransmission from

moving vehicle

Base station Operation Full-duplex-
Mobile Terminal Operation Half-duplex

Radio vaerage
The Specification for the MRDS System contamed the following requirements
for radio coverage: ’

Specification Item F.1.
(j) ‘The radio system shall provide the following mobile data coverage. Test
of coverage standards shall be condueted with the system unloaded, with

a single unit in randomly chosen locations on arterial routes and with full

sereen messages transmitted and received (239 characters).

i) VEHICLE PARKED (includes allowance for movement of up to one
car length in either direction): Successful transmission and reeceipt
of the first attempt.shall be possible from 95% of locations in the
City. | |

ii) VEHICLE MOVING (vehicular speeds between 5 and 80 km/h).
Transmission and receipt of the message (including up to four
automatic retries) shall be successful from 97% of any one bloeck
section in the City at véhicle speeds from 5 km/h to 80 km/h.
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Type 1

Type 2

Type 3

Type 4

Type 5

Type 6

VANCOUVER POLICE DEPARTMENT

CLASIFICATION OF COMMUNICATIONS
CARRIED ON
MOBILE RADIO CHANNELS

CALL DISPATCHING

Page B-1

1.1 Initial dispatch of call (Dispatcher or TUnit) including

acknowledgement and unit emergencies.

2 Supplementary call information including acknowledgement.
3 Unit clearing from an associated dispatch call.

.4 Information request as part of an associated dispatch call.

5 Repeat broadeasts.

TACTICAL COMMUNICATIONS )
Directing Tactical Forces

- Unplanned events (eg. hostage, bank hold-up)
- Planned events (eg. sea festivals, parades, ete.)

STATUS COMMUNICATIONS

3.1 Request for status

3.2 Request for location

3.3 Transmission of status
3.4 Transmission of location
3.5
3.6

Sign-on/Sign-off
Acknowledgements
- in one-to-one ratio in same mode as received

INFORMATION/ASSISTANCE REQUESTS

4.1 Information
- Functional - CPIC
- Operational
- Administrative
4.2 Assistance

DISSEMINATION OF INFORMATION

5
-5
5

.1 Vehicles - not on file
.2 Vehicles - hit
.3 Persons and others

DESCRIPTIVE/CONVERSATIONAL EXCHANGES

6.1 General broadeasts & bulletins
6.2 Narrative (non-functional or non-operational) _.
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VOICE DATA CAPTURE PRODUCTIVITY

The following time allocations were needed to capture the data from one channel
hour of voice tape recording.

Operator

(a) Message classifications; clocking of transmissions, 6.3

gaps and the overall message
(b) Rests ' 0.6
(e) Set-up and change of tape 0.1
(d) Data entry to diskette \ 2.0
(e) Pro-rated allowance for:

( i) recording standby tapes

( ii) data quality and reliability checks 0.2

(iii) filing, checking and miscellaneous tasks 0.2

Total Operator Hours 9.7 hrs
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DATA CHANNEL SOFTWARE

PURPOSE:

MAGSTAT

Page D-1

MAGSTAT is a program written in Fortran which operates on the

PDP 11/34 development system at the Vancouver City Police's MRDS site.
It analyzes the digital record of messages as recorded on magnetic tape by

the MRDS system. It statisticaily summarizes the messages as to type and

duration over each diserete hour.

ENVIRONMENT: MAGSTAT is run interactively and requires the operator to mount
the tape(s) as required. Several hours (files) may be run from one or more

OPERATION:

2.

3.

5.

tapes, and a running summary is printed after each hour's printout.

Because of the uncertain nature of the tape files, this repeat of the

‘ summa:ry after every file was required as any program termination would

cause the summary to be lost.

Program operation is simple.

Assuming the program has been

made current in the user identification code, here are the run steps:

Obtain a directory of the tape(s) on which the file(s) reside.

PIP MT:/LI

Count the sequential position that each file(s) is-away from its predecessor (or

beginning of tape).

Dismount the MT: (DMO MT:MRDS)

'RUN MAGSTAT

Program will now prompt:

ENTER LISTING DEVICE?LP: (for line printer)
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Now:
ENTER (O+STOP, 1=NEXT FILE, N=SKIP N FILES (READ Nth)
~N=MOUNT NEW TAPE AND READ Nth FILE)?IZ
(this would cause 11 files to be skipped, and the 12th to be
read) This prompt is self explanatory. Remember to change
the tape before returning the carriage after a -N prompt.

A further prompt gives the user a final degree of protection. The file name
(hour/day) is printed on the terminal before processing continues in case the
program was not far enough along the tape. If the tape has advanced too far
though, it cannot be backed up, and must be rewound to start again. It is wise
to guess a few files short, and then step ahead 1 at a time until the correct one

-

is reached.

The prompt:
PROCESS=1, SKIP=0? allows the user to bail out of this file and not go
through the analysis. The count of files as recorded by i’IP'ing the tape,
. may not hold when MAGSTAT reads through them, and so this last step
was included.

OUTPUT: Each hour (file) processed contributes statistics on the messages as

to seconds of air time that each message took. This is calculated from the
message length in bytes, and the type of message (Appendix F).

The categories of message ‘type are uniquely identified along with number,
mean and standard deviation of its length, and a frequency distribution in
1/10th second intervals, "

For any one hour, the number of different vehicles involved in message activity
is report as well.

Totals over all message classes are reported as well as a summary of all hours
processed during that run, (also summarized over all classes).
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VOICE CHANNEL SOFTWARE

VOICEDAT

This describes the ENTRY and REPORT programs which allow measurements

collected from an audio tape log from a radio dispatch system (specifically a police
system) to be entered into the computer readable form.

The compufer which hosts this sytem is an Apple II+ with 48k, 2 disks. There are
four separate programs; all are written in Basie. '

1. ENTRY colleets the data

2. LIST lists the entered data for manual checking

3. FIXER allows changes to be made to the data records
4. REPORT prints final analysis of the summarized data

ENTRY

This program is interactive, and allows the user to enter data onto a diskette,
at the same time checking for valid message class, consistent time entries, and
D/G/U designators (D=dispatcher, G=idle time gap, .='patrol unit). '

The program is designed around the layout of the data coding sheet as shown in
figure D-1. The sheet imposes a structure on the program's execution. This
relates to the fact that each sheet has a set of global characteristies such as
time of day (a range), channel, and tape number. This imposes a convenient
buffer size on the entry of data on the diskette.

After the global information has been entered, then the 11 or 12 lines of

message detail are keyed in. This data is held in core, and only dumped to the
disk at the end of the page. This is a convenient place to have the. Apple
consume its several seconds of disk activity, as the user is manually preparing
another page for entry. Each diskette holds about 700 records.
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The system does not sort records, all data is managed in core, summarizing the
data in arrays by time, period, channel, class, ete. in the report phase. ENTRY
can be stopped at any time after a page has been entered. A next available
record number is written away at each page refresh.

The only constraint that the system imposes is that of total number of discrete
hours processed. If the program is to be used for much larger analyses, say for
100 hours and 5 channels, ete., then the data should be entered on the diskettes
in a more or less ordered fashion. (channel 1 on one series, year 2 on another
set, ete.). In this way, data analysis ean proceed faster as the diskettes can be
treated in batches.

The REPORT program has been built to process the data in separate
channel/year conbinations. At run time the program prompts for year and
channel (the current analysis called for 1980/1982 and channel 1/channel 3, but
it would be relatively simple to adjust it for any other breakdowns. The
program is self-documenting, a1l prompts are self explanatory. When entered in
10ths, appended by a 'G', 'D', .or "U' (gap/dispatch/unit), 12.5 seconds of gap
would be 125G. A carriage return is entered after every entry with an X'
signifying the end of this stream. If a stream continues on several lines,
continue on as if it were on one line. ‘

LIST

The program LIST merely dumps the contents of a data diskette created by
ENTRY, on the printer for error checking etc.. Each record on the diskette
contains 8 items of information, and LIST formats these (more or less) on a 132
column device.

FIXER

This program allows the user to access a particular record on a diskette and
change discrete items on it. The program is self documenting, asking for the
sequential record number and then displaying the eight items in the record. The
item is re-typed by referencing its item number (1-8) and re-'éntereing the new
string. The record number is the same as that appearing on the LIST printout.
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REPORT _

The REPORT program processes a series of data diskettes, accumulates the
statisties thus obtained and prints out the summaries. As previously explained,
each run of REPORT sets a year and channel for that run, and passes over any
record that does not match that channel and year. ,'Iri order to speed up the
processing, if it is known that the target records (proper year and channel)
oceur only between say, records 99 thru 198, then a mechanism in the program
allows only one section of the diskette to be read. This cuts down tremendously
the time regired to process the data. "

The program prompfs for STARTING, ENDING RECORDS?, and the appropriate
entries are made. In order to process the entire diskette, enter 1,10000. Each
time the diskette is processed a prompt for PRINT RESULTS(P) or LOAD NEW
DISK(L) is issued.

To read a new disk enter L, to print out the statistical summaries, type P. The
summary printed out is attached. In general it contains collective times and
counts by class of message and length of message broken down further by hour.
Dispateh, Unit and Gap portions of the messages as well as the overall elapsed
time as measured independently are included in the analysis. No cosmetics
were included in the output as there was a scarcity of core available. The
results are readable enough so as to be transeribed into a report manua]ly, or
entered into a further computer run for plotting ete..
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TITLE MAGTAPE TRANSLATCR

USRS TION 002

Y

MAG TAPE READ AND TRANSLATE PROGRAM
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t
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OCCURENCE» TYPE AND DURATION. IT WILL
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3} NULL—DATA
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RECORDS ON END OF FILE.

JYRES - —AND--2-ARE~RUT—INTO—THE

DATA VECTOR WITH NO PROCESSING EXCEPT
EXTRACTION OF THE SFH., THE SFH IS

PLACED IN THE BFH VECTOR INTEGER ALIGNED«—
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OPERATING RESTRICTIONS:
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) 0016 INTEGER SKIP J
4 0817 REAL—ESUMEE S rESHMR- G5+ SHHABS I SHM 285 —
o0c18 INTEGER CNUM(85),NUM(85)0CC(12,85),COCC(12,85)
, 1 »TTOCC(11)yUNIT(100)»TOCC(11) ’
fL 0019 paTA : QIOFLG/1/» IDRLB/S12/+ EOF/°366/s EOT/"302/ ----—-
c . -
, c COMHCN BLOCK
L G- - R, —_—— — —
0020 COMMON CHFPLT» NCMPLT» MAGERRs RESYNC, MAGSIZ
0021 COHMON INSFH. [NDATAr CURSIZ» CUREYT, CONDIT
! 0022 COMMON /10COM/ [ORLB. MAGLUNs» GIOFLG» 10ST» IOFPARs [SWe L ISLUN
c
, [ STARTUF ENTRY: ;
£ - e o+ — 4 o e [, —_—— P .
go23 CALL GETADR([OFAR(1)yMAGEUF (1))
0024 i0PAR(2) = 2048

ZT~-a abed




~ EQRTIRAN LU U0LCa0] ERI-30=dUN-28 1011 4205 RAGE—003
CORE=15K» UIC=E2,103 MAG3350,LP /LI SRC=HAG3 %50
- 0025~ 10PAR ¢ 3 —w—0 - ——
0026 10PAR(4) = 0 .
L 0027 10PAR(S) = O J
> 6620 1OPARGS) & —
c
c PROMPT FOR MABTAPE FILE NUMBER:
- c — v ——— ]
0029 WRITE(CONLUN»S0)
Q030 90 FORKAT(‘ MAGTAPE PROGRAM VERSION 002 ~ STATS’)
C
c GET THE LISTING DEVICE
c
003%1. .. WRITE{CONLUN. .1123 )
0032 112 FORMAT(’ ENTER LISTING DEVICE:’)
0033 IFIRSTw1
0024 READLCONEUN+— 1AL IETE T 3T mir D)
0035 114  FORMAT(2A2)
c
v e oe G————OPEN-MAG- TAPE- FOR- READING - ———
c
0036 CALL OPEN(MAGLUNs FNAME)
FoSols il ;LJuArt__uu Lf f_s\ Cvn_zn 3
c
c OFEN LIST DEVICE
. e c . e e - —_— . ——— —— —
003% CALL OPEN(LISLUN, LIST)
0040 1F (LISLUN .LT. 0) GO TO 8
POPRd co IO ta
Q043 B8 CONTINUE : -
Q044 WRITE(CONLUN, 115)HAGLUN '
- 0045 115  FORMAT(*- ERROR- IN-FILEOPEN*7 1%} o s e ]
0046 CALL EXIT
0047 14 WRITE(S,131)
F—————0048—1 3% FORMAT-H—ENTER—O=GT BPr—t=NEX T IEE—r NG FP—N—FFEEGHREAD—N
1+ ~N=MOUNT NEW TAPE READ NTH FILE) )
0049 READ (5,132)N
i - 0050 132 FORMAT(I3 ) —— - B c—— SN
005t IF(N.EG,0)GOTO153
0053 1F(N,LT,0)IFIRST=1
0055 FNUM=LABS NI—1
0056 CONDIT=3
0057 INDEX=4
Qo058 CUREBYTe0 . C e e - - -
0059 CURSIZ=0
c .
F—- e~ @ - -~ IKIP- N FILES—— o — —_—————— e — - e e
c ' ‘
0060 15 IF - (SKIPC(FNUM,HAGEUF . IFIRST) .LT. 0} GO TO 30
C .- i
C LOOF UNTIL END OF FILE ;
c . |
0062 IRIRG a0 c——— e ——
0063 WRITE(S,17) !
0064 17 FORMAT( ° PROCESSw1s SKIFwO-)
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2, tCOCCIRIy DI eKmIp 11

— EORIRAN 1U UOIC=03 ERI 3I0a jUNaZ8 10234209 PAGE OOA < R
: CORE=1SK» UIC=[2,103 MAG3iSOrLPI/LISSRC=MAG3 iSO o
DX
| 0085 .___ .__ READ(S5:18)ISKIP B) g
0066 18 FORMAT(I2) )
L 00467 IF(ISKIP.EQ.0)GB0TO10 e 3
D0AS 10 caLy WIQID(IoRLD HAGLUN 0I0ELG INST I10rAR DSW “<
( 0070 IF (DSW .NE. 1) GO TD 30
0072 IFCI0ST(1).EQ.EOF.AND. ISKIP.EQ.0IG0OT0210 3
-~ 0024- IF—4108F41—vEQ+—EOF—GO—T6—20 — -— — e
0074 IF(IOST(1).EQ.EOT,AND.ISKIP.EQ.0)GOTO10
0078 IF (10ST(1) .EQ., EOT) GO TO 40 )
H60—F0-36
0082 IFCISKIP.EQ.0)GOTOLO
0084 GO TG 40 )
. C ——. - —
g END OF FILE ENCOUNTERED
008s 20 WRITELCONLUNS130) - )
0086 130 FORMAT(’ FILE TRANSLATION COMPLETE’)
0087 WRITE(45209) .
0088 20% FORMATL? _IYPE RHUM MEAN $.D Loll L2217 —_ e e e e )
14 <.31 <.41 <,51 <u81 <71 <.B1 <l.4 <2.1 >2.1°)
0089 DO 200 J=1,84 )
OR0 IR INUML I . SC.O0NOINZ200
0092 WRITE(S,201)JeNUMCJY .
12 SUHCJI/NUMCJI) » SARTCABS (SUM2(J) /NUHMCJ)I = (SUHCJ) /NUMIJI)I ) %%2)) )
2r(0CCEKrJ) rK®tyrtt)m - - —— ——— e —
0093 ° 201 FORMAT(218,2F10.2,1216)
0G74 NTN=NTN+NUM(J) )
"QQS— YS-TS+SUMI 13 .
0096 NUMCJ) =0
0097 SUM2(J)=0 ]
0098.. - DO 202 K=lsll .. - - U B
0099 TOCC(K)=TOCC(K)+0CC(Kr J)
0100 202 OCC{KrJI=0
0101 SUMLIL2D — J
0102 200 CONTINUE
0103 WRITE(S9205INTNs TS/NTN» (CTOCC(K) »K=1,11) s NUNITS
N 0104 205 FORMAT(8XsI18¢F 10,25 10%+12165%{ NOy OF-UNITEIL}> e i = - — J
3 6108 NUNITS=0
0104 UNIT{1)=0 3
n"iQ’ UQZTEI&,:S‘\
0108 154 FORMAT(1H1s///71’ SUMMARY STATISTICS FOR ALL FILES’///)
0109 WRITE(65209) B
0110 DO 152 J=1+84 i
0111 IF(CNUM(J)  EQ.0)GOTO152
0113 NNTN=NNTN+NTN -
L ..Qll4.- e TISRTISA TS e SO UUUU DS S | o
o115 TS=0 - ! Q
o118 NTH=0 - ' 0
oLz U0 204 KalsLlL. i
0118 TTOCC(K)=TTECC(K) 4 TOCC (K) : )
0119 20s TOCC(K) =0 : ‘
L. 0820 - - WRLITRCr 0TI Lo CNUNL IS e e e — U UL Sy | —
12CSUMCI) /TNUMC )y SART CAES(CSUM2(J) /CNUM( I - (CSUM(J) Z/CNUM(J) ) £22) ) S
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EFORTIRAN _IU VOIC =03 ERI - JO0=JUN~IZ 10214002 ' RAGE . 0O%

~
( CORE=15K+ UIC=C2+101 MAG3iS0sLP /LI SSRC=MAGI IS0
- - . 0121.- 132 .- — CONTINUE . . e
0122 WRITE(6»205)NNTN»TTS/NNTNs (TTOCC(K) yKmis11) ‘
L 0123 210 CALL WTOIO(IORLBsMAGLUN»QIOFLGr+I0ST, IOPARyDSW) : )
( VLW AT VPOW I N L I 70U0TUTY Ty
0126 - IF(I0ST(1).NE.EOF)GOT0O210
0128 GOTO14
oo - 0129 — 153——— WRITE4&ri L) e e e e R —
0130 111 FORMAT(’ THATS ALL FOLKS’)
o131 CALL EXIT

C ERROR ENTRY
o}

- 0132 . 30 - WRITE(CONLUN:+140)3-I0STL1}e-10ST{2)s—DSY -
0133 140 FORMAT(’ FATAL READ ERROR:’s0Ssy 0S5+’ DSW=’,15)

0134 CALL EXIT
c N
’ C LODP THROUGH RECORD A TRANSACTION AT A TIME
) c .
0135 --40———EALL—~TRANS (HAGBUF » SFHVEC Yy DATVEC T ENDEXY —_— e —— —
c : .
C ON ERROR EXIT .
=3 .
01346 IF (CONDIT.NE.MAGERR) GO TO SO
0138 . WRITE(CONLUNy1560)MAGERR
0139 160 FORMAT ¢ -ERROR IN—TRANSLATIONIZ»I5)- - ——_ . R
0140 CALL EXIT . ’ ’
€
e+ e G~ —FRANSLAT I ON-—NOT-EOMPLETE—GET-NEW—REEORD
- c c ‘
0141 50 IF(CONDIT.NE.CHPLT) GO TO 10
C INSERT USER ROUTINE HERES
c
0143 ~JxSFHUECTLY
0144 IF(SFHVEC(2) .NE.0) J=SFHVEC(2)
c COUNT NO. OF. DISCRETE UNITS THIS HOUR.
. 0144 DO 69 I=1yNUNITS mEm = B I T P
1 0147 IF(SFHVEC(IS).EQ.UNIT(I))GOTQ70

0149 69 CONTINUE
——NUNLT

0150 SaNUNITE+L

0151 .. UNIT(NUNITS)=SFHVEC(1%)
0152 70 CONTINUE - .
0153 IF(J.GT.84.0R.J.LT.1)GOTO77 - . -
0155 NBLKS=SFHVEC(18) /4%
0156 IF(J.EQ.4.0R.J.EG.24,0R.J.EQ.44.0R. J.EQ.47)B0TG76 :
l——— 0158 - —— X (NBEKSHEI #1092+ tOF e e e e
0159 GOTO7S .
0160 76 X=,103
0161 7% CONTINUE -
0162 SUM(J)=SUM(J) +X
0163 NUM( ) sNUM( D) +1
be~ - 0164 -~ ——EBUMLIIRCBUMCII N —mme —_ _— e —— - — e
0165 CNUM( JI=CNUM( D) +1 . . i

C164 SUHM2(J)=SUM2T ) +XEX
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- EORIRAN 1M NOLLa0T ERL FO0mJUN~Z2 10214309 RAGE-006— \ D]
CORE=15Ks UIC={2,10] MAG3#50,LP1 /LI {SRC=HAG3} 50 ot
B NI
= 01672 ————_CBUH24JImEBUM2 (U HHXEX — —— e e e D) |
0168 IReX/ 14,9 _ o
0149 IF(X.BT¢vB1AND X LE,1,4) IR N
k 0121 IR . 0T 1 4 Auf')_‘y Lt .2 13IR=10) <
( 0173 IF(X.GT.2.1)IR=11
017% OCC IR+ JI=OCCCIR,JI+1
0174 COCCLIRAJInCOCCLIR I 1A - )
0177 77 CONTINUE
C LODP TO NEXT TRANSACTION 3
¢
0178 IF (INDEX .LT. MAGSIZ) GO TO 40 :
0180 .CONDIT = RESYNC 3
e 0181 —GO-T0- 30—
o182 caLL EXIT
0183 END >
- )
)
o e R e e |3
]
J L]
J
. - e e U S R
J
- - — J
e S —— ) g <
N 0
) P ® |
| w)
: 1
| A —" - v — o —— - —— - - — - -—-——-———-———¢-—-————4: , H
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r'___znmu_w YO1C-03 FRI 30-JUN=28 10214623% PAGE 001 ~
CORE®13Ks UIC=(2+10] MAG3350sLP /LI ISRC=HAG3I SO
= - € -——— BUBROUTINE-TRANS———PERFORM—TRANGEATI ON-OF—ONE—TRANSAGTION -- - memmme s o= s e
c
L c TRANS A SUBROUTINE TO TRANSLATE ONE TRANSACTION
o CrOM YT DACICE™ | M O MAST e AOMAT <
—— & FROM—B¥TE—PAGKED+—BLOEKED—MAGTAPE—FORMAT
c TO AN INTEGER ALIGNED SFHs AND DATA
[ VECTOR.
— ——— .l RS
c SETUP NONE
c
[d Ccatt CALL TRANSIMAGTIAREBUFRFER+SEMUSCTOR hA‘Y‘AnscTnD)
c
[ NOTES!
— - L . _.RETURNS!
c CONDITION = TRANSACTION NOT COMPLETE
[ = TRANSACTION COMPLETE
- c -
0001 SUBROUTINE TRANS(MAGBUF »SFHVECs DATVEC, INDEX)
0002 —- -——INTEGER- CONDITr—ZERDr—INDEX - o
0003 INTEGER MAGBUF(1024)s SFHVEC(18)s, DATVEC(1480)s GETBYT
0004 INTEGER CMPLTs NCHPLTs MAGERRs RESYNC» MAGSIZ
0005 INFEGER—INEFH+-INDATA+—CURSIZ»—CURBYT
00064 INTEGER LISLUN
0007 DATA ZERQ/48/
0008 .. DATA LIBLUN/&/ e et e —
0009 DATA NULFUN /'255/
0010 COHMON CMPLT» NCMPLT» MAGERR» RESYNC» MAGSIZ
0613 CAMMON—L NG EH T B AT Ay CURGE T C LRI T CONTTE
c
c .
0012 - IF{CONDITINEJRESYNC B0~ TO—2 0O et S
0014 INDEX=0
Q01S D0 S I=3s0r~1
e —— Q0 MBEX—e—INBEXSLOH+GEF B FHAGBYF+ —ZERE
0017 S CONTINUE
c .
L [ SET INDEX AROUND THE SEQUENCE- DIGITS— e e e o dmns fmemme s e e ememe— e - = -
c .
ooiB INDEX = INDEX + 4
b ——— 004 8—- 1 O———CONTFINUE
0020 IF (CONDIT .EQ. INDATA) GO TO 30
) c
c UNPACK SFH - - - R
C .
0022 CALL UNFSFH(MAGRUF»SFHVEC, INDEX) 1
Y - o e e e e e
C NULL HEADER N
C .
0023 IF ( (SFHVEC(t) ,EQ. NULFUN)» ,AND, -
4 (SFHVEC(2) ,EQ. NULFUN) ) GO TO i1
0023 GO TO 15
0024 11-——CONDIT = NCMPLT — _— — e e e e
0027 RETURN !
0028 13 CONTINUE t

LT1-a sbeg




-~ EORIRANILL 0L 0-02 FRI—20~JUN-Z28—1 04135 RAGE—002 —_
CORE=15K, UIC=[2,101 MAC3 IS0/ LP!/LIISRC=MAG3 ;TS0
L 0029~-———N:—LCONDI"-—vNEv—-CHPL—T)——GO——'TQ—EC - _— B e
0031 GO TO 30
0032 20 INDEX = 4
> 2022 RETURN— Z
c
: c UNPACK THE DATA
[N -C ——
0034 30 CALL -UNPDAT(MAGBUF » DATVEC» INDEX ¢ SFHVEC(18))
0035 IF (CONDIT .NE. CMPLT) INDEX = 4
I 9037 RETURN
‘ 0038- END
3 - - - - - - cTTTT—CYY<e T T e o -7 -
b e e e f et e —— ¢ e m—a e o et e o ee e 4 e i e vy
|
i
1
i

8T-a abeg
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- EORTRAN JU MOLCa0T— FRI—30~JUN-726—10-H1 7401 PAGE-001 .
CORE=15Ks UIC=[2510] . MAG3350,LPt /LT SRCAHAGS T S0
- - - G-——— SUBROUTINE-UNPSRH—— UNPAGK—SFH e - - -
c
c UNPSFH A SUBROUTINE TO UNPACK A STANDARD J
( c ARRAY
c
e . SETUP_NONE - — —
c
c CALL UNPSFH(MAGBUF » SFHVEC» INDEX)
fad
c
0001 SUBROUT INE UNPSFH(MAGBUF s SFHVEC » INDEX)
.- & . — e e
c
0002 INTEGER MAGRUF (1024)» SFHVEC(18)r INDEX
2002 INTECER GETBYT+—w :
0004 DATA W/7W*/ -
0005 _INTEGER CHPLTs NCMPLT+ MAGERRs RESYNCs MAGSLZ

L - 0006 - IKTEGER—INSFH+—INDATA»—CURSIZ+—CURBYT—CONDLT

0007 COMMON CHPLT» NCMPLT» MAGERR, RESYNCsy MAGSIZ
0008 COMMON INSFH,» INDATA» CURSIZs CURBYTs CONDIT
. !
c .
0009 INTEGER TYPE(18)
o010 . -DATA TYFE/6%/ BB s 2% WL rbXL BBy 42 1ML — - PRSI
c ,
0011 IF (CONDIT .EQ. INSFH) GO TQ 20
AR LUnolL LOFL
0014 CURBYT = O
0015 20  CONTINUE
= 0016 CONDIT. m- INSFH - — —-—
0017 J = CURBYT
0018 K = CURBYT + CURSIZ
ad
c
0019 DO 10 I = UK
0020 - CALL PUTBYT(SFHYECsCURBYT»GETRYT (MAGRUF RINDEX I ———mo . .
& 0021 IF (GETBYT(TYPE,CURBYT) .EQ. GETBYT(W,0)) GO To 30
0023 CURSIZ = CURSIZ - 2
———o024——— GURBYF—a—GURD Y T2
0025 GO TO 40
0026 30 CONTINUE
0027 CURSIZ = CURSIZ ~ 1 - -
0028 CURBYT = CURBYT + 1
0029 40 CONTINUE
b e 03— INBEX—= [NDEX——t— s
0031 IF (INDEX .EQ. MAGSIZ) GO TQ 1C00
0033 IF (CURSIZ .EQ. 0) GO TO :00
0035 10 CONTINUE
0036 100  CONTINUE
0037 CONDIT = CHPLT
|~ — 0038 ..o RETURM - e - R S U —
0039 1000 IF (CURSIZ .NE, 0) RETURN
0041 CONDIT = INDATA
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EOQRIRAN IU UQIC =03 ERIL J0m JUMN=28 1021224 RAGCE .Ahi \ \
o CORE=15Ks UIC=[2,103 MAG33§50,LP3/LI$SRC=HAG3 50
. c. e S B
: c . .
o 0001 SUBROUTINE UNPDAT(MAGBUF »DATVECs INDEXsSIZE)
Py 0002 INIECER MAGBUK L1024 2D
{ 0003 INTEGER DATVEC(1680)
0004 INTEGER INDEXsSIZE
e~ .000S—— INTEGER— GETRYT : . ————— 3 )
0006 - INTEGER CHPLTs NCHPLT, MAGERRs RESYNC» MAGSIZ
0007 INTEGER INSFH» INDATA» CURSIZ» CURBYT, CONDIT 3
0008 COMMON—CHRETr—NEHRLT—HAGERR+—RESYNE+—MHAGSER
0009 COMMON INSFHs INDATA» CURSIZ» CURBYT» CONDIT
! : c
i P - — U U P )
0010 IF (SIZE .EQ. 0) GO TO 100 X
0012 IF (CONDIT .EQ. INDATA) GOTO 10 ,
k 0014 CURRYT = O . D)
: 001% CURSIZ = SIZE . |
0016 10 CONTINUE . ;
0017 ——— _CONDIT x=_INDATA [T N S
0018 . J = CURBYT
0019 K = CURBYT + CURSIZ ~ 1 9
c
’ c !
. 0020 DO 20. 1 = JsK _ )
5 0021 . CALL PUTBYT(DATVEC+ErGETBYT4MAGPURYINDEXS ) e e e e e
o 0022 INDEX = INDEX + 1 :
0023 CURBYT = CURBYT + 1 )
0025 IF (CURSIZ .EQ, 0) GO TO 100 '
0027 ~ IF (INDEX .EQ. MAGSIZ) RETURN
0029 20 CONTINUE ..--- SO B
0030 100 CONTINUE
0031 CONDIT = CMPLT
FoYok 3o RETURN— )
. 0033 .~ END
-
Ui - —— e e e e e s e e — =] D
) J
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~EO0RIR

- AN_TU YOI C =03 FRI-JOmJUN=2B - 1033 2343 RAGE—OO-L N
CORE=15Ks UIC=L2,10] MAG33#50,LP /LI ISRC=MAGI} 50
'+ e —Ge—— GUBROUTINE-OPEN— OPEN- A-FILE ———— —_— O —
c .
L c OPEN A SUBROUTINE TO OPEN A FILE D,
f L=
c SETUP NAME=FILENAME IN ASCII TERMINATED
c BY A NULL CHARACTER
— s - £ UN=THE- LUN-TO—USE - P e e -—
[
c CALL CALL OPEM(NAME,LUN)
C
c NOTES?
€ LUN RETURNS < O AND
C - - -— EQUAL.-TO.ERROR- CONDITION —_— e e e - e
c IF OPEN FAILS.
c HIGHLY OPERATING SYSTEM DEPENDENT -»
ol
[od .
0001 SUBROUTINE OPEN(LUN, NAME)
€~ —— ——— - oy ——— — e~ - - —
[
0002 INTEGER NAME(16)s LUN
£-
C CLEAR ERROR FLAGS
€
, o003 CALL ERRSNG. e e et e em e
0004 CALL ASSIGN(LUN»NAME)
0005 CALL FDRSET(LUN»’READONLY’)
0004 -EALL—ERREHGATERAD
0007 IFCIERR.EQ.0) RETURN’
Q009 LUN=-IERR
0010 RETURN . - B —
0011 END

zz-a obea
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ERI 30=JUN=28 10123%€7 RAGE-00Z

(______EQRJRAM 1y U0iC=03

CORE=1%Kr UIC=L2,10] MAB3 350 LP /LI SRCaMAGIISO

b — e G - ——
c SKIP °"NUMBER® FILES ON THE TAPE
c
\ 0001 IMNIBEGER. :um:;?nu EKTDIHI]MPED HAFDIQE*IEZDSY\ y
0002 INTEGER MAGBUF (1024)
0003 INTEGER NUMBER» LISLUN
— e .. 0004 . _INTEGER -ICRLBsHMAGLUR+ QIQFLG, JOSTL23+—T0RARLL I DS
0005 © INTEGER EOF
0006 ‘DATA EOF/*368/
Q002 DATA_LISLUN 264
0008 COMMON /IOCOM/ IORLBy MAGLUNs QIDFLG»IOST, IOPARs DSW
c .
iieee b —— GET-RID.CE_VOLUME-LABEL - -
0009 IFCIFIRST.EQR.0)GOTOZ
Qo411 ¢ S AT ORLB+ HAGLUNY G EOFLEGv+ 385 Ty IGPARY BSWT
0012 7 CONTINUE
c
~ . L——CHECX-FOR-RIRST-FILE e e e - e
c .
0013 . 1F (NUMBER .EQ. 0) GOTO 40
H0LS DO 101 = 3 HUMBER
c
C THERE ARE THREE EOFS PER FILE
. - & - — e - — ——— ]
0016 DG 20 J = 1,3
0017 30 CALL WTQIOCIORLBsMAGLUN,QICFLG»I0ST»IOPAR,DSW)
0018 H—BSW—NET— B0 T0— 100
0020 . IF (IDST(1) .NE. EOF) GO TO 30.
0022 20 CONTINUE -
0023- 10 - CONTINUE . [ _— -
c
c NOW GO OVER THE HEADERS

0024 40 CONTINUE

0025 CALL WTQIO(IORLBrMAGLUNsQICFLG,»I0STr IOPAR,DSW)
0026 200  FORMAT(IHLp/fbime e e LISTING-OF FILE—2+7A2/ 4} —————- _—
0027 WRITE (LISLUN+200) (MAGBUF (1) ,I=3+9)
0028 WRITE(S5,201) (HAGBUF (1) »I=3:9)
0029204 FORMATL L FIEE—a—t,7A2)
0030 50 CALL WTQIOCIORLE+MAGLUN+QIOFLG:»I0ST »I0PARDSW)
0031 IF (DSW .NE. 1) GO 70 100 :
0033 IF (10ST(1) .NE. EOF} GO TO S0 - R -
0035 100  CONTINUE

: 0036 .  SKIP = DSU

e 003F - REFURN- - E— - —
[$10R1:] END
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Jnﬂnamlu un!r..n.’ ":m‘_‘x,z_s_‘;;g}#_;!_l %c:{e!z‘:ﬁ —PAGE—GO+ \
[ CORE=15K, UIC=[2,10] HMAG3i50,LPL/LIISRC=MAG3 50
- c- - - e B L _—
i € FUNCTION GETBYT(ARRAY» BYTE,»INDEX)
x\ 0001 INTEGER FUNCTION GETBYT(ARRAY, BYTE) )
: 0003 — INTEGER—ARRAYL200)—BYTE-
0003 INTEGER INDEX N
c
- - 0004 - -———- INDEX-=—BYTEAZ e
0005 IF CINDEX.GE,2000) INDEX=1000
0007 GETBYT = ARRAY(INDEX+1)
0008 IF—— BYTE—~NEv—INBEX#R 607010
c .
E LOW ORDER BYTE ;
0010 GETBYT = ISHFT(ISKFT(GETBYT»8)+-8) f
0011t Go TO 100
— 0012 10 CONTINUEG. |
c .
Cc HIGH ORDER BYTE
R od e e o e e e e St 0 s e 4 ———
0013 . GETRYT = ISHFT(GETBYT:~8)
c
&
0014 100 CONT INUE
0015 RETURN
0016 - END - - -
H
b - - - U e e e+ i s t 4 e e & & mme et ey
!
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FORTRAN TV unic-03% FRYI 2T0-JUN-Z8 10218214 RPAGE 003 \
( CORE=15Ks UIC=L2,10] MAG3350sLP:/LI¢SRC=HAG3 I 50
. B - - e e e e e e e e
c SUBROUTINE *MYROUTINE®
}————g———ﬂ—QGQH—I-NE-—V—B—E*WH‘”"‘. BATA~AND—STORE-LT <
APER-BATA-AND—STORE—TT DY
c EXTERNALLY FOR SUBSEQUENT ANALYSIS.
0001 SUBROUTINE HYROUT(SFHUEC, DATVEC,NXTAUL)
0002 INTEGER SFHUEC(18)s DATVEC(1680)
0003 INTEGER SIZEs LISLUN :
QO04 INTEGER OKRAR .. GETRY T+ LI1TA~L21I2 BIGCA BICZ
0005 INTEGER ZERO» NINE
0006 INTEGER BLANK
0007 ... INTEGER.LOWER. .. — __ . -
0008 DATA LITA/*141/, LITZ/'172/» BIGA/*101/, BIGZ/*132/
0009 DATA ZERD/*060/» NINE/*071/
0016 BATA—BLANKALOAOA :
0011 DATA ‘LISLUN/&/
c
.6 WRITE-THE GFH—-~ —_— —
c
0012 NXTAUL=NXTAVL#1
£ NXTAVL ) SRHVES
0014 WRITEC(LISLUN»100) (SFHVEC (1), I=9)14)
0015 100 FORMAT(4I4)
0014 RETURN—-- e e ———— e ——
. C EXIT FROM ROUTINE
0017 END
5 - e - —
L e _ .
|
H
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TR ! | . ll! I I l | - - - '-' - El .-’ B - .

FORTRAN IU UnIc-03% FRI _I0-IN=-78 10°'183°T% pAGE 001 L2 -~ ﬁ
( CORE=1%Ks UICs[2,10] MAG350,LP 1 /L1 !SRCaMAG3}ISO
e R .> .
¢ SUBRGUTINE PUTBYT(ARRAY,BYTEINDEX, VALUE) ' :
, » 5
ra ) W
0002 INTEGER ARRAY(2000)s BYTEs VALUE
0003 INTEGER HIBYTEs» LOBYTEs BYVAL, INDEX 3
——— 0004 — INTEGER-GETBYF
= , :
¢ ne )
faToTo L1 IN X xn_BYTIELR
0006 IF (INDEX*2 .NE, BYTE) GO TG 10
c
.. .. . . C-.__{OW.ORDER BYTE — D)
c
0008 HIBYTE = ISHFT(OETBYT(ARRAY,BYTE+1):@) )
Q) 3.
0010 ARRAY(INDEX+1) = BYVAL 4 HIBYTE
0011 RETURN ;
- .- .6 o e
c HIGH ORDER BYTE
¢ )
0013 LOBYTE = GETBYT(ARRAYs BYTE—1)
0014 BYVAL = ISHFTCVALUE, 8) . )
001S - . ARRAYLINDEX-+ . 13 = BYUAL—4LOBYTE : : —_ —
0016 © RETURN
0017 END N
e e . e e e o SR B |
J
e - e e e . AU B |
J
. - . . J
o o e J
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@i IF N = 0 60T 1250 B
502 IF HI * H2 63T 926
310 BOTO 948

G20 H2 = 24 + {2 Page D-30
930 SPLIT = |
4. FRIGT ugy70Fck FILEY BRIk LIS, 27
5% Fd = f 7O N
GOSN = kUM )
INT D§;"RRITE FILE;EISK; ", P"38d

ST R s (HD - HD) ¢ B E 44 Hg
Sa IF - 24 60TO 1000

el b= H -4
100y PRINT TN

¢; PRINT STR$ (D#): PRINT STP$
1010 PRINT Mg (di: FRINY K$tdr: PRINT ASE(D)
1620 PRINT  GTRs {DS(1)is PRINT STRe (ET{i):
{925 FRINT CH#
feiny NEXT )
V040 PRINT D¢y “CLGSE DISKL®

145 NTAR 2

fus® THPHT “ARGTHER PAGE (Y/N}o3F

1245 EN 5 ¢

1270 IF P$ = *NO® 0F PE = "M THEN EN = |
1900 NUM = N + N

1035 TI = 77 + K

1}

(b1 - 50 61D 4165
Es.‘DPEN INGE,L29, 1"
De; *KRITE INDEY,RI®
;PO TR i) PRINT STRE (DISC
{136 PRINT STRE 47D

118y IF £N = | 607D 1250

1185 PRINT D¢y *OFEN INDEX,L20,P1¥

1136 PRINT De;*wRITE INDEX,R1M

1190 PRIMT “0": PPINT §TR$ (OISt + 1)

1200 PRINT &TRS (TY)

1210 PRINT D$

1200 VTA 19

1270 PRINT "DISVETIE 4 ";DISk;" IS FULLY

{249 PEINT REMEMEER TG USE DISE “;DISK + I3® MEXT TIME®

1245 BOTR {35 .

L350 HOME , -

1260 YTRR 107 HTRE 10y PRINT °THAT'S ALL FOLES®
125¢  BCTO 13ed

1222 REM CHECK CLASS

fiey IFCL=1fRCL =10 0RCL =12 0RCL=20RCL =2 0RCL=4G0TO {340

129 IF Cuo= 1,3 GOTC 134e

T PO s IOl s S20RCL =53 0REL = 5 BUTO 1340

POl L 40P oL LSORCL = L6 BREL = 1,7 OREL = 1,€ OF CL = 1,9 8070 1040
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P4

= ARG = HEUE 1R4eT) =
= [e5i i 4)

N T PSI0RD 8% RECH

PRINT [#3"9PEN FILEY,LISY, B2°

PRINT L¢;°READ FILEL,R®;3E0)

FOF [ =11079 .

INPUT pe)

NET

FRINT L#;°CLOSE FILEL"

FaR ' =1 7109

FRINT [ 48:0)

REYT I

TNPUT "COPRECT RECORE (Y/NI*;¥¢
IF ¥e = ™N" QR ¥¢ = "NO" GaTE 10
IF v = ¥END® THEN
Fir

INOUT uuql HOITEX L, G0N
IF N .« 0R N Y9 GRTR {10
[NoLT ":1TFY'.E$
PEILT B¢
IMPAT V3
iF ve = "WY 09 ¥g = MNQF RDTR {10

nethy = fz
P2INT Dey"OPEM FILE:,L1E,L2F
PRINT Ds;“wRITE FILEI k4 RECE
Fie 1= 1709
BRIKT ﬁiil§
HE:T |
PRINT ¢, "CLOSE FILEL®
INPUT “"MORE®;YS$
[F ¥¢ = ¥y QOp V4

rﬁ

= “YES" GTO 19

PRINT *FINISHED®

5TOP

IF PEEn {222y = 5 THEN PRINT *PAST
PEINT Dy 0Ll

LOSE FILEL": PRINT "FATAL ERROR®: §TGP

VOICEDAT — FIXER

LRSS :PE(3) = YELAPSED TIME“:P4(3; =

570P

END FILE*: PRINT D$;"CLOSE FILE1": §

§OHANNEL
PR o TELL WS
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Wit 0

4 BIM DTU(30),UTH G0N, QTa 130

S DM UReSH DEAIDY, 6L 30

&9 DIN TNEES L) DS ”),H%Zf ik

0 DIM ML ed2,25), 760012, 05)
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{36 DIM Cel2)

12 KPUT ! xEFR\E‘ISL)H ¥4

£33 INPUT "CHAMNEL (1/31%;CN¢

G FORT =0 TD 12

150 READ CeiD

P40 REXT [ *
LI P P L PP T P LT L P N L S
181 PRINT DS%;"0PEM FILEL,L150,D2"

{35 'hPJ‘ "START, FINISH" I8, 12

99 FOR I = It 10 §2

230 PRINT [5$;"READ FILEL,R";I

210 INPUET A$: RN TAPE 4

230 IMPUT BS: REM DAY

36 IKPUT 0¢: REM WP

249 INPJT OD$: REM ONIT

Z5) INPUT E¢: REM NEGGAGE STREAM

I8 INPUT Fe: PEM  ASSOS

10 INPUT G$: FEM  CLASS

263 INPUT Ks: REM ELAFSED TIME

290 IMPUT I$: QEM CHANNEL

295 IF i$ 4 ) CN$ GOTO 799

TR R = VAL (0$):oA = VAL (B$IHR = HR - L0001

M0 FRS = RIGHTS (A$,Si + STRE ( INT (HR))
3 IF LEFIS (A$\2) { > Y$ BOTE 790

[l s b= k=

360 NE o= 6iNE = Os un z

DA ré; G¢:

T OIT b=} THEN IS = 1 BOTO 520 .
96 IF 6= 1) TEEN IS = {3 6970 520
40 IF 6 = 1,2 THEN 1€ = 2: GOTD 570
MG IF 8 = 1,3 THEN IC = % GOTO 520
470 IF 5 = {4 THEN I = 4: 6OTD 52
43 IF 6 = 1,5 THEN IC = 5; GOTD 529
443 IF 6 = 2 THEN IC = &: BOTD 520
45: IF 6 = 3 THEN IC = 73 GOTO SX
4% 1F 6 = A THEN IC = 8: 6AT0 5it
879 IF 6 = 5.1 THEN IC = 9 6CTO 520
426 IF 6 o= 5.2 THEK 10 = 16y BGTS €20
4, IF § = 5,7 THE% 12 = {f: GO0 320
S IF Bo=os THEN IC = 123 607 T3¢
T BRTD 790
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B0 IF o= GOR2TD 790

595 PR o=

0L = 'D =4 10

S IFL IS THENL =L s 5+ {3

20 IF L Y 25 THRN L = 2%
833 DTL(ER) = DTHiPR- + NE

odQ UTHPR: = UTH¢RPY ¢ &y

S50 BTYLRR} = GTH(FR; + NG

520 NHUGFRY = MWL (PR +

570 NLLAID Ly = RLYGIC,LY +

§75 TLR¢iL,Ls = TLXOIC,LY ¢ VAL (He) 1 19
876 TOLEL, L) = TELUC,LY + 8

7T IDYCIC, L = THUCIC, L) ¢ [ o+

S50 DLFRY = DRIPR) + B

£95 N PRy = I}

T GRPRY = G 8

T OTHLIRRY = THLIPR) ¢+ VAL tHS) ¥ i
A DLEPRY = DLECPR) + ARS (10 ¢ VAL tH¢: - p - U-6)
T34 NDR{PR,IE) = HOMIPR,IC) + 1

T2 NTH(PR,IDY = NIGIPR,IC + VAL (H&) 2 {0
Fod NG LoE, Icz = NpLiPR, It; + B

FEb NUSKPR, T = KUSPR DY ¢ D+ )
710 pEM Fli he

790 REM FIXLF BRECESDING

79 NEYT !

g0 GOTE 970

812 EN = LEM E%)

2 FOR J = "G EN

B3 Ch$ = MiDs (E8,d,1)

g4 IF THE = = * (BOTO RN

g5 5T¢ = GT¢ + TH

850 IF 1 = EN 827D &89

8% GOTO 940

530 LA = RIBHTS (5T¢,1)

80 AMS$ = LEFTY (57, LEN (S51%) - 1)

IF LA% = °7¥ OR LA¢ = "U* THEN U
IF LA$ = "B" GR LA$ = “G" THEN 6
IF LAS = *2* OF LAs = *D* THEN D

n "
=1 = R =
+ o o+

VAL (AN¢):HYU
VAL (AM$):NG
VAL (AN$):ND

o
"
"

1 57¢ = *¢

HEXT &
51¢ = ¢
RETURK
FRINT DS$;°CLOSE FILEL®
INPUT "LGAD NEXT DISK OR PRINT RESULTS (L/Py*;hs
IF As = °L* GO0 B0
PES 1: FRINT "1324“: PRINT (CdRS$ (15)
FO¥ § = | TOOMLRICDY = I3 NEXT i
FOP ! = : 13 %1
FOF ) = 1 70 Nt
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{260
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FRINT FP N ’YEAF:-";Yﬁ

G NK = P“ (PP). I (P = 0 6070 1 1315

PRINT *PERIDD :-7; Tﬁ'
PRIKT DTa(PR) / N
PRINT UTL(PR) ! Hn,Tﬁ
PRINT BTL(FR) / MMy TE;
FRIN T8
BRINT U551 1 MAETS:
BEINT GLiFRY / M TH;
PRINT THL(PR) PW T$;
PRINT DLE(PR) & NN;TS
FOR IL =110 12

NC = HER(PR,I0): IF HC = b 6OTO {310
FRINT CS"L) THIND; T4 NTH(PR, 1D £ K3 TY;

(340 MEXT IC

I35 NEST 1

1715 PRINT

{317 FORIC = L7012

1319 FR = :

1326 FOR L = 9 10 25

1325 IF NLYTOIC,L) = ¢ GOTO 1350
1730 AL = L3 IF L 315 THEN A
I334 IF F& = © 5OTO 1340

{335 PRINT "CLASS: *jC${IT):FR = 0
1347 PRINT ALTS3NLALCIC,LNT
1341 KL'L) = HLIL) + KLBEIG,L

1347 TLIL) = TLIL) + TLZ(I",L)
1343 TGIL) = TGELY + TERIC, L)
£344 TDeLy = TDIL) + TDRSIC,.)
1750 MEIT L
1790 NELT IC
1795 PRINT 3 PRINT uGURMARY ALL CLASSES" .
1397 FOR L = & TC 25
1398 PRINT L $iHLCL) 3 TETLALY; T4 TRILY; 787D
1799 Pt” ! ‘
1420 PRINT °SUCCESS!™
1438 srcp
1440 REM CALL PERIDD
1450 IF NI = 0 THEN k = 1: 60T 1500
1470 FORY = 1 T0 M
1480 IF RI${FY = PRE THEN RETURN
1490 NEYTE
{590 Ri€(F) = PRS
1515 Nf = ¢
1529 PRINT MI,R1silt)
1530 RETUEN

BhipR,ICY / Nu,.i HULEPR, IC} 7 NC
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F
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SUMMARY OF ACTUAL PEAK BUSY HOURS SAMPLED AS PART OF THE STUDY
‘BEFORE' MRDS

~ NUMBER OF ANALYSIS OF

CALENDAR DATE " TAPE CODE PATROL UNITS  VOICE TAPES

Day of

Week  Year Month Day Hour Year Month Day Hour  D#1* Di3 Chl Ch3
Sat 80 09 13 00.00-01.00 80 - 08 13 01 15 -

Fri 80 09 12 14.00-15.00 80 0 13 15 10 - x

Fri 80 10 17 21.00-22.00 80 _ 10 18 22 - 14 x
Sat 80 10 18 01.00-02.00 80 10 18 02 14 - x
sat 80 10 18 02.00-03.00 80 10 18 03 14 - x

Sun 80 10 19 01.00-02.00 80 10 19 02 10 - x

Frl 80 10 24 23.00-24.00 .80 10 35 24 - 20 x
Fri 80 10 24 00.00-01.00 80 100 24 o0 15 - x

Sat 80 10 25 16.00-17.00 80 10 26 17 1 - x

Sat ‘80 10 25 20.00-21.00 - 80 10 26 21 1 - x

Sat 80 10 25  21.00-22.00 " 80 10 2 22 18 - x

Sun 80 10 2  01.00-02.00 80 10 26 02 - 14 .

Tues 80 10 28 23.00-24.00 80 10 29 24 18 19 % x
Wed 80 - 10 28 23.00-24.00 80 10 30 24 20 - x

Wed 80 10 29 01.00-02.00 80 10 329 02 20 - x

Thurs 80 10 30 15.00-20.00 80 100 N 20 v} - x

Thurs 80 10 30 21.00-22.00 80 10 3N 22 20 - x

Thurs 80 10 30  23.00-24,00 80 10 31 24 20 - x

Fri 80 10 31  20,00-21.00 8 - 11 o 21 - 20

Prl 80 10 81 23.00-24.00 80 n o 24 - 22 x
Frl 80 10 31 00.00-01.00 80 10 3 01 - 22 x
Pri 80 10 31 02.00-03.00 " 80 100 3 03 18 - x

Sat 80 11 01  00.00-D1.00 80 1 o1 .ot - 17 x
Sat 20 11 61 01.00-02.00 80 n o 02 - 17 x
Sun 80 1. 02  02.00-03.00 80 1 o2 03 - 1 x
Thurs 80 11 06  00.00~01.00 80 11 06 0 - - 21 x
Thurs 80 11 05 01.00-02,00 80 11 06 02 - 21 x
Sat 80 11 08 00.00-01.00 80 11 o8 o1 1 - x

Sat 80 11 08  02.00-03.00 800 11 o8 03 - 18 x
Sun 80 11 09  00.00-D1.00 80 1m0 01 - 18 x
Sun 80 11 00  02.00-03.00 80 11 0 03 - 18

il 80 10 31 22.00-23.00 00 1 m 2 - 20

Fri 80 11 07 00.00-01.00 86 nooo ol - 19
* D indicates policing district .
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SUMMARY OF ACTUAL PEAK BUSY HOURS SAMPLED AS PART OF THE STUDY
'AFTER' MRDS
CALENDAR DATE VOICE TAPE CODE,;, HUMBER OF ANALYSIS OF
PATROL UNITS TERMINALS  VOICE TAPESDATA TAPES

Day of

Week  Year Month Day Hour Year Month Day  Hour Dll(z) D#3 D143 D14 Chl Ch3 D14
Thurs 82 02 18  20,00-21.00 82 02 19 2 21 . 29 13 2 x  x %
Sat 82 02 20  00.00-01.00 82 o2 20 o 29 2 9 34 x  x x
Sat 82 02 20  22.00-23.00 82 02 21 23 28 21 20 34 x  x x
Sun 82 -02 21  01.00-02.00 82 02 21 02 28 27 16 39 x  x x
Thurs 82 02 25  21.00-22.00 82 o2 26 22 21 26 16 38 x  x x
Thurs 82 02 25  22.00-23.00 82 02 2 23 21 2% 12 38 x x x
Thurs 82 03 04  20.00-21.00 322 0 05 2N 32 24 16 33 x  x x
Fri 82° 03 05  23.00-24.00 82 03 06 24 34 28 18 41 x 0z x
Sat 82 03 06  21.00-22.00 g2 0 o1 2 - 32 29 19 41 x  x x
Sat 82 03 06  22.00-23.00 22 0 32 29 18 41 x x x
Sat 82 03 08 23.00-24.00 82 03 07 . 2 32 29 12 4l x  x x
Sun 82 03 07  00.00-01.00 22 03 o1 01 32 23 12 36 x  x x
Sun 82 03 07 02.00-03.00. 82 03 07 . 03 21 20 19 36 x x x
Fri 32 03 12 22.00-23.00 22 03 13 2 31 2% 19 51 X x x
Prl 32 03 12 23.00-24.00 82 03 13 A 31 25 19 51 x  x x
Sat 82 03 13 00.00-01.00 2 03 13 ot 31 5 2 57 x  x x
Sat 82 03 13 22.00-23.00 82 03 1M 2 31 25 21 57 x  x x
Frl 82 03 19  23.00-24.00 g2 03 20 U 29 25 18 43 x  x x
Sat 82 03 20  22.00-23.00 82 03 21 23 27 26 14 39 x  x x
Sat’ 82 03 27  00.00-01.00 82 o 2 0 - 30 24 16 42 x  x z
Sat 82 03 27  0L.00-02.00 g2 03 271 o2 30 - 28 18 42 x  x x

Notes: (1) Indicates voice tape code as found in project records
(2D indicates pollcing distriet

z=5 2bevg
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A review of the data radio channel protocol (ref. 5) and the results of MRDS radio
coverage tests (ref. 3) has resulted in formulating the following approach for
conversion of data message length (in characters) to radio channel occupancy (in

seconds).

Fl'o

Scaling Factors

The scaling factors developed for conversion of digital message length in

characters to radio air time are as follows:

(i)

(ii)

F2.0

Header type messages require 0.103 sec of radio transmission time. The
following function numbers (decimal) are considered as Header type
messages: 3, 4, 5, 24, 46, 47 (see table 4-1).

Text type messages require ‘J:T = 0.103 + (0;092 N) sec of radio time. N
is the number of 45 character blocks (one character = 7 bits at 4800 b/s)
in a text message rounded off to the next higher integer. For CPIC
formatted positive responses and registered owner responses the radio
time calculations are adjusted as indicated in 2(b) and 2(c) below.

The function numbers (decimal) falling in the Text message category are:
6, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 21, 23, 25, 26, 27, 28, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 48, 58, 59, 62 (see table 4-1).

Transmission ofvText Messages

Text messages are blocked into pages up to 315 characters in length. The pages

up to 30 in number are stored in the host ready to be sent out when requested

by the terminal. No records are kept showing what percentage of these

multipaged messages is transmitted to the terminal in their entirety as it.

depends very much on the naturé of information contained in them. Throug'h

- discussions with Cpt. D. Lea of Vancouver Police and a review of CPIC message

‘statistics the following has been judged as being representative of the actual

situation:

: (a)v

Positive CPIC responses for vehicles, boats, property and unformatted

messages are in each case requésted and read in their entirety.
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FUNCTION

| NUMBE®
goanly

1 .

~NOOY U W N

10
11
12
13
14
15
16
17
20"
21
22
23
24
25

" 26

27

e

TABLE 4-1

Fune t\(‘nk

B : Page F-2

(Page 1 of 3)

(excerpted from MRDS System Documentation)

FUNCTION
CODE

T

S S T e ———

COMMAND
coot

DON

DOFF
MON
MOF
MTA
CFQ
DsSC
NRT
NMT
NTA
CPY
CFP
CFv
CFT
CFB
BCL
BCD
CBR
1SN

ISF .

CPN
CHC
CMT

MSC
ON
MF
NMC
NMG
HEV
- MUR
Cun

————————

Status -Change by Dispatcher

- Mobile

DESCRIPTION

Dispatcher On Duty

Dispatcher OFf Duty

Mobile On Duty By Dispatcher
Mebile Off Duty By Dispatcher
Mobile Terminal Assignment
CPIC Limited Free Format Query

Karrative from Work Station
Narrative to Team

Narrative to Group/All Call
Copy
CPIC
CPic
CPIC
CPIC
B.C.
B.C.
B.C. Registration Number Query
IST On Duty

1ST Off Duty

CPIC Narrative

CPIC Hit Confirmation

CPI1C Total Free Format
Transaction

Change by lMobile

Sign On

Sign Off

to Dispetcher Narrative

Formatted Person Query
Formatted Vehicle Query
Formatted Property Que#y
Formatted Boats Query
Licence Query !
Drivers Licence Query

Stetus
Mobile
Fobile
Mobile to Mobile Narrative
“odify Trace Function
Modify
fr(dte Unit Record

Unit Record

P ——
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TABLE 4-1 Functions (Page 2 of 3)

FUNCTION

jl NUMBER | 533:?“;9” s DESCRIPTION
| 40 MDF TS| Modify Function Table
I 93 | 41 . OSSN _S_ys't__em Manager Sign On
= 2q| 42 Ms “Modi fy ﬂorkstat}on Record
~I 15| 43 DTM™ Set Date/Time ,
- 26| 44 RFP CPIC Formatted Pos.
3 Resp.=-Persons
l 2% |- 45 RFV -Vehicle
_ a8 46 " RFB ~Boats
I aq | 47 RFT -Property
. 4ol 50 RNP CPIC Formatted Neg.
l _ Resp.-Persons
- 4] { 51 RNV -Vehicle
= q21| 52 RNB -Boats
-l 43| 53 RNT  -Property
i 44| 54 CUR CPIC Unformatted Response
Ia 451 55 IUR - ICBC Response
o a4bl s6 MEM ' Emergency
' 43} 57 MAK Manual Acknowledgement
: 48| 60 SE1 ‘Error Message - Class 1
1‘l 49| 61 _SE2 _Error Message - Class 2~
- 50| 62 SE3 Error Message - Class 3
51| 63 ~FVE Field Validation Error
. 52| 64 CVE _Command Validation Error
53! 65 TEL Telephone Monitor Interface
' 541 66 CLD Cold Start
55y 67 RSD Restart from Diskette
' 56 70 RSW Restart from Diskette
L 5% 11 - RSC Power Fail Restart
' 53] 72 LGC Log Channel Statistics
5ql 73 LGQ Log Queue Statistics
(- 6ol 74 - EVT Event Trace Log
l RN DUR Delete Unit Record
'9 ba] 76 uIp Unsolicited CPIC Response
i
1
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TABLE 4-1 Functions (Page 3 of 3)

| AAN
e | e | e | e
- 77 SYS : System Startup Message
100 OPN Open Channel
101 CLS 1 Close Channel
- 102 ENB Enable Channel
103 DSB ‘ { Disable Channel
104 EXT EXIT (Diagnostic Command)
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(b) For positive CPIC responses on persons, first page is requested and read in
all cases. The seconds and third pages are always requested in "hit"

situations.

This is taken as 12% of the positive replies. The remaining pages in
positive replies are probably only read for 50% of cases.

(e) The first three pages of registered owner replies are read for 80% of the
cases. The remaining pages are read for 50% of cases.

3.0 Overhead Messages and Collisions

In addition to the message types shown in table 4-1 there are a number of

control messages, automatic acknowledgments and form requests which ocecupy
radio air-time but cannot be easily accounted for. '

Further, the throughput of the inbound channel is a function of the particular
method used by the MRDS terminals in accessing that channel. This method,
referred to as "Digital Sense Multiple Access", depends on the '_cerniinal
accurately sensing the condition of data channel: idle or busy. If the channel is
sensed idle, the terminal transmits a message, if not the transmission is
inhibited.

It takes a finite amount of time to sense the time from when one transmitter in
the system starts to radiate energy to the time when all other transmitters are

inhibited. This time is referred to as the "busy sensing and signalling delay" or .

"eollision interval." Should a terminal be instructed to transmit a message
during this interval, it will do so causing a collision at the base station receiver.

Automatic acknowledgement will nét be received and a retransmission will be -

attempted.

The number of potential collisions on the channel increases with the number of
messages attempted by the terminals in the system. When the number of
terminals is large and attempted traffic heavy retransmission due to collisions
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can add significantly to the total channel message occupancy time and hence
reduce the throughput. However with the present number of terminals in the
Vancouver System and the relatively small data traffic during the voice peak
busy hour it is felt that the effect of collision on total message occupancy time

is small,

Considgration of all the above factors with the assistance of references has led

'to an allocation of the 65% of the data channel message occupancy time (TOM)

as representing the time contributed by messages and retransmission due to
collisions.

It is not possible to determine from the available data how many messages were
subject to retransmission due to propagation errors. Radio coverage tests
undertaken by the City of Vancouver (Reference 3) indicate that because of the
excellent radio coverage experienced this factor is be significant. Specification
requirements outlined in Appendix A were met or exceeded, making this factor
very small in the overall computation of data channel message occupancy. It is
felt that the 65% allocated in F3.0 above can also be considered to include
whatever small value that results from retransmission due to propagation
errors.
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APPENDIX G

MRDS TRAFFIC AND SPECTRUM USE STUDY

APPENDIX G
TO

REPORT R-276-001

SAMPLE FREQUENCY DISTRIBUTIONS

VOICE CHANNELS:

1. Number of Messages (NM) and Message Air-Time Occupancy (TOM) as a

function of Message Time (TM).

2. - Number of Messages (NM) and 'I‘x_'ansmission Air-Time Occupancy (TOT) asa -
' function of Transmission Time (T

DATA CHANNELS:

1.  Message Air-Time Occupancy (T, ) as a function of Data Message Time (T,).
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G1.0 INTRODUCTION

G2.0

This Appendix contains detailed frequency-time distribution of the message
content in both voice and data channels. These distributions are included on
Figures 6-14 to 6-47 and show the behaviour of all méssage types combined
as well as for each individual type 'before' and 'after' MRDS.

It should be noted that the ’mimber of voice hours sampled (42 hrs) is twice
that of the data hours (21 hrs) - as explained in the report this is because the
records for voice channels are available on a per district basis while the
data record is a composite for traffic generated by all four districts.

Voice Channel Distributions - (Figures 6-14 to 6-41)

Each figure contains a summary data for the average valueé that
characterize the message type and a histogram showing the sample
distribution. The abscissa of each voice histogram has 5-second time
increments from 0 to 60. The percentage of sample with duration gréatér
than 60 is shown as one value.

To expose the finer structure of message distribution in the time interval
0 to 15 a smaller histogram is included as an insert to the larger one. As

~ discussed in section 5.1.3 of the report there is less confidehce in the

accuracy of this finer distribution because of message classification
problems which the operators experienced.

To locate a spécific distribution refer to table G2-1.
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Page G-2

DISTRIBUTION FIGURE NUMBER
'Before! 'After!

- All Combined Fig. 6-14;p. G- 4 Fig. 6-15;p. G- 5
E | Type1 - Dispatch Fig. 6-16;p. G- 6 Fig. 6-17;p. G- 7
€ | Type 2 - Tactical Fig. 6-18;p. G- 8 Fig. 6-19;p. G- 9
E Type 3 - Status Fig. 6-20;p. G-10 Fig. 6-21;p. G-11
3 Type 4 - Data Requests Fig. 6-22;p. G-12 - Fig. 6-23;p. G-13
2 | Type 5 - Base Responses Fig. 6-24;p. G-14 Fig. 6-25sp. G-15

o = | Type 6 - Descriptive/Narrative Fig. 6-26;p. G-16 Fig. 6-27;p. G-17

&)

8 &=

P E All Combined Fig. 6-28;p. G-18 Fig. 6-29;p. G-19
'E* Type 1 - Dispateh’ Fig. 6-30;p. G-20 Fig. 6-31;p. G-21
= | Type 2 - Tactical" Fig. 6-32;p. G-22 Fig. 6-33;p. G-23
S | Type3-status Fig. 6-34;p. G-24 Fig. 6-35;p. G-25
& | Type4 - Data Requests © Fig. 6-36;p. G-26 Fig. 6-37;p. G-27
Z | Type 5 - Base Responses Fig. 6-38;p. G-28 | - Fig. 6-39;p. G-29
E Type 6 - Descriptive/Narrative Fig. 6-40;p. G-30 Fig. 6-41;p. G-31
= |
o | All Combined N/A Fig. 6-42;p. G-32

g E Type 3 - Status N/A Fig. 6-43;p. G-33

<| m | Type 4 - DataRequests N/A Fig. 6-44;p. G-34

R % Type 5 - Base Responses N/A Fig. 6-45;p. G-35
¥ | Type 6 - Descriptive/Narrative N/A Fig. 6-46;p. G-36
= | Type E - Error N/A Fig. 6-47;p. G

G-37
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'BEFORE’ MRDS - 1980

RADIO CHANNELS _ 1 & 3 COMBINED

TYPE OF MESSAGE _ _ ALL COMBINED _
Number of hours sampled (H)  _ _ _ _ _ 34 _ _ _
Average Number of patrol units (Fp) _ 17 _ _ _
N, ___148.3 _ Ty - _30.9.8 _
Ny Fp __87 _ Toy — 1610.0 s _

R 94.7 s
oufe, ST
iS5

10 |-§ Bl B i

i " ’

. ‘ ‘ ﬁ ?,j

BN 7 it Ve S "’1"5
5 10 15 20 25 - 60 7 560

MESSAGE TIME (SECONDS)

FIGURE 6-14 'BEFORE' MRDS - All Message Types Combined
| Sample Distribution of Number of Messages (N,) and
Message Air-Time Occupancy (TOM) Per Hour.
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'AFTER’ MRDS - 1982
RADIO CHANNELS _ 1 & 3 COMBINED
TYPE OF MESSAGE _ _ ALL COMBINED _
Number of hours sampled (H) _ _ . 42 _ _ _
Average number of patrol units (Fé)_____gg______
Ny __ _158.1 _ Ty 2095 _
Nﬁ/éP -3 Tom - 72748 _
T - 6l.7 s
oe/%P —————
15
3 P
T
o e i
40 X

PR

300
!
&

e A

MESSAGE TiME.(SECONDS)

FIGURE 6-15 'AFTER' MRDS - All Message Types Combined
 Sample Distribution of Number of Messages (N,) and

MesSage‘Air-Time.Occupancy (TOM) Per Hour.
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'BEFORE’ MRDS - 1980

- -

RADIO CHANNELS 1 & 3 COMBINED

.PERCENT OF SAMPLE

TYPE OF MESSAGE _ _ _ _ 1 _ _ _ _
Number of hours sampled (H) _ _ _ _ _ _: 34 . _
Average number of patrol units. (Fp)_ _ 17 _ _ _
- _ @%
Ny —__87.85__ Ty _-_11.8s _ l
= - B |
Ny F, - A0 Toy — —801.0 s b
T 47.1 s o
_ o%/?P ----- II
. o
. 18 H -
° i \ 3
NM a ; :
1 ;
Tom 6 lm
— 5 . j .
4 1 7§ N
3 ‘ ‘ ‘ I P
" 2 1 : . .
5 3 1 g ? L} é B ; 5 g i_é é ¥
E ! 5 § sh-el-5 1wl wi ¥ w] |
1 3 ‘ |
20 -4 & oF -
1 i }éi ][
B B |
2 :1 E ;
B ] B : iw
: 3 b [ ; : }
okl & 5{5: ¥ % | -
L) i e i I 7 i
: ’}: i k- # i
N1 Bl % : |
;; ® “fﬁ '
% 4] | :
{ P |
4
f

A AT A R MO TN

2 T N

£ %
T g 2 F
0 20 25 30 35 40 45

MESSAGE TIME (SECONDS).

FIGURE 6-16 'BEFORE' MRDS - Message Type 1

50 55| 60

)
i

Sampie Distribution of Number of Message% (NM) and

Message Air-Time Occupancy (T~,) Per Hour.
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'AFTER' MRDS - 1982

RADIO CHANNELS _ 1 & 3 COMBINED

— = G = w— e e -

TYPE OF MESSAGE 1

MESSAGE TIME (SECONDS)

'AFTER' MRDS - Message Type 1
Sample Dlstrlbutlon of Number of Messages (N ) and

Message Air-Time Occupancy - (TOM) Per Hour.
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BEFORE’ MRDS - 1980

RADIO CHANNELS 1 & 3 COMBINED

TYPE OF MESSAGE _ _ _ _2 _ _ _ _ 1
Number of hours sampled (H) _ _ _ _ _ _. 34 _ @ _
Average number of patrol units (Fp)_ _ 17 _ | _
|
-— —— |
NM ___08.5 _ _ TM ____11.;5.—13__
"mfF, - 0.03_ _ Tom ——-3-82_
T ' 0.2 s
ouffp - 22 -
30 I
@%3‘3‘ NM X ;
. R 4 {
o 2er ¢ |
40 A ;
10} / /
i i ’
v 4 i . |
it -~ g :
TE %g A5
B 7
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20
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FIGURE 6-18 'BEFORE' MRDS - Message Type 2
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Sample Distribution of Number of Messages~(NM)'and

Message Air-Time Occupancy (T,,) Per Hour.
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'AFTER' MRDS - 1982

RADIO CHANNELS 1l & 3 COMBINED

— o e — ume  w— e — —

TYPE OF MESSAGE _ _ _ _2 _ _ _ _
Number of h;)urs sampled (H) _ _ _ _ _ 42 __ _ _
Average number of patrol units (Fp)_ _ 28 _ _ _
ﬁM .__._.9.°.9_.___. .TM - 128 _ _
ﬁé/éP R | ToM — — 72258 _ _
' TOby%P 0.3s _ _
36
Ton zet i
—— e ——

ief

SRR AL

————
ilocpe
-

- aga

o it -
YIS o Mbher. 1 s, oot B

Y e T R

d Bt Ty

" 3 h

40 45 50 '35 60

MESSAGE TIME (SECONDS)

FIGURE 6-19 'AFTER' MRDS - Message Type 2 _
Sample Distribution of Number of Messages (NM) and
" Message Air-Time Occupancy (TOM) Per Hour.
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'BEFORE’ MRDS - 1980

RADIO CHANNELS 1 & 3 COMBINED

— — - — — e G —en  —

TYPE OF MESSAGE _ _ _ .3 _ _ _ _
Number of hours sampled (H) _ _ _ _ _ _. 34 _ |
Average number of patrol units (Fp)_ _ _17 _ |
Ny _ _ _22.6 _ Ty ___656.4-5
a— — .2
Ny - te30 Tom — —44-28

A

7l Tom 4 2 |

60 A ————
L §§-§t§§§i§g

. 10 |

so K ¢ 2
1 1 H
: ‘R ¢
|

o
VR

40

"MESSAGE TIME (SECONDS)

FIGURE 6-20 'BEFORE' MRDS - Message Type " 3
' Sample Distribution of Number of Messages

Message Air-Time Occupancy (TOM) Per Hour
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'AFTER’ MRDS - 1982

RADIO CHANNELS 1l & 3 COMBINED

TYPE OF MESSAGE '3

— e — — o — = — —

20 25 30 35 40 45 50 55

MESSAGE TIME (SECONDS)

FIGURE 6~2]1 'AFTER' MRDS - Message Type 3
‘ ~Sample Dlstrlbutlon of Number of Messages (N ) and
'Message Air-Time Occupancy (T M) Per Hour.
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'BEFORE’ MRDS - 1980

RADIO CHANNELS 1 & 3 COMBINE

TYPE OF MESSAGE _. .. _ _4 - _ _ _
Number of hours sampled (H) _ _  _ _ _: 34 _ | _
Average number of patrol units (Fp)_ _ 17 _ _| _
Ny — .. 25:0_ _ Ty —_-3144s _
NM FP _..};ﬁ_._, ToM _...§5§:2_§5._

T 21.1 s
oM/F, S

1@

] S
N

M 8

Ly K¢

6

S

4

3

2

1

30 o

o VAANPETT . el

10

RO

R RO R VR S YA

3 : d
. Bz Bie -:. I B I
5 1 20 25 30 35 40 45 50 55 60 ¥ 560

MESSAGE TIME (SECONDS)

FIGURE 6-22 ‘'BEFORE' MRDS - Message Type 4 {
’ Sample Distribution of Number of Messages (NM),and

Message Air-Time Occupancy (T,,) Per Hour.
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'AFTER' MRDS -.1982

- - RADIO CHANNELS 1l & 3 COMBINED

— e ma Amm e e ma— ma— e

[

{l TYPE OF MESSAGE _ _ _ _4 _ _ _ _

‘ Number of hours sampled (H) _ _ _ _ _ 42 _ _ _

i Average number of patrol units (FP)_ _ 28 _ _ _

l N, __ _25.8_ _ Ty _._14ls _
N}.y%-P - 923 __ ToM — —363.2 s _

I .. R
[y

- o
l Ny ’ o
-: , ?
h Tom 6 I ) l i "
- 40 R S P ; i i
1 ;
o 3
|| :
; 30 g
m
%
Py
'K
)
wn
TN 7
i:
=~
=
m
(%]
j:
| S
Py
1
{l MESSAGE TIME (SECONDS)
!' FIGURE 6- 23 'AFTER' MRDS - Message Type 4

Sample pistribution of Number of Messages (N,) and
g' ' Message Air-Time Occupancy ’(TOM) Per Hour.



PERCENT OF SAMPLE

Page G-14

'"BEFORE’ MRDS - 1980

RADIO CHANNELS 1 & 3 COMBINED

TYPE OF MESSAGE _ _ _ _ 5 _ _ _ _
Number of hours sampled (H) _ _ _ 34 _ 1 _
Average number of patrol units (FP)_ R & A
Ny 1.2 Ty ___l_g.gTs_
- - i
Ny, F, __0.7 ToMm — — _];33_.3?__
T .2 s
oMfF, — 8.2 8 _
' 20
Ny
Tom
60 10f

MESSAGE TIME (SECONDS)

FIGURE 6-24 'BEFORE' MRDS - Message Type 5 ‘
Sample Distribution of Number of Messages (N

Message Air-Time Occupancy (Toy) Per Hour.
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FIGURE 6-25
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MESSAGE TIME (SECONDS)

- Sample Distribution of Number of Messages (NM) and

'AFTER' MRDS - Message Type 5

" Message Air-Time Occupancy (TOM) Per Hour.
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'AFTER' MRDS - 1982
RADIO CHANNELS _ 1 & 3 COMBINED_
TYPE OF MESSAGE _ _ _ _5 _ _ _
Number of hours sampled (H) _ . _ _ _ 42 _ _ _
Average number of patrol units (Fp)_ _ 28 _ _ _
NM o _11.0_ _ Ty _____1;27.9__5___
N%/éP . _..922._ -— TOM _._.%éQ;Z_%_._
‘ T, 5.1 s
oy LA
38
Ny
Tom 2af
60 e - ¥ i
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'"BEFORE’ MRDS - 1980

.

RADIO CHANNELS 1 & 3 COMBINED

TYPE OF MESSAGE _ _ _ _§ _ _ _ _

Number of hours sampled (H) _ _ _ _ _ 2 31___; _
Average number of patrol units (Fp)_ _ 17 _ _ _
Ny 214 Ty __—_1.6s _
Ny Fp - 1.3 Tomy — — 164.0 s

T L., 9.7 s
oMfF, —-==-=-

20p ,

r |
gfi}'r NM 3 ?
<44 Tom : | |

50 ey | O1- ‘
40 - B
i
30§
it
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-H |
i o
B
10 A g
z-:,: 4
0 Aﬁ o , i
5 i 45 50 55

FIGURE 6-26

MESSAGE TIME (SECONDS)
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'"BEFORE' MRDS ~ Message Type 6

" Sample Distribution of Number of Messages:(NM).and

Message Air—Timé’Occupancy (TbM) Per Hour.
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'AFTER' MRDS - 1982

- RADIO CHANNELS ‘1 & 3 COMBINED

— e e amee e e e e Smea

TYPE OF MESSAGE _ _ _ _6 _ _ _ _
Number of hours sampled (H) _ = 42 _ _ _
Average number of patrol units (Fp)_ _ 28 _ _ _
R, ___18.9__ Ty —_-T:58 _
N,yﬁp _0.7_ _ Tom — —140.6s _
T . 5.0 s
0%/%9 —————
25p
N
M ZBE
Tom l
15
16 )
y
i
¢
18 F :
- I"g R
I 4 , . .
B i e ol o o o o

15 2 25 30 35 40 45 50 ‘55 60 “ 560

MESSAGE TIME (SECONDS)

'AFTER' MRDS - Message Type 6
Sample Distribution of Number of Messages (NM) and

Message Air-Time Occupancy (TOM)_Per Hour.
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‘REFORE’ MRDS - 1980

RADIO CHANNELS _‘1 & 3 COMBINED

TYPE OF MESSAGE _ _ ALL COMBINED
Number of hours sampled (H) _ _ _ 35______
Average npﬁber of patrol units (FP)_____}Z____._
f‘TM _ . 148.3 _ Tp —— 115 _
ﬁhy%'P —— E'Z - ToT - 1048.8 s _

T = 6l.7 s
onfe, s
29

40

30

20

10

53 s 3 s
R s
-

[
% .
ad Ll ﬂ Jﬂ bl == o
0 25 30 35 40

45 50 55 60 60

TRANSMISSION TIME (SECONDS)"

FIGURE 6-28 'BEFORE' MRDSH— all Meséage Types Combined
' Sample Distribution of Number of Messages (Ny) and
Transmission Air-Time Occupancy (TOT) Per Hour.
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‘AFTER’ MRDS - 1982

RADIO CHANNELS _ 1 & 3 COMBINED

TYPE OF MESSAGE A__éLL_QpﬁplNEp__
Number of hours sampled (H) _ _ _ _ _ 42
Average number of patrol units (Fp)_ _ 28_ _ _ _
My _ _158.1 _ _ Tp __J:ds_
N%/% 9.7 _ _ TOT _1116.2 s _ _
P ——
T e
or/F, 3995 _
-

oT

f

1
i3
5

&
3§
%
4
i
S
.gd’-”a

praiacmp ol
o e g e

FIGURE 6-29

20 25
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'*AFTER' MRDS - All Message Types Combined
Sample Distribution of Number of Messages (NM) and

‘Transmission Air-Time Occupancy (TOT) Per Hour.
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'BEFORE’ MRDS - 1980
RADIO CHANNELS _ 1 & 3 COMBINED_.
" TYPE OF MESSAGE _ _ _ _1__ _ _ _
Number of hours sampled (H) _ _ _ _ _ _ 34 _ _ _
Average number of patrol units (Fp)_ _ _17 _ _ _
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FIGURE 6-30 ‘BEFORE' MRDS - Message Type 1
Sample Distribution of Number of Messages (NM) and

Transmission Air-Time Occupancy (Top Per Hour.

e

. N

|

e
A

‘ X o . o N » L e
y - o o \ i
- SR - -

[Ty - -
! - -

-

o

. ‘t-
-q R -




U, A
L ¥

PERCENT OF SAMPLE

Page G-21

'AFTER’ MRDS - 1982

RADIO CHANNELS _ 1 & 3 COMBINED

" TYPE OF MESSAGE _ _ _ _ 1 _ _ _ _
Number of hours sampled (H) _ _ _ _ _ 42 _ _ _
Average number of patrol units (Fp)_ _ 28 _ _ _
NM — — _71_'9_. —_— TT — _ _8.2s _
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FIGURE 6-31 'AFTER' MRDS - Message Type 1 )
Sample Distribution of Number of Messages (NM) and

- Transmission Air-Time Occupancy (TOT) Per Hour.
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'BEFORE’ MRDS - 1980
RADIO CHANNELS _ 1 & 3 COMBINED_
TYPE OF MESSAGE _ _ _ _ 2 _ _ _ _
Number of hours éampied (H) _ _ _._ _ _ 34 _ _ _
/ Average number of patrol units (Fp)_ _ _17 _ _ _
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FIGURE 6-32 'BEFORE' 'MRDS -~ Message Type 2
Sample Distribution of Number of Messages (Ny) and

Transmission Air-Time Occupancy (Tqop Per Hour. -
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"AFTER’ MRDS - 1982

RADIO CHANNELS 1 & 3 COMBINED

TYPE OF MESSAGE _ _ _ _ 2 _ _ _ _
Number of hours sampled (H) _ _ 42 _ _ _
Average number of patrol units (FP)_ _28_ _ _ _
Ny __ _0.9 _ _ T . 5.1s__
ﬁ%/% 0.03 T 4.6 s
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FIGURE 6-33 ‘'AFTER' MRDS - Message Type 2 ,
Sample Distribution of Number of Messages (NM) and

Transmission Air-Time Occupancy (T,,) Per Hour.



PERCENT OF SAMPLE
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'BEFORE’ MRDS - 1980

RADIO CHANNELS _ 1 & 3 COMBINED_

TYPE OF MESSAGE _ _ _ _3_ _ _ _ _
Number of hours sampled (H) _ _ _ _ _ _ 34 _ _ _
Average number of patrol units (Fp)_ _ _17 _ _ _
Ny 226 _ Tp ___3-65_
be%P. - i3 Top — — -80.75s8 _
O'I/FP —————
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FIGURE 6- 34 'BEFORE' MRDS - Message Type 3 |
' Sample Distribution of Number of Messages (N,) and

Transmission Air-Time Occupancy (Tqop Per Hour.
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"AFTER’ MRDS - 1982

'RADIO CHANNELS 1 & 3 COMBINED

TYPE OF MESSAGE _ _ _ _3 _ _ _ _
Number of hours sampled (H) _ _ - _ _ 42 _ _ _
Average number of patrol units (Fp)_ _28_ _ _ _
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FIGURE 6-35 'AFTER' MRDS - Message Type 3
4 Sample Distribution of Number of Messages (NM) and
Transmission Air-~-Time Occupancy (ToT) Per Hour.
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'BEFORE’ MRDS - 1980

RADIO CHANNELS _ 1 & 3 COMBINED_

TYPE OF MESSAGE _ _ _ _4 _ _ _ _
Number of hours sampled (H) _ _ _ _ _ 34 _ _ _
Average number of patrol units (Fp)_ _ 17 _ _ _
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FIGURE 6-36 ‘'BEFORE' MRDS - Message Type 4 _ _
Sample Distribution of Number of Messages (NM) and

Transmission Air-Time Occupancy (Tqop Per Hour.
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e 'AFTER’ MRDS - 1982
L | RADIO CHANNELS _ 1 & 3 COMBINED
‘ 4 TYPE OF MESSAGE _ _ _ _ 4 _ _ _ _
l' Number of hours sampled (H) _ _ _ _ _ 42 _ _ _
) Average number of patrol units (Fp)_ _ 28 _ _ _
' Ry 238 __ Tp 878 _
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FIGURE 6-37 'AF'I'ER' MRDS - Message Type 4
Sample- Dlstrlbutlon of Number of Messages (N ) and

Transmission Air-Time Occupancy (T..,) Per Hour.
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Page G-28

'BEFORE’ MRDS - 1980

RADIO .CHANNELS _ 1 & 3 COMBINED_
TYPE OF MESSAGE _ _ _ _ 3 _ _ _ _
Number of hours sampled (H) _ _  _ _ _: 34 _ _ _
Average number of patrol units (Fp)_ _ _17 _ _ _
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FIGURE 6-38 'BEFORE' MRDS ~ Message Type 5

Sample Distribution of Number of Messages (NM) and -

Transmission Air-Time Occupancy (Top Per Hour.
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~'AFTER’ MRDS - 1982

RADIO CHANNELS
TYPE OF MESSAGE

Number of hours sampled (H)
. Average number of patrol units (Fp)

Page G-29

1 & 3 COMBINED
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FIGURE 6-39 ‘'AFTER' MRDS - Message Type 5
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'BEFORE’ MRDS - 1980

RADIO CHANNELS _ 1 & 3 COMBINED_

TYPE OF MESSAGE _ _ _ .6 _ _ _ _
Number of hours sampled (H) _ _ _ _ _ _: 34 _ _ _
Average number of patrol units (Fp)_ _ 17 _ _ _
ﬁM ——_21.4_ Tep ___42s _
ﬁb}/%'P 1.3 Top . 89.58 _
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FIGURE 6-40 'BEFORE' MRDS - Message Type 6 .
’ Sample Distribution of Number of Messages (N,) and

Transmission Air-Time Occupancy (T, Per Hour.
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Page G-31

'AFTER' MRDS - 1982

RADIO CHANNELS 1l & 3 COMBINED

“TYPE OF MESSAGE _ _ _ _ 6 _ _ _ _
Number of hours sampled (H) o _ 42 _ _ _
Average number of patrol units (Fp)_ _28_ _ _ _
Ny _ . _18.9 Tp __ _4.1s__
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FIGURE 6-41 ‘AFTER' MRDS - Message Type 6
Sample Distribution of Number of Messages (N,) and

Transmission Air-Time Occupancy (T,q.) Per Hour.
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Page G-32
- "AFTER’ MRDS = 1982
RADIO CHANNELS _ _ _ DATA
TYPE OF MESSAGE _ ALL COMBINED
Number of hours sampled (H) __;__'_21 o
Average number Of MRDS terminals in the field (Fy) _._40.7 _
Average number of MRDS terminals originating (F,) _ _29.0 _
ﬁﬂ _ . .235.2 ATﬁ: _ 0.3 _
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FIGURE 6-42 'AFTER' MRDS - All Data Message Types Combined
Sample Distribution of Message Air-Time Occupancy (TOM)

~Per Hour.
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Page C—33
'AFTER’ MRDS - 1982
RADIO CHANNELS _ _ DATA_ _ _ _ _
TYPE OF MESSAGE _ _ _ 3 _ _ _ _+
. Number of hours sampled (H) _ _ _ _ 21
Average number of MRDS terminals in the field (Fy) _ _40.7 _
Average number of MRDS terminals originating (Fo) _ _29.0 _
NM ._._.__1.5.;6.__ TM —_——— .9'.2_5._
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FIGURE 6-43 ‘'AFTER' MRDS - Data. Message Type = 3

Sample Distribution of Message Air-Time Occupancy (Tqyy)

Per Hour.
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RADIO CHANNELS
TYPE OF MESSAGE
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FIGURE 6-44 'AFTER' MRDS .- Data Message Type
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Sample Distribution of Message Air-Time Occupancy (TOM)
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‘AFTER’ 'MRDS - 1982

RADIO CHANNELS DATA

TYPE OF MESSAGE _ _ _ _ 5 _ _ _ _
Number of hours sampled (H) _ _ _ _21 _ _
Average number of MRDS terminals in the field (Fy) _ _40.7 _
Average number of MRDS terminals originating (FO) _ _29.0 _
Ny ___75.0__ Ty ___0.55 _
Ng/fM __l.8 Tom ___40.7 s _
TOM F —_ l'g S _
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FIGURE 6-45 'AFTER' MRDS -~ Data Message Type 5
Sample Distribution of Message Air-Time Occupancy (TOM)

Per Hour.
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'Page G-36
'AFTER’ MRDS - 1982
RADIO CHANNELS . DaTa .
TYPE OF MESSAGE - _ ___
Number of hours sampled (H) _ _ _ _21
 Average number of MRDS terminals in the field (F,) _ _40.7 _
Average number of MRDS terminals originating (Fo) __.29.0 _

50

40

30}

20

10

oM

Ty ___0.35_
OM — — _10.6 5 _

T /= 0.3 s
OM/FM —————

.61 .71

1.4 2.1

DATA MESSAGE TIME (SECONDS)

FIGURE 6- 46

'AFTER' MRDS - Data Message Type 6

Sample Distribution of Message Air-Time Occupancy (ToM)

Pexr Hour.
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| Page G-37
'AFTER’ MRDS = 1982
‘RADIO CHANNELS _ _ _'DATA_ _ _ _
TYPE OF MESSAGE _ _ _ ERROR _ _ _
_ Number of hours sampled (H) __ _ _ _21
Average number of MRDS terminals in the field (FM) __40.7
Average number of MRDS terminals originating (Fg) _ _29.0 _
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FIGURE 6-47 'AFTER' MRDS -~ Data Message Type

‘Error' -

Sample Distribution of Message Air-Time  Occupancy (TOM)

Per Hour.
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.« Page H-1

MRDS TRAFPIC AND SPECTRUM USE STUDY

Definitions of Symbols

Hi. SINGLE MESSAGE STRUCTURE
1.1 Time
D a single transmission originated by the dispatcher in seconds
v a single transmission originated by a patrol unit in seconds
G an idle time gep between ive tr issions in ds
Tp =ZD aggregated dispatcher transmission time in seconds
Ty =¥V aggregated unit transmission time in seconds
Tg =XG sggregated ldle radio channel gap time in seconds
TT = TD +Ty total time for transmissions in one message (referred to as "message time"
during the MRDS program but now discontinued 5o as not to confuse it with Ty!
TM = TT + TG total message time in seconds
Tom measured message time by clocking the complete message from beginning

to end with a stopwatch in seconds
TM = Ty~ TCM operator error in clocking D's, U's and G's In seconds

1.2 content .
N D : number of dispatcher transmissions
NU number of unit transmisslons
Ng number of idle time gaps
Np =Np +Ny number 6f transmissions
H2, HOURLY VALUES

2.1 Single Hour

number of messages

N
Y: average pumber of dispatcher transmissions per message
NU average pumber of unit transmissions per message
NG average number of idle gaps per message
N'T average number of transmission per message
'I"D average dispatcher transmission time per message
TU average unit transmission time per message
TO average idle gap time per message
T average total transmission time per message
TCM average clocked message time
Tor =X Tp total channel occupancy time by transmissions during one hour
TOM =X 'l‘M total channel occupancy time by messages during one hour
TCU total time when the transmitter and receiver are keyed on
during one hour ~referred to as "channel use" ({from Vancouver
Police Records)
PP number of patrol units
PM number of MRDS terminals in the field
Po number of MRDS terminals which have originated messages
2.2 Over the Hours Sampled .
?OT average value per hour of total transmission time -
oM average value per hour of total message time
TCU average channel use per hour
M average number of messages per hour

Other symbols relating to time and content of the hours sampled are used interchangeably
with those in 2.1 above. However where this is the case it Is specifically indicated
that the hourly averages are over the hours sampled.
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