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ABSTRACT

Closed circuit television (CCTV) has been used for surveillance of
traffic and transportation facilities for many years. However, the num-
ber of operating systems are few because their effectiveness,és a long
term surveillance systemAhas been suspect due to the inclusion of human
observers in the surveillance loop. The use of CCTV for short intensive
observations necessary to research and tfaffic studies has been success-
ful. The acceleréting development of érea wide traffic surveillance,
control, and communications systems for urban areas will increase the
interest in the use of CCTV as part of the surveillance éystem. There
are four operating CCTV Systems in Texas that are used for traffic sur-

veillance. Each system has different design and operating characteris-

tics.

DISCLAIMER
The opinions, findings, and conclusions expressed or implied in this
report are those of the research agency and not necessarily those of the

Texas Highway Department or'the Federal Highway Administration.
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SUMMARY

There are four closed circuit television systems in Texas that are
designed and operated for traffic surveillance. Each system has different

design and operating characteristics to satisfy the surveillance require-

ments. .

Baytown-La Porte Tunnel

A seven-camera system is installed to detéct lane blockage
events over a one-mile section of two lane roadway. The CCIV system
is designed to operate 24 hours a day. Since the field of view is
limited and the light level is relatively constant, remote control
of camera functions is not required. The short distance from camera
to control room permits the use of direct video transmission over
coaxial cable.

Gulf Freeway - Houston

A fourteen-camera system is installed to monitor traffic opera-
tions for research.and traffic studies. Limited use is made of the
system for the detection of lane blockage incidents over the six-
mile section of the six~lane freeway. The CCIV system is designed
to operafe during daylight houré and to cover fields of view 1500
feet in all directions. Pan and tilt units and zoom lens functions
are controlled remotely over a multiconductor control cable. Video
transmission is accomplished by balanced paired cables to produce a
picture rated at 600 lines of resolution.

North Central Expressway - Dallas

An eight-camera system is installed to monitor traffic opera-

tions for research and traffic studies over ten miles of freeway.
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The installation is of a temporary design toApgrmit the movement of
cameras from one position to another. The CCIV system is désigned to
operate during daylight hours and to covervfields of view of 1500
feet in all directions. Pan and tilt units and zoom lens functions
are controlled remotely by a time division multiplexor over a coaxial
cable. Video transmission is by low'Band RF that can accommodate
five channels on one coaxial cable. The system is designed to pro-

duce a picture rated at 400 lines of resolution.

Microwave Television System

A one camera system has been designed to be used ip remote loca-
tions to monitor the operation of traffic and traffic control devices.
The CCIV system is designed to oﬁerate uﬁ&er good lighting conditions
and to cover large fields of view by remote control of pan and tilt
and - zoom lens functions by a time division multiplexor over leased
telephone lines. Video transmission is by low powered microwave trans-

mission with a ten-mile range.

Experience has shown the CCIV systems can only be as efficient as the

observers. Full time television surveillance is so difficult that many

organizations use an electrical surveillance system as an alarm and the

CCTV as the analytical system.

Maintenance of large and complex CCTV systems should be contracted from

qualified firms.

CCTV systems will be a part of the area wide traffic surveillance

systems of the urban areas. The effectiveness of the system will depend more

on the efficiency of the operators than on the technical ability of the equip-
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IMPLEMENTATION STATEMENT

' For facilities that require visual surveillance, the application
of closed circuit television should be considered. If-the fécility re-
quireé full time surveilllance by two or more persons, CCIV system will
probably bé economically feasible on the basis of reduced manpower alone.
For faciiities that require only part time surveillance, the benefits
must be calculated on the basis of the advantages of centralized visual
surveillance with recording capabilities. - The more use that can be
made of a CCTV system, the more cost effeétive it becomes. Therefore,
the considerations for implementation.ofra CCTIV system for traffic
surveillénce must include long range plans on the use of the system and

the personnel who will be respbnsible for its operation.
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INTRODUCT ION

Scope of Study

Ciosed circuit television (CCTV) in the fields of education,
industry, science and engineering has been proveﬁ to be a most versatile
and productive instrument. The recent telecasts from the surface of the
moon serve to emphasize the value of visual surveillance from a remote
céntrol center. But more mundane applications are seen daily in the air-
line terminals, banks, department stores, along the assembly lines of
industry, énd in hundreds of other locations. Systems for traffic sur-
véillahce by closed circuit television (CCTV) have been in operation for
several years, but except for some specific applications,; such as bridges
and tunnels, the outlook for the expanded use of these systems is one of
cautious optimism. The reasons for this will be diséussed in the paper,
but are certainly not due to technical requirements. The advancements in
electronic design and operations during the past few vears have provided
better systéms at less costs.

This report will discuss the designs of CCTV that are now, or soon
will be in operation in Texas, the operational and maintenance experience,

and the potential applications to the urban transportation system.

Objectives

Most of the closed circuit television systems for traffic surveillance
have been installed as experimental or research projects. In the United
States there are few operating agencies that have the responsibility of
real time surveillance of traffic. However, there are indications that in

the near future, every major urban area will have some form of centralized



traffic control that will sense and respond to traffic coﬁditions in réal
time. CCTV gsystems should become an integral part of the surveillance
system.

Therefore, it is the objective of this paper to report the experience
of traffic surveillance by CCTV in Texas and to propose modifications to

design, operation, maintenance and application of future systems.



DISCUSSION OF OPERATIONAL SYSTEMS

Four CCTV systems have been designed for traffic surveillance
in Texas. Each system has unique characteristics of design which are

discussed in the following sections.

Baytown-La Porte Tunnel

The Baytown-La Porte Tunnel CCTV system was designed by the Texas
Highway Department (THD) and installed by Phonoscope Incorporated of
Houston in 1963-64. After several years of unsatisfactory maintenance
operations by the contractor, the system was purchased By the THD. The
system Qas financed through the maintenance budget set up for the opera-
tion of the tunnel by District 12 of the Texas Highway Department.

System Description

The Baytown-La Porte Tunnel CCTIV system consists of seven
televiéion cameras spaced along a one-mile section ofrroadway pass-
ing through the tunnel. There is one camera on each approach to the
tunnel, and five cameras are inside the tunnel. The system has been
oﬁerational since June 1964 (Figures 1 and 2).

The video system utilizes direct video transmission By coaxial
cable to send the signal to thevcontrol room located at the east
entrance of the tunnel.

The television system has no remote control features and a two~
inch lens is used to provide the necessary area of coverage.

The cable system, eonsisting of one RG-11-U Coaxial cable for

each camera, is located in conduits in the tunnel.



Camera Installation Inside the Tunnel

BAYTOWN-LA PORTE CCTV INSTALLATION
Figure 1
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System Operation

This system was designed as a 24-hour surveillance system
for the detection of incidents in the tunnel and on the approaches
to the tupnel that wquld adversely affect traffic flow. The
system replaced two-full time guatrds and utilizes one part-time
television observer. The observer also performs two other duties.
First, he operates the traffic signals in the tunnel when an inci-
dent or normal maintenance aétivities affected flow on the tunnel
lanes; second, he assists in the clearance procedures when an inci-
dent is observed.

The objective of this system has been satisfied and the sur-
veillance operation is continuing. Some problems on the reliabi-
lity and quality of video signals were encountered with the ori-
ginal system aesign, but these have been essentially eliminated by
the existing system which is described in Table 1.

There has been no recent study of the detection and reaction
time of the television observer to incidents that occur in the
tunnel. >This is the major problem with surveillancé svstems of
this type as shown by the action of the Port of New York Authority
in providing an additional electronic surveillance system as an
alarm system for their television observer. But the Baytown Tunnel
has small travel distances and relatively low traffic volumes; and
the existing surveillance system appears adequate and certainly much
superior to the two-guard configuration.

Some limited studies on traffic flow and the religbility of

some vehicle sensors were conducted in the tunnel utilizing the



TABLE 1

EQUIPMENT DESCRIPTION OF THE
BAYTOWN-LA PORTE TUNNEL TELEVISION SURVEILLANCE SYSTEM

Television Camera - Two Diamond Electronics Model ST1l: Silicon transistorized vidicon
camera; Horizontal Resolution 800 lines; random interlaced.

Five GBC Model CTC-3002: Silicon transistorized vidicon camera;
Horizontal Resolution 650 lines; random interlaced.

Television Monitor - Conrac Model CVA 14-R: Resolution 800 lines
Camera Lens - Two-inch 50mm Cosmieor

Transmission Cable - RG-11 U Belden Coaxial Cable

Camera Housing - Environmental: two cylindrical and five rectangle
Control System - Designed by THD for this project to provide control of thevfoliowing
functions:

Monitor switching
Control of traffic signals in tunnel

Display - Console designed by THD and houses eight 14" monitors, video switches
and traffic signal control switches.




surveillance system. Thesé studiés essentidlly substantiate the
work accomplished in New York. Because of the lack of electronic
surveillance and monitoring equipment, additional studies have not
been undertaken at this location.

In summary, the system performs its designed tasks in a cost-
effective manner. |
Maintenance

System maintenance which was unsatisfactory under the original
maintenance contract with Phonoscope Incorporated, prompted the
purchase of the enfire system and the end of the lease contract.
Syétem'reliability has improved since that time.

The original camera housings were inferior and during tunnel
washing activities, the water and detergents from high pressure

sprays often entered the housings causing failure.

Gulf Freeway - Houston

The Gulf Freeway CCIV system was designed by the Texas Highway De~
partment and installed by Taft Broadcasting Company of Houston. The
system was originally financed through the Highway Program of Research,
but recently the system was transferred to District 12 Maintenance
Division of the Texas Highway Department.

System Description

The Gulf Freeway CCTV system consists of fourteen television
cameras located on top of metal poles at 2,000-foot spacing along
a six-mile section of freeway. The system has been operational

since December 1966 (Figure 3).
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The video system utilizes balanced paired cables and ampli-

-fiers to transmit the signal to the control room located approxi-

&

mately in the center of the six-mile section.

The television system has remote control of pan and tilt
units that provide 360 degree horizontal coverage and + 45 degree
vertical coverage, of zoom lenses with a focal length range of
15 to 150mm, and of the lens focus and iris. The camera will pan
through 350 degrees but the field angle of the lens provides com-
plete horizontal coverage. The control is accomplished by D.C.
pulses transmitted on dedicated control wires that were installed
with the video cables. |

The cable sysfem is buried in the freewav right-of-wav and
is the property of.the Texas Highway Department.

The video display is accomplished bv fourteen 17-inch moni-
tors, rack mounted in a wall arrangement. Theré is one monitor
at the Cbntrol console and two monitors in a pnortable enclosure
that are connected to a l4-position switcher. These auxiliary
monitors are used in other rooms of the office and with video re-
corders.

More detaii én the descrintion of tﬁe components of the
system is found in Tabie 2,

The design provides excellent coverage of everv section of
the freewav, all entrance and exit ramps, and adjacent frontage
roads. Some cameras are located at major interchanges and can
be rotated at right angles to the freewav to view arterial street

approaches to the freeway.
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TABLE 2

EQUIPMENT DESCRIPTION OF THE
"~ GULF FREEWAY TELEVISION SURVEILLANCE SYSTEM

Television Camera -

Television Monitor-

"Pan and Tilt Unit -

Camera Lens -

Transmission Cable-

Transmission
Equipment -

Camera Housing -

Diamond Electronics Model ST-2: Silicon .transistorized vidicon camera: Horizon-
tal Resolution 800 lines; Positive interlace

Conrac Model CVA 17-R: Resolution 800 lines
Pelco Medium Duty Model PT-550-M
Zoomar Mark X-B~15mm~15-mm focal length range with f 2.8

Superior Cable Company: Balanced video pair - cable of two #16 conductors.
Each pair separately shielded. 50 pair #22 AWG Telephone solid control wires.

Video Amplifier and equalizing equipment - Dynair Corporation

Taft Broadcasting Company - Designed for this project with the following
features: Cylindrical shape with 4~inch diameter viewing end, front and rear
plates sealed with "0" rings and commected by stainless steel wing nuts, camera
mounting sled attached to back plate. The rear plate has moisture proof quick

. disconnect plugs for all electrical connections, including the ‘intercom system.

" Amplifier Cabinet -

Control System -

Video Switches -

Display -

Intercom System -

Field cabinets designed by Taft Brdadcasting Company: 10 gauge steel, hot dip
galvanized, 3 point lock and outfitted to accept 19" rack mounted equipment.

Designed by Taft Broadcasting Company for this project to provide control of

the following functions: camera pan, tilt, lens focal length, focus and iris.
The remote controls are located in the television control room and local con-
trols are provided in each amplifier cabinet.

Dynair Corporation 3~15 position switches on the control room console to select
one of the fourteen video outputs for 3 spare monitors.

Emcor 19" Radio Racks houses the 14 monitors - Emcor Control Console houses:
1 monitor, control system, video switches and intercom controls.

A hands free party line system designed by Taft Broadcasting Company for this
project with terminals at the camera, amplifier cabinet, control room terminal
strip and the control room console.




‘System Operation

The Gulf Freeway CCTV system was designed as a research in-
étallation to be used in the study of traffic flow on an urban
freeway. The major emphasis was on peak period traffic operation,
And the system was nﬁt designed for 24—h6ur surveillance. Although
the video installation was designed'primarily fof research, the
'caEle was included as a ﬁart of the data transmiSsibn system for
the electronic surveillance and control.

Experience in traffic studies of urban freeways has shown that
the collection of data from visual rehords is tedious but necessary,
if sufficient detail on complicated traffic maneuvers is required.
Also, experience indicates that the disadvantages of using aerial
photographic surveys and ground mounted motion picture studies to
record the information aré the discontinuity of data collection. in
time and space. A television system with sufficient area coverage
and trained observers can overcoﬁe these surveillance disadvantages;

The Gulf Freeway CCTV system has provided excellent visual
surveillance of six miles of the freeway that experience heavy
traffic congestién. At each of Fhe eight entrance ramps that form
the freeway ramp metering control system, a television camera is
located just upstream to prqvide visual coverage of the merging
maneuver, the ramp signal, length of ramp queues, and traffic flow
on all lanes approaching and leaving the ramp merge area. Cameras
are located at approximately 2,000-foot intervals so that shock
wave action on the freeway lanes can be observed throughout the
system. Detailed counts, classification studies, and travel time
measurements can be made at . any location and in either direction
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along the six mile section. Finally, the traffic conditions caused
by unsqheduled incidents, such as vehicle accidents or breakdowns,
can be analyzed in real time or recorded on vidéo;tapé for sgbse—
quent analysis. (Figures 4 and 5)
This system has performed very well in the stﬁdy of traffic
conditions. Two modifications to the system that would imprové
this function would be: (1) to improve night time visibility; so
that peak periods in the winter months could be viewed more clearly;
and (2) to add more cameras at the extremities bf,;he system and in
the I 610 Interchange area. |
The television system was designed for research and, for the
most part, has been devoted to that oﬁjective. The system could be
an effective part of the operational surveillance system of the
urban freeway. This is aptly demonstrated when the system is manned
by City of Houston Policemen who have radid communication to the
Police Department. However, the use of the system for the purpose
of reporting énd clearing obstacles on the roadway falls far short of
its potential for the following reasons:
a. The police officer is on duty during peak periods only.
b. The police officer does not assist in the qlearance pro-
cedures.
c. The police officer does not communicate directly with
the emergency units, such as wreckers, maintenance crews,
ambulances, etc., but must report through the central
-dispatching office.

These comments are not given as criticism of the Houston
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CCTV Surveillance of Arterial Streets

Figure 4
14



CCTV Surveillance of Unscheduled Events

Figure 5
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Police ﬁepartment, because the full implementation of the televiéion
system can only be accomplished if certain administrative and mana-
gerial poliqies are changed. These policies-inVOIVe both the City
of Houston and the Texas Highway Department.

System Maintenance

The CCTV system is maintained by Taft Broadcaséing Company as
part of the lease contract. 'The costs of replacement parts are in-
cluded in the lease costs. The experience to date has been excep-—
tionally good. As problems were detected, the'repair ?rocedure in-
cluded modificatiorns to the system to improve nerformance and reli-~
abiiity. For example, the system was susceptible to failure due to
damage by lightning. Components that improved the isolation charac-
teristics of the design were added when failures oééurred.

A sumhary of the maintenance activities has been prepared for
thé last 12 months of operation (Table 3). Of the 111 service calls
in one year, 44 were related to outtages caused by lightning; fﬁis
means that 67 service calls, or approximately orie every three days,
was due to component failure. Some of these calls were not to repair
OUttageé; but to improve the quality of>the picture as, for example,
the replacement of vidicon tubes. Therefore, the outtage rate due to
equipment failure approaches one everv four days.

The response bv Taft Broadcasting to svstem failures has been
goéd. Although penalty clauses are nrovided in the lease cohtract,

there has been no justification to impose fines to improve service.

North Central Expressway ~ Dallas

The North Central Expressway CCTV system was designed by the Texas
Transportation Institute and the City of Dallas and installed by Taft

Broadcasting Company of Dallas. The system was purchased bv the City of
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TABLE 3

MAINTENANCE ACTIVITIES FOR
GULF FREEWAY CCTV SYSTEM

. SEPTEMBER 1, 1970 to SEPTEMBER 1,

1971

Service Calls

Repair or Replace Units
Preventative Maintenance

Component Failures

Cable Break
Amplifiers
Cameras
Monitors

Power Supplies

Known Causes of Failures
Lightning

Vidicon Tube Degradation
Cable Cuts

Number

111

69
25

11

b4
20




Dallas and leased to the Texas Transportation Institute for use in the
design and operation of traffic contfol systems in the North Central
Expressway Corridor. The Institute is conducting a research project for
the Federal Highway Administration on traffic surveillance and control
in an ufban network.

System Description

The North Central Expressway system consisﬁs of eight televi-
sion cameras located on top of luminaire poles at spacings of 2,000
to 6,000 feet along a 10-mile section»of freeway.' The system has
been operational since June 1971 (Figure 6).

The video system uses a low band RF transmission system which
uses the television broadcast frequencies from 54 to 88 megahertz

(channels 2 through 6). A single coaxial cable is used to send the
video signals to the control room which is located at the approxi-
mate centef of the 10-mile section.

The surveillance system has rémoté control-éf pan and tilt
units that provide 360 degree horizontal and % 45 degree vertical
coverage; ofvzoom lenses with focal length range of 50 to 250 mm,
and of focus and iris control. The control is accomplished by a
time division multiplexing sysﬁem of D.C. pulses oﬁ a single coaxial
cab le.

The cable system on one-half of the system is attached to a
barrier fence in the median of the roadway and is thus exposed to
weather and traffic. The other half of the cable system is buried
in the freeway right-of-way.

The video display is accomplished by eight‘23-inch monitors,
arranged in a bookshelf cabinet. There are three auxiliary moni-
tors: one to be used with a video recorder and the other two to be

18



Monitor Display and Control Console

DALLAS NORTH CENTRAL EXPRESSWAY
CCTV INSTALLATION

Figure 6
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placed in remote offices at. the control center.

More detail on the description of the components of the
syStemAiS found in Table 4.

bThe design does not give continuous coverage of every section
of freeway; but provides alternate camera locations for reconfiguring
the system. Adjacent arterial streets and intersections are included
in the field of view of the cameras. |

System Operation

The North Central Expressway system is similar in operation to
thé Gulf Freeway System in that it was installed as part of a re-
search project, but the application is primarily fbr the calibration,
evaluation and operation of the ten-mile ramp metering system. There-
fore, the system was designed to operate during daylight hours and
" to monitor traffic flow in the area of:the entrance ramps.

The television system is completely separate from the control :
system. Since there are Qniy eight cameras for ten miles of freeway,
the 60verage is not complete. There are provisions in the design of
the transmiésion cable that will permit the relocation of cameras at
several points along the freeway, if ciosé surveillance 'of particular
areas 1s needed.

The,television system is owned and operated by the Transporta-
tion Department of the City of Dallas. There are no plané at present
to set up continuous monitqring of the system for the purpose of de-
tecting and reporting unscheduled eventé on the roadway.

System Maintenance

The CCTV System is maintained by Taft Broadcésting Company for

two years as part of the purchase contract. At the end of that
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TABLE 4

EQUIPMENT DESCRIPTION OF THE
CENTRAL EXPRESSWAY TELEVISION SURVEILLANCE SYSTEM

Television Camera -

Television Monitor-
Pan and Tilt Unit -
Camera Lens -

Transmission Cable-
Transmission
Equipment -

Camera Housing -

Amplifier Cabinet -

Control System -

Video Switches -

Display -

Diamond Electronics Model ST-2: Silicon transistorized vidicon camera; Horizon-
tal Resolution 800 lines; Positive interlace ‘

Magnavox T5900-23" Resolution 400 lines
Pelco Medium Duty Model PT-550-M ‘ _
Pelco TV-5 (20mm to 100mm with 2 to 1 extender with f 4.0)

Superior Céble Company: Aluminum Shielded AL-500J for Video Transmission RG-59
Cable for Control Function Transmission

Low Band UHF: CAS TVM-213 Modulators using Channels 2, 3, 4, 5, 6; Demodulators

included in T5900 Magnavox Receivers; CAS Low Bank Amplifiers

Taft Broadcasting Company EHX - Designed for this project with the following
features: cylindrical shape with 4-inch diameter viewing end, front and rear
plates sealed with "O" rings and connected by stainless steel wing nuts, camera
mounting sled attached to back plate. The rear plate has moisture proof quick
disconnect plugs for all electrical connections, including the intercom system.

Field cabinets designed by Taft Broadcasting Company: 10 gauge steel, hot dip
galvanized, 3 point lock ,

Designed by Taft Broadcasting Company for this project to provide control of the
following functions: camera pan, tilt, lens focal length, focus and iris. The
remote controls are located in the television control room and local controls

‘are provided in each amplifier cabinet. All controls are multiplexed over RF-59

Cable, using Time Division Multiplexing (Capable of 80 functioms).

A 10-position switcher on the control room console to select one of ‘the eight
video outputs for one spare monitor

Custom Built Wood Cabinet houses the eight monitors, video recorder and two
auxiliary monitors. '




"period, the City of Dallas will probablyrtake-over the maintenance
~activities (see Appenaix A);

The system has not been in operation too long, but there are
indications that maintenance will be'a‘gréater pfoblem on this
systeﬁ than the one in Houston. This can be attributed to the semi—
ﬁermanent design of the system which specified EXpoSed transmission
cable, and to the use of a time division multiplexing system for

control.

Microwave Television System

A one-camera television system using a microwave transmission system
was designed by the Texas Transportation instifute and the Texas Highway
Department. The system is financed through the Highway Program of Re-
search and will become the property of District 12 of the Texas Highway
Department. | | |

System Description

A one-camera system using microwave transmission has been
specified for application in both the Houston and Dallas areas.
The initial installation will be in Houstqn.

The video system will use a low power microwave transmission
with a line of sight range of ten miles (Table 5). The system
will have remote control of a pan and filt unit that provides 360
degree horizontal and *45 degree vertical coverage énd, of a zoom
lense with focal length of 15 to 150 mm, and of focus and iris
control. The control will be accomplished by ‘a time division multi-
plexing system of D.C. pulses on a pair of dedicated telephone lines.

The video display will be accomplished by one 17-inch monitor

that will be used with the video recorder.
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TABLE 5

EQUIPMENT DESCRIPTION OF THE
PROPOSED MICROWAVE TELEVISION SURVEILLANCE SYSTEM

Television Camera -
Television Monitor-

Pan and Tilt Unit -
Camera Lens -

Transmission Cable-
Transmission
Equipment -

Camera Housing -

Amplifier Cabinet -

Control System -

Diamond Electronics Model ST-2: Silicon transistorized vidicon camera; Horizon-
tal Resolution 800 lines; Positive interlace (Or Equal)

17-inch Portable Monitor with resolution greater tham the transmission system.
Capable of receiving commercial broadcasts.

Pelco Medium Duty Model PT-550-M (Or Equal)
Zoomar Mark X-B-15mm-150mm focal length range with f 2.8 (Or Equal)

Video Cable as required. One pair #22 AWG telephone solid control wires (Or
Equal)

Microwave Associates MA-12C Low Power Microwave System (Or Equal)

Cylindrical shape with 4-inch diameter viewing end, front and rear piates
sealed with "0" rings and connected by stainless steel wing nuts, camera mount-
ing sled attached to back plate. The rear plate has moisture proof quick dis-

connect plugs for all electrical connections, 1nclud1ng the intercom system.
(0r Equal)

Field cablnets designed to protect equipment from vandals and the environmental
conditions in Texas.

A time division multiplexing system to provide control of the following func-
tions: camera pan, tilt, lens focal length, focus and iris over one pair of
dedicated telephone wires. The remote controls are located in the television
control room and local controls are provided at the field cabinet.




More details on the description of the components of the
systems are found in the copy of the system specifications, Appen~
dix B. The system is expected to be operational by January, 11972.

" System Operation

The one camera television system using microwave transmission
of the video signal will be in operation by March, 1972. The
purpose of this system is to broaden the television surveillance
coverage to adjacent intérsectioqs and arterial streets that affect
traffic flow on the urban freeway. Specific uses»of the syétem will
be to: monitor traffic operations at arterial intersecﬁions thaf
are controlled by a digital computer; monitpf the operation of change-
able messagé signs that will be located out of view of the urban free--
way CCTV systems; and monitor other critical traffic situations such
as trafficAgenerators, railroad crossings, transit ;erminals, and
other freeway interchaﬁge connections.

As the electronic surveillance and control systems expand into
the urban arterial street systems, tﬁe same needs for visual sur-
veillance that resulted in the freeway television systems will be-
come - apparent. Thg application of microwgve transmission may solye

the problems of area surveillance and temporariness of installatioms.

24



Video Tape Recorder (VIR)

CCTV systems that are used in thercollectioﬁ of ;raffic data for
research and traffic studies should be equipped with -a recérding device.
Video tape recorders will usuallyrprovide adequate pictufes for replay
and analysis and have the distinct advantages of instant replay and re-
usuable tapes. |

There are many recorders at all price ranges, but for the épplica—
tion of traffic surveillance and study, the one-half inch tape units pro-
vide the required quality of recording at a reasonable price (approxi-
mately $700). One inch recorderé usually offer higher resolution and
more editing capability.but'the cost of tapesvis also much greater than
the smaller recorders. A typical set of specifications for a one inch
VIR is presented in Appendix C, however, newer equipment will probably
exceed these specifications and provide additional features.

Some one-half inch recorders offef two or more selections of re-
cording speeds.with time lapse playv back capability. This feature per-
mits extended time for recording from the usual one hour to as long as
sixty hours. The cost for these recorders is two to three times that of
a one speed»reéorder. A typical set of specificgtions for a one-half
inch VIR is presented in Appendix D. A usual design is a VTR that has
normal speed, one-seventh ﬁormal speed, stop action and, single frame

playback at 1/30 second interval.
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SUMMARY OF EXPERIENCE
The following sections discuss the significant findings, opinions
and conclusions drawn from the eiperience of designing, procuring,
operating, and maintaining the four CCIV systems described in the pre-
vious sectioﬁ. The statéments presented in this section representvthe
opinions of the authors and thé research agency and not.neceésarily
those -of the Texas Highway Department or the Federal Highway Adminis-

tration.

System Design

A CCTV system consists of the following suBsystems: television'
camera and lens, video transmission, television monitor and camera
cqntrol system. Thereiare many design configurations with sevéral
levels of quality and cost available for traffic surveillance. This"
is illustrated by the four different systems described in this report.
The determination of the best design for a sSpecific application is
difficult because there are several alternatives which may be capable
of meeting the surveillance requirements. 1In the following discussion
some of the more important aspects of design are presented with the
assumption that in all cases, the most cost effectiversystem for a set
of conditions is preferred.

Camera and Lens Subsystem

The two requirements of a CCIV system for traffic surveillance
are reliability and picture quality. In the design of the televi-
sion camera, reliability is more important because the installation

will be exposed to the outdoor environment twenty-four hours a day,
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and the cameras will be positioned so that direct access will be
difficult. This is necessary to provide the desired coverage of
the traffic and to reduce the opportunity for vandalism. There-
-fore those characteristics of the camera that describe its relia—
bility and durability under a wide range ofrlight, temperéture, and
moisture conditions are of primary importance.

The characteristic of picture resblution is of sécondary'im—
portance since thevcamera'will not be the critical component in tﬁe
CCTV system. Most cameras that are selected for this type of sur—
veillance have resolution capabilities far greater than the require—
ment for the system.  Still, the resolution specification is impof—
tant to establish the quality of the system and to define a level
of acceptance., In general, there are three broad levels of quality
for television cameras. The requirements of traffic surveillanée
can be satisfied by a CcCTv system that produces 300 to 400 iines of
resolution, but the camera subsystem should be capable ofvproduéing
in excess of 600 lines of resolution.

The lens system to be used in the CCTV system will be determined
by the field of view required of each camera. Most systems prefer
a zoom type lens with focal lengths ranging from 0.5 to 6.0 inches.
The quality of the lens should be high enough so that the horizontal
resolution of tﬁe system is not restricted. If visibility under poor
light conditions is required, a lens that provides a greater lens
opening at the extended position must be used. The lens controls

should have the same reliability and durability as the camera.
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Video Transmission

Picture resolution and detailed cost analyses will probably

dictate the type of video transmission system to be used:

* The use of coaxial cable for direct video transmission, such

as that used in the Baytown Tunnel, is usually limited to short
distances since the attenuation of noise increases with the

leng_th of the cable.

* The balanced pair video cable such as that used in Houston;

provides a high quality picture, but the cost is higher be~
cause of the speciél amplifying, balancing, and equalizing

equipment.

* The use of radio frequency modulation on a coaxial cable, such
as that used in Dallas, provides an economical installation,
since one cable»can transmit up to thirteen channels. Long
distance transmission would favor this syStem design, although
the quality of the pictufe would be lessAthan the balanced

system.

* The microwave system such as that proposed for Houston, pro-

vides flexibility for location and portability that is an ad-
vantage in the study of large traffic systems. The cost is
higher than the other systems, uﬁless the cost for providing
many different camera locations is included. .The license re-
quirement may restrict the use of this medium in urban areas.
There is not a cut-and-dried procedure for determining the

minimum picture resolution required for traffic surveillance.

r
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Resolution will vary widely for different light conditions and, as
the system ages, for different components. Picture resolution of
400 lines was set for the Dallas Project and 650 1inés for the
Houston Project. Both systems produce good usable pictures for
traffié surveillance. The Dallas system has relatively ‘less
clarity aﬁd sharpness; but it accomplishes the task.

The best approach to the selection of the resolution require-
meﬁt is to obtain a field demonstration of two comparable Systemsr
that produce pictures of minimum (400 lines) and a maximum (650
lines) resolution and simulate the desired surveillance tasks.

Television Monitors

As in the éase of the television camera, the monitors selected
for the CCIV éystem should not limit the picture resolution. The
Baytown Tunnel and the HOustn system use monitors especially designed
for closed circuit surveillance. These sets are similar to the
commercial televisiqn but have the following differences: there are
no tuning systems and sound systems; the electronic circuits are more
refined and stable; and the picture resolution is greater.

The monitors in the Dallds system are commercial television sets
adapted to réceive video signals ovér a coaxialbcable. Thé tuning
system of the set is the demodulator for the radio frequency trans-
mission system.

Size of the monitors depends on the viewing distance. A desk
installation at the tunnel uses ]14-inch monitors, and the 10-foot
viewing distance in Houston required 17-inch monitors. The Dallas
project uses 23-inch television receivers for an expected viewing

distance of 20 feet.
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The monitor controls should be located on the front panel of
the set if the monitors are to be displayed in equipment racks or
shelves. Special attention must be given to air conditioning if solid
state monitors are ﬁot used. A one ton window unit was used in the
Houston project to.counteract the heat produced by the 14 monitors.
Since the monitor is a low cost item in the CCIV system, much
higher quality can be obtained with a small increase in price.

Camera Control Systems

If a CCIV system is to pro?ide surveillance of traffic opera-
tions over a large field of view and under varying light conditionms,
it will be necessary to control the position of the camera and the

condition of the lens. The function to be controlled are:

Camera Position Lens Condition
Pan - Left Increase Focal Length
Pan - Right Reduce Focal Length
Tilt Up Open Iris
Tilt Down Close Iris

‘Move lens in (Focus)
Move lens out (Focus)

If a camera is in a fixed position with a small variation of
light levels, such as exist in tunnel installations, these controls
are not neéessary. For cameras tﬁat do require remote ééntrol of
these functions, there are standard control units that have a camera
selector switch and toggle switches for activating the ten channels.

The transmission of the control commands can take several forms.
The cost of the systém is the predominate factor in the selection of
the design. In Houston, a multiconductor control cable was installed
with the video cables. One conductor is assigned to each function,

and one conductor is assigned to each camera position. A common
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ground provides the completed circuit for the system to transmit
D.C. voltages that operate the control relays.
In Dallas, a time division multiplexing system transmits
D.C. pulses over a single coaxial cable to éddress'a camera.and
Vcommand the various functions.
| The microwave television control system will utilize the
same type of time division multiplexing system, but a leased pair
of telgphone lines will be provided for the interconnect.
It is strongly recommended that a complete remote control
system be provided for every traffic surveillance system that is

to be installed on freeways and arterial streets.

System Operation

The efficient operation of a closed circuit television system is very
difficult because the task of viewing a number of monitors’continuously:
for a period of time is difficult. The technicél aspects of operation
usually take precedent over all other considerations in planning and the
design of the systems, but it is the human element that causes most pro-
blems. The reasons for these failures is that television is a passive
surveillance system and is only as effective as the human observer. The
efficiency of observation will vary between individuals and within each
individual.

Therefore, it is of considerable importance to define the objectives
of the surveillance system, to outline the operational procedures to be
taken for all expected situations, and to provide. for the employment,

training and supervision of personnel to accomplish these_ﬁasks.
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There are two general categories of applications of television to
traffic surveillance: research andvoperations. It is possible of course
for one CCIV system to serve both functions. The more common uses made
of the television surveillance system can be summarized in the following
statements: | |

- Detection of Hazardous Conditions

The location and identification of events, such as accidents,
disabled vehicles, spillages, etc.; that adversely affect traffic
flow on limited access facilities such aé bridges, tunnels, free-
ways, are the principal advantages of television for operational
applications. Electronic surveillance alone can not provide detail
on the causes of the problem and what steps should be taken to solve
them.

Study of Complex Traffic Operations

The ability to record and play back the traffic operations at
an intersection, freeway ramp merge, etc., provides fbr detailed
analysis after the event. Also, many studies:can be conducted by
having the observers input the information in real time to a com—~
puter or other data recorder.

Study of Unscheduled Events

The evaluation of effects of environmental conditions, mainte-
nance and construction activities, disabled vehicles and their
associated emergency thicles, and personnel on traffic operations
can best be made by observing the operations for some distance on

both sides of the event.
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Study of Scheduled Events

The evaluation of the application of new traffic control or
driver communication devices and/or techniques is done in the same

manner as above, but specific studies and measurements are obtained.

Confirmation of Communications, Surveillance, and -Control Systems |

The ébility tb record events and to perform as a back up for
confirmation to the electronic systems has been considered necessary
as the complexity of the systems incfeaSe. This activity is, of course,
‘of particular importance during the development and calibration
stages éf the new systems. |

In ail of these uses of the CCTV system, the human observers
must be trained or programmed to respond to the visual data in the
same manner that a computer responds to electronic data. VThe po-
tential of video surveillance is great because the human observer is
also a computer, but considerable effort must be expanded to maintain
a high degree of efficiency. It is not too difficult in researéh
appliéatgpns to achieve this high level of efficiency since the
studies are usually short in duration and intense in execution. But
the daily rdutine surveillance requires greater concentration by the

observers and more direct supervision by the project manager.

System Maintenance

CCTV Systems that are expected to operate full time in an outdoor
environment as extreme as that in the Texas area require considerable
maintenance.. Although most of the failures will be minor, an experienced

technician with adequate tools, shop facilities, and spare parts is
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essential to minimize the time of outage and the maintenance costs.

Most governmental ageqcies that will be responsibie for the operation of a
traffic surveillance system do not have the perSonnei,or facilities to do
this work and must contfact.for the services.

This approach can be successful if a qualified company is employed
and if certain provisions are included in the maihteﬁance contract. Some
of thermore important provisions of the contract are:

a. To establish a maximum down time with liquidated damageé to be

assessed for excess outage time.

b. To require a number of spare parts (10 to 15 percent) so that

repairs can be made on the work'bench, not in the field.

c¢. To require monthly service calls to clean and adjust the

system.
A copy of maintenance requirements are included in the typical

specifications included in the Appendix.

Procurement of the System

During the course of designing and operating the four CCIV systems,
there has been a.variety of procurement procedures tested. The following
sections discuss the experiences,‘both good and béd, and the recommenda-
tions of the authors for improving the development of plans and specifi-
cations,

Lease versus Purchase

The first two CCTV systems in Texas (the Baytown Tunnel and the
Houston System) were obtained by lease contracts. Options to pur-
chase the systems were included in the request for bids. A lease

contract was attractive at that time because it permitted the
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financing to be extended over several years and it included the
mainténance contracﬁ;iﬁ the performance specifications. It was»the
opinion_atrthat time that performance of the maintenance would be
gréater on a leased system thqn on a purchased system. |

Ho&evér, the quality of maintenanée éroved to be a fuﬁttion of the
compény and not the type of contréct. After four years the THD pur-
chased thé Baytown Tunnei system and assumed.thebmaintenance respon-
sibility to improve the operation of the CCfV. The maintenance is
provided by independent coﬁtracts on an "as needed" basis and is
satisfactory since the system is small and uncomplicafed. In cén—
'trast, after five years of operation, the THD has renewed the lease
contract for the Houston syétem. This contract is essentially a
maintenance agreement which is renewed on an annual-basis. Service
and performancé on this project has been very good.

It is the authorsvopinion that subsequent systems should be pur-
chased outright and a maintenance agreement negotiated with a quali-
fied firm. The total cost of the system should be reduced. A
summary of the costs 5f the four systems is presented in Table 6.

Preparation of Plans and Specifications

A CCTV system is made up of many components that afe available from
many different suppliers. It is not necessary to describe in all the
technical details»these various components, since the manufacturers
will supply this information on request. It is important, however,
to describe in detail how the system should.operate and to what con-
ditions it will be subjected. In other words, the buyer should give

the fﬁngtional requireménts of the system and the prospective
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TABLE 6

COST OF CCTV SYSTEMS IN TEXAS

System

Baytown - La Porte Tunnel

Gulf Freeway — Houston#*%#

North Central Expressway-
Dallas

Microwave Television.

Terms of Contract

Lease*:

$580/Month for first 24-month per-
iod (June, 1964 to June, 1966)

$240/Month for second 24-month per-
iod (June, 1966 to June, 1968)

#%$3,600 for purchase after 48-month

Lease®:

Purchase:

Purchase:

lease
$9,000/Month for first 40-month
period (December, 1966 to April,: 1970)

$2,000/Month for next 18-month ner—
iod (April, 1970 to October, 1971)

$2,000/Month for next 18-month per-
iod (Octoher, 1971 to March, 1973)

$82,265.60 - Includes maintenance for
two years (June, 1971 to June, 1973)

$14,600 - Includes two-vear warrantee
of equipment (March, 1972 to March, 1974)

*Lease contracts include cost of maintenance.

**{aintenance costs are random since service is on an "as needed" basis.

*%*%*Lease contract specifies that the cable system shall become the property
of the Texas Highway Department when the contract is terminated.



contractor should provide a detailed description of the components
which will'satisfy these system requirements.

This approach appears to be simple, butAthere are some diffi-
culties. The most obvious pfoblem is the evaluation of>the designs
submitted with the bids. One solution is to obtain the services of
aléualified and unbiased consultant to review the designs and to re-
commend the acceptable system. |

_This approach may appear to be reversed, but,siqce most agengies
do not have persons qualifiedAto design a system, this activity can
best be—accomplished by those persons in the CCTV profession. Also,
a prospéctive contractor, who designs his 6wn system, can better |
esﬁimate_the costs since he will negotiate with his own suppliers..

‘If this approach seems to be too loose and undefined, a second
method is to.describe an acceptable system that will meet the func-
fional requirements. This can be done by naming ohe or more parti-
cular models of cameras, monitors, etc., and stating that this equip-~
ment or equai will be accepted. This approach may alleviate the re-
view.process, but may also result in a system that is not the best
available for the same costs.

A further extension of this approach would be to provide
geheralizedvspecificationsrfor the equipment, describing in detail
it operating characteristics. A set of specifications that provides
too much detail can present as much a problem as one that presents
too little. |

Sample copies of specifications that resulted in acceptable

bids are shown in the appendix.
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CONSIDERATIONS FOR FUTURE INSTALLATIONS

Even though television can now provide the traffic researcher and
‘traffic engiﬁeer with the most complete surveillance system of tfaf%ic
operations, there are still many improvements that can be méde over
existing installations.

First, the visibility under conditions of low ligﬁt levels can be
improved té provide éA—hbur surveillance. This requifes the same camera
system to operate from low light levels to bright sunlight. Very sen-
sitive vidicon tubes are available than cah accomplish this task.

Thevsystems éhOuld have more flexibility and mobility to cover the
large aréas of traffic surveillance in the urban networks. Low powered
microwave or laser transmission systems can.be used in conjunction with
a cable system to expand the area of cbverage.

Improved maintenance can be achieved today with modular construc-
tion of the electronic equipment. Some camera designs have Separated
the optical and electronic subsystems so that the majof elements of the
circuitry can be placed in a cabinet at the base of the camera mount.
Quick replacement of inoperative units is possible, so that the outage
'time can be reduced. The removal of the electronics from the exposed.
position of the camera mount reduces the size and weight of the camera
housing and improves the -environmental control for the electronics.

These technical improvements will be available for the new systems
in the near future. The question of whether these systems will be used
in an efficient mannerccan only be answered by -the organizations that

have the responsibility for operation.
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II.

APPENDIX A

SPECIFICATIONS FOR
PORTABLE CLOSED CIRCUIT TELEVISION SYSTEM

General Description

The City of Dallas proposes to purchase a portable closed circuit
television (CCTV) system which will be used to make observations of
traffic operations on various streets .and highways in Dallas.

The CCTV system must have high reliability in outdoor operation
and the capability of providing picture quality adequate for dis-
cerning the movement of vehicles at a distance of approximately 2500
feet and the changing of traffic signal indications at a distance -
of 500 feet under normal daylight conditions. The CCIV system shall
beée installed by the contractor along the North Central Expressway
with monitors and remote control unit in Suite 410, Noel Page Bldg.,
6400 No. Central Expressway, Dallas, Texas.

The cameras will be mounted on luminaire poles, utility poles,
buildings, or other suitable locations in the Dallas area. The
cameras and accessories, transmission system, and field control com-
ponents must have adequate protection from and be capable of operatlng
in amblent weather conditions in the Dallas area.

More detailed specifications are presented in subsequent para-~-
graphs.

System Design Considerations

1. Cameras - The CCIV system shall include eight (8) cameras
with the following components, characteristics, and capabilities:

A, Minimum horizontal resolution ~ 650 lines
.B. Camera to operate on 117 Volt AC circuit with
fluctuations of * 15 volts
C. Signal transmission - Video or RF
D. Zoom lens ~ 5:1 with added extender to provide
A 150 mm .or greater field width .
E. Weather proof housing
F. Must be able to operate in Dallas outside
environmental conditions
G. Must be compatible with a Model 2200 Sony
video tape recorder '
.H. Camera to be fully transistorized except for
vidicon and input stage. Vidicon protectlon
circuit to be transistorized

2. Camera Locations

A. Cameras shall be located at any one of the cross streets
- on Central Expressway as shown on attached sketch and
Table I.
B. Installation will be on top of highest liminaire pole
~ in vicinity of crossover structure.
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Cameras will be located on luminaire or utility poles

~at various other major intersections on either side of

the freeway.

A maximum-of five (5) cameras shall be locatéd on
either side of control center. Attached sketch shows
where line drops are located.

3. Signal Transmission System

A.

Camera transmission signal will be transmitted via
cable installed by the contractor in median of freeway.
Where guard rail exist, transmission cable and control
cables will be attached to posts. Where grass median
exists, cables will be buried.

Where crossover structure center post exists, the cable

. shall be attached to the center post to reach the camera

location. Where no center post exists, cable shall be
installed such that it will be in place only when that
particular location is in use. In either case, the cable
shall be secured in such a manner that wind and traffic
will not cause it to be moved where vehicle contact may
be ‘possible.

Camera transmissions from locatlons other than freeway
crossovers (up to two miles either side of freeway) will
be transmitted via temporary lines laid by the City of
Dallas. Terminals for tying in these temporary lines
with freeway trunk line will be provided at freeway
camera locations.

The CCIV transmission system shall be capable of handling
up to eight cameras located in the corridor area (as
noted in "C'" above). No more cameras will be located on
either side of the freeway than are indicated in the
attached sketch by line drops. For example, two cameras
might be located on either side (total of four cameras)
of the freeway on Henderson/Knox since four lines are
indicated., Similarly, two cameras might be located on
the East side of the freeway on Haskell since two llnes
are indicated.

4. - Portability

A.

Cameras, control cabinets, and associated equipment shall
be designed so that all components on one camera chain
can be readily moved within four to six hours. The equip-

‘ment will be moved either to other freeway locations or
" to remote areas mentioned above. Only normal hand tools

shall be necessary for this change of location.:
Mounts for camera/pan-tilt assembly
(1) Mounting bracket for each camera/pan—-tilt unit shall
be provided for top of luminaire pole.
(2) Four (4) adjustable mounting brackets for attachlng
camera/pan-tilt unit to building or bridge parapet.
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(3) Four (4) adjustable mounting brackets for
attaching camera/pan—-tilt unit to utility pole.

5. Receivers - Eight monitors shall be pfovided,with the follow-
ing components, characteristics, and capabilities:

A.

B.

C.
D.

Minimum horizontal resolution corresponding to that of
camera provided (650 lines horizontal at center)

Each monitor mounted in individual standard cabinet
Nineteen-inch (19") picture tube

Located in control center, 410 Noel Page Building, 6400
North Central Expressway, Dallas

6. Control System

A,

Each camera shall be equipped with pan and tilt control.
Pan shall be capable of from 0° to 350° horlzontal place~
ment. Tilt shall be capable of -45° to +45° vertical
placement.

One (1) remote control unit shall be located in control
center. Unit shall be capable of adjusting pan, tilt,
zoom, focus, and iris of any one of the eight cameras.
(Common to all cameras with switching unit to select de-
sired camera)

A control cabinet with necessary control components,
hardware, and terminals shall be provided with each camera.
The cabinet shall be capable of being mounted securely

to luminaire or utility pole. Control cabinets shall be
of such design to prevent vandalism and shall be pro-
vided with locks and keys.

One (1) portable monitor with pan, tilt, focus, iris, and
zoom controls shall be provided for positioning any one of
the eight cameras at the camera location. This feature
will be used when camera feeds a portable video tape re-
corder located at the camera position. :

7. Power Sources - Power of 117 volts A.C. will be provided at de-

sired camera locatlons

‘8. Other Design Requirements

A‘

Bidders shall show in their proposals that no hazardous
condition will exist in the event that the cable in the

freeway median is severed.

Design of mounting brackets for cable installation, con-
trol cabinets; cameras and other hardware not directly
associated with the transmission of the television pic-
ture shall be submitted as a part of proposals for
approval by the City Engineer.
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III.

Iv.

Maintenance

1.

The contractor shall be responsible for all maintenance, service,
and repairs upon CCTV system including cameras, receivers, trans-
mission system, and associated equipment furnlshed as a part of
this contract.

The contractor shall indicate in his proposal that adequate per-
sonnel will be stationed in the Dallas area and an adequate stock
of component replacement parts will be on hand to insure the level
of service specified. :

No camera chain shall be out of service for more than twenty~four
(24) hours during scheduled operations from 6:00 a.m. through 8:00
p.m., Monday through Friday, without invoking liquidated damages.
A camera chain shall cotisist of one (1) camera, the transmission
link, associated remote controlled functions, and associated moni-
tor.

Maintenance personnel shall be available by telephone between

the hours of 6:00 a.m. and 8:00 p.m., Monday through Friday.
Liquidated damages shall be accessed in the amount of fifty
dollars ($50.00) for each hour or portion thereof a camera chain
is out of service. Outage hours shall begin to be counted twenty-
four (24) hours following notification of contractor. Only the
hours of 6:00 a.m. to 8:00 p.m., Monday through Friday, will be
counted for liquidated damages.

It is the intent of these maintenance provisions to insure prompt
service when outages occur. The liquidated damages may be waived
by the City Traffic Control Engineer or his representatlve when the
contractor can show valid, justifiable reasons.

Other General Requirements

1.

Three copies of proposed plans and specifications shall be sub-
mitted with bid. All major items of equipment shall be indicated
by make, model, and specification sheet.

Bids shall include the purchase price of the entire system and the
price for the maintenance agreement.

Proposals shall have the lump sum purchase price broken down as
follows:

Labor

Overhead

Equipment Costs

Other Direct Costs

Maintenance Cost per year for two years

Proposals shall include a list of principal personnel who will

be involved in design and installation of this system, along w1th

a brief sketch of their qualifications.

Estimated completion date shall be specified.

The contractor may propose an alternate design that satisfies the
functional requirements described above. The bid for the alternate
system shall be presented in the same form as outlined in paragraph
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10.

11.

12.

3 and will contain a statement as to the advantages of the
alternate over the primary system.

Prior to awarding this contract, the City and/or their authorized
representatives shall be allowed to inspect the bidder's equip-
ment and maintenance facilities if it is so desired.

Bidders will provide certification from the equipment manufac-
turers to indicate which of their (the contractor's) service
personnel have attended factory service school. :

The Texas Highway Department will on weekdays (Monday through
Friday) provide proper signing and other equipment for protecting
personnel installing cable in freeway median. The contractor shall
provide at his expense one (1) off-duty, uniformed policeman for
directing traffic during times when a freeway lane must be blocked.
The contractor shall notify the Texas Highway Department through
the City a minimum of one week prior to this installation.

Work on the freeway lanes or median shall not be allowed during
the hours of 6:00 a.m. to 9:00 a.m. and from 4:00 p.m. to 6:30 p.m.
The contractor shall submit his plan for work on the freeway lanes
and/or median for approval by the City Traffic Control Engineer.

It is the intent of this and previous provisions that the work be
done in a safe order by manner with a mlnlmum of hazard and delay
to the motoring public.

Prior to picking up bid specifications, the bldders shall submit
to the City of Dallas a resume of their firm's qualifications to-
perform work of this nature. This resume shall include agencies
or firms which may be contacted for verification of previous work,
and a short background of the firm.
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2.0

APPENDIX B

TEXAS HIGHWAY DEPARTMENT
.SPECIAL, SPECIFICATION FOR
CLOSED CIRCUIT TELEVISION -SYSTEM
USING MICROWAVE TRANSMISSION

SYSTEM DESCRIPTION

Closed Circuit Television System using Microwave Transmission.
Single camera and monitor closed ecircuit television system using
video transmission by microwave with a ten (10) mile range. Mobile
design so that camera can be moved to another location in one day or
that total system can be moved to another city in Texas. Rugged de-
sign to operate in the environmental conditions in Texas. Remote
control of pan-tilt, and zoom lens functions over one pair of tele-
phone lines. System shall be in accordance with attached Special
Specification for Closed Circuit Television System using Microwave
Transmission. ‘ ‘

GENERAL

1.1 This specification describes the minimum acceptable design
and operating requirements for a single camera and monitor closed
circuit television system using microwave video transmission.

DESIGN REQUIREMENTS

2.1 Functional » , , .
The closed circuit television system shall provide the fol-

lowing operational features:

2.1.1 Television Camera . _
Positive interlace, horizontal resolution greater
than 800 lines; Model Diamond Electronic ST-2, or equal.

2.1.2 Camera Lens
Zoomer Mark X-B1l5 mm. to 150 mm. focal length range
with £2.8, or equal.

2.1.3 Camera Housing

Compatible with television camera capable of operating
in all weather conditions experienced in Texas. Cylindrical shape

with sun shade.

2.1.4 Pan and Tilt Unit
Pelco Medium Duty Model PT-550M, or equal.

2.1.5 The mounting base for the pan and tilt assembly shall
be designed to fit snugly over the top of a standard thirty (30)
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foot Strain Gage Pole. Pole is to be furnished by Texas Highway
Department. Pole specifications are available on request.

2.1.6 Video Transmission

The video signal is to be transmitted by a micro-
wave system capable of signal transmission of ten (10) miles
line of sight in an urban atrea. (Microwave Associates MA-12C
system, or equal). All necessary accessories to provide an op-
erational system are to be included in the bid. The contractor
shall provide all FCC licensing permits. The license shall be
. in the name of the Texas Highway Department. System shall be
licensed as portable throughout the State of Texas.

2.1.7 Television Monitor A
One seventeen (17) inch portable monitor with resolu-
tion greater than the transmission system and with a selector
switch for normal commercial television reception will be pro-
vided. A video outlet will be provided to interface with a Ja-
valin Video Recorder, Model X-400.

2.1.8 Control System for pan and tilt and lens operation
will be provided which can utilize one pair of dedicated tele-
phone lines (voice grade) for remote control at the monitor lo-
cation. Control functions are pan left and right, tilt up and
down, zoom in and out, focus near and far, and iris control open
and close. Capability shall exist for control of these functions
at the camera location or remotely at the monitor location.

2.1.9 Equipment Housing ‘

The system shall be designed to be mobile. The field
Transmission and control units shall be housed in a weatherproof
cabinet that can be mounted to a pole (see Figure 1). The cabinet
shall have terminals for external power and transmission lines.
The housing shall protect the equipment from vandals and the en-
vironmental conditions experienced in Texas.

The office equipment (monitor and control console) shall be
housed in individual, portable cabinets.

The microwave transmitter and antenna shall be mounted to
the camera pole approximately twenty-two (22) feet from the base.
The microwave power supply and control unit shall be installed in
the television cabinet mounted to the pole.

2.1.10 Installation )
The contractor will furnish all materials and equip-
ment necessary to provide a complete operational system as described
herein. The contractor shall a 90~day installation and checkout
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period. Said 90-day period will commence upon issuance of
work order. This installation period shall be followed by a
30-day operational period. The contractor will maintain the
system until the system operates satlsfactory for a period of
30 days.

2.2 Electrical

The (Qlosed Circuit Television System and Microwave Trans—
mission System shall be electrically designed to meet the following
requireménts. These design requirements shall be considered to be
minimum acceptable.

2.2,1 The camera, controls, monitor, and microwave shall

operate on 117 V AC + 10%, 60 Hz. power, and shall not draw more

than 2 KW at eitlier trasmitter or receiver site.

©2.2.2 All functionally operatlng equipment except the
monitor receiver shall employ solid state circuitry.

2.2.3 All internal wiring shall be of copper and shall be
neat, and firm.

2.2.4 All printed circuits shall be of epoxy glass with
extra heavy 2 oz. copper per sq. ft. All printed circuit boards
shall be plug in type.

. 2.2.5 Terminals shall be barrier type and sultably 1dent1—
fied as to funcion.

2.2,6 Load side polarlty shall be same as line voltage po-
larlty.

2.2.7 Duplex outlet to be provided, polarlzed, inside the
cabinet.

2.2.8 Thyractor protection shall be provided on line side.

2.2.9 The Closed Circuit Television Systém, including the

Microwave Transmission System shall be capable of sustained oper-

ation in an ambient temperature range between minus twenty (~20)
degrees Fahrenheit to plus one hundred and sixty (+160) degrees
Fahrenhelt.

2.2,10 All cabling shall be of a heavy duty design to with-

stand the stress caused by relocation of the system. The cables,
except primary power, shall be terminated at standard AN connectors

for ease in disconnection for mobility.
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2.3 Mechanical

The Closed Circuit Television System and Microwave Transmission
System shall be physically constructed in accordance with accepted prac-
tice in commercial television and microwave industry. The system shall

be designed to be so mobile that relocation can be accomplished in twenty-

four (24) hours. The field transmission and control units shall be housed
in a metal cabinet that can be mounted to a standard thirty foot Strain
Gage Pole furnished by the State. The housing slhall be rugged enough to
protect the equipment from vandals and environmental conditions to in-
clude an ambient temperature range of from minus twenty (-20) degrees \
Fahrenheit to plus one hundred and sixty (+160) degrees Fahrenheit. The

cables shall be terminated at standard AN connectors forvease in. discon-
nection for mobility.

2.3.1 All field equipment at the camera site shall be installed
on a pole (standard 30-foot Strain Gage) to be furnished by the Texas
Highway Department. Specifications for the pole and its concrete base
mount are shown in Figure 1. All equipment mounted to the pole shall
be so cabled and fastened as to permit ease of dismantling and remoun-
ting for mobility.

2.3.2 The receiving antenna will be installed by the contractor
on the roof of the Gulf Freeway Surveillance Project Office at 6333
- Gulf Freeway, Houston, Texas. »

2.3.3 The receiving monitor, receiver power supply and camera
remote console shall be installed in the Control Center of the
Gulf Freeway Surveillance Project Office at 6333 Gulf Freeway, Hous-
ton, Texas. :

2.3.4 The bidder shall furnish the purchaser with two (2) cop-
ies of Instructional Manual, suitably bound, which will include sche~
matics, parts list, and operating and maintenance instructions.

2.3.5 The equipment shall be warranted for two (2) years from
date of acceptance against any inperfections in workmanship or mater-
ial.

2.3.6 All items furnished shall be brand new.

72.4 Delivery

Delivery shall be to the Texas Highway Department warehouse as
specified on the purchase order.

47



2.5 Measurement

Measurement of an acceptable Closed Circuit Television System
using Microwave Transmission will be made on the basis of its physical
appearance and its ability to function as described in this specifica-
tion and as determined by the Engineer. In any event, the decision of
the Engineer will be final and binding. - - '

2.6"Pazment:

The '"Closed Circuit Television System using Microwave Transmission,"
measured as provided under !'Measurement," will be paid for at the unit
price bid, which price shall be full compensation for furnishing all ma-
terials, installing and connecting all parts including enclosures, breakers,
conduit, fittings, conductors, -brackets; bolts, hangers, hardware and all
manipulation, labor, tools, hauling, equipment and'iﬁcidentals_necessary
to complete and provide a Closed Circuit Television System using Micro-
wave Transmission. ) ' '
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APPENDIX C

" SPECIFICATIONS FOR
PORTABLE VIDEO TAPE RECORDER

General

This specification details the requirements of a portable Helical-Scan
Video Tape Recorder-Playback Unit to be used for recording of tele-
vision video signals.' The unit shall be portable, completely tran-
sistorized except for the kinescope of the built-in monitor, shall
utilize 1" tape, and shall include all features herein specified.

Operational Features

2.1 -The Recorder shall include all of the operational:features as
hereinafter specified. .

2.,1.1 1In addition to the standard speed playback, the unit
A shall have the capability of providing variable speed
slow motion in both forward and reverse directions.
. The slow motion speed shall be continuously variable
~over the range of approximately 0 té 12 fields per sec-
ond. :

2.1.2 Stop frame (still pictures) shall be provided. It shall

- be possible to stop the tape in any position for periods
in excess of one hour without damage to either tape or
heads for stop motion studies.

2.1.3 For convenient editing purposes, an illuminated tape

' counter calibrated in minutes and tenths shall be pro-

A vided. » :

2.1.4 For further ease of editing, two fast forward and two
rewind speeds shall be provided. At the slower of the
fast forward and rewind speeds, it shall be possible to
view the picture on a standard monitor to permit precise
esiting. ‘

~2.1.5 The unit shall be supplied complete with built-in tran-
sistorized video monitor of not less than 4-1/2" picture
diagonal. This monitor shall include pulse-cross capa-
bility to permit precise and easy adjustment of tracking
.and skew without the need for a separate oscilloscope.
The video monitor shall be an integral part of and built
into the Video Tape Recorder,

2.1.6 The portable Video Tape Recorder shall include a built-in

: transistorized VHF television tuner to permit recording
of R.F. (broadcast or closed circuit) television programs
‘on any standard VHF Channel 2 through 13. The tuner shall
provide line level audio output through the recorder
(0 db, 600 ohms unbalanced) and composite video (75 ohms
unbalanced). The tuner shall be an integral part of and
built into the Video Tape Recorder.
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2.1.7

2.1.8

2.1.9

2.1.10

2.1.11

2.1.12

2.1.13

The Recorder shall include complete self-contained

audio facilities with aural and visual monitoring of the
audio channel. Aural monitoring shall be provided for
both record and playback modes of operation. Input
connectors shall provide for a balanced, 250 ohm low
impedance microphone as well as a high impedance, 0 db
level unbalanced source. , ,

It shall be possible to record audio separately from
video to permit addition of audio at a later date, or

to replace the audio without affecting the associated
video. - :

The unit shall include a sensing device to permit auto-
matic pre-programmed tape stops. It shall be necessary
only to attach sensing tape to the rear side of the 1"

‘video tape at the proper point to permit automatic tape

stoppage.

The Recorder shall include automatic brake operation to
stop the machine in event of tape breakage or tape
run-out at the end of a reel.

A remote control unit and cable assembly shall be
available as an accessory to permit remote control of
Record, Play, Stop, Fast, Forward, Rewind, Slow Motion,
Still Frame and Power On-Off. A remote/local switch
shall be provided as standard on the machine.

"A meter shall be provided on the unit, with selector

switch to permit monitoring of at least the following:
Video Record Level; Audio Record Level; AC Line Voltage,
FM Record Channel 1 Level; FM Record Channel 2 Level;
Servo; Motor Drive Amplifier.

Indicator Lamps shall be provided to indicate the
following minimum modes of operation: Record; Play;
Power-On. '

3.0 Technical Specifications

3.1 Electrical. The portable Video Tape Recorder shall meet or
exceed all of the following electrical specifications:

3.1.1

3.1.2

3.1.3
3.1.4

3.1.5

Video bandwidth shall be at least * 1.5 db from 10 cps’
to 3.9 mec.

Video input shall be 0.5 to 1.5 volts p-p (75 ohms
unbalanced, internally terminated, composite video,
sync negative) . )

Video output shall be 0.5 to 1.5 volts p-p (75 ohms
unbalanced, composite video, sync negative).

Input power shall be maximum 470 watts at 117 volts
+ 10%, 50/60 cps, single phase.

The Recorder shall be capable of resolving not less
than 280 television lines horizontally and 350 lines
vertically.
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3.1.6

3.1.7

3.1.8

3.1.9

3.1.10°

4.0 Mechanical

Video signal—to—n01se ratio shall be not less than 38 db
‘on interchanged tapes.

The audio channel shall feature a low impedance micro-
phone input (-55 db, 250 ohms balanced) and a separate

line level input (0 to ~10 db, 10,000 ohms unbalanced).
Audio frequency response shall be not less than % 2 db

100 cps to 8 kc. Audio signal-to-noise ratio shall be not
less than 40 db. Flutter and wow shall be not greater than

"0.2% rms.

The Recorder shall utilize 1" video magnetic recording
tape and linear tape speed shall not exceed 6 inches per
second. Recording time shall be not less than 60 minutes
on one 1800 ft. (7" reel) of tape.

The unit shall be fully transistorized except for the
built-in Kinescope tube. The electronics shall be

"contained in enclosed plug-in modules éxcept for record

Amplifier, Full Track Erase, Playback Preamplifier and
Head Drive Power Amplifier. All module test points shall
appear on the face of the modules along with all associated
alignment controls. Modules shall be accessible behind

a hinged door, requiring no tools for access.

All signal relays shall be of the totally enclosed type

for optimum rellablllty

Specifications

4.1

The portable Video Tape Recorder shall meet or exceed all of the
following mechanical specifications: :

4.1.1

4.1.2
4.1.3
4' 1'4

4.1.5

4.1.6

4.1.7

4.1.8

The recorder shall utilize video recording tape of 1"
width and shall not use more than 6 square inches per
second.

Recording time shall be not less than 60 minutes on an
1800 ft. (7" minimum diameter) reel.

Overall weight, including monitor and tumer, shall not
exceed 150 1bs.

Overall size shall not exceed 26" wide, 13" high, and
16" deep. .

A hinged, transparent, heavy gauge plastic cover shall’
be provided covering the entire transport mechanism to
protect tape and heads from dust and/or other foreign
particles.

A heavy gauge cloth ‘impregnated plastic cover shall be
provided to cover the entire unit during transport or
when not in use. ‘

A built-in retractable carrying handle shall be provided
on each end of the machine.

Video recording heads shall be guaranteed for a minimum
of 2500 hours, or one year, whichever shall occur first.

Heads shall be field replaceable.
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4.1.9 The unit shall be capable of operation over the minimum
temperature range of 0 to 40°C,
4,1.,10 Side and front panels shall be easily removable for
servicing by means of not more than two 1/4 turn screws
_on each panel.

5.0 General

5.1 The unit shall be supplied complete with operation -and mainte-
nance manual covering proper set-up, operatlon and maintenance of
the machine.

5.2 The Recorder shall be supplied complete with one mating connector
for each input/output connector on the unit.

5.3 The manufacturer and/or supplier of the equipment shall maintain
complete spare parts .or repair service on the unit and advise
the purchaser in the bid of locations where such parts and serv1ce
are available.
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1.0

2.0

General

APPENDIX D

SPECIFICATIONS FOR
PORTABLE VIDEO TAPE RECORDER

This spec1flcat10n details the requirements of a portable Helical-~Scan
Video Tape Recorder-Playback Unit to be used for recording of tele-
vision video signals. The unit shall be portable, completely tran-

sistorized,

and shall utilize one-half inch tave, and shall include

all features herein specified.

Operational Features

2.1 . The Recorder shall include all of the operational features as
hereinafter specified. =

2.1.1

2.1.2

2.1.3

2.1.4
2.1.5

2.1.6

In addition to. the staﬁdard speed playback, the unit
shall have the capability of providing variable speed
slow motion in both forward and reverse directions.

.The slow motion speed shall be fixed within a range

of approximately 0 to 12 fields per second.

) Stop frame (still pictures) shall be provided. It

shall be possible to stop the tave in any position

for periods in excess of one hour without damage to

either tape or heads for stop motion studies.

For convenient editing purposes, an illuminated tape
counter calibrated in revolutlons of the squlv reel
shall be provided.

For further ease of editing, one fast forward and
one rewind speeds shall be provided.

The unit shall use a standard video monitor to per-
mit precise and easy adjustment of tracking and skew.

The portable Video Tane Recorder shall be capable of
recording R.F. (broadcast or closed circuit) televi-
sion programs on any standard VHF Channel 2 through
13 when connected to a VHF television tuner that pro-
vides line level audio output through the recorder

(b db, 600 ohms unbalanced) and composite video

(75 ohms unbalanced).
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2.1.7

2.1.8

The Recorder shall include complete self~contained
audio facilities with aural monitoring of the audio
channel. Aural monitoring shall be provided for
both record and playback modes of overation. Con-
nectors shall provide for a balanced, 600 ohm low
impedance microphone.

It shall be possible to record audio separately from
video to permit addition of audio at a later date,.
or to replace the audio without affectlng the as-~
sociated v:deo ’

Technical Specifications

3

1

Electrical. The portable Video Tape Recorder shall meet or

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.1.8

exceed all of the following electrical specifications:"

Video bandwith shall be at least 3.0 MHz.

Video input shall be 0.5 to 1.5 volts p-p (75 ohms
unbalanced, composite video, sync negative),

Video output shall be 0.5 to 1.5 volts p-p (75 ohms
unbalanced, composite video, sync negative).

Input power shall be maximum 470 watts at 117 volts
+ 10%, 50/60 cps, single phase.

The Recorder shall be capable of resolving not less
than 200 television lines horizontally.

“Video signal-to-noise ratio shall be not less than

40 db.

The audio channel shall feature a low imvedance mi-
crophone input (-60 db, 600 ohms balanced). Audio
frequency response shall not be less than 80 to
10,000 Hz. Audio signal-to-noise ratio.shall be

not less than 40 db.

The Recorder shall utilize one~half inch video mag-
netic recording tape and linear tane speed shall not
exceed. 7' inches per second. Recording time shall
be not less than 60 minutes on one 2370 feet. (7"

reel) of tape.
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4.0

5.0

‘Mechanical Specifications

4.1 The portable Video Tape Recorder shall meet or exceed all of
‘the following mechanical specifications:

4.1.1 The Recorder shall utilize video recording tape of
: one-half inch width and shall not use more than
3.75 square inches per second.

_ 4.1.2 Recording time shall be not less than 60 minutes
a on a 2370 feet (7" minimum diameter) teel.

4.1.3 Overall weight shall not exceed 75 lbs.

4.1.4 Overall size shall not exceed 20" wide, 12" high,
: and 18" deep.

4,1.5 - A transparent, heavy gauge plastic cover shall
' be provided covering the entire transport mecha-
nism to protect tape and heads from dust and/or
other foreign particles. '

4,1.6 = A heavy gauge cloth impregnated plastic cover _
shall be provided to cover the entire unit during
transport or when not in use.

4.1;7 A carrying handle shall be prbvided on one end of
the machine.

4,1.8 The Recorder may use a Rotary 2 or Rotary 4 head
’ helical scanning system. :

4,1.9 The unit shall be capable of operation over the
: minimum temperature range of 0 to 40°C.

General

5.1 The unit shall be supplied complete with operation and main-
tenance manual covering proper set-up, operation and mainte-
nance of the machine.

5.2 . The Recorder shall be supnlied complete with one mating_COn—
nector for each input/output connector on the unit.

5.3 The manufacturer and/or supplier of the equipment shall main-
tain'complete spare parts. or repair service on the unit and
advise the nurchaser in the bid of locations where such parts
and service are available. .
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APPENDIX E
LIST OF CCTV SYSTEMS FOR
TRAFFIC SURVEILLANCE
Gulf Freeway - Houston
CentialAExpresswa§ - Dallas
Baytown-La Porte Tunnel - Texas
Lodge  Freeway -~ Detroit

Interstate Highway 5 - Seattle

City Street System - Tokyo

Station WNYC - Police Department - New York City

- Tunnel System - Port New York Authority - New York City

Freeway Surveillance Office - Chicago (Slow Scan)

~ Oakland - Bay:Bridge ~ California
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