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Abstract

This report documents information and instructions necessary for operation
of the freeway computer control system for the Dallas Corridor Study. The report
includes chapters on control strategy, hardware design, software design, and
routine operating procedures. The report is intended as a guide for developing

other systems and as an operations manual for personnel assigned to the Dallas

North Central Expressway Corridor Project.
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1.0 INTRODUCTION

1.1 Background and Project Objectives

In July of 1968 a research/implementation project was initiated in the
City of Dallas, Texas. The project, originally called "Optimization of Flow

in an Urban Freeway Corridor,"

is a joint effort of the Federal Highway Admin-
istration (FHWA), Texas Highway Department (THD), City of Dallas, and Texas
Transportation Institute (TTI). The research effort is funded by FHWA with
TTL as the research contractor; hardware installation funds are being provided
by TFHWA and THD through the TOPICS Program; and maintenance, operation, and
other support are provided by the City of Dallas. The study site is the North
Central Expressway Corridor. Figure 1.1 shows the freeway corridor and major
traffic facilities.

The overall objective of the project is the optimization of traffic flow

in an urban freeway corridor through innovative corridor control strategies

using a digital computing hardware system.

1.2 Corridor Implementation Phasing

The installation of the hardware system has been segmented into four
major phases. Phase 1 is the freeway ramp control system. Phase 2 is desig-
nated the frontage road control system, although the majority of computing
hardware for corridor control is a part of this phase. Phase 3 consists of
various networks and subnetworks to be installed for arterial intersection
control. A fourth phase, which is interrelated to the three phases described
above, encompasses motor information subsystems for communication with drivers

in the corridor.
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1.3 Scope and Purpose of Report

The purpose of this report is to document procedures for operating the
present freeway ramp control system. The scope of this report includes a
hardware description; theory bf.operation; routine operational procedures;
and steps-to be taken in extraordinary situations.

It is beyond the scope of this report to outline detailed computer oper—
ational procedures. These would be available in the computer manufacturer's
documentation. Further, it is assumed that‘detailed knowledge of the control
programming is not necessary for operation of the system.

It is also beyond the scope of this report to provide specific instruc-
tions for electronic hardware repair and adjustment. Instead, this type of
problem will be handled by module replacement, For example, a malfunctioning
tone transmitter would be replaced with a spare transmitter of the same
frequency rather than repair or adjustment. Then actual repair and adjustment
would take place at another level,

Although the IBM 1800 is the control computer in this particular appli-
cation, the report could be adapted to other systems using similar hardware
and control techniques. This opérations manual will be adapted to the digital

computer system being installed in Phase 2 as that system becomes operational.

1.3



2.0 FREEWAY RAMP CONTROL
THEORY OF OPERATLON

2.1 Basic Theory

The basic theory of entrance ramp control is to change the rate of tlow on
the ramps, according to some relationship based on the traffic flow conditions
on the freeway. Most freeway control systéms use a one minutc base for adjusting
the rates of flow on the ramps, and once a rate has been established, attempt
to release the vehicies at uniform intervals.

One of the unique features of the Dallas Control System is that after the
rates have been established, the control program attempts to release the ramp
vehicles at intervals that will improve merging operations. This is done by
scensing and projecting vehicle gaps in the merging lane and adjusting the
release tiﬁe of ramp vehicles to coincide with the arrival of the gaps. The
adjustment’ of release time produces some irregular intervals between ramp vehicles,
but generally adheres to the predetermined minute metering flow rate. This gap
projection function is possible at all but two entrance ramps where geometrics
do not éllow sufficient distance upstream for gap detectors.

The North Central Expressway Ramp Metering System has a relatively large
number of detectors., There are 122 detectors on the freeway lanes; 115 detectors
on entrance ramps; 50 detectors on exit ramps; and 33 detectoré on frontage roads.
The basicbdetection design is shown in Figure 2.1, which references the.several
detectors discussed in the following sections. Information supplied to the
control com#uter comes from locationhs tinat have different degrees of sensitivity

or priority in the control program,

2.2 Determination of Metering nates

For each ramp, there are chree or wWOreé MeLE&ring rates ca.culated each minute

from locations as described beliow.



[4

0/

LOOP DETECTOR

Q3103NNOD
S3143S
o
L

. MAGNE TOMETER HEAD

TYPICAL RAMP SUBSYSTEM DETECTOR AND SIGNAL LAYOUT

FIGURE 2.1

TEXAS TRANSPORTATION INSTITUTE
TEXAS ABM UNIVERSITY



2.2.1 System Indicators

There are three system operation indicators used in the control system:
flow rates upstream of each ramp, flow rates downstream of each ramp, and
speeds through a bottleneck section downstream of each ramp. These indicators
detect changes in operation in the overall system and appropriate adjustments
are made at affected ramps.

Five levels of flow and two levels of speed are set up with predetermined
metering rates for each level. Typical parameters for a controlled ramp

in a three-lane section are as follows:

SYSTEM INDICATORS
Upstream Downstream Bottleneck Ramp Metering
Flow Flow Speed Rate
(Veh./Min.) (Veh./Min.) (MPH) (Veh./Min.)
Level 1 >90 '>95 25-30 3
Level 2 84-89 89-94 30-35 4
Level 3 ~ 80-83 85-88 - 6
Level 4 74-79 79-84 - 8
Level 5 <74 <79 - 10

2.2.2 Critical Speed

Since the bottleneck section may be located several thousand feet from
some ramps, detectors neéar the merge area of the ramp are used to adjust the
metering rates if congestion develops between the ramp and the bottleneck
section. Generally, the first downstrecam speed station is used for local
monitoring, and the metering rate scheduie is set forth in the same manner
-as for the bottleneck speed saowa below. Typical procedure for this critical
speed indication would be to establish the ramp metering at 3 veh./min. when
the speed drops to less than 24 MPH and maintain that rate until such time as

the speed increases to more than 30 MPh.

N
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2.2.3 Ramp Indicators

Functions of ramp detectors are discussed in Section 2.6. However, three
of these detectors may influence selection of the metering rate. Their influence

is described below.

2.2.3.1 Queue Indicator

Entrance ramps are generally located near an arterial cross-street with some
located just downstream of a freeway exit ramp. In tﬁese situations, the queue
of vehicles at the ramp signal may become so long that it adversely affects
operation on these facilities. If the queue detector is occupied longer than a
certain time, usually 5 seconds, a high ramp metering rate (10-12 veh./min.) is

set to reduce the queue length.

2.2.3.2 Merge Indicator

A loop detector is placed on the ramp in the area where vehicles normally
merge into freeway traffic. If this detector is continuously occupied for
some preset time, say 2 seconds, a metering rate of 0O veh./min. is established.
If at the end of 60 seconds the merge detector is still occupied, a metering

rate of 1 veh./min. is set until such time as the merge is unoccupied.

2.2.3.3 Slow Vehicle Indicator

The magnetometer designate DO is used to detect the presence of a slow-
moving vehicle. If, after a green indication is given, the DO detection is
not activated by the time some predetermined period has elapsed, say 5 seconds,
a false call is put on the merge detector to activate the merge override. When

the merge is occupied and then cleared, operation returns to normal.

2.3 Gap Projection

The freeway control system employs gap acceptance in the ramp metering

2.4



program in conjunction with capacity/demand metefing rates. This combination
of two operating techniques allows satisfying system demands while aiding 1in
the merging operation.

After metéring rates have been established, time limits are set for the
gap projection "windows." The projection windows are scgments of time during
_which acceptable gaps are utilized in the control process. The time segments
are spaced at the regular intervals as determined by the metering rate. The
length of the time segmehts will vary for different rates. The segments are’
established by a percent;—typically 40 percent,‘of the metering rate. For
example, a 4 vehicle per minute metering rate allows vehicles to be released
in 15 second intervals. A 40 percent window could be 6.seconds. Thus, under
fixed rate metering, a vehicle would be released every 15 seconds. With thé
window, a vehicle could be released for an acceptable gap for 3 seconds on
either side of the 15 second point, i.e., from 12 to 18 seconds. A vehicle
released for an acceptable gap in that range is therefore conside;ed to have
satisfied the rate. If no acceptable gap is detected in the window range,

the vehicle is released on the 15 second interval point.

2.4 Speed and Gap Determination

Upstfeam detectors A and B measure gaps between vehicles and the speeds
of the gaps. 1In essence, the lead vehicle of all gaps is projected, but only
those with accompanying acceptable gaps may call for the release of a ramp vehicle.
Gap speeds are measured by cetector traps and the speed of the lead vehicle
of a gap is used in the projection rate calculation. The arrival times of the
lead vehicles for the acceptablie gaps are calculated in real—time; and compared
to the projection window times to deceruine I they coincide. An accumulating

average speed 1s calculatsd 2y wu vae aifiference between the vehicle

<




speed and the preceding average speed.

2.5 Ramp Detector Functions
The ramp metering system is traffic actuated and highly responsive to

ramp conditions, as well as freeway conditions. ol i - $ associated
p dit R 11 £ y ndition The following detectors associated

with the ramps and frontage roads are used in metering control (see Figure 2.1).

2.5.1 Q{
The input or calling detector must be occupied for the ramp signal to

cycle.

2.5.2 D
2-2 Dy

The merge detector's function was previously described. If the merge
detector is occupied for 5 continuous minutes, the detector is deleted from

further control functions. This negates the influence of a malfunctioning

detector or stalled vehicle.

2.5.3 20
The output detector is utilized for ramp volume tabulation, monitoring

signal violations, and detection of slow vehicles,

2.5.4 D
_Q
The queue detector was discussed previously as a ramp indicator. It is
also used in a back-up function for the Di' If the Di is not occupied but the
.Dq override is on, a false Di input to the computer is made. As with the merge

detector, if the Dq is continuously occupied for 5 minutes, the Dq is removed

from further consideration in the control.

2.6



2.6 Hignal Operation

The change in state of the ramp traffic signal to release a vehicle s
the result of the several conditions outlined previously. The following
sections summarize these processes and explain some variations to the pro-

cedure.

2.6.1 Priority

Because of the many conditions and traffie indicators that are available
in the decision-making procedure, priorities must be established when there
are conflicting requirements. For example, if the queue override called for a
high metering rate at the same time the critical speed indicator called for
a low metering rate, some computer program logic would have to decide thch
takes precedence over the other. The usual priority is as follows: (1) merge,
(2) queue, (3) critical speeds, and (4) system indicators (bottleneck speeds,
upstream and downstream flow rates). Merge is listed in the priorities since
the merge override results in a zero metering rate; Often, the decision is
to switch queue errride with local speed override if cross-streets are not
critical. A priority of operatioﬁ is set for each ramp depending on its

unique characteristics.

2.6.2 Selection of Metering Rate

At the end of each minute, a metering rate is determined for each ramp.
The lowest metering rate associated with the three sysﬁem indicators is
selected for the system metering rate. Referring to the typical parameters
in Section 2.2.1, an upstream fiow of 81 veh./min., a cownstream flow of 94

veh./min., and bottleneck speed o 23 ¥ZH would result in a system metering

)

o e
e s avat

Cering rate selection.

iy

rate of 3 veh./min. Figure 2.2 shows the logic

(it



v

<

SET SYSTEM
METERING
RATES

1S
MERGE
OVERIDE
ON

NO

1S
QUEUE
OVERIDE
ON

NO

ARE
SPEEDS
BELOW CRITICA
VALUES

NO

YES

YES

YES

SPECIFY SYSTEM

METERING RATE
FOR SIGNAL

SPECIFY MERGE

<> METERING RATE

FOR SIGNAL

SPECIFY QUEUE

P METERING RATE

FOR SIGNAL

SPECIFY CRITICAL

> SPEED METERING

RATE FOR
SIGNAL

RAMP METERING RATE SELECTION
(PRIORITY: {.Merge 2.Queue 3.Critical Speed 4 System)

FIGURE 2.2

2.8

TEXAS TRANSPORTATION INSTITUTE
TEXAS A8M UNIVERSITY



2.6,3 Release Time

After the metering rate has been established for each ramp, the gap
window times (Section 2.3) are determined. If there is to be no gap acceptance
operation, a zero percentage is assigned.

When the gap window times are established, the acceptable gap table is
scanned to determine if there are times that fall within the projection window.
The acceptable gap table is a list of times at which acceptable gaps arrive at
a decision point. This decision point is the point in time equal to the average
travel time for a vehicle from the ramp signal to the merge area.

If an acceptable gap time coincides with a gap window, fhen this is the
release time for this window, If there are no acceptable gap times that
coincide with the gap window, the release time is at the end of the gap
window.

Finally, when the release time arrives, the two detectors on the ramp
are scanned to determine if a vehicle is waiting for a green and to determine
if the merge area is clear. If both of these conditions are positive, the

signal is given the command to cycle,

2,7 Freeway Data Collection and Evaluation

An extensive data collection system, both for operation and evaluation,
has been implemented as part of the freeway control program. Most freeway
detectors then serve a dual purpose, A complete record of each day's oper-
ation is logged on disk for evaluation after the control period. Principle
parameters are volume over each counting detector and average speed, each
over one-minute intervals. Other data available include: signal violatioms,

detector malfunction, and number of vehicles released for a gap.
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A real-time evaluation of designated control points presents_flow speeds
and calculated density on a one minute basis. Further real-time variables
may be requested from the input/output typewriter.

At the end of each control period, an input/output analysis of freeway
operation is compiled. Information provided by the I/0 study iﬁcludes: flow
over each counting detector, average speed over gap detectors, overall system
speed, peak flow, density, and kinetic energy. These data provide both an

evaluation of the day's operation and a check for detector malfunction.



3.0 FREEWAY SURVEILLANCE AND
CONTROL HARDWARE DESCRIPTION

3.1 General System Description

The freeway control system for the North Central Expressway consists of
39 entrance ramp metering signals and associated detectors, signs, data trans-
mission system, and an IBM 1800 digital computer. A typical ramp installation
(Figure 3.1) has the following items of equipment:

three head traffic signal

advanced warning sign and flasher

6' x 20' loop detector at the signal

6' x 40' loop detector in the merge area

Magnetometer detector with 2 or 3 heads on

the frontage road for queue detection

1 Magnetometer detector with 1 head on the
ramp downstream of the signal

2 Magnetometer detectors with 2 heads in
outside lane upstream of merge area to
measure speeds and gaps

2 Magnetometer detectors with 2 heads in
middle and inside lane upstream of merge
area to decrease demand

1 Traffic Signal Cabinet equipped with tone

transmitters, tone receivers, detector

amplifiers and associated power supplies

e

The transmission system consists of a telemetry system utilizing the
frequency division multiplexing principle with three state FSK (Frequency
Shift Keyed) tone channels operating on a leased, voice grade, telephone
circuit using a passband of 300 to 2800 Hz.

A schematic of freeway system components is shown in Figure 3.2.

There are exceptions and additions to the typical design:

1. Approximately every other entrance ramp has no freeway detectors
in the middle and inside lanes. Speed and gaf detectors are
present at all ramps except two, where geometrics do not allow.

2. Not all ramps are equipped with merge or queue detectors due to

geometrics.

3.1
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3. Both the frontage road and freeway have two and three
lanc sections.,

4. All exit ramps have magnetometer detectors with one head.

5. The 1—635/Centrél Expressway Interchange has detectors on

all roadways for the measurement of traffic demand.

3.2 Freeway Hardware Subsystems

3.2.1 Surveillance Subsystem

A schematic of the freeway detection system is shown in Figure 3.1. The
system is designed for presence detection at all detection locations with the
exception of the speed measuring stations. Speed is measured by a speed trap
consisting of two detectors which give a "pulse" output when activated. Func-
tions of individual detectors are shown in Figure 3.1.

One other item of field data which is associated with the surveillance
subsystem is a "green confirm' input. Wired into the green circuit, this line
provides positive confirmation that the green phase is operating in the pre-

scribed manner.

3.2.2 Control Subsystem

The central digital computer is the essential element in both control and
surveillance. It receives inputs from the detectors in the field, acts on the
information, effects the control strategy, and sends control commands to field
locations. The IBM 1800 process control computer is presently used to perform
these functions, as well as data analyses on a time sharing basis. After instal-
lation of the corridor control hardware system, the IBM 1800 will be phased out
as the prime control unit, this function being handled by a minicomputer in the

new system. Figure 3.3 shows the existing computer room configuration.
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The existing computer configuration is set up to control 39 entrance ramp
signals while receiving inputs from 320 detectors and'39 green confirms. Speed
traps, each with two detectors, are installed at 39 locations. Two ramps of
the 39 mentioned have no freeway speed stations due to geometrics. Two speed
stations serve as system indicators and are not used for gap measurement, one
located northbound where one frceway lane is dropped (A4l) and one northbound
at the end of the system (A40). These 78 detectors are monitored on a process
interrupt basis while other detectors are scanned at regular intervals of 100
milliseconds (0.1 seconds).

The control subsystem outputs operate the entrance ramp signals. Con-
verted by the cpmputer into a binary code, two outputs (lines) operate the

four states of the signal:

Binary Code State
00 Dark
01 Red
10 Amber
11 Green

3.2.3 Freeway Control Telemetry System

The telemetry system consists of audio tone equipment located at a master
station at the central office, and at 38 remote stations (field control cabinets)
throughout the control area. The remote stations transmit data derived from
traffic detectors in their respective areas to the master station, and receive
and execute commands from the master station. The master station receives the
transmitted data from the remote stations and presents these data to the control
computer through the computer data receiving interface. The master station also
receives commands at the computer data transmitting interface, and tranémits
these commands to the appropriate remote stations for execution. The execution
of commands by the remote stations serve to control the status of the ramp

traffic signals.,
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3.2.3.1 Function ! Description

The control and telcmetry system operates uil a ireyuency division multi-
plexing principle utilizing three state ™»K .Frequency Shift Keyed) tone
channels. The system is capable of being submultipiexed on a normal voice
grade, two wire telephone ciréuit using & -.ssband of 330 to 2800 Hz.

The three state FSK tone chennels operate in a return-to-center frequency
mode. The center carrier frequency of each tone channei is transmitted at all
times when a keying voltage is absent to provide for fail safe operation. When
a keying voltage is present, the tone frcquency is shifted upward from the center
(carrier) frequency. When another keying voltage is present, the tone frequency
is shifted downward from tﬁe center frequency. A distant tone receiver senses
the presence or absence of all three tore frequencies. The equipment 1is
capable of transmitting and receiving both keying operations when the keying
voltages are presented simultaneously, This capability is achievable by
utilizing a special oscillator circuit which causes the maximum rate of alternate
mark/épace shifts to be generated while simultaneous keying is present. On
the receiving end, sufficient delay is incorporated in the mark/space receiver

outputs to cause mark and space to be simultaneousliy active.

3.2.3.2 Tone Transmitters

The transmitters are frequency-shift keyed, band-limited tone generators

designed for mutually non-imterfering ::rvices ir grouss when bridged across

in common on a voice grade telephon. cizcaic., The 7S U quency Shift) trans-
mitzer incicais the necessarr circu.iry Zor the keving, cenevation and amplifica-
tion ¢i FS audic tones. In tho izl -.n.sniy cnannels uwtilized, thiree frequencies

are generatced, namely, MARK, SP/{: ana JENTZR frecuency. A plug-in filter is

included to reject Larmonics (o4 LLIVEnS J.onnén wocaing. Test jacks are



available on the front panel which provide access to critical measuring
points. A control is included on the front panel to adjust individual

tone levels. The transmitter is keyed by a threshold voltage, Each trans-
mitter utilizes a specific audio frequency band not exceeding 120 Hz in width,
and operates without interference to receivers and other transmitters on the
same line operating in adjacent or other frequency bands, The transmitters
accept short duration voltage pulse signals from the traffic sensing equipment
and computer interfaces and convert them to frequency shift keyed energy on
the telephone lines. fhis energy is maintained at a fixed power level. The
power level 1s adjustable so that any desired level from O to -30 dbm can be
obtained on the telephone line from as many transmitters as are operating

simultaneously in separate frequency bands on the same line.

3.2.3.3 Tone Receivers

The receivers are of a type which demodulate frequency shift keyed tone
signals, designed for mutually non-interfering service in groups when bridged
across in common on a voice grade telephone circuit, Each receiver utilizes
a specific audio-frequency band not to exceed 120 Hz in width and operates
without interference to other receivers or transmitters operating in adjacent
or other frequency bands., The receivers accept frequency-shift signals trans-
mitted via a telephone line and demodulate these, and present pulse voltages to
the computer interfaces and traffic control equipment,

The FS receiver includes a band-pass filter, limiting amplifiers, discrim-
inator and DC amplifier. The output of the receiver provides a DC output
compatible with the computer's voltage-sense-digital-input, In the frequency
receiving unit, two separate output circuits are provided. One circuit operates

on CENTER to SPACE signal keying and the other operates on CENTER to MARK
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signal keying. Neither circuit islenergized in CENTER frequency condition,

The design of the output and discriminator circuits is such that in the event

of no signal due to transmitter or communication circuit failure, the receiver's
output circuit remains de-energized. Circuitry is provided to flatten out the
discriminator at the CENTER frequency to maintain a zero output over a wide
range. This is important since a receiver operated CENTER frequency should

not be subject to operation in either MARK or SPACE condition with a drift

in frequency due to transmitter variation or to communication circuit fre-

quency translation.

3.2.3.4 Communication Channel Compatibility

The communication channels utilized are leased, volce grade telephone
lines. Twenty-six telephone pairs are used, although tone channel spacing
is such thét if a higher grade (conditioned) line were used, 13 pairs would
be sufficient.

Channei in-band receiver input and transmitter output impedances are 600
ohms +10 percent. Channel filtering is such that submultiplexing of channels
up to the capacity of the voice channel does not degrade either per chamnel or
composite channel impedances beyond this specified range.

Channel transmitter output levels are adjustable within the unit over a
minimum range of O to -30 dbm. The dynamic level range of the receiver unit
shall be such that a *10 db change in the input level does not cause a bias
shift greater than +5 percent.

Channel frequency stability provides no more than 0.1 ﬁercent 2 cycle
drift over the allowable voltage temperature range. Frequency control adjust-
ments and test points are readily accessible and plainly marked on all units
to permit compensation and adjustment for component aging and/or component
substitutions during periodic maintenance.
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All transmitters and receivers are equipped with channel filtters to
minimize distortion and intermodulation when two or more channels are sub-
multiplexed on the same composite channel. Rejections of adjacent channel
mark/space carrier frequencies are a minimum of 15 db for transmitter filters
and a 20 db minimum for receiver filters. The signal-to-noise ratio or inter-
fering tone ratio (the point at which erroneous receiver output is observed)
is between -11 db and -18 db with the signal being keyed at 20 Hz from MARK
(high) to SPACE (low).

Telephone service is supplied to a terminal point within the field con-
trol cabinet and to a terminal point in the central office. Space and mounting
provisions are provided in the field control cabinet for mounting of a Bell
Telephone System 261-A interface connector and carbon block protectors in the

circuit between the telephone lines and the tone equipment.

3.2.3.5 Computer Interface

The master station tone equipment is interfacéd with an IBM 1800 control
computer. Digital inputs to the éomputer are voltage sense as opposed to con-
tact closure. Outputs of the central office tone receivers supply -10 to 4.5
volts for binary '0' condition and +6 to +10 volts for binary 'l' condition.
Central office tone receivers which are linked with the traffic speed detectors
are connected to the process interrupt voltage sense points at the computer.

The computer outputs (inputs to the central office tone transmitters) are
register outputs. The register outputs provide the following output voltages

during operation:

binary 'l' (mark/space) +3 VDC nominal

It

binary '0' (center) 0 VDC nominal
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Solid state circuitry is provided to key the office tone tramsmitters at the
above voltages.

The central office tone receivers have carrier monitor circuits wired in
parallel to connect to a computer input. This arrangement is such that if a
tone channel becomes inoperdtive a binary 'l' condition will result, and if
all tone channels are operative a binary 'O' condition will result.

The tone equipment is so arranged in the office cabinets such that AC
power for all tone transmittér power supplies is derived from one pole of the
power source breaker box, and AC power for all tone receiver power supplics
is dgrived from another pole of power source breaker box. This provides
separate power sources for receivers and transmitters. A relay and necessary
equipment and associated circuitry is mounted in the tone equipment cabinet
to switch power on and off to the office tone transmitter according to the
status of a register output terminal at the computer interface. The circuit
is arranged so that if the output is a binary 'l' (+3 VDC nominal), the relay
contacts are closed and the power is switched on to the office trahsmitter

tone equipment tone transmitter power supplier,

3.3 Display Board

The display board consists of a photographic negative film sandwiched be-
tween a layer of safety glass of 3/8-inch thickness and a layer of white trans-
lucent plastic of 1/4~inch thickness. The glass is encased in a wooden box
frame. The film is taped to the glass and supported by the plastic and series
of support rods and steel wire. Back lighting is provided by 40-watt fluorescent
lights attached to the wailil.

Drawings of the major road network were made at a scale of 1" = 250 #50 feet,

the variability being due to the physical space available for the board. A film

(O8]
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negative of the drawing made in 4 feet x 8§ feet sheets presents roadways in
clear transparence. These roadways were color coded by the application of ink
to the backside of the negative. Figure 3.4 shows arrangement of the control

room with the display board position indicated.

3.3.1 Indicator Lights

Ultra—miniature‘indicator lights with 100,000 hours of expected life are
installed in the plexiglass support panels. Holes drilled at a close tolerance
were sufficient to support the lights. The sides of the lights are painted to

reduce brightness and to eliminate a halo effect.

3.3.2 Driving Mechanism

A specially designed and built mechanism drives the signal and detector
display lamps. Whenever a vehicle detector is activated, the detector lamp
is activated for the same length of time. The signal display shows green for
the length of time green is presented in the fiéld. Since there is no "amber
confirm" line, the drive mechanism places a constant amber time which is not
necessarily that which is in the field. The signal then rests in red until

such time as another green confirm signal is sensed.

3.4 Closed Circuit Television System

A nine-camera closed circuit television system is installed along the
Central Expressway. The system is used to monitor operations, detect accidents
and incidents, to evaluate operation, evaluate new strategies, and to check out
and verify field equipment hardware malfunctions. Figure 3.5 shows CCTV loca-

tions.
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3.4.1 RF CCTV System

Eight cameras are installed on luminaire poles at major crossover points
on the freeway. One cable pair is installed in the median of the expressway
to the north of the control center and one pair in the median to the souti.
The cable pair consists of one 0.5 shielded aluminum cable (VHI transmission)
and one shielded RG~59 cable (camera function control). 1f required, an
additional caméra could be added to the cable for Channel 7 for the cost of
the camera, low band amplifier, and modulator.

The control cable presently handles 80 functions (8 cameras with 10 func-
tions/camera). A total of 256 functions could be accommodated on this cable
if additional pulse code modulation is provided.

A camera can be moved to one of the alternate locations in approximately
four hours. Expense for such a move would involve the labor for physically
moving the camera and control box, and making various level settings and
adjustments. Any camera locations may be selected as long as no more than
five are on either the north or south cable.

The following is a summary of major equipment components for the RF Free-
way CCTV System:

Camera - Diamond ST-2, horizontal resolution greater
than 800 lines.
Pan and Tilt Units - Pelco PT-550M.
Camera Housings — Taft Broadcasting Custom Design -
EHX-2,
Zoom Lenses - Pelco TV-=5 (20mm to 100mm with 2 to 1
extender with £4.0). Effective Range 40 to 200mm.
Mounting Bracket - Custom design to fit top of
Luminaire Standards. '
Function Control Units - Taft Broadcasting Custom Design
Field Unit - 4 Pan-tilt functions
6 Lens rfunctiomns
4 Camera functions
Office Unit - Camera Location (10)

4 Pan—tilt functions
6 Lens functions

w
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Transmission System - Time Division Multipleéxing
with 80 functions carried on RG-59 Cable laid
in freeway median.

Transmission System - Low Band V.H.F.

Modulators - CAS TVM-213 (Special) Using Channels
2,3,4,5,6 with 6 megahertz band width.

Demodulators - Included in the T5900 Magnavox
Receivers

Amplifiers - CAS Low band units, TRA 110.

Cable - 0.5 Superior AL-500J laid in freeway median.

Monitors - Magnavox 23" receivers rated for greater
than 400 lines resolution.

3.4.2 Video System

A one-camera system (Camera 4) is mounted on the Noel Page Building.
Control functions are similar to those described above. Camera signals are

transmitted over direct coaxial cable and are video as opposed to RF.
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4.0 FREEWAY CONTROL
PROGRAM DESCRIPTION
4,1 General
As previously noted, it is beyond the scope of this report to deal with
details of the computer control program. However, it is deemed helpful to
have a broad knowledge of the function of various programs in order to ade-
quately operate the freeway system, Details of the control program are

documented in Research Report 836-2.

4,2 Purpose of Programs

The primary task of the control programs is to collect and store data
for the operation of the control system in real-time. llowever, many other
functions are necessary for a freeway control system. The surveillance and
control system is monitored to determine if hardware failures cxist. Data
for the general evaluation of the control system in real—timg and for the
detailed evaluation by off-line processing are collected. These data are

also used to calibrate the system,

4.3 Description of Computer System

The Dallas North Central Expressway Ramp Control Program uses a 32K,
4 microsecond memory, IBM 1800 computer. The control program is principally
core resident, Operating memory is structured as follows: 21,528 words
allocated to the MPX operating system (which includes a 1118-word executive-
included user routine and a 3750-word INSKEL common section); 6100 words ére
allocated to the special area (SPAR); and 5140 words are allocated to variable
core (VCORE). Further information on the role of the various areas within
the'framework of the MPX system can be found by referring to the appropriate

IBM publications.



4.4 General Control Program Description

The control program consists of several computer routines for calculating
traffic parameters, assigning priorities to decision options, and applying the

control function as dictated by the control logic.

4.4.1 Theory of Operation

The freeway control program uses freeway system operation as the basis
of determining metering rates for the controlled inputs. After the metering
rates have been established, the gap acceptance window concept is applied in

determining the times to change the signal indication.

4.4.2 System Operation Indicators

The following traffic parameters and conditions are determined by the
surveillance and control system and are used in the control program for
establishing rates:

1. Five minute flow rates, updated each minute, for
upstream and downstream locations.

2. Average speed of freeway traffic through bottleﬁeck
sections.

3. Length (greater than a preset value) of a queue of
vehicles at the ramp signal.

4, Travel time of a ramp vehicle after leaving the ramp
signal.

5. Occupancy (longer than a preset value) of the merge

area on the entrance ramps.
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4.4.3 Gap Acceptance Operation

The measurement of vehicle headways (gaps) and speeds are made from a
speed trap formed by two detectors located in the outside lane upstream of
the merge area (See Figure 3.1). The calculated travel times of the gaps
to the merge area and estimated travel time of the ramp vehicle, from the
signal to the merge area, are used to determine when the ramp signal should
change. If this time is not in conflict with one of the system operation

indicators, gap acceptance operation is used.

4.5 Organization of Control Programs

The in-core portion of the freeway control program consists of programs
EXECI, SC100, MINIX, DETOM, and LOGER. EXECTI is included in the MPX executive
built at system generation time and remains a permanent portion of the real-
time system. SC100, MINIX, DETOM, and LOGER are part of the SPAR (Special
Area) core-load and are resident when the control program is operating. The
following 1s a brief description of the program functions performed by each

of the above routines.

4.5.1 EXECI
EXECI is the interrupt handling routine for speed stations. This incluaes
the folldwing tasks.
1. Tabulates non-alternating 'A' and 'B' detector actuations.
2. Updates 'A' and 'B' detector volume counters.
3., Measures speed trap times.
4. 7Puts valid gaps in gap table.
5. Tabulates full gap table errors.

6. Edits trap time.



7.

8.

4.5.2 $SC100

Updates average speeds.

Processes instrumented vehicle distance channel.

SC100 is the main control program which executes once each 100 milliseconds.

The tasks performed are as follows:

1.

10.
11.
12.

13.

14,
15.
16.

17.

Tabulates 'V', 'R', '0', 'Q', 'I', and 'M' detector
volume counters. The latter three volumes are used
for outage identifiéation only.

Processes Di to DO trap times and initiates applicable
overrides.

Tabulates ramp violations and slow and fast vehicle
error counters.,

Handles queue overrides.

Handles merge overrides.

Reads all digital inputs.

Updates green confirm status bits.

Checks for green confirm 'off' errors.

Updates Di status bits.

Updates 'stick-on' detectors mask array.

Handles changes in ramp operating priority.
Decrements all times in gap tables.

Schedules vehicle launches according to current
metering code.

Handles on-line/off-line ramp signal transitions.
Commands red, amber, or green color as scheduled.
Checks for green confirm 'on' errors.

Handles tone transmitter power on sequence.
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18. Processes instrumented vehicle digital inputs (not part of

freeway control).

4.5.3 MINIX
MINIX is executed once each minute. The tasks performed are as follows:
1. Updates the current minute counter for the control program.
2. Initiates I/O study each 15 minutes.
3. Checks control data and time for on-line/off-line
master control.
- 4. TInitiates critical speed overrides where applicable.

5. Calculates system indicators metering rate.

4.5.4 DETOM
DETOM is primarily the detector outage monitor but handles several other
auxiliary functions. The functions are as follows:
1. Honors keyboard requests and queues the MANIN core-load
for execution.
2. Handles the operations monitor alarm.
3. Monitors detector status once each minute and supplies
inactivity ﬁessages when appropriate.
4. Handles the green 'blip' test feature during noncontrol periods.
5. Handles carrier monitor circuit error checking.
6. Supplies green confirm messages.
7. Handles tone transmitter power off sequence.
8. Supplies tone transmitter power status messages.
9. Handles on-line/off-line ramp status repofting.

10. Handles I/0 study calculations.
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4.5.5 LOGER
LOGER formats and logs data on the disks and is executed once each minute.
The tasks performed are:
1. Data parameters are formatted and logged on disk:
'A' and 'B' detector volumes
'V' and 'R' detector volumes
'0' and 'Q' detector volumes
Trap and gap time error counters
'R’ detector error counters
Ramp violation counters
Total vehicles 1éunched counters
Null release counters
Average speeds
Do fast vehicle error counters
D0 slow vehicle error counters
'A' detector error counters
Fast vehicle error counters
Gap table full error counters
'On' detector error counters

2. The 'on' detectors’ monitor mask is updated to all "ones.’'

4.5.6 MANIN

The MANIN (for MANual INteraction) program is the means by which freeway
control static and dynamic parameters may be monitored, updates performed,
and other necessary manual control procedures initiated, usually through the
##2 1816 typewriter. This is the primary means for the operator to interact

with the control program. Details on MANIN are outlined later in this report.
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5.0 MANIN OPERATING PROCEDURES

5.1 Monitoring Procedures

The MANual INteraction Program (MANIN) operates through the #2 1816 type-
writer as the primary communicator with the freeway control program. MANIN
operates in VCORE at the mainline or basic level of execution which is at a
higher priority than batch processing (BP). Therefore, any job currently in
execution at the batch processing level when MANIN is called in will cause
the BP job to be suspended for the duration that MANIN is in execution. This
is accomplished by saving the BP core-load on disk and restbring it when all
higher level jobs have been processed. The interruption of a BP program does
not affect its execution or results in any way except for time delays. Time
dependent programs should not be interrupted as, for example, the instrumented
vehicle tapé processing program. Always check with the computer operator as
to the status of the program currently in execution.

MANIN is called into execution by depressing the REST KBD (Restore Key-
board, which unlocks the keyﬁoard) followed by KBD REQ (Keyboard Request).
This will be followed by a pause of approximately 5 seconds during which
time a dictionary of mmemonics, locations of control parameters in INSKEL
common and appropriate bit masks are read. MANIN may be requested at any
time when MPX is running and the freeway control program is in SPAR (SPecial
ARea). After MANIN is in execution, the keyboard 'PROCEED' green light will
come on. This is the signal to input a control statement. MANIN control
statements are, in general, of the form

NNNNXX-YY (EOF)



where NNNN is a 4 character mnemonic
XX is a 1 or 2 character numeric index (optional if YY not given)
YY is a 1 or 2 character numeric index (optional).
XX and YY may be considered the initial value and the test value, respectively,
of a FORTRAN-type DO index. For example, AVOL1l-41 will call for 'A' detector
volumes for detector number 1 through detector number 41 to be printed out.
The values will be current at the time of printing. In the preceding example,
'AVOL' is a 4-character wnemonic which represents an 'A' detector volume.
The character 1 is the starting detector number and the characters 41 repre-
sent the ending detector number. Note that a minus (or dash) is required
when using the DO type indexing.

The reading of MANIN control statements is on a character-by-character
basis and, thus, no FORTRAN type input errors can result. Editing and interpre-
tation of the character string is done within the program, and illegal inputs
cause a reject of the control statement with an immediéte proceed light for
input of another control statement. In other words, if no output results
from the control statement, then an unrecognizable input was submitted and
rejected internally. The keyboard request buttoﬁ should not be depressed
when the proceed light is on.

Referring again to the sample control statement

AVOL1-41,
an equivalent control statement could have been simply
AVOL.
If no index parameters follow the 4-character mnemonic, then a default DO-type

output is obtained in which the appropriate index values are supplied by the
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program according to the number of quantities referred to by the mnemonic.
Thus, AVOL would have 1-41 supplied, VVOL would have 1-44 supplied, RVOL would
have 1-50 supplied, etc. Most mnemonics have default index values of 1-39
since there are 39 controlled entrance ramps in the system.

In the example cited thus far, the proceed light will be turned on after
the last indexed value is printed, indicating a request for a new control state-
ment to MANIN. 1If, however, a starting index only is supplied as, for example,

AVOL21
then MANIN continually monitors that parameter for change after it is [irst
printed. 1In this example, the content of the 'A' detector number 21 would be
printed each time that it incremented as representative of a vehicle passing
over. Incidentally, MANIN interprets detector and ramp numbers as the TTI
designation, not THD numbers.

When a cell is being continuously monitored as in the above example, it
will eventually be desirable to discontinue the monitoring and supply a new
control statement. This is done by depressing REST KBD followed by KBD REQ,
which will signal MANIN to discontinue monitoring and read a new control
statement.

Embedded blanks will cause an improper interpretation of the control
statements. A list of acceptable mnemonics and description of arrays to
which they refer are given in the freeway operation manual INSKEL common

description section (Appendix A).

5.2 Updating Procedures

Thus far, control statement functions have dealt with only a monitoring

capability. It is possible to update many of the parameters that can be
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monitored. The general form of the update statement is
NNNNXX*
where NNNN is a 4-character mnemonic
and XX is a 1 or 2 character numeric index.
The asterisk is required, and embedded blanks will cause improper interpretation
of the control statement.

As an example, suppose it is desired to update the green length for window
or gap acceptance metering. Suppose the current green length for ramp #1 is
1.5 seconds and it is desired to change it to 1.2 seconds. Referring to the
word forma£ section of the freeway control manual, it is noted that green
lengths are contained in an array called GNLEN and are.expressed in tenths of
seconds., On the same page, it is noted that the MANIN mnemonic is 'GLEN' |
and this mnemonic refers to bits 0 through 15 of the word.

To begin the update, type in GLEN1* and

GLEN+ O = 15 ENTER UPDATE
will be typed. This is a general response of the form .
XXXX+YYYY = ZZZZZZ ENTER UPDATE
where XXXX is the MANIN mnemonic
YYYY is one less than the numeric index
and ZZZZZZ is the value of the designed cell.

At this point an update is ready to be entered. This is a 5-character
decimal input and right justified. The keyboard must be in numeric mode for
an update. When input is complete, press the EOF (end of file) key. The
input quéntity is then edited for upper limit and if out of range

XXXXX TOO HIGH NNNN+YYYY
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is printed
where XXXXX is
NNNN is
and YYYY is
At this point MANIN would abort the

Assuming a valid update,

the quantily entered
the mnemonic
one less than the specified index.

update and call for new input.

XXXXX PENDING, EC =

is printed where XXXXX is the quantity entered. EC is for Entry Code, which

is always 6101 which 1s the date of

be entered to complete the update.

freeway control initiation. This must

If the wrong EC is entered, the update is

aborted and control is passed to the beginning of MANIN for new input. If

the EC is correct

NNNN+XXXXXYYYVYY *kkkkkkkkkhk

will be printed

where NNNN is the mnemonic

XXXXX is one less than the specified index

YYYYY is the updated value.

The string of asterisks aids in identification of update points when these

values are permanently incorporated

in the control program.

If an index greater than the upper limit of the array is specified, the

message

YYYYYY INVALID INDEX NNNN

where YYYYYY is the invalid index

and NNNN is the mnemonic

MANIN then aborts the update and calls for new input.

it
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If the variable specified cannot be updated externally as, for example,
the time of day or a detector volume, then the message
NNNN CANNOT BE UPDATED BY PROG YYYYY
will be printed
where NNNN is the mnemonic
and YYYYY is an internal index number.

The update is aborted and MANIN calls for new input.

5.3 Exit Procedure

Type the 4 character mnemonic 'EXIT' to exit MANIN and return control to

batch processing (if active).
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6.0 MANIN SPLECIAL
MONITOR FUNCTIONS
Several MANIN special monitoring functions are available which perform
more complex tasks than monitoring cells in INSKEL Common. These include the
use of special purpose auxiliary calculations. The following is a list of the

special functions available. Appendix A defines INSKEL common variables.

6.1 MONTI-XX
Prints speed station XX measured speed and average speed in MPH cach time

'B' detector volume increments.

6.2 MONT2-XX
Prints computed versus measured gap size in centiseconds at station XX
each time 'B' detector volume increments. The computed gap is the projected

gap, whereas the measured gap is the gap size at the 'B' detector.

6.3 MONT3

Prints the status of the system detector 'AND' ﬁables. This is a 25-word
mask array for the 19 groups of digital inputs and 6 groups of process inter-
rupts. Each input whose corresponding 'AND' table mask bit is a '1' will be
recognized normally according to the status received from the field. Each
input whose corresponding 'AND' table mask bit is a '0' will remain in a
dormant state, and actuations will not be recognized. The 'AND' table thus

provides a means of logically removing a detector from the system.

6.4 MONT4
Prints the status of the system detector 'OR' tables. This is a 25-word

mask array for the 19 groups of digital inputs and 6 groups of process inter-
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rupts. Each input whose corresponding 'OR' table mask bit is a '0' will be
recognized normally according to the status received from the field. Each
input whose corresponding 'OR' table mask bit is a 'l' will remain in a

” "

continuous "on'" state for as long as the OR'ed bit is a 'l'. The 'OR' table

thus provides a means of logically actuating a detector.

6.5 MONT5-XX
Monitofs all dynamic parameters for ramp XX under contfol. All program
output combinations are printed when the program is initially executed to
force output of some parameters which may be static. Program output mnemonics
and their interpretations are given below:
ACPGAPYYY - The current acceptable gap size for release is YYY
centiseconds.
NOA - Successive 'B' detector actuations with no intermediate 'A'
detector actuation at the speed station for this ramp.
AVSPYYY - Average speed at the speed station for this ramp. Note
that an updated output is made only when the speed changes
+3 MPH from the last time reported.
NOB - Successive 'A' detector actuations with no intermediate 'B'
detector actuation at the speed station for this ramp.
V10 - The Do detector was actuated when no release was made.
CURMNYYYY - YYYY is the current minute of the day (1-1440).
MRTEYY - Current metering rate is YY vehicles per minute.
DFLOYYYY - Downstream flow in vehicles per minute.
DOFAS - The DO detector was actuated in less than half the time
specified by the slow vehicle time parameter. This time is

the "trap time' from time of launch to time of D, actuation.
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DODIS - The D, detector has been actuated after a vehicle launch.

DOSLO - The D, detector was not actuated in the time specified by
the slow vehicle time parameter after vehicle launch.

FASVH - Attempt was made to project a vehicle ahead of previous
vehicle in gap table.

GTFUL - Maximum of 8 gaps already in gap table when new gap was
formed.

IOENB - I/0 study openings have commenced at a 15 minute boundary.

I0DIS - The last I/0 study subsystem has opened and data transferred
to disk.,

MRGQN - An entry has been made in the one level merge override queue
stack.

MRGQF - Merge override queue stack entry has been transferred to merge
override decrementing counter.

SYSMRYY - System indicators metering code YY.

VHLCH - Waiting vehicle has been launched.

NULL - Vehicle was launched without gap.

MANLCYY - Manual override metering code YY.

MERGCYY - Merge override metering code YY.

QUECYY - Queue override metering code YY.

CRITCYY - Critical speed metering code YY.

CSORDE

Critical speed override on.
QUORDE - Queue override on.
QOROFF - Queue override off.

MGORDE

Merge override on.

MGOROF - Merge override ofif.

[a)
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MNORDE - Manual override on.

MNOROF - Manual override off.

CNTLPRIY - Current operating priority Y (See Table 6.1).

CURMRYY -~ Current metering code (See Table 6.2).

STRP - Trap time less than 200 milliseconds noted at speed statiomn.
DION - Di detector is on.

DIOF

D; detector is off.
LTRP - Trap time greater tham 4.000 seconds noted at speed statiom.

SGAP - Gap shorter than 0,50 seconds noted at 'B' detector.

LGAP ~ Gap longer than 32.767 seconds noted at 'B' detector.
UFLOYYYY - Upstream flow in vehicles per minute.
UNSUL - Unsuccessful launch indicator by failure to receive D

actuation after vehicle launch.

6.6 MONT6-XX
Outputs to 1443 printer all fixed parameters for ramp XX. If XX > 39,

all ramps are output.

6.7 MONT?
Reassigns MANIN output device. If output device is 1816, change to 1443.

If output device is 1443, change to 1816.

6.8 MONTS

1443 printer page eject.

6.9 MONT9-XX
Prints entries in gap table for ramp XX on 1443 printer. If sense switch

2 is up, auxiliary checkout data is printed.
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6.10 MONTI1Q

Translates detector outage number to TTI/THD equivalent by table look-up.
Reads input in 3-column field. Initially, program types 'TYPE DET CODE 13,
.GTR.332 to EXIT'. After each detector number is translated, a new input may
be typed. A detector number greater than 332 will cause control to be passed

to MANIN,.

6.11 MONTI1l
Resets operation monitor alarm cell. Operations monitor console switch

must then be turned off and on to reset the audio alarm.

6.12 MONT12

Disk log data retrieval program. Initially types 'DISKR DATA RETRIEVAL
PROGRAM/ENTER ROUTINE + PARMS'. An input of the form NNNNXX-YY is expected,
where NNNN is a 4-character mnemonic, XX is a detector number and YY is the
time period either in minutes or quarter hours as explained below. The

mnemonic list is

AVOL - 'A' detector volume during specified minute.
BVOL - 'B' detector volume during specified minute.
VVOL - 'V' detector volume during specified minute.
RVOL - 'R' detector volume during specified minute.
OVOL - '0O' detector volume during specified minute.
QVOL - 'Q' detector volume during specified minute.

SGAP - Short gap counter during specified minute.
HITP - High speed trap time during specified minute.
BERC - 'B' detector error counter during specifiec minute.

VIOL - Ramp violations during specified minute.
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RELC - Vehicles launched counter during specified minute.
NULR - Non gap releases during specified minute.

DOFA - Ramp fast vehicle counter during specified minute.
DOSL - Ramp slow vehicle counter during specified minute.

AERC - 'A' detector error counter during specified minute.

FASV

Speed station fast vehicle counter during specified minute.

GTFL

Gap table full error during specified minute.

ONMN - Stick-on detector mask array during specified minute.

AVSP - Average speed in fps during specified minute.
LGAP - Long gap coﬁnter during specified minute.

LOTP

i

Low speed trap during specified minute.

VOPA{ Number of vehicles which passed over detector after opening
VOPV | and during minute of opening. Time period specified is quarter
VOPR | hour number.after midnight, 1 through 96.

VOPO *
MOPA, Minute during which the detector opened, 1 through 1440, A "-1"
MOPV | indicates the detector did not open during the 15-minute period.

MOPR| Time period specified is quarter hour number.

MOPO“
After each data re;rieval, the DISKR program éelects the 1816 keyboard
for another entry. When through, type in 'EXIT' to return to MANIN. Appendix

B presents the log sector description.'

6.13 MONT13-XX
D; turn on entry. This program is used to logically turn on a D; detector

at ramp XX by setting its system OR mask bit to a 'l'. This condition lasts
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for approximately 2 seconds which is equivalent to the time that it takes ror
the 1810 proceed light to come on again. Only the bit associated with Lhe b
detector at ramp XX is forced on in the OR mask and all other bits remain
unchanged. At the end of the 2-second delay, the designated D, OR mask bit
is returned to its original state. K If it was already on, this program per-

forms a "mo-op" function.

6.14 MONT14-XX
Updates ramp XX operating priority. This entry is used to manually change
the ramp operating priority to one of the priorities shown in the Ramp Operation
Priority Codes Table (Table 6.1) at the end of this section. Initially, the
message
'"TYPE RAMP PRIORITY (I1)'
is typed. The proceed light will then come on. Type in a one character pri-
ority number in numeric mode. This input will be edited for a number greater
than zero or less than 7. 1f out of range, the same request for input message
will be typed. When a number in the correct range 1-6 is input, the ramp
operating priority is updated accordingly and the message
'RAMP XX OPERATING PRIORITY NOW YY*#xkkkkkkkkxx'
is typed, where XX is the ramp number and YY is the new operating priority as

input manually.

6.15 MONT1>5
Prints speeds at any two-speed stations. When this entry is made the
message
'TYPE SPEED STATIONS I2, I3'

will be printed. After two ramp numbers are input in the specified format,



spceds over the two speed stations will be printed in real-time with the first

specif{ied station on the left.

6.16  UPDT3

Updates status of system inputs 'AND' mask (ANTBL). Initially types
'ANTBL UPDATE/TYPE GRP+BIT NO. +BIT 2I2, I1'. Group number is a 2-character
field (1-25), bit number is a 2-character field (0-15), and bit is either a
'0' or a '1' (l-character field). A description of the input bits and group
number correspondence is given in Appendix B. The update procedure may be
terminated by a keyboard request followed by an end of file. Setting a par-

ticular bit (e.g.: detector) as '0' sets the bit in a constant 'OFF' condition.

6.17 UPDT4
Same as above except the system inputs 'OR' table is updated. Setting
a particular bit (e.g.: detector) as 'l" places the bit in a constant 'ON'

condition,

6.18 UPDT5-XX
Speed station XX trap length manual update program. Accepts new trap

length in tenths of feet and calculates gap projection multiplicationﬂconstant.

6.19 UPDT6

Speed station automatic trap length update program. Types 'TPLEN = XXX,
DCON = XXXXXX, KBREQ NEW TPLEN' upon enﬁry. Thereafter; the trap time cell
is monitored for change. FEach time it changes, the trap time and speed in MPH
is typed. When test vehicle passes over speed station; press the keyboard
request button and enter the calibrated speed at the keyboard in a 2-character

numeric field. A zero will return control to MANIN.
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T{ sense switch 0O is down, particular spced station numbers are sclected
according to a preprogrammed sequence which begins with station number 16
northbound, proceeds to the end of the control area, back thrdugh the inbound
section, and outbound through station 1l4. If sense switch 0 is up, the MANIN
control statement must be entered in the form UPDT6—XX, where XX is a speed
station number. The procedure otherwise is essentially the same with the
exception that control is returned to MANIN as soon as speed station XX is

updated.

6.20 UPDT7-XX

Gap projection distance update program. The gap projection distance for
ramp XX is updated. Initially XX is edited to determine that it is in the
valid range 1-39. If invalid, control 1is returned to MANIN. Othcrwise, the
message

'DIST = YYYYYY NEW DIST(1l4) ='

is typed, where YYYYYY is the current projection distance. The proceed light
will then come on to indicate that a new 4-character distance is to be typed in
numeric mode. The distance must be positive nonzero in order for the update
to be completed. When update is complete, the above message is retyped. A

zero or negative number can then be entered to return control to MANIN.



7.0 FREEWAY SYSTEM
OPERATING PROCEDURES
7.1 General
Previous sections have covered theory of operation, hardware and software
design, and procedures for interacting with the freeway surveillance and con-
trol program. This section concerns specific operating pfocedures for the

North Central Expressway Control System.

7.2 Freeway Hardware System Overview

Specific details on detector and control cabinet locations, conduit runs,
power sources, etc., are contained in the installation plans which are on file
in the control center. Figure 7.1 shows general field locations of detector
and control cabinets and detector identification numbering system.

Table 7.1 lists cabinets by number and the associated detectors contained
in each cabinet. Also shown are telephone line identification nuﬁbers associ-
ated with each set of cabinet hardware. Table 7.2 lists detectors numérically

by function and the cabinet in which each is located.

7.3 Control Logic Overview

Freewgy control and surveillance parameters as described in Section 2.0
are shown for each ramp in Appendix D. These parameters may be changed through
the typewriter as described in previous sections. Shou;d the freeway program
be taken off-line and then placed on-line for any reason, the parameters will
revert to the original values. Only by a change in the control program deck
and reload of the program will a change become permanent.

Each ramp has detectors associated with it for measurement of gaps, system
parameters, bottleneck speeds, and local speeds. Table 7.3 is a tabulation of

the detectors associated with each ramp in the control system.
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TABLE 7.1

TELEPHONE PAIR AND DETECTOR LOCATION BY CABINETS

| CABINET TELEPHONE DETECTOR NUMBERS
NUMBER PAIR 1/0 A/B M Q R R Vv Vo
2 1DM3113 1 1 1 1 1 2 1 3
2 1DM3113 2 2 2 2 - - 2 b
3 1DM3107 3 6 3 3 4 - 6 8
4 1DM3102 4 4 4 4 3 - - -
5 1DM3105 5 8 5 5 6 - - -
6 1DM3113 6 3 6 6 5 - 5 7
7 1DM3110 7 - 7 7 8 - - =
8 1DM3102 8 5 8 8 7 - 9 11
9 1DM3107 9 7 9 9 10 - 10 12
9 1DM3107 - 10 - - - - - -
10 1DM3102 10 9 10 10 9 - 13 15
11 1DM3110 11 41 11 11 12 - - -
12 1DM3112 12 13 12 12 11 - 21 -
13 1DM3106 13 11 - 13 14 - 14 17
13 1DM3106 - 12 - - - - 19 -
14 1DM3105 14 17 14 14 13 - 23 -
15 1DM3108 15 - 15 15 16 - - -
16 1DM3106 16 16 16 16 15 20 - -
16 1DM3106 19 19 19 19 - - - -
17 1DM3105 17 14 17 17 18 - 16 -
17 1DM3105 - 15 - - - - - -
18 1DM3110 18 21 - - 17 - 25 -
20 1DM3106 20 - 20 20 24 - - -
21 1DM3105 21 18 21 21 22 - 18 -
22 1DM3108 22 22 22 - 26 - 20 -
23 1DM3111 23 - 23 - 19 - - -
24 1DM3101 24 27 - 24 24 23 - 29 -
25 1DM3112 25 25 25 25 21 - 27 -
26 1DM3110 26 29 26 26 25 - 31 -
27 1DM3101 27 24 27 27 28 - 22 -
28 1DM3103 28 28 28 - 27 - - -
28 '1DM3103 - 31 - - - - - -
29 1DM3101 29 26 29 29 30 - 24 -
30 1DM3104 30 33 30 30 29 - 33 -~
31 1DM3110 31 - 31 - 32 - - -
32 1DM3109 32 35 32 32 31 38 - -
33 1DM3103 33 30 33 33 34 - 26 -
34 1DM3111 34 34 34 - 35 42 32 41
34 1DM3111 - - - - 43 - 43 44
35 1DM3111 35 32 35 35 36 - - -
36 1DM3111 36 37 36 36 37 - - -
37 1DM3109 37 36 37 37 44 - 34 -
38 1DM3104 38 39 38 38 39 - 36 39
38 1DM3104 - 40 - - .- - - -
39 1DM3104 39 38 39 39 46 - - -
40 1DM3109 - - - - 33 40 28 30
40 1DM3109 - - ~ - 41 45 35 37
40 1DM3109 - - - - 47 - 38 42
40 1DM3109 - - - - - - 40 -
NOTE: Cabinets are numbered according to nearest entrance ramp.

Cabinet numbers 1 or 19 do not exist
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DET CAB COM
A 2 2 43
A3 6 44
A4 4 45
A5 8 46
A6 3 47
AT 9 48
A8 5 49
A9 10 50
Al0 9 51
All 13 52
A12 13 53
Al3 12 54
Al4 17 55
Al5 17 56
Al6 16 57
Al7 14 58
Al8 21 59
Al9 16 60

61
AZ1 18 62
A22 22 63

64
A24 27 65
A25 25 66
A26 29 67
A27 24 68
A28 28 69
A29 26 70
A30 33 71
A31 28 72
A32 35 73
A33 30 74
A34 34 75
A35 32 76
A36 37 717
A37 36 78
A38 39 79
A39 38 80
A40 38 81
A41 11 82
Vi 2 83
vV 2 2 84

TABLE 7.2
NUMERICAL LISTING OF FREEWAY DETECTORS

DET CAB COM
v 3 2 85
vV 4 2 86
vV s 6 87
vV 6 3 88
v 7 6 B89
vV 8 3 90
v e 8 91
V10 9 92
V1l 8 93
V12 9 94
V13 10 95
Vi 13 96
vlis 10 97
vlie 17 98
V17 13 99
vis 21 100
vlie 13 101
v20 22 102
v2l 12 103
v22 27 104
V23 14 105
V24 29 106
v25 18 107
V26 33 108
V27 25 109
v28 40 110
V29 24 111
V30 40 112
v3il 26 113
V32 34 114
v33 30 115
V34 37 116
V35 40 117
V36 38 118
V37 40 119
V38 40 120
v3igo 38 121
V40 40 122
V4l 34 123
V42 40 124
V43 34 125
V44 34 126
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R34

R37
R38
R39
R40
R41
R4?2

CAR COM

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

142

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
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163
164
165
166
167
168

DFT
RA3
R4G
R4S
R46
RAT
RA8
R»9
RS0
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029
020
031
N2
033
024

COM
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

189.

190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

DET CAB
n3s 35
036 36
n37 37
n38 38
039 39
01 2
0?2 2
03 3
0 4 4
05 5
0 6 6
07 7
Q 8 8
09 9
010 10
011 11
012 12
013 13
014 14
015 15
016 16
017 17
019 16
020 20
021 21
024 24
025 25
026 26
027 27
029 29
030 30
032 32
033 33
035 35
036 36
037 37

COM
211
212
213
214
215
216
217
’18
219
220
221
222
223
224
225
226
227

. 228

229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

DFT CAB
Q038 38
Q39 39
11 2
| 2
I3 3
1 4 4
15 5
I 6 6
1 7 7
1 8 8
1 9 9
110 10
i 11
112 12
113 13
114 14
116 15
116 16
17 17
118 18
119 16
120 20
121 21
122 22
123 23
124 24
125 25
126 26
127 27
128 28
129 29
130 30
131 31
132 32
133 33
134 34
135 35
136 36
137 37
138 38
136 39
M1 2

COM
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
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M35
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M37
M38
M39
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COM
295
296
297
298
299
300
301
302
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304
305
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307
308
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310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
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RAMP
RAMP
RAMP
RAMP
RAMP
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RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP
RAMP

CRITICAL SPEED,

Al
A2
A3

A34
v3s
A36
A39
A36
A39

vl

v2

V5

ve

Vo

vé

vl3
vé

V13
v1o
V17
V14
v2l
v1é
v23
V16
ves
vis
V25
vis
V25
V2o
va27
vaz
v21
V24
v29
V24
v3l
va2é
v33
V26
v33
v32
V37
V34
v39
V34
v39

v3
V4
v7
V4
vll
v8
V15
vs
V15
vl
vle

017
R20
R13

R15
R24

R26
R19

R23
R32

R27
R36
R31

R37
R46

02

09
R6

014

021
o1s8

025

026

033
a30
R&5

039
036

06

R&47

SYSTEM DETECTORS
UPSTREAM )

DOWNSTRFAM

Al

Al7
A22
Al7
A24
A21
A26
A21
A30
A25
A30
A27
v2s
A29
v2s
A29
A36
A33
A4O
v3s
A40
v39

vl
V6
vl
V6
Vs
V10
va
v1o

‘v9

V14
V13
Vié
V17
vis
v21
vis
v21
V2o
ves
V20
v23
v22
v2s
Va4
v2s
V26
vai
V26
V29
v3o
v3l
V30
v31l
V34
V33
V36
V37
V36
V43

v3
ve
v3
vs
v7
viz
vll
v1z2

V1l .

R12
V15
R16
V19
R20
R11
R22
R11
R24
R13
R26
R13
R28
R17
R30
R17
R32
R21
R34
R23
R36
R25
R33
R25
R4 4
R29
R46
R33

039

R26.

R15

R19
R34

R38

R40
R27

R35

TABLE 7.3

BOTTLENECK AND SYSTFM DETECTORS
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The freeway control program routinely is on-line in the 1800 system. Only
in the event of a power loss, or the intentional deletion of the program lor
maintenance or other purposes, will the freeway control program be off*Lino.
Specific procedures for placing the freeway control program on-line in these
events are outlined in subsequent sections.

Normal control operation times are 7:00 to 9:00 a.m. and 4:15 to 6:15 é.m.
on non-holiday weekdays. These times may be changed as outlined in previous
sections. Determination of the freeway control calendar will be covered sub-

sequently,

7.4 Basic Freeway Control System Operating Procedures

The following procedures assume that the freeway control program has been
input to the computer, and appropriate recal-time and post processing programs
have been loaded. Specific steps to be taken to effect these actions are out-

lined below should this not be the case.

7.4.1 A.M. Control Period (Normally 7:00-9:00 A.M.)

7.4.1.1 - 1If the IBM 1800 computer is not functioning (as indicated by dark
or partially dark indicator lights on console (Figure 7.2)), restart freeway

control program as outlined in Section 7.4.8.

7.4.1.2 - Prior to 6:50 a.m., insure that Real-Time Print (RTPRT) prégram
has been read into card reader. If not, place RTPRT program in card reader,
press 'START' on card reader, and press 'CONSOLE INTR' on computer. Should
clock time be less than 5 minutes until the freeway is scheduled to come

on-line, RTPRT will not execute. Place 'DATA ENTRY SWITCH' #6 up and RTPRT



IBM 1800 CONSOLE
FIGURE 7.2
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will execute regardless of time. Check typewriter for inactive detectors ('NO

ACTIVITY IN 30 MIN') and follow steps in 7.4.3 if any are found.

7.4.1.3

-~ At 7:00 a.m. (ramp control turn-on time), check typewriter and

display board for ramps not coming on-line properly. If any controlled ramp

fails to

come on-line, take action as shown in Section 7.4.4.

Check typewriter for additional detectors shown to be inactive. If
an 'I' detector shows inactive on a controlled ramp, place a constant
call on that detector using UPDT4 function as shown in previous sec-

tion. After detector malfunction is corrected, use UPDT4 to take

Check typewriter for 'CARRIER LOSS' messages. Take action as shown

Monitor control typewriter for messages of RAMP OPERATING PRIORITY
= XX, indicating a priority change due to either a queue or merge
detector sticking on. Determine malfunctioning detector and take
action as shown in 7.4.5. After malfunction is corrected, restore
ramp to original priority using MONT14 in MANIN operating procedures.

Monitor display board for any detectors not operating properly. Take

7.4.1.4 Action During A.M. Control Period

A.

constant call off detector.
B.

in 7.4.6 if message 1s received.
C.
D.

action shown in 7.4.3 or 7.4.5.
E.

Periodically monitor controlled ramps to insure that signals cycle
properly when 'I' detector is occupied. To place a 2 second 'false
call' on an 'I' detector, use MONT13 function as described in MANIN,
This may be used to test a signal where no demand is present or to

give a green to a vehicle which stops short of loop.
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Monitor console typewriter error messages for detector malfunctionms,
carrier losses, priority changes, and green confirm errors. See
Sections 7.4.2 through 7.4.7 for specific action iﬁ the event of
such malfunctions.

Record detector malfunctions in hardware log book.

Record on-line time, weather, and unusual occurrences such as
accidents, stalls, famps off-line, etc., in Freeway Operations
Record Book.

Review 'STIKY' printout for detectors stuck-on. See Section 7.4.5

for action on sticking detectors.

Prior to end of control period, place sense switches 0 and ! down.
Place post control evaluation (POSTC) program in card reader hopper

and press START,

At 9:00 a.m. (A.M. off-line time) monitor display board for ramps

going off-line properly. If ramp fails to go off-line, take action
shown in Section 7.4.4.

Remove Input/Output Analysis Program (I/0) from stacker. Remove

punched summary cards behind two pink cards at end of program and

interpret summary cards. Punch new pink header cards witﬁ current
day's date and place pink cards in I/0 deck with at least 30 blank
cards behind each pink card. Insure that last blank card in I/0
deck has an END card behind it. File old pink cards and interpreted

summary cards.
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7.4.2 P.M. Control Period (Normally 4:15-6:15 P'.M.)

7.4.2.1 - 1If the IBM 1800 computer is not functioning (as indicated by dark
or partially dark indicator lights on console (Figure 7.2)), restart freeway

control program as outlined in Section 7.4.7.

7.4.2.2 - Prior to 4:05 p.m., place Real-Time Print (RTPRT) into card reader,
press 'START', and 'CONSOLE INTR'. Should clock time be less than 5 minutes
until the freeway is scheduled to come on-line, RTPRT will not execute. Place
'DATA ENTRY SWITCH' #6 up and RTPRT will execute regardless of time. Check
console typewriter for inactive detectors ('NO ACTIVITY IN 30 MIN') and follow

steps in Section 7.4.3 if any are found.

7.4.2.3 ~ At 4:15 p.m. (ramp control turn-on time), check typewriter and
display board for ramps not coming on-line properly. If any controlled ramp
fails to come on-line, take action as shown in Section 7.4.4. Ramp 13, south-

bound University ramp, does not normally operate during P.M. control.

7.4.2.4 Action During P.M. Control Period

Follow instructions shown in items A through H of Section 7.4.1.4.

7.4.2.5
A. Prior to end of control period, place the following card decks in the
card reader and press 'START': (1) POSTC, (2) I/0, (3) STIKY, and
(4) RTPRT. Insure the decks are in the order specified and no
/ /bEND cérds are in the decks. |

B. Place sense switches 0 and 1 up.
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7.4.2.6 - At 6:15 p.m. (P.M. off-line time) monitor display board for ramps
going off-line properly. If ramp fails to go off-line, take action shown in

Section 7.4.4.

7.4.3 Inactive Detectors

If the message 'NO INPUT ACTIVITY IN 30 MIN XXX' is received, check
detector equivalency in Table 7.2 to determine which detector is inactive.

If an 'I' detector is not functioning during a control period, a constant
"call" should be placed on that detector using UPDT4, or the ramp may be
taken off-line. 1If a speed detector is inactive, check the critical speed
detector and bottleneck in Table 7.1. If the malfunctioning detector is a
bottleneck or critical speed detector, another speed station should be sub-
stituted for that ramp with MANIN and 'DEPCXX' or 'DEPDXX' for critical speed
and bottleneck speed, respectively.

Check the associated tone receiver to insure it has not failed. If carrier
loss light is on, the problem is probably due to transmitter failure, phone line
loss, or power loss at the cabinet.

Give detector numbers and cabinet numbers to maintenance technicians for

repair.

7.4.4 Raump Does Not Come On-line Or Go Off-line At The Proper Time

If a ramp fails to come on-line when scheduled, check to see that switches
on back-up controller (Figure 7.3) are in the off (left) position. If switches
are in the on (right) position, place them in the opposite direction. If this

fails to bring ramp on-line, report to technician.
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BACK UP CONTROLLER SWITCHES

FIGURE 7.3
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If ramp fails to go off-line, check to see if back-up switches are in
the OFF (left) position. If any switches are to the left, place them to the
right and attempt to take ramp off-line manually using ONLN function as des-

cribed in MANIN sections. If ramp fails to go off-line, report to technician.

7.4.5 Sticking Detector Report

This program is run at 5:00 a.m. for the previous 24 hour period. It
tabulates all detectors in system that remain on for one minute or more. The
readout on the 1443 printer is in two segments. The summary lists the detectors
that have stuck-en and total number of minutes. The second section lists the
detector number, number of minutes stuck-on and time period it was on.

Any detector that is stuck-on for more than 3 minutes should be checked.
'A', 'B', 'V', 'R', and '0' detectors should be assigned to maintenance technician
to check for out of tune amplifiers if stuck-on for over 3 minutes. 'I', 'M'
and 'Q' detectors, due to placement on ramps, will appear to be stuck-on when
occupied for long periods of time during peak periods. These detectors should
be checked against the times logged in the second section of the printout. If
the period they are stuck-on corresponds with high volume on a ramp, where de-
tector might actually be contiﬁuously occupied, they need not be reported to

the maintenance technician.

7.4.6 Carrier Loss

"CARRIER STATE CHANGE ***' will be the first message on the console type-
writer that a channel has failed. Replace the receiver with a spare'receiver
of the same frequency. If that does not correct problem, report malfunction

to maintenance technician.
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7.4.7 Green Conbirm 'ON' Or 'OFF' Hrrors

The message "GREEN CONFIRM OFF ERROR XX' indicates ramp sigunal XX was
on when it should héve been off. Conversely, 'GREEN CONFIRM ON LERROR XX'
indicates ramp signal XX was off when it should have been on. Off errors
often indicate a "flicker" in the green lamp or '"noise" on the phone line
feeding green confirm messages.

Use TV monitor, if possible, to monitor ramp operation, If ramp is
operating satisfactorily, leave ramp on-line, If operation is impeded by

flickers or a signal light not coming on, place ramp on the back-up system

or remove ramp from control. Report problem to maintenance technician.

7.4,8 Restarting Freeway System After Power Loss

A. If 'POWER ON' light on computer console is dark, press green 'POWER
ON' button on the computer.

B. Press 'START' button on the printer and on both disk units.

C. Press 'NPRO' on the card reader and clear all cards ouf of the
hopper.

D. Press 'STOP', 'IMMEDIATE STOP', and 'RESET' buttons on the computer,
While holding 'CLEAR STOR' button down, press 'START'. After about
2 seconds again press 'STOP', 'IMMEDIATE STOP', and 'RESET'.

E. Place COLD START deck in the card reader and press 'START' on the
card reader,

F. After both disk ready lights are on, place all sense and data switches
down and press 'PROGRAM LOAD',

G. Three messages will be typed on the system typewriter requesting time,
data, etc., to be enterea by cata switches. Ignore them by pressing

'START' on the computer afiter each message.

~J
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H. Place sense switch 3 up and press 'CONSOLE INTR'. Type current

6-digit date on system typewriter (e.g., 020373 = Feb. 3, 1973).

Press 'EOF'., Type 6-digit time (e.g., 140600 = 2:06 PM). Press

'EOF'.

I. Place freeway on-line by putting sense switch 3 down, and 5 up, and

pressing 'CONSOLE INTR'.

Then put sense switch 5 down and 7 up.

J. 1f step I was not performed before the scheduled ramp on time, it

will be necessary to update the A.,M, turn-on time (AMON) or P.M.

turn-on time (PMON) with a

type

type

type

type

Where 'b' is a blank and XXX is the

later time as follows:

AMON1%*

AMON+

bbXXX

bbXXX

b6101

EXIT

eof

0 = 420 ENTER UPDATE
eof

PENDING, ETC.

eof

eof

new time. After making such an update

and after the ramps have come on-line, always change the AMON and PMON to

the normal values of 420 and 975, respectively.A

7.4.9 Emergency Procedures

The back-up controller was designed and built to cycle a ramp signal, or

signals, on a fixed metering rate (4 veh./min.) in the event of computer mal-

function. Emergency procedures should be involved when computer has gone

"not ready" due to power loss or when computer is otherwise malfunctioning

and causing erratic operation at ramp signals.
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7.4.9.1 To Place Selected Ramps On-line With Back-up Controller

A. Place '"TONE XMTR POWER' switch to left into back-up controller position.
B. Place ramp switches (Figure 7.3) for ramps to be put on-line to left.
Do not at any time put Ramp 13 on-line with back-up controller.

C. Plug back-up controller and power supply into wall outlet.

7.4.9.2 To Take All Ramps Of[-linc

A. Place the "TONE XMIR POWER' switch to the Left into back-up controiler.

B. 1Insure that back-up controller and power supply are unplugged.

7.4.10 Miscellaneous Operating Procedures

Several operating procedures related to freeway control system not

previously documented are presented in this section.

7.4.10.1 Post Control Evaluation Program

This program, run at the end of each control period, provides a summary
of several operating parameters. Some of these parameters are indicators of

hardware malfunctions. Table 7.4 gives a typical day's operation summary.

7.4.10.1.1 - AV SP, LO SP, AND HI SP. These values indicate average, low,
and high speeds measured over the speed detector associated with the indicated
ramp. Inordinately low or high values may indicate speed detector problems.

There are no speed or gap detectors for ramps 20 and 23.

7.4.10.1.2 - PCT VIO. This value indicates the percent of entering vehicles
which violated the signal on each ramp. Unusually high percentage may indicate
that the ramp was off-line during the control period or hardware malfunctions
such as an "I" detector not working have occurred. Excessive violation rates
without hardware causation should be called to the attention of the operations
engineer who will coordinate with police authorities.
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7.4.10.1.3 - 'A' VOL, 'B' ERR, and PCT BER. These values indicate respectivelyv:
The number of vehicles passing over the AT detector, the nunber ol times there
was not a corresponding 'B' detection, and the percent ol 'A' actuéLions not
detected by the 'B' detector. A high percentage error indicates detector mal-
function as the space between the detectors is only 20 feet. High error percen-

tage should be reported to maintenance technician.

7.4.10.1.4 - 'B' VOL, 'A' ERR, and PCT A ERR. Similar tabulations as those
described above except the number of times no 'A' actuation was received pre-
ceding a 'B' actuation. High error percentage should be reported to maintenance

technician.

7.4.10.2 Volume Discrepancies

Periodic checks of volume counting detectors may be made through the con-
trol typewriter. Entering 'AVOL' will give cumulative volume over each 'A'
detector. Entering 'BVOL' gives similar values for each 'B' detector. Com-
paring volumes over corresponding 'A' and 'B' detectors may give indication
of detector problems. Comparing volumes over a specific detector with volume
over the next downstream detector may give an indication of malfunction.
Similarly, VVOL will give cumulative volumes over each 'V' detector. Com-
paring values of adjacent detectors and successive downstream/upstream
detectors may reveal detector problems. The above checks should be méde near

the beginning'of each control period.

7.4.10.3 Speed Station Calibration

Instructions for calibration of speed stations were outlined in the MANIN
operating procedures. This should be accomplished on a monthly basis. Further-
more, if a detector amplifier for an 'A' or 'B' detector is replaced, the

associated trap should be calibrated.
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7.4.10.4 Frceway Control Calendar

Part of the [reeway control system is the freeway control calendar which
specifies on which days the control system will operate. Weekends and holidays
are usually non-control days. This deck must be updated and read into the

system after P.M. control on December 31 of each year.

7.4,10.5 Computer Time Clock

Computer time (MINC) should be compared periodically with an accurate time
indication. éhould a difference of more than 2 minutes be found, the computer
time should be corrected by following steps Il and I of Section 7.4.8. Computer
time should also be updated following P.M. control on the day before a change

to or from daylight savings time.

7.4.10.6 Input/Output Study

This program is run off-line as an evaluation of each control period. This
is in addition to the POSTC previously described. Volumes over each detector
and speed over speed stations are tabulated for each 5 minute period during
control. Unusual values and variations may be evident when this report is

reviewed. This should be done during each A.M. control period.

7.4.11 Display Board Operation

The display board's operation was explained previously and requires no
special operating techniques other than to insure that the power switch on
the driving mechanism is ON, Malfunction or burned out bulbs should be

reported to maintenance personnel.

7.4.12 Closed Circuit Television System Operation

The CCTIV system may be used for various functions during control or non-

control hours. The following paragraphs briefly describe its operation. The
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cameras are numbered from 1 to 9 (from south to north) according to the map

mounted over the monitors.

7.4.12.1 Control Functions

Five remote control functions are associated with each camera: Pan, Tilt,
Iris, Zoom, and Focus. To use any one of these controls, dial the desired
camera number on the control panel (Figure 7.4) and carry out the function.

Camera 4 is controlled by a separate panel, the lower of the two shown.

7.4.12.2 Video Tape Recorder Operations

Mounted over the control panels is a video tape recorder (VITR) switching
device. To tape any of the nine cameras, punch in the appropriate numbered
button and operate recorder according to instruction book. The VIR normally
has the record button depressed with the record level in center position and
the motor rocker switch "OFF", so that the camera keyed through the switcher
can be viewed through VIR monitor. To record or play, the rocker switch must

be "ON'".

7.4.12.3 Malfunction Reporting

Malfunctions in the control or video systems should be reported to Dallas

Communications Services.

7.4.12.4 Vidicon Protection Procedures

Following P.M. control, cameras should be pointed downward at some non-
light giving or reflecting source (such as a grassy area) to protect the vidi-
con from headlights or luminaires. During daylight hours, cameras should not

be directed toward intense light sources, narticularly the sun.
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CCTV CONTROL PANEL
FIGURE 7.4
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APPENDIX A

INSKEL COMMON VARIABLE DEFINITIONS



EQUATED VARIABLES

RANGS=DISTS
MNSTK=MGSTK
QUSTK=CSSTK
GTFUL=FASVH=GNCNF
DOERR=DOENB
BERCT=VIOLT
UNSUL=0OVRUN=GOFFL
SPDCM=ONLIN=SHDQB
BERCT=LONLN
WINDP=0OPRTN=0ONOFL

SGCNT=GONFL
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ARRAY NAME

MANIN
MNEMONIC(S)

DESCRIPTION:

ARRAY NAME _ ACPGR

ACEPG SIZE: 39
Bit Number.....0.....1.....2.....3. 0080000500006 00007000008000..9....10....11,...12....13.,.,.14....15...
ACCEPTABLE GAP SIZE (CS) FOR LAUNCH
AGAP
SIZE: 39
veeSeiiibiiii 7000 8000.09....10,,..11....22,,..123,.,.24....15. .,

Bit Number.....0...0.10.00.2.....3.....4..

MANIN
MNEMONIC(S)

DESCRIPTION:

LOW RANGE ACCEPTABLE
GAP SIZE (TENTHS).
IF #0, DIMINISHED BY
2.0 SECONDS

MIDDLE RANGE ACCEPTABLE
GAP SIZE (TENTHS). GAP SIZE (TENTHS).
IF #0, DIMINISHED BY IF #0, DIMINISHED BY
2.0 SECONDS. 2.0 SECOXNDS.

HIGH RANGE ACCEPTABLE

ACGL.

ACGM ACGH

ACCEPTABLE GAP SIZES CORRESPONDING TO SPEED RANGES GIVEN IN 'SPDCM.' ALL GAP SIZES
(EXCEPT 0) ARE BIASED BY 2.0 SECONDS, I.E., THE PARAMETER IS 2.0 SECONDS LESS THAN
USED BY THE LAUNCH SCHEDULER.



ARRAY NAME AERCT SIZE: 41

Bit Number--...0....-1-----2..oo-3.--oolhq-..5.'...6.-...7.-.-.8.....9--..10....11.o--12--..13-...14.--.15-.-

;;// CUMULATIVE 'B' DETECTOR

ACTUATION, NO CORRESPONDING
'A' DETECTOR ACTUATION

//// ERROR COUNTER
MANIN

MNEMONIC(S) . AFLG AERC

NN

DESCRIPTION: CMLA (SEE MNEMONICS BELOW) INCREMENTS ONCE FOR EACH VEHICLE ARRIVING AT 'B'
DETECTOR WITHOUT CORRESPONDING 'A' DETECTOR ACTUATION. CMLA INCREMENTS
MODULO 2% (64). NOTE THAT BIT O CANNOT BE SET, OVERFLOW DOES OCCUR INTO

BIT 1.

ARRAY NAME AMBTM SIZE: 39

Bit Number‘.l'.0.....1...Il2'.l‘.3.'..l4...l.5-...l6l.;.07.'...8ll..09....10....ll...'lzoil.l3.'l.l4".'lsl..

0 AMBER LENGTH (TENTHS) COUNTER FOR EACH RAMP WHEN
OPERATING IN WINDOW MODE.

MANIN
MNEMONIC (S)

AMBT

DESCRIPTION:
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ARRAY NAME: AMLEN SIZE: 39

LINEAR MINUTE (OF DAY) OF AM
CONTROL PERIOD TURN ON TIME.

Bit Number....0..... 1.uvn. 2ereveiBurniidieneeSeeneibunreiTenendBuuean9....10....11....12....13....24....15..
0 AMBER LENGTH (TENTHS) PARAMETER FOR EACH RAMP
WHEN OPERATING IN WINDOW MODE.
MANIN
MNEMONTC (S) ALEN
ARRAY NAME: AMOF SIZE: 1
Bit Nun)})er."‘OD“..1..".2'.'.'3.‘.'.4.’..‘5....'6..."7‘..‘.8.".'9...'10..l‘lll.0012‘.l.13..9'14“‘.15...
LINEAR MINUTE (OF DAY) OF AM
CONTROL PERIOD TURN OFF TIME
MANIN ‘
MNEMONIC (S) AMOF
ARRAY NAME: AMON SIZE: 1
Bit Numberl"IO...‘.1'.'..2..'.‘3'.‘..4...‘..5'...l6|..'.7'..‘.8.....9'.‘.10.llIll"..12....13....14.'..15".

oy

MANIN
AMON

MNEMONTC(S) L




.  ARRAY NAME ANTBL SIZE: o9&

Bit Number.....0.....1.....2.....3.....4.....5.....6.....70000.8.000..9....10....12,...12....13....14....15...

MANIN
MNEMONIC(S) - : : g ANTB

DESCRIPTION: A BIT MATCHING ARRAY FOR THE 25 INPUT (PROCESS & DIGITAL) GROUPS. BIT 'ON' WILL CAUSE
NORMAL INPUT '0' OR 'l' STATES TO BE RECOGNIZED, AND BIT 'OFF' WILL CAUSE PERMANENT
'0" STATE FOR THAT DISCRETE INPUT. SEE ALSO DESCRIPTION OF 'ORTBL.'

. ARRAY NAME AVOL SIZE: 41

Bit Number.....0.....loveve20000030000040000.5..000.6000..7,.0...8.....9....10....11....12,,..13....14,...15...

'A' DETECTOR VOLUME COUNTER

MANIN :
MNEMONIC (S) : AVOL

DESCRIPTION:
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ARRAY NAME: AVTRP "SIZE: 41

Bit Number....0.....l..... 2. 0., 3eeeeedineeSeeiebiiee7e0e8.000.9....10,...12....22,...23....14.,...15
0 ' AVERAGE SPEED TRAP TIME (MS), CUMULATIVE
MANIN
MNEMONIC(S) AVTR
ARRAY NAME: _ BEGNW . SIZE: 39
Bit Number-...0.....l.....2.-...3.--..4.....5.....6..--.7...o-8.--..9....10.-..11....12....13...-14.--.15..
;;;::: TIME (TENTHS) AT WHICH NEXT LAUNCH WINDOW BEGINS
MANIN
MNEMONIC(S) BGNW
ARRAY NAME: BODSA SIZE: 39
Bit Number....0..... l..... 2..... BeeeneboeeeeSeenabienTuunn. 8.venn 9....10....11,..,..12....13....14....15...
BOTTLENECK DETECTOR LEVEL A BOTTLENECK DETECTOR LEVEL A
LOWER SPEED (MPH). UPPER SPEED (MPH).
MANIN
MNEMONTC(S) . BSAL , BSAH _ N




.  ARRAY NAME BODSB SIZE: _39

Bit Number.-...0....-1.....2.....3...0-4-a-o.5-....6.oo..7.-..'8o....9--..10...-11....12...-13....14....15...

BOTTLENECK DETECTOR LEVEL B ' BOTTLENECK DETECTOR LEVEL B
LOWER SPEED (MPH). UPPER SPEED (MPH).
MANIN
MNEMONIC(S) BSBL BSBH
DESCRIPTION:
»  ARRAY NAME BULKA SIZE: 16
Bit Number..... O0...00lieve2i00ee3eiiedbiena5.00060000.7.0...8..0. 9....10,...11,,...12....13....14....15...
E;ééé : BULK AMBER LENGTH IN TENTHS OF SECONDS
MANIN '
MNEMONIC(S) BULA

DESCRIPTION:  AMBER LENGTH IN TENTHS OF SECONDS FOR BULK METERING RATES 1 THRU 16. NOTE THE SUM OF
BULKG(I) + BULKA(I) + BULKR(I) MUST NOT EXCEED 2!5-1 (3276.7 SECONDS) .
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ARRAY NAME BULKG SIZE: 14

Bit Number.....0.....l1.....2.....3.....4.....5.....6.....7.....8.,...9,...10....11....12.,..13....14....15...

BULK GREEN LENGTH IN TENTHS OF SECONDS

NN

MANIN
MNEMONIC (S) BULG

DESCRIPTION: GREEN LENGTH IN TENTHS OF SECONDS FOR BULK METERING RATES 1 THRU 16. NOTE THE SUM
OF BULKG(I) + BULKA(I) + BULKR(I) MUST NOT EXCEED 215-1 (3276.6 SECONDS).

ARRAY NAME __ BULKR SIZE: _16

P [/ DI /. P - DU R - TIT T K¢ PP I I /2N Bc SR RSN . B

o

Bit Number.....

BULK RED LENGTH IN TENTHS OF SECONDS

NN

MANIN
MNEMONIC(S) BULR

DESCRIPTION: RED LENGTH IN TENTHS OF SECONDS FOR BULK METERING RATES 1 THRU 16. NOTE THE SUM
OF BULKG(I) + BULKA(I) + BULKR(I) MUST NOT EXCEED 215-1 (3276.7 SECONDS),



. ARRAY NAME CMGAP SIZE: 39

Bit Nulnber‘....O....Ol..'..z..".3.l...4.'...5.!"l6'..'.7"...8....‘9...IlO.C..ll..l!lzi‘.ll3'..l14.0..15‘.0
0 COMPUTED GAP SIZE (CS) AS ADJUSTED FOR SPEEDS

MANIN

MNEMONIC(S) COMP

DESCRIPTION: GAP SIZES (MS) AS ADJUSTED FOR SPEED VARIATIONS TO INSURE NO OVERLAP OR 'GAPS'
BETWEEN GAP (VEHICLE) ARRIVAL TIMES.

. ARRAY NAME __ CRITS SIZE: 39

Bit Number.....0...eeleveee2eevee3eneeebeneeaSinenabeenee?ener.8.0...9....10....11....12....13....14....15...
CRITICAL | CRITICAL SPEED CRITICAL SPEED LOWER CRITICAL SPEED UPPER
SPEED METERING PARAMETER THRESHOLD (MPH/,) THRESHOLD (MPH/ )
METERING | INTERPRETED ACCORDING 2
CODE: TO METERING CODE.
(NOTE 1)

MANIN

MNEMONIC (S) CSMC CTSL CTSU

DESCRIPTION: NOTE 1: 00 = WINDOW
01 = PRI, CHG,
10 = BULK/FIXED
11 = GAP ACCEPT.

nn
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. ARRAY NAME CIIRMN SIZE: 1

Bit NUDET.eee0uvnnoleeeesZereeaBuonnebionssaSenssiboresiZunnesBaesnn900nn100nnu1l.. 12000213000 14....15...

0 0 0 0 0 CURRENT MINUTE (0-1439)
MANIN
MNEMONIC(S) MINC
DESCRIPTION:
. ARRAY NAME _ CURMR SIZE: 39
Bit Number.....0.....1vvvee20eene3ineeidenee5eeebuneeaenee8uennn9....10....11....12....13....14....15...
CURRENT CURRENT METERING
0 METERING PARAMETER INTERPRETED
CODE: ACCORDING TO
(NOTE 1) METERING CODE
MANIN \
MNEMONTIC(S) CURM

' 01 = PRI. CHG.
10 = BULK/FIXED
11 = GAP ACCEPT.
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ARRAY NAME

DATBL

SIZE: 95

Bit Number.....0.....1...0-2.-.0.3.....4.....5.-...6.-...7....-8.--..9._-.-10....11...-12....13-o.-].[#...-ls..-

MANIN
MNEMONIC(S)

DESCRIPTION:

DI GROUP INPUT

DATR

STATUS ARRAY OF BITS INPUT FROM DIGITAL INPUT GROUP,

ARE THE 'OR' OF PISW BITS OF PI GROUPS 02 -+ 07.
THESE BITS TO MONITOR DISCRETE INPUTS.

ARRAY NAME  pDCON

Bit Number.....

MANIN
MNEMONIC (S)

DESCRIPTION:

o

AN INTERROGATION PROGRAM MUST RESET

SIZE: 43

vevesloveni2iii0 30 0i0dbeneed5000060000 70000.80000.9....10....10....12,...13... . 14, ..

NOTE THAT DATBL +19 THRU DATBL +24

.15.

INTEGER PORTION
OF MULTIPLIER

N

FRACTIONAL PORTION OF MULTIPLIER
LOCATION OF BINARY POINT

DCON

GAP PROJECTION CONSTANT, USED AS MULTIPLICATION FACTOR IN 'B' INTERRUPT

SECTION. THIS CONSTANT IS SCALED 274
WHICH, WHEN MULTIPLIED BY THE TRAP TIME IN MILLISECONDS WILL

GIVE THE TRAVEL TIME IN CENTISECONDS

AND REPRESENTS THE QUANTITY PROJECTION DISTANCE

TRAP LENGTH X 1000
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ARRAY NAME: DDVOL SIZE: 39

Bit Number....0.....l.ccve20000a30ieddieesdeevebiiie.70000.8,....9....10....11....12,.,..13,...14....15...

DOWNSTREAM DETECTORS 1 MINUTE FLOWS

MANIN

MNEMONIC (S) : DVOL

ARRAY NAME:  DEPNT SIZE: 39

Bit Number....0.....1.....2.....3.0000400...5...0.6000007000..8.0000.9,..,10....10,...12,...13,...14.,...15...
BOTTLENECK DETECTOR NUMBER CRITICAL SPEED DETECTOR
FOR THIS RAMP. NUMBER FOR THIS RAMP.

MANIN

MNEMONIC(S) DEPB DEPC

ARRAY NAME:  DETIM ‘ STzE: 1

Bit Num})erl..00.'.'.1.....2.""3'...IA..“‘S..‘..GOQ'.‘?..‘l'8l‘"'9."‘10.‘0.11"'.142.0..13‘...14...‘15.

'LOOK BACK' TIME FOR DETECTOR MONITOR OUTAGE (MINUTES)

MANIN
MIFMONTC(SYE L : DETI - ]




» ARRAY NAME _ pygp SIZE: 19
Bit Number.....0v..ocol..... 2. 000, 30eeeddbien 5006000070000 80000.9....10.,..10,...12,,..13,...24....15...
GAP PROJECTION DISTANCE (FEET)
MANIN
MNEMONIC(S) DIST
DESCRIPTION:
ARRAY NAME  DOCNT SIZE: 39
Bit Number..... 0.veveleeesi2000030e0edbe 0500000600000 70004.8.00009....10....10,,..12,...13. ... 24.,..15.,.
0 . S DO TIME OUT COUNTER (TENTHS)
MANIN .
MNEMONIC(S) - DOCT
DESCRIPTION: DO DETECTOR TIME OUT COUNTER, ENABLED BY VEHICLE LAUNCH, STOPPED BY

DO ACTUATION. :

£1-v
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ARRAY NAME DOERR SIZE: 139

Bit Number.....0veeeeleeeee2ieeee3unnnabioeeesSeeeeebuovenaZoeeee8uvaan9.0...10....11....12....13....14....15...
% o |
DO FAST VEHICLE DET DO SLOW VEHICLE
0 ERROR COUNTER ERROR COUNTER
TIME
OUT
ENABLE
/// BIT [/

MANIN
MNEMONIC(S) DOFA DOEN DOSL
DESCRIPTION:  THE DO FAST VEHICLE ERROR COUNTER IS INCREMENTED WHEN THE CORRESPON-

DING 'DOENB' BIT IS ON AND THE DO DETECTOR IS ACTUATED By DOMAX' TIME

INTERVAL. THE DO SLOW VEHICLE ERROR COUNTER IS INCREMENTED

WHEN THE CORRESPONDING 'DOENB' BIT IS ON AND THE DO DETECTOR IS NOT

ACTUATED BY 'DOMAX' TIME. WHEN DOENB BIT IS ON, THE DO DETECTOR TIME

OUT COUNTER, 'DOCNT' IS ENABLED.
ARRAY NAME DOMAX SIZE: 139
Bit Number.....0veeeelieeee2eneen3eeensbiiees5.000ubpunreleeeee8eernn9....10....11....12,...13....14....15...

0 DO DETECTOR SLOW VEHICLE TIME OUT COUNT PARAMETER (TENTHS)
MANIN
MNEMONIC (S) DOMX

DESCRIPTION:
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ARRAY NAME CAP SIZE: 41

Bit Number.....0.....1cc..e2vveee30eeeibivees50eenbieee?eneeB8i0en9,...10....11....12,....13....14,...15,..
CURRENT MEASURED GAP (CS)

MANIN

MNEMONIC(S) GAPS

DESCRIPTION: TIME DIFFERENCE BETWEEN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>