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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 Fl!W/\ 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. 

1.1 
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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 ~f operation; routine operational procedures; 

and steps to be taken in extraordtnary 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 IB~ 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 operations 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 0}' OPERATION 

The basic theory of entrance ramp contra 1 is to change the rate of f I ow on 

the ramps, according to some relationship based on the traffic flow conditions 

on the freeway. Most freeway control systems use a one minute base for adjusting 

the rates of flow on the ramps, and once a rate has been established, attempt 

to release the vehicles 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 improv(' merging operations. This is dont' by 

Sl'llsing and projecting V<.'ldcle gaps in th<.' merging Jmw anci nd_justi11g the 

release time 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 allow 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 detectors on frontage roads. 

The basic detection design is shown in Figure 2.1, which references the several 

detectors discussed in the following sections. Information supplied to the 

control computer comes from locations that bave different degrees of sensitivity 

or priority in the control program, 

2.2 DeU.:rmination of Meterin& ,z',o._.:_0:s 

For each ran:p, there are .:hree or ::-.ore: r;ietering races Ci:..:._culateci each minute 

from locations as described be:ow; 

2.l 



N 

N 

evl 

ev2 
.A .B 

·'\ 
_J SIGNAL 

~~ gent! 
a [;i Dq 

=--------------------------------------1 I o LOOP DETECTOR 

• MAGNETOMETER HEAD 

TYPICAL RAMP SUBSYSTEM DETECTOR AND SIGNAL LAYOUT 

FIGURE 2.1 

TEXAS TRANSPORTATION INSTITUTE 

TEXAS AS.M 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 near 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 downstr~am speed station is used for local 

monitoring, and the metering rate schedule is set forth in the same manner 

. as for the bottleneck speed s.now;.1 below. Ty?ical procedure for this critical 

speed indication would be t:o est,fblish t:he ramp r.i.etering 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 tnan 30 MPii. 

2.1 



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 locate<l near an arterial cross-street with some 

located just downstream of a freeway exit ramp. In these 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 O 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 D is used to detect the presence of a slow­
o 

moving vehicle. If, after a green indication is given, the D detection is 
0 

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 metering rates. This combination 

of two operating techniques allows satisfying system demands while aiding in 

the merging operation. 

After metering rates have been estahlished, timL' 1 imits are set for tlw 

gap projl~<.:LLon "win<lows." The pro_iL·<.:tLon windows ;_ire sei:,rments of time duri.ng 

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 segments 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 the 

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 considered 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 

Upstream detectors A and B measure gaps between vehicles and the speeds 

of the gaps. In essence, the lead vehicle of all gaps is projected, but only 

those with accompanying acceptable gaps may call for t,,e release of a ramp vehicle. 

Gap speeds are measured by ~etector traps and the speed of the lead vehicle 

of a gap is used in the projection race calculation. The arrival times of the 

lead vehicles for the acceptab~e 6aps ~:e calculated i~ real-time, and compared 

to the projection windu.1 times to decc:-.:-·:;,:..:-,e :..:. .:hey ce,i.ncide. An accuraulating 

average speed is calcu::.atE:d oy ,,;,~1.,:;, . ..:~_-,
0 

·;:.:.c: Gi::.:;:ence between th.2 vei1icle 



speed and the preceding average speed. 

') C 
L •) Ranp De tee tor. Functions 

The ramp metering system is traffic actuated and highly responsive to 

ramp conditions, as well as freeway conditions. The following de tee tors associatvd 

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

2.5.1 D1 

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

cycle. 

2.5.2 ~ 

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 ~ 

The output detector is utilized for ramp volume tabulation, monitoring 

signal violations, and detection of slow vehicles. 

2.5.4 ~ 

The queue detector was discussed previously as a ramp indicator. It is 

also used in a back-up function for the D .• If the D. is not occupied but the 
l l 

D override is on, a false D. input to the computer is made. As with the merge 
q l 

detector, if the D is continuously occupied for 5 minutes, the D is removed 
q q 

from further consideration in the control. 

2.6 



2. (, S i___gna I _ _Qj_>Prat ion 

Tl1c· change in state of the ramp traffic signal to release a vehicle ls 

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 traffic 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 which 

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 override with local speed override if cross-streets are not 

critical. A priority of operation 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 wi.:h the three sys:em indicators is 

selected for the system metering rate. Referring to t~e typical parameters 

in Section 2.2.l, an U"?Stream :low o:.: 81 v2:: .. /m.ir:,., a cownstrearo flow of 94 

veh./roin., and bottleneck speeci o.;: 2J >:?":i woul<i ·:esLlt in a system metering 

rate of 3 veh./min. Figure 2.2 s~ow.s th2 io~i2 fer =2~~ring rate selection. 

'2. 7 
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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, then 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 violations, 

detector malfunction, and number of vehicles released for a gap. 

2.9 



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 includes: 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. 

2.10 



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: 

1 three head traffic signal 
1 advanced warning sign and flasher 
1 6' x 20' loop detector at the signal 
1 6' x 40' loop detector in the merge area 
1 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 

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 gap 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 

lane sections. 

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

5. TI1e 1-635/Central 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 

exceution 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 an<l are not used for gap measurement, one 

located northbound where one freeway lane is dropped (A41) 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 computer into a binary code, two outputs (lines) operate the 

four states of the signal: 

Binary Code 
00 
01 
10 
11 

3.2.3 Freeway Control Telemetry System 

State 
Dark 
Red 
Amber 
Green 

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 transmits 

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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The control and telc,;-ietry system operates u,~ a l Ct.·,,uer.cy division multi-

plexing principle utilizing three state ·:~K Jrequency Shift Keyed) tone 

channels. The system is capable of being submultipl.exed on a normal voice 

grade, two wire telephone circuit using~ ;-ssband of ]JO to 2800 Hz. 

The three state FSK tone chanaels operate in a recurn-to-center frequency 

mode. The center carrier frequency of each tone channel 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 fru,uency is shifted upward from the center 

(carrier) frequency. When another keying voltage is present, the tone frequency 

is shifted downward frum tte center frequency. A distant tone receiver senses 

the presence or absence of all three to:-.e frequencies. The equipment is 

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 whic":l causes the maximum rate of alternate 

mark/space 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 simultaneously active. 

3.2.3.2 Tone Transmitters 

The transmitters are frequency-shift keyed, band-limited tone generators 
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tion cf FS audio tones. ·~ .,.. . ......... -..__ ~ ~~~cy channe:s ~tilized~ three frequencies 
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i!Vailable 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. This energy is maintained at a fixed power level. The 

power level is adjustable so that any desired level from Oto -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 is energized 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 conununication 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, voice grade telephone 

lines. Twenty-six telephone pairs are used, although tone channel spacing 

is such that if a higher grade (conditioned) line were used, 13 pairs would 

be sufficient. 

Channel 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 channel or 

composite channel impedances beyond this specified range. 

Channel transmitter output levels are adjustable w~thin the unit over a 

minimum range of Oto -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 percent ±2 cycle 

drift over the allowable voltage tempera~ure 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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Al L transmitters and receivers are equipped with channel filtL·r~ to 

minimize distortion and intermodulation when two or more channels are suh-

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 interfaced with an IBM 1800 control 

computer. Digital inputs to the computer are voltage sense as opposed to con­

tact closure. Outputs of the central office tone receivers supply -10 to 4.5 

volts for binary 'O' 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) 

binary 'O' (center) 
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Solid state circuitry is provided to key the office tone transmittL·rs :it tll(' 

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 inoperative a binary 'l' condition will result, and if 

all tone channels are operative a binary 'O' condition wil~ result. 

The tone equipment is so arranged in the office cabinets such that AC 

power for all tone transmitter power supplies is derived from one pole of the 

power source breaker. box, and AC power for all tone receiver power supplies 

is derived 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 11' (+3 VDC nominal), the relay 

contacts are closed· and the power is switched on to the office transmitter 

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 wall. 

Drawings of the major road networi were made ac a scale of l" = 250 ±50 feet, 

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

~ 1 1 
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negative of the drawing made in 4 feet x 8 feet sheets presents roa<lways i_n 

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 

ins tal 1 ed in the plexiglass support panels. Holes drilled at a close toleranc(' 

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 field. 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 inst:1lled in the median of the expressway 

to the north of the control center and one pair in the median to the south. 

The cahle pai.r consists of one 0.5 shielded aluminum cable (VHF transmission) 

and one shielded RG-59 cable (camera function control). lf required, an 

additional camera 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. l~xpense for such a move would involve- the labor for physically 

movlng the camera and control box, an<l making various lt!Vt·l settings an<l 

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 f4.0). Effective Range 40 to 200mm. 
Mounting Bracket - Custom design to fit top of 

Luminaire Standards. 
Function Control Unics - Taft Broadcasting Custom Design 

Field Unit - 4 Pan-tilt functions 
6 Lens functions 
4 Camera fu.,ctions 

Office Unit - Camera Location (10) 
4 Pan-tilt functions 
6 Lens functions 
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Transmission System - Time Division Multiplexing 
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 
PROGRAH DESCRIPTION 

4 .1 c;eneral 

As previously noted, it is beyond the score of this report to Ut'dl witl1 

de2tai ls oi tl1c comr,uter ,·ontrol progr:irn. Howcvl'r, it is dccnwd helpt'uJ Ld 

have a broad knowledge of the function of various programs in order to c1dc'-

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 1s monitored to determine if h:1rdwan_' fai_lurl's PXisL. llata 

for the general evaluation of the control system in real-time 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 I1,SKEL common section); 6100 words are 

allocated to the special area (SPAR); and 5140 words are allocated to variab.le 

core (VCORE). Further information on the role of the various areas within 

the framework of the MPX system can be founc oy referring to the appropriate 

IBM publications. 
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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 bottleneck 

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, SClOO, MINIX, DETOM, and LOGER. EXECI is included in the MPX executive 

built at system generation time and remains a permanent portion of the real­

time system. SClOO, MINIX, DETOM, and LOGER are part of the SPAR (Special 

Area) core-load and are resident when the control program is operating. The 

following is 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 includes 

the following tasks. 

1. Tabulates non-alternating 'A' and 'B' detector actuations. 

2. Updates 'A' and 'B' detector volume counters. 

3. Measures speed trap times. 

4. Puts valid gaps in gap table. 

5. Tabulates full gap table errors. 

6. Edits trap time. 

4.3 



7. Updates average speeds. 

8. Processes instrumented vehicle distance channel. 

4.5.2 SClOO 

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

The tasks performed are as follows: 

1. Tabulates 'V', 'R', 'O', 'Q', 'I', and 'M' detector 

volume counters. The latter three volumes are used 

for outage identification only. 

2. Processes D. to D trap times and initiates applicable 
1 0 

overrides. 

3. Tabulates ramp violations and slow and fast vehicle 

error counters. 

4. Handles queue overrides. 

5. Handles merge overrides. 

6. Reads all digital inputs. 

7. Updates green confirm status bits. 

8. Checks for green confirm 'off' errors. 

9. Updates D1 status bits. 

10. Updates 'stick-on' detectors mask array. 

11. Handles changes in ramp operating priority. 

12. Decrements all times in gap tables. 

13. Schedules vehicle launches according to current 

metering code. 

14. Handles on-line/off-line ramp signal transitions. 

15. Commands red, amber, or green color as scheduled. 

16. Checks for green confinn 'ori' errors. 

17. 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/0 study each 15 minutes. 

3. Checks control data and time for on-line/off-line 

master control. 

4. Initiates 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 arc 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 messages 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 reporting. 

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 

'O' and 'Q' detector volumes 

Trap and gap time error counters 

'B' detector error counters 

Ramp violation counters 

Total vehicles launched counters 

Null release counters 

Average speeds 

Do fast vehicle error counters 

D 
0 

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 currPntly 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 restoring 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 tape 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 keyboard) followed by KBD REQ (Keyboard Request). 

This will be followed by a pause of approximately 5 seconds during which 

time a dictionary of mnemonics, locations of control parameters in INSKEL 

connnon 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 inpuc a control statement. MAt~IN control 

statements are, in general, of the form 

l'.TNNNXX-YY (EOF) 
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where NNNN is a 4 character mnemonic 

XX is a 1 or 2 character numeric index (opt i()nal if YY 1h1t g i vv11) 

YY is a 1 or 2 character nwneric index (optional). 

XX and YY may be considered the initial value and the test value, respectively, 

of a FORTRAN-type DO index, For example, AVOLl-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 mnemonic 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 immediate 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 button should not be depressed 

when the proceed light is on. 

Referring again to the sample control statement 

AVOLl-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 -Dv 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 svstem. 

In the example cited thus far, the proceed light will oe turned on after 

the last indexed value is printed, indicating a request for a new control state­

ment to MANIN. If, however, a starting index only is supplied as, for example', 

AVOL21 

then MANIN continually monitors that parameter for change after it LS first 

printed. In 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 conunon 

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 paraDeters 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 format 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 O through 15 of the word. 

To begin the update, type in GLENl* and 

GLEN+ 0 = 15 ENTER UPDATE 

will be typed. This is a general response of the form 

XXXX+YYYY = ZZZZZZ ENTER UPDATE 

where XX.XX 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 quantity is then edited for upper limit and if out of range 

XXXXX TOO HIGH NNNN+YYYY 
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is printed 

wl1v n• XXXXX is tltc quan l i LY t·1tLL•rvn 

NNNN is the mnemonic 

and YYYY is one less than the specified index. 

i\t this point XA:HN would abort the update and call for new input. 

Assuming a valid update, 

XXXXX PENDING, EC= 

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

is always 6101 which is the date of freeway control initiation. This must 

be entered to complete the update. If the wrong EC is entered, the update is 

aborted and control is passed to the beginning of MAi'JIN for new input. If 

the EC is correct 

NNNN+XXXXXYYYYY********** 

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 . 
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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 MAN IN SPECIAL 
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 MONTl--XX 

Prints speed stat ion XX measured speed and average speed :in MPH L'.acli 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' tables. 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 'Ai~D' table mask bit is a 'l' \vill be 

recognized normally according to the status received from the field. Each 

input whose corresponding 'A.~D' table mask bit is a 'O' 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 'O' 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 MONTS-XX 

Monitors all dynamic parameters for ramp XX under control. 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 'H' detector actuations wi.tl1 no intermediate 'A' 

detector actuation at tlie 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. 

VlO - The D0 detector was actuated when no release was made. 

CURMNYYYY - YYYY is the current minute of the day·(l-1440), 

MRTEYY - Current metering rate is YY vehicles per minute. 

DFLOYYYY - Doymstream flow in vehicles per minute. 

DOFAS - The D0 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 D0 actuation. 

6.2 



DODIS - The D0 detector has been actuated after a vehicle launch. 

DOSLO - The D0 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 n'-'w gap was 

formed. 

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

IODIS - 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 off. 
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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 station. 

DION Di detector is on. 

DIOF - D. detector is off. 
1 

LTRP - Trap time greater than 4.000 seconds noted at speed station. 

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 D0 

actuation after vehicle launch. 

6.6 MONT6-XX 

Outputs to 1443 pr~nter all fixed parameters for ramp XX. If XX> 39, 

all ramps are output. 

6.7 MONT7 

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 MONTlO 

Translates detector outage number to TTI/111D 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 MANI;:-;[, 

6 .11 MONTll 

Resets operation monitor alarm cell. Operatjons 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 -mmNXX-YY is expected, 

where NNNN is a 4-character nmemonic, 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 - 'O' 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. 

BERG - 'B' detector error counter during specifieri 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 counter during specified minute. 

LOTP - Low speed trap during specified minute. 

VOPA 

VOPV 

VOPR 

VOPO 

MOPA 

MOPV 

MOPR 

MOPO 

Number of vehicles which passed over detector after opening 

and during minute of opening. Time period specified is quarter 

hour number after midnight, 1 through 96. 

Minute during which the detector opened, 1 through 1440. A "-1" 

indicates the detector did not open during the 15-minute period. 

Time period specified is quarter hour number. 

After each data retrieval, the DISKR program selects 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 

Di turn on entry. This program is used to logically turn on a Di detector 

at ramp XX by setting its system OR mask bit to a 'l'. This condition lasts 
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for ;1ppr"xfmatt•ly 2 seconds which Ls equivall'i!L lo LIJL' timL' that it takvs l\lr 

the 18Ih procl'ec1 light to come on agaLn. Only Lilt' bit ,tssociated wilil LllL' I\ 

detector at ramp XX is forced on in the OR mask an<l all other bits remain 

unchanged. At the end of the 2-second delay, the designated Di OR mask bit 

is returned to its original state .. If it was already on, this program per­

forms a "no-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 (11)' 

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. If 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************' 

is typed, where XX is the ramp number and YY is the new operating priority as 

input manually. 

6 .15 MONT15 

Prints speeds at any two-speed stations. wnen this entry is made the 

message 

'TYPE SPEED STATIONS 12, 13' 

will be printed. After two ramp numbers are input in the specified fonnat, 
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speeds over the two speed stations will be printed in real-time with the first 

specified station on the left. 

6.L6 LJPDTJ 

Updates status of system·inputs 'AND' mask (ANTBL). Initially types 

'ANTBL UPDATE/TYPE GRP+BIT NO. +BIT 212, 11'. Group number is a 2-cliaracter 

field (1-25), bit number is a 2-character field (0-15), and bit is either a 

'O' or a 'l' (I-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 'O' 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 '1~ 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 multiplication constant. 

6.19 UPDT6 

Speed station automatic trap length update program. Types 'TPLEN = XXX, 

DCON = XXXXXX, KBREQ NEW TPLEN' upon entry. Thereafter, the trap time cell 

is monitored for change. Each time it changes, the trap time and speed in Y~H 

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. 

6.8 



If sense switch O is down, particular sp(!eu station numlh!rs arL'. :-;elecLL'U 

according to a preprogrammed sequence which begins with station nurnbL·r 16 

northbound, proceeds to the end of the control area, back through the inbound 

section, and outbound through station 14. If sense switch O 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 MMIIN 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 is returned to MANIN. OthL·rwise, the 

message 

'DIST= YYYYYY NEW DIST(l4) =' 

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. 
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7.1 General 

7.0 FREEWAY SYSTEM 
OPERATING PROCEDURES 

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 procedures 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 numbers associ­

ated with each set of cabinet hardware. Table 7.2 lists detectors numerically 

by function and the cabinet in which each is located. 

7.3 Control Logic Overview 

Freeway 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. Should 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 1 
NUMBER PAIR I/0 A/B M Q R R \! \I l 

I 

I 2 1DM3113 1 1 1 1 1 2 1 3 

l 2 1DM3113 2 2 2 2 - - 2 4 

I 3 1DM3107 3 6 3 3 4 - 6 8 

i 4 1DM3102 4 4 4 4 3 - - -
r 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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TABLE 7.2 
NUMERICAL LISTING OF FREEWAY DETECTORS 

OET CAB COM OET CAB COM OET CM COM OET CAR COM O~T CAR COM [)ET CAB r.nM O"T CAA COM DET CAA COM 
B l 2 l A 2 2 43 V 3 2 A5 R 1 2 127 R1.3 34 16g 035 35 211 ()38 38 253 M 2 2 2g5 
8 2 2 2 A 3 6 44 V 4 2 A6 R 2 2 12R Rt,4 37 170 036 36 ?12 () 39 39 254 M 3 3 296 
B 3 6 3 A 4 4 45 V 5 6 A7 R 3 1• 129 R ,.5 40 171 037 37 ?13 I 1 2 255 M 4 4 297 
B 4 4 4 A 5 8 46 V 6 3 AA R ,, 3 130 R ,. A 39 172 038 3A ?14 I ? ? 256 M 5 5 298 
B 5 8 5 A 6 3 47 V 7 6 A9 R <; 6 131 R 1, 7 40 17 3 039 39 215 I 3 3 257 M 6 6 ?99 
B 6 3 6 A 7 9 48 V 8 3 90 R A 5 l 32 R'•A 40 174 () l 2 ?16 I 4 4 258 M 7 7 300 
8 7 9 7 A 8 5 49 V 9 8 91 R 7 A 133 R1,9 34 175 0 ? 2 217 I 5 5 259 M B 8 30 l 
8 8 5 8 A 9 10 50 VlO 9 92 R A 7 134 R<;O 34 176 0 3 3 ?lA I 6 6 260 M 9 9 302 
8 9 10 9 AlO 9 51 Vll 8 93 R q 10 13 5 0 1 2 177 0 4 4 i>l 9 I 7 7 261 MIO 10 303 
810 9 10 All 13 52 Vl2 9 94 RlO o 136 0 2 2 17R 0 5 5 no I 8 8 262 M 11 11 304 
Bll 13 11 Al2 13 53 V13 10 95 R 11 12 13 7 (l 3 3 179 0 6 6 ??1 I 9 9 263 Ml? 12 30 5 
B12 13 12 Al3 12 54 Vl4 13 96 RI? 11 I 3A 0 4 4 lAO 0 7 7 ??2 I In 10 264 306 
B13 12 13 Al4 17 55 Vl5 10 97 Rl3 l '• 13 9 0 5 5 1R l Q A 8 ?23 I l I l l 265 Ml4 14 307 
814 17 14 Al5 17 56 Vl6 17 9A R l '• 13 140 0 6 6 lA2 0 9 9 224 I I? 12 266 Ml5 15 308 
B15 17 15 Al6 16 57 V17 13 99 R l "i 16 141 0 7 7 18 3 010 10 225 11 3 11 267 Ml6 16 309 
B16 16 16 Al7 14 58 Vl8 21 100 R l A 15 142 0 A A l A4 011 11 226 I I 4 14 268 Ml7 17 310 
817 14 17 Al8 21 59 Vl9 13 101 Rl7 18 143 0 9 9 185 012 12 27.7 I 15 15 269 311 
818 21 18 Al9 16 60 V?O ?2 10? RIA 17 1 44 010 10 1 A6 01 3 13 ??A 116 16 270 Ml9 16 31? 
B19 16 19 61 V2 l 12 103 Rl9 23 145 011 11 187 014 14 229 I 1 7 1 7 271 M20 20 313 

-..J 
20 A21 18 62 V22 ?7 104 R20 16 l 46 012 12 lAA Ol'i 15 230 I 1 A 1A 272 M21 21 314 

B21 18 21 A22 22 63 V23 14 105 R21 25 14 7 013 13 189 016 16 ?31 I 19 16 273 M22 22 315 
.i:- 822 22 22 64 V24 29 106 R22 21 148 014 14 190 017 17 232 120 20 274 M23 23 316 

23 A24 27 65 V25 18 107 R23 24 149 015 15 191 233 I 21 21 275 M24 24 317 
B24 27 24 A25 25 66 V26 33 108 R 2'• 20 I 50 016 16 19? 019 16 234 I ?2 22 276 M25 25 318 
B25 25 25 A26 29 67 V27 25 109 R2"i 2 6 151 017 17 193 020 20 235 123 23 277 M26 26 319 
B26 29 26 A27 24 68 V28 ,.o 110 R26 22 I 52 018 18 194 021 21 236 124 24 278 M27 27 3?0 
B27 24 27 A28 28 69 V29 24 111 R27 28 153 019 16 195 ?37 I? 'i 25 279 M28 ?8 3? 1 
B28 28 28 A29 26 70 V30 1+0 112 R2A 27 l 54 070 20 196 238 126 26 280 M29 29 322 
B29 26 29 A30 33 71 V31 26 113 R29 30 155 021 21 197 024 24 239 127 27 281 M30 30 32 3 
B30 33 30 A 31 28 72 V32 34 114 R30 20 156 022 22 198 025 25 ?40 l?A 28 282 M31 31 324 
831 28 31 A32 35 73 V33 30 115 R31 32 15 7 023 23 199 026 26 ?41 1?9 29 283 M32 32 325 
832 35 32 A33 30 74 V34 37 116 R3? 31 158 024 24 ?00 027 27 ?42 I30 30 284 M33 33 326 
B33 30 33 A34 34 75 V35 ,.o 11 7 R33 40 159 o;:> 5 25 201 243 131 31 285 M34 34 3?7 
83'+ 34 34 A35 32 76 V36 38 llA R 31, 33 160 02 6 2h 202 02q 2q 244 D? 32 286 M35 3 5 3?R 
B35 32 35 A36 37 77 V37 ,.o l 1 9 R3"i 31, 16 1 on 27 203 030 30 ?45 13 C\ 33 287 M36 36 37q 
836 37 36 A37 36 78 V38 ,,o _120 R36 35 162 028 28 204 ?46 I 3 '+ 34 288 M37 37 330 
B37 36 37 A38 39 79 V39 38 121 R37 36 163 029 29 205 032 32 ?47 13 5 35 289 M38 38 331 
B38 39 38 A39 38 80 V40 ,.o 12 2 R3A 32 164 030 30 206 033 33 248 136 36 290 '-'39 39 33? 
B39 38 39 A40 38 81 V41 34 123 R3Q 38 165 031 31 207 ?49 13 7 37 291 
840 38 40 A4l )1 82 V42 ,.o 12·4 R40 40 166 n32 3? ?OR 03'i 35 ?50 13P. 38 292 
Bl+ 1 11 41 V 1 2 83 V43 34 125 R41 40 16 7 033 33 209 03h 36 2'il I 3q 39 293 
A 1 2 42 V 2 2 84 V44 34 126 R4? 34 168 0".\4 34 ?10 037 37 ?'i? M 1 2 294 



TABLE 7.3 

CRITICAL SPEED, BOTTLENECK AND SYSTFM OETF.CTORS 
CRITICAL BOTTLE ALTERNATE ALTERNATF 

SYSTEM OETECTORS SPEEO NECK BNECK SPEED 
RAMP NUMBERS UPSTREAM DOWNSTREAM DflFCTOR OF.TECTOR DETECTOR DETECTOR 

RAMP 1 Al Vl V3 Al Vl V3 01 1 1 3 3 
RAMP 2 A2 V2 V4 A6 V6 V8 R4 4 4 2 2 
RAMP 3 A3 V5 V7 Al Vl V3 Rl R3 3 1 1 3 
RAMP 4 A2 V2 V4 02 A6 V6 V8 R4 6 41 4 12 
RAMP 5 AS V9 Vll A3 V5 V7 R5 3 1 5 3 
RAMP 6 A6 V6 V8 AlO VlO Vl2 R6 R8 08 A 41 6 12 
RAMP 1 A9 Vl3 Vl5 09 AS yq Vll R7 5 3 1 5 
RAMP 8 A6 V6 V8 R6 06 AlO VlO V12 RA Rlfl 10 41 8 12 
RAMP 9 A9 V13 Vl5 A5 ·VQ Vll .R7 1 3 9 5 
RAMP 10 AlO VlO Vl2 Al2 Vl4 Rl2 Rl4 41 41 10 12 
.RAMP 11 All Vl7 Vl9 A9 V13 V15 R9 9 3 11 5 
RAMP 12 Al2 Vl4 Al4 V16 R16 Rl8 12 14 41 16 
RAMP 13 Al3 V21 A-11 V17 Vl9 9 9 11 11 
RAMP 14 Vl4 Vl6 Al8 V18 R20 R22 016 14 16 12 18 
RAMP 15 Al7 V23 017 Al3 V21 Rll l t; 13 17 11 
RAMP 16 Al4 Vl6 R20 014 Al8 Vl8 R22 16 18 14 22 

...... RAMP 17 Al 7 V23 IU3 Al 3 V21 Rll 15 13 17 11 . RAMP 18 Al8 Vl8 A22 V20 R24 R26· 020 lR 22 16 24 
lJ1 RAMP 19 A21 V25 R15 021 Al7 V23 Rl3 19 15 21 13 

RAMP 20 Al8 Vl8 R24 018 A22 V20 R26 22 22 18 24 
RAMP 21 A21 V25 Al7 V23 Rl3 R15 19 15 21 13 
RAMP 22 A22 V20 R26 A24 V22 R28 22 22 18 24 
RAMP 23 A25 V27 Rl9 025 A21 V25 Rl7 21 15 25 17 
RAMP 24 A24 V22 A26 V24 R30 ·26 26 24 28 
RAMP 25 A25 V27 A21 V25 Rl7 Rl9 25 21 27 19 
RAMP 26 A26 V24 A30 V26 R32 R34 02~ 2A 28 26 30 
RAM-P 27 A27 V29 R23. A25 V27 R21 25 25 27 21 
RAMP 28 A26 V24 R32 OU, A30 V26 R34 30 30 28 32 
RAMP 29 A29 V31 A27 V?.9 R23 27 27 29 25 
RAMP 30 . A30 V26 V28 V30 R36 R38 032 32 32 30 34 
RAMP 31 A33 V33 R27 033 A29 V31 R25 29 29 31 27 
RAMP 32 A30 V26 R36 03fl V28 V30 R33 R40 32 32 30 34 
RAMP 33 A33 V33 A29 V31 R25 R27 031 31 31 29 29 
RAMP 34 A34 V32 A36 V34 R44 36 36 3.4 3.8 
RAMP 35 V35 V37 R31 R4~ R47 A33 V33 R29 33 33 3.6 36 
RAMP 36 A36 V34 A40 V36 R46 38 3fl 36 36 
RAMP 37 A39 V39 R37 039 V35 V37 R33 R35 37 37 37 37 
RAMP 38 A36 V34 R46 036 A40 V36 40 40 40 40 
RAMP 39 A39 V39 V39 V43 039 37 37 37 37 

20 

19 

18 

17 

16 

15 

1l 

13 

12 



The freeway control program routinely is on-line in the HWO system. Onlv 

in tlil~ event 01 a power Joss, or the intentiona] dch·tion Llf the prL1gr;1rn 10i-

r.wi_nLenancl' or other purposes, will the freeway cuntrol pn)\',r;1m he ol C-1 irn'. 

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 p.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 Freewav Control System Operating Procedures 

The following procedures assume that the freeway control program has been 

input to the computer, and appropriate real-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.~1.) 

7. 4 .1.1 If 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) program 

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 

7.6 



IBM 1800 CONSOLE 
FIGURE 7.2 
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will execute regardless of time. Check typewriter for in"ctive 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 

dlsplay 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. 

7.4.1.4 Action During A.M. Control Period 

A. 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 

constant call off detector. 

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

in 7.4.6 if message is received. 

C. 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. 

D. Monitor display board for any detectors not operating properly. Take 

action shown in 7.4.3 or 7.4.5. 

E. Periodically monitor controlled ramps to insure that signals cyele 

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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F. Monitor console typewriter error messages for detector malfunctions, 

carrier losses, priority changes, and green confinn errors. See 

Sections 7.4.2 through 7.4.7 for specific action in the event of 

such malfunctions. 

G. Record detector malfunctions in hardware log book. 

H. Record on-line time, weather, and unusual occurrences such as 

accidents, stalls, ramps off-line, etc., in Freeway Operations 

Record Book. 

I. Review 'ST!KY' printout for detectors stuck-on. See Section 7.4.5 

for action on sticking detectors. 

7.4.1.5 

A. Prior to end of control period, place sense switcheH O nnd J down. 

B. Place post control evaluation (POSTC) program in card reader hopper 

and press START. 

7.4.1.6 

A. 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. 

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

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

interpret sumlilary cards. Punch new pink header cards with 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 l'.M.) 

7.4.2.1 If 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' t/G up and RTPRT will execute regardless of time. Check 

console typewriter for inactive detectors ( 'NO ACTIVITY lN 30 MIN') and follow 

steps in Section 7.4.3 if any arc found. 

7.4.2.3 At 4: 15 p. m. (ramp control turn-on till\e), 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 Hof 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 cards are in the decks. 

B. Place sense switches O and l 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. If 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 Ramp 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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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 ReEort 

This program is run at 5:00 a.m. for the previous 24 hour period. IL 

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 lhe detectors 

that have stuck-en and total number of minutes. The second section lists the 

detector number, ntllllber 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 'O' detectors should be assigned to maintenance technician 

to check for out of tun~ amplifiers if stuck-.on for over 3 minutes. 'I', 'M' 

and 'Q' detectors, due to placement on ramps, will app·ear 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 continuously 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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J. !1. I C rCl'll Con I. i rm 'ON' Or 'OFF' I•: rrors 

The llll!ssage 'GREEN CONFIRM OFF ERROR XX' indic;1tcs rmnp sign,,l XX 1v,1s 

on when it should have been off. Conversely, 'GREEN CONFIRM ON ERROR 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, p 1 ace ramp on tlic 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 out 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 'PROGRAi.V. LOAD'. 

G. Three messages will be typed on the system typewriter requesting time, 

data, etc., to be entereci by C:.ata switches. Ignore them by pressing 

'START' on the computer afrer each message. 
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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. 

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. If step I was not perfonned 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 later time as follows: 

type AMONl* eof 

AMON+ 0 = 420 ENTER UPDATE 

type bbXXX eof 

bbXXX PENDING, ETC. 

type b6101 eof 

type EXIT eof 

Where 'b' is a blank and XXX is the 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. 

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 malfunct~oning 

and causing erratic ope-ration 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 positil1n. 

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.f~.9.2_ To Takl' AU Ramps Off-J_in('_ 

A. Place tliC' 'TONI~ XMTR L'OWER' swi.Lcl1 to tl1c l<'i"t inlo hack-up conlrnl ll·r. 

B. Insure 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 sununary 

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, .Ai~D 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 ranp. 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 vio:i.ation rates 

without hardware causation should be called to the attention of the operations 

engineer who will coordinate with police authorities. 
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TABLE 7.4 
TYPICAL OPERATIONS SUMMARY 

DALI_AS ~l(JIHH c:::NHAL EXPRESS\-1AY cnNTRClL OPER/\TJrlrl SLJ1.1Mf\RY rJ A TE 6/14/1973 HClM 4;,o Tn 54,, 
MJ~l!T':S 

AV 1_ 'l HI S--l 1_r; SH l_r; VF:f-1 NlJI_ G'I P flC f. p,:: r I!_\ I I=\ I ;, : r I'\ I I A I >(: f f)IJ f)fJ G Tl-3 = '\ 
RP SP SP SP fp TP GP GP REL REL RFL GRL V]n Vin vn1_ i=RR RER vn~ ERR AER FA SL FUL VH 

l 40 n 41 l 3 9 !) 27'1 80 lq8 71 6(-., :n ~ '>2 3 14 ) 2 5 ~ 3 19 ') 24 42 0 3', 
2 50 41 57 20 5 9 4 5 76 0 576 100 118 20 1020 15 l 1015 10 0 53 41 0 0 
3 39 l 'i 51 3 4 22 n 363 l 74 l R9 52 61 1r-, ~913 ~5 ') 292 + 42 l 7 51 75 S', 
4 41 3? 49 3 22 38 2 30? l 301 99 58 19 1562 5 l 3. 15'> 3 44 2 2 7 2 7 0 6!) 
5 41 l 'i 53 't ·) 3 7 () 257 120 137 5':\ 46 17 ~984 ', CJ 30-, 7 n 2 i3 29 131 l r-, 
6473953 15 3 31 0 754 15 739 98 84 11 1139 9 0 1169 42 3 26 39 0 0 
7 42 1r-, 51 7 3 19 0 264 104 160 6') 52 19 29139 24 0 299', 32 l l 2 33 67 r-, 
8 48 34 56 11 22 15 7 507 2 505 99 78 15 1186 49 4 1151 14 l 22179 0 0 
9 47 37 55 ', 3 11 0 38'> 173 212 55 31 13 2630 19 0 262~ 11 () 4 93 1) 4 

10 4 7 38 53 52 l 18 3 354 0 354 100 48 13 1167 9 0 1186 27 2 2 7 22 0 0 
11 41 3;, 51 l 3 5 l 693 212 481 69 113 l r-, 2 241 24 l 22+3 n l 37 81 13 54 
12 '+3 26 51 23 6 41 0 285 36 249 87 93 32 2588 36 l 2603 52 l 13 55 30 2 5 
14 41 29 51 13 27 35 0 3or1 47 253 84 74 24 2062 107 5 19'1') 25 l n 55 1 } } 

15 41 14 54 2 2 27 0 341 152 189 55 60 17 3493 6 0 3554 6.7 l 6 4R n2 18 
16 45 35 54 2 4 39 30 37?. 5 367 9'3 90 24 2134 l l 0 21 79 56 2 45 42 ') ') 

-...J 17 40 17 53 37 0 28 0 396 157 239 60 60 15 3070 l 3 0 3108 55 l 6 44 18 26 . 
f-' l R 4 7 36 56 l '+ 5 24 0 35() 3 347 99 79 22 2427 3 l l 2419 25 l 9213 () ,) 

-...J 19 36 16 55 31 l 24 l 541 185 356 65 38 7 3072 52 l 3073 54 l 4 80 15 2 3 
20 0 () 0 ) 0 0 0 14 '> 0 145 10!) 19 13 0 0 0 ') 0 !) 13 19 !) l l i3 
21 26 7 50 5 13 86 2 351 97 254 72 39 11 3006 41 l 3145 182 5 12 67 414 23 
22 4r-, 29 54 25 2 6206 559 0 558 LO() 108 19 2199 20 0 2207 213 l 48 7 2 !) ') 

23 0 0 0 0 0 0 0 273 0 273 100 88 32 0 0 0 0 0 0 10 58 0118 
24 48 39 57 19 7 16 !) 369 16 352 95 65 17 2314 2 ') 0 2 3 l '> 22 !) 15 41 ,) ,) 

25 25 6 4 7 4 10 9208 351 0 35-l 100 35 9 2810 5 0 2906 103 3 2 l 4A 0 41 
26 49 39 58 l'> 9 19 0 24'! 6 242 97 36 14 2169 36 l 21+7 14 !) l 2 44 !) () 

27 29 6 56 9 8 10 3 385 102 2R3 73 34 8 2794 136 4 2705 47 l 2108 455 RR 
28 51 43 57333 3 24 0 341 4 337 98 59 17 2153 23 l 22'>9 139 r-, 32 37 !) ') 

29 2 7 6 53 19 10 33 9 381 60 3;:>l 84 41 10 2639 6 l 2 2683 105 3 5111 569 76 
30 54 4'+ 59332 1 18 3 169 3 166 98 0 0 2199 ;:i !) 2259 78 3 !) ') !) ') 

31 28 6 53 2 21 45 5 345 44 301 87 53 15 2596 62 2 2 73() l 96 7 6135 701108 
32 55 4', 61245 l 17 q 236 0 236 100 43 l 8 l 85 5 6 0 1877 29 l 24 2 'i ') 1 
33 36 7 56 3 8 29 l 234 27 207 88 52 22 2611 24 0 2653 67 2 15 66 23A 61 
35 47 l;, ">2 63 5 27 0 331 70 261 78 58 11 n51 13 '1 2 7 P 38 t 7 47 gr-, 14 

NOTE: No speed or freeway volume detectors 
at Ramps 20 and 23. 



7.4.10.l.J 'A' VOI., 'n' ERR, and PCT HER. Tltese values lndicatL' r-especliVL'lv: 

Till~ 11u111ber of vc•liicles pa,.;si.ng over ti1e 'A' d(•L,·i·l(>r, Lill' 11umhL·r ,ll Lim,•:; Litl't,· 

was not a corresponding 'B' detection, and the pvrcent oL 'A' actuations nol 

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 he 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 made 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. L0.4 freeway Control Calendar 

Part of the freeway control system is the freeway control calendar 1vhich 

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. Should a difference of more than 2 minutes be found, tile computer 

time should be corrected by following steps II and I of Section 7 .4.8. Compul<:'r 

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 CCTV 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) .:ind carry out the function. 

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

7.4.12.2 Video Tape Recorder Operations 

Mounted over the control panels is a video tape recorder (VTR) switching 

device. To tape any of the nine cameras, punch in the appropriate numbered 

button and operate recorder according to instruction book. The VTR 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 VTR 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, ~articularly the sun. 
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CCTV CONTROL PANEL 
FIGURE 74 
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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=OVRUN=GOFFL 

SPDCM=ONLIN=SHDQB 

BERCT=LONLN 

WINDP=OPRTN=ONOFL 

SGCNT=GONFL 

A , 
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ARRAY NAME ACEPG ---------------- SIZE: -d..3~9---~-~ 

Bit Numb er . ... , 0 •••• • 1 . .... 2 •.••• 3 ••.•. 4 .•.•• 5 .•..• 6 ••..• 7 ••••• 8. , ••• 9 ..•• 10 .... 11 .... 12 .... 13 .... 1 I+ •••• 15 ..• 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

ACCEPTABLE GAP SIZE (CS) FOR LAUNCH 

L AGAP --------

ARRAY NAME ACPGR SIZE: --=!..39::__ ____ ~ ----------------
Bit. Number • • • • . 0 , •. , •• 1 . . . , . 2 . . . . • 3 . . . • . 4 • . • . . 5 • . . , • 6 • • . • • 7 • , • , • 8 • • . • • 9 . . . . 10 . . . . 11 . . . . 12 . . . . 13 . . .. 1 I+ • • • • 15 . . • 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

-· ··---.--~,~-

LOW RANGE ACCEPTABLE MIDDLE RANGE ACCEPTABLE HIGH RA.~GE ACCEPTABLE 
GAP SIZE (TENTHS). GAP SIZE (TENTHS). GAP SIZE (TENTHS). 
IF :/-0, DIMINISHED BY IF :/-0, DIMINISHED BY IF :/-0, DIMINISHED BY 
2.0 SECONDS 2.0 SECONDS. 2.0 SECO::\'DS. 

ACGL ... __ ACG.M ACGI:i.._____~.--------

ACCEPTABLE GAP SIZES CORRESPONDING TO SPEED RANGES GIVEN IN 'SPDC}L ' ALL GAP SIZES 
(EXCEPT 0) ARE BIASED BY 2.0 SECONDS, I.E., THE PARAMETER IS 2.0 SECO'.:DS LESS Ttic\N 
USED BY THE LAUNCH SCHEDULER. 



f 
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ARRAY NAME ~~A-E-R-CT..._~-~-~---~-~~~ SIZE: ----'-4~1~~---~ 

Bit Numb er . .... 0 .... . 1 . .. , . 2 ..... 3 ..... 4 . , ... 5 ..... 6 ..... 7 ..... 8 . , ... 9 .... 1 O .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 

~ 
00 
H< 

• U ....:l < i:,.i ~ 
• H 

r,::i z 
00 

CUMULATIVE 'B' DETECTOR 
ACTUATION, NO CORRESPO~DING 
'A' DETECTOR ACTUATION 
ERROR COUNTER 

MNEMONIC (S) I l l j AFLG I I AERC 

DESCRIPTION: CMLA (SEE MNEMONICS BELOW) INCREMENTS ONCE FOR EACH VEHICLE ARRIVING AT 'B' 
DETECTOR WITHOUT CORRESPONDING 'A' DETECTOR ACTUATION. CMLA INCREMENTS 
MODULO 26 (64), NOTE THAT BIT O CANNOT BE SET, OVERFLOW DOES OCCUR INTO 
BIT 1. 

ARRAY NAME ~~AMB==~T~M-----~~~~~~~~ SIZE: -------39 

Bit Number •• , .• 0. , .. . 1 . .... 2 •.... 3 ....• 4 ..... 5 ... , . 6. , .•• 7 ••.•. 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

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

MIBT 
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ARRAY NAME: _.A,ML~E£iN ____ ~--~- SIZE: ~3~9~-~~~~ 

Bit Number . ... 0 . ... . 1 . .... 2 . .... 3 . .... 4 . .... 5 . .. , . 6 . .... 7 . .... 8 . .... 9 . .. . 10 . ... 11 . .. . 12 ... . 13 . ... 14 . ... 15 . .. 

MANIN 
MNEMONIC (S} 

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

ALEN 

ARRAY NA.ME: AMO~F'...._ ___________ _ SIZE: 1 

Bit N urn1) er . . , . 0 . • . . . 1 . . . . . 2 . . ... 3 . . . . . 4 . . . . . 5 . . . . . 6 . . . . . 7 . . , . . 8 . , . . . 9 . . . . 10 . . . , 11 . . . . 12 , . . .13 . . .. 14 . . . . 15 , . . 

MANIN 
MNEMONIC (S) 

ARRAY NAME: AMON 

LINEAR MINUTE (OF DAY) OF AN 
CONTROL PERIOD TURN OFF TIME 

OF 

SIZE: 1 ---------------
·Bit Number .... 0 ...•. 1 ...•. 2 ..... 3 ..... 4 ... -.. 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... ll .... 12 .... 13 .... 14 .... 15 ... 

¥,ANIN 
"t..P'];;'[(J''"TC (<.;) ,V;.~\.1, ... ·., . ,,,. ..l ... 

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

AMON ------.--·- -····· .. 
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ARRAY NAME .sANHT:J.:,BQJL!,,_ ____________ _ SIZE: 

Bit Number . . . . . 0 ..... 1 . . . . . 2 . . ... 3 . . . . . 4 . . . . . 5 . . ... 6 . . . . . 7 . . . . . 8 . . ... 9 . . . . 10 . . . . 11 . . . . 12 . . . . 13 . . . . 14 . . .. 15 . . . 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

ANTB 

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

ARRAY NAME ~A~V~O:=.L------------~- SIZE: ~41L-~~~~-

Bit Number ..... O ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ... ... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 .. . 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

'A' DETECTOR VOLUME COUNTER 

AVOL 



;.., 
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ARRAY NAME: __,A~V~TuRP~------------~ SIZE: 

Bit Number •..• 0 ••••• 1 ••..• 2 ..••. 3 .•.•• 4 ••••• 5 ••••• 6 .•••. 7 ••••• 8 .•••• 9 •.•• 10 •••• ll •..• 12 ..•. 13 ••.. 14 .... 15 ... 

0 AVERAGE SPEED TRAP TIME (MS), CUMULATIVE 

MANIN 
MNEMONIC (S} 

ARRP:'f NAME: BE::_::G~NW..:.:__~--~~-~~-~-

AVTR 

SIZE: ~J29 _____ _ 

-

--

Bi. t N u1ub er . . . . 0 . . . . . 1 . . . . . 2 . . ... 3 . . . . . 4 . . . . . 5 . . . . . 6 . . . . . 7 . . . . . 8 . . . . . 9 . . . . 10 . . . . 11 . . . . 12 . . . . 13 . . . . 14 . . . . 15 . . . 
.--r-' 

TIME (TENTHS) AT WHICH NEXT LAUNCH WINDOW BEGINS 

-~~] MANIN 
NNEMONIC(S} BG~1l 

ARRAY NAME: BODSA SIZE: 

Bi t Number • • , • 0 . , . . . 1 . . . . . 2 . . . . . 3 • • . . . 4 • . • . • 5 • • . . • 6 . . • • . 7 . . . . . 8 . . . . • 9 . . .. 10 . . . . 11 • . . . 12 . . . . 13 . . . . 14 . . . . 1 5 . . . 

MANIN 
'MNEHONIC(S) 

BOTTLENECK DETECTOR LEVEL A 
LOWER SPEED (MPH). 

·"·-···--···· .. ····-----·------·--- BSAL ·-----· _________ _ 

BOTTLENECK DETECTOR LEVEL A 

UPPE.l:Z SPEED (MPH). 

BSAH 



It 

ARRAY NAME _,&B~OD~S~BL-----------~- SIZE: 

Bit Number ..... O ..... 1 .... . 2 ••••• 3 ••••• 4 ••••• s ..... 6 ••••• 7 ••••• 8 ••.•• 9 •••• 10 ..•. 11 •••• 12 •.•• 13 •.•• 14 •.•• 15 ••• 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

BOTTLENECK DETECTOR LEVEL B 
LOWER SPEED (MPH). 

RSRT 

ARRAY NAME _.QBgUL!c!!KAM.. ___________ ~-

BOTTLENECK DETECTOR LEVEL B 
UPPER SPEED (MPH). 

BSBH 

SIZE: 

Bit Number • • • • • 0 • • • , .1 • • • • • 2 . • ••• 3 • . • , • 4 • • • • • 5 • • . •• 6 . • . • • 7 • • . , . 8 . . . • . 9 . . . . 1 O • • . • 11 . • . . 12 . . . . 13 . . . . 14 . . . . 1 S . • • 

BULK AMBER LENGTH IN TENTHS OF SECONDS 

MANIN 
MNEMONIC(S) I l BULA 

DESCRIPTION: AMBER LENGTH IN TENTHS OF SECONDS FOR BULK METERING RATES 1 TtIRU 16. NOTE THE SUM UF 
BULKG(I) + BULKA(I) + BULKR(I) MUST NOT EXCEED zl5_1 (3276.7 SECONDS). 
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ARRAY NAME BULKG SIZE: __.....,__ _____ _ 
Bit Number,, , , . 0,,,, .1 •••.• 2 •...• 3 ...•. 4 ••..• 5 .•.. , 6 .•..• 7 .•..• 8. , .•• 9 •..• 10 •..• 11 ...• 12 .... 13 .... 14 .... 15 ..• 

BULK GREEN LENGTH IN TENTHS OF SECONDS 

MANIN 
MNEMONIC (S) I I BULG 

DESCRIPTION: GREEN LENGTH IN TENTHS OF SECONDS FOR BlTLK METERING RATES 1 THRU 16. NOTE THE Sl~f 
OF BULKG(I) + BULKA(I) + BULKR(I) HUST NOT EXCEED 215-1 (3276.6 SECONDS). 

ARRAY NAME BULKR·---~---~-~--- SIZE: --=-1.:::..6 _____ _ 

Bit Number •••• , 0 • , , • , 1 , .... 2 ..... 3 ....• 4 ••... 5 ..... 6 ..•.• 7 • , . , • 8 ...•. 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

BULK RED LENGTH IN TENTHS OF SECONDS 

MANIN 
MNEMONIC (S) L- B L 

DESCRIPTION: RED LENGTH IN TENTHS OF SECONDS FOR BULK XETERING RATES 1 THRU 16. NOTE THE SUM 
OF BULKG{I) + BULKA(I) + BULKR(I) Ml'ST NOT EXCEED 215-1 (3276.7 SECO~DS), 



ARRAY NAME _ _:::CM~G::::.:AP~------------ SIZE: 39 

Bit Nu1nber . .... 0 ..... 1 . .... 2 ••••• 3 . .... 4 .• ... 5 •..•• 6 .• , •• 7 . . , .. 8 . •... 9 . ... 10 .•• • 11 . ... 12 .... 13 . .. , 14 . ... 15 •.• 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

ARRAY NAME 

0 COMPUTED GAP SIZE (CS) AS ADJUSTED FOR SPEEDS 

COMP 

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

CRITS SIZE: ........::!3L9 _____ _ 

Bit Number,,,,,Q,,,,,1, •••• 2 •.••• 3 ••••• 4 ••.•• S .•••• 6 .•.•• 7 .•••. 8 .•.•. 9 •... 10 .... 11 .... 12 ...• 13 .... 14 .... 15 ••• 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

CRITICAL CRITICAL SPEED 
SPEED METERING PARAMETER 
METERING INTERPRETED ACCORDING 
CODE: TO METERING CODE, 
(NOTE 1) 

('~Mr 

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

CRITICAL SPEED LOWER CRITICAL SPEED UPPER 
THRESHOLD (MPH/ 2) THRESHOLD (MPH/ 2) 

CTSL CTSU 
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ARRAY NAME _ _,._C..uUcnR.l!JMN.l.ll-------------- SIZE: --1....~-~~-~ 

Bit Number . .... 0 . ... . 1 . .... 2 . .... 3 . .... 4 . ... • . 5 . .... 6 . .... 7 . ..•. 8. , .. , 9 . .. . 10 . . , .11 ... . 12 . ... 13 ..• . 14 . . , .15 .•• 

MANIN 
MNEHONIC(S) 

DESCRIPTION: 

0 

ARRAY NAME CURJ.IR 

0 0 0 0 

----------------

CURRENT MINUTE (0-1439) 

MINC --

SIZE: 39 -------
Bit Numb er •.. .' , 0. , , • • 1 . .... 2 •••.. 3 ..... 4 ..... 5 ..... 6 ...•. 7 .•. , . 8 ..... 9 .... 10 .... 11 .... 12 .•.. 13 .... 14 .•.. 1 5 ... 

MANIN 
:MNF:MOKIC (S) 

D:F:SCRIPTION: 

0 

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

CURRENT 
METERING 
CODE: 
(NOTE 1) 

---·---,--

CURRENT METERING 
PARAMETER INTERPR!:.:lt:D 
ACCORDING TO 
METERING CODE 

- "-' 

CURM 



:r,. 
I .... 

I-' 

ARRAY NAME -~P1a.A.-..TBw.LI:!..-.------ SIZE: __.......__ ____ ~_ 
Bit Number . .... 0 . ... . 1 . .... 2 ••••• 3 . .... 4 . .... 5 ••••• 6 ••••• 7 . ..•. 8 .• ... 9 . ... . 10 . ... 11 . .. . 12 . .. . 13 . ... 14 . ... 15 . .. 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

DI GROUP INPUT 

DATB 

STATUS ARRAY OF BITS INPUT FROM DIGITAL INPUT GROUP. NOTE THAT DATBL +19 THRU DATBL +24 
ARE THE 'OR' OF PISW BITS OF PI GROUPS 02 + 07. AN INTERROGATION PROGRAM MUST RESET 
THESE BITS TO MONITOR DISCRETE INPUTS, 

ARRAY NAME D~.C~O~NL_ ____________ ~ SIZE: ~..__ _____ _ 
Bi t Number • • ••• 0 , • , •• 1 • ,· • • • 2 • • • • , 3 • • • • , 4 • , • • • 5 • • , , • 6 • • , •• 7 • , • , • 8 • • . •• 9 . . . . 10 . . . . 11 • • • • 12 • • • • 13 • . • • 14 . . . . 15 . • • 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

INTEGER PORTION 
OF MULTIPLIER 

CQN 

FRACTIONAL PORTION OF MULTIPLIER 
LOCATION OF BINARY POINT 

GAP PROJECTION CONSTANT, USED AS MULTIPLICATION FACTOR IN 'B' INTERRUPT 
SECTION. THIS CONSTANT IS SCALED 2-4 AND REPRESENTS THE QUANTITY PROJECTION DISTANCE 
WHICH, WHEN MULTIPLIED BY THE TRAP TIME IN MILLISECONDS WILL TRAP LENGTH X 1000 
GIVE THE TRAVEL TIME IN CENTISECONDS. 
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ARRAY NAME: DDV_OL SIZE: _3~9z...__~~~~ 

Bit Number •••• 0 ••.•. 1 ••••• 2 ..••• 3 .•••• 4 ...•• 5 ••••. 6 •.••• 7 .•.•. 8 .•..• 9 •.•. 10 ...• 11 .... 12 .. 13 •... 14 ••.• 15 ... 

DOWNSTREAM DETECTORS 1 MINUTE FLOWS 

MANIN 
MNEMONIC(S) DVOL 

DEPNT ARRAY NAME:~=-=-=~~--~-~-~----~ SIZE: ~3~9'--~~~~-

Bit Number •••• 0 .•••• 1 ••••• 2 ....• 3 .•.•• 4 ...•• 5 ••••• 6 ..••. 7 ••.•. 8 .•••. 9 .••• 10 .••• ll •••. 12 •••. 13 •••. 14 ••.• 15 •.. 

MANIN 
MNEMONIC(S) ....__ __ 

ARRAY NAME: DETIM 

BOTTLENECK DETECTOR NUMBER 
FOR THIS RAMP. 

DEPB 

CRITICAL SPEED DETECTOR 
NUMBER FOR THIS RAMP. 

DEPC 

1 SIZE: ~--···-----

·--·-1· 
--,,.....-.~ 

Bit Number ...• 0 .•••• 1 ••••• 2 •.••• 3. ,,, .4 .• ,, .5 ••••• 6 .• ,, .7 •••.• 8 ..•.• 9 •••• 10 .••• 11., .• 12 .•.. 13 ••.. 14., .• 15 ... 
- -

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

MANIN 
'l.rF"'~''IC(s1 L'"1.J.\t ~:1\).:.~ , ~ 1,_ .... -· ._ ....... ,._,,., ..... ----- _______ DETI ----------------~-----.. ·- ··--·--·--·------ -·-· --·· ... 
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ARRAY NAME SIZE: _3~9,__~~~~~ 

Bit Number . .... 0 . ... . 1 . .... 2 . .... 3 . .... 4 . •... 5 . .... 6 . .... 7 . .... 8 . .... 9 . .. . 10 . .. . 11 . ... 12 . .. . 13 . .. . 14 . ... 15 . .. 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

GAP PROJECTION DISTANCE (FEET) 

DIST 

ARRAY NAME _JD~O.l\Cd:NuT'------------~- SIZE: ......:3 __ 9 _____ _ 

Bit Number ..... 0 ..... 1 ..... 2 ..... 3 ..... 4 .... , 5.,., .6 .... , 7 .•. ,. 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

0 DO TIME OUT COUNTER (TENTHS) 

MANIN 
MNEMONIC (S) DOCT 

DESCRIPTION: DO DETECTOR TIME OUT.COUNTER, ENABLED BY VEHICLE LAUNCH, STOPPED BY 
DO ACTUATION. 



~~ 
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ARRAY NAME _QDQOE!<JR~RL_ ___________ _ SIZE: 

Bit Number ••••• O ••••• 1 ••..• 2 ..... 3 .••.. 4 ••... 5 ....• 6 ...•• 7 ••••• 8., .•. 9 •... 10 .... 11 ...• 12 ...• 13 .... 14 .... 15 .•• 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

0 
DO FAST VEHICLE 
ERROR COUNTER 

DOFA 

DO 
DET 
TIME 
OUT 

ENABLE 
BIT 

DOEN 

DO SLOW VEHICLE 
ERROR COUNTER 

THE DO FAST VEHICLE ERROR COUNTER IS INCREMENTED WHEN THE CORRESPON­
DING 'DOENB' BIT IS ON AND THE DO DETECTOR IS ACTUATED BY I DOMAX. 1 TIME 
INTERVAL. THE DO SLOW VEHICLE ERROR COUNTER IS INCREMENTED 2 
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 TI}~ 
OUT COUNTER, 'DOCNT' IS ENABLED. 

ARRAY NAME DOMAX SIZE: ___2_39L-------

Bit Number ••••. 0 •••• , 1 •••.• 2 ..... 3 ..•.. 4 ..... 5 ..... 6 •.•..• 7 ••. , • 8 ...•. 9 .... 10 .... 11 ...• 12 •... 13 .... 1 I, ...• 15 ..• 

K~~IN 
HNEMONIC(S) 

DESCRIPTION: 

0 DO DETECTOR SLOW VEHICLE TIME OUT COUNT PARAMETER (TENTHS) 

L DO~ 
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ARRAY NAME ---...ICLC1.L-------------- SIZE: ____,,._ _____ _ 
Bit Number . .... 0 . ... . 1 . •... 2 . .... 3 . .... 4 . .- ... 5 . .... 6 . .... 7 . .... 8 . •... 9 . .. . 10 . ... 11 . .. . 12 . .. . 13 . .. . 14 . ... 15 . .• 

CURRENT MEASURED GAP (CS) 

MANIN 
MNEMONIC(S) I GAPS 

DESCRIPTION: TIME DIFFERENCE BETWEEN 'B' DETECTOR ACTUATIONS. 

ARRAY NAME GENTC SIZE: 41 -------
Bit Number ..... 0 ..... 1 ..•.. 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 .•••. 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

NUMBER OF GAPS IN GAP TABLE 

MANIN 
MNEMONIC(S) I I GENT 

DESCRIPTION: NOTE GENTC +39 AND GENTC +40 SHOULD REMAIN ZERO, 
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ARRAY NAME -~G!!N~LE~N~------------ SIZE: 39 --------
Bit Number . .... 0 . ... . 1 . .. , . 2 . .... 3 . .... 4 . .... 5 . .... 6 . .... 7 . .... 8. , ... 9 . . , .10 . .. . 11 . ... 12 . .. . 13 . .. . 14 . .. . 15 . .. 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

0 

A.RRAY NANE GRNTM 

GREEN LENGTH (TENTHS) PARAMETER FOR EACH RA.c'1P WHEN OPERATING 
IN WINDOW MODE. 

GLEN ·-

SIZE: 39 -------

Bit Number ••••• 0 ••••• 1 ••... 2 ..•.. 3 .•... 4 .•... S ..... 6 ..... 7 ...•. 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... lS ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

0 GREEN LENGTH (TENTHS) COUNTER FOR EACH ~fP WHEN OPERATING 
IN WINDOW MODE, 

--

GRNT 

---~-~· 
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ARRAY NAME GTFUL/FASVH/GNCNF SIZE: _4~1~--~~~ 

Bit Number . •... 0 . .•• . 1 ... ... 2, .... 3 . .... 4 . .... 5 . .... 6 . .... 7 . .... 8 ~ .... 9 . .. . 10 . ... 11 . ... 12 .•• • 13 . .. . 14 . .. . 15 . .. 

MANIN 
MNEMONIC(S} 

·• 0 
FAST VEHICLE ERROR 
COUNTER. 

FASV 

GREEN 
CONFI 
STATUS 
BIT 

GRNB 

GAP TABLE FULL ERROR 
COUNTER. 

GTFL 

DESCRIPTION: THE FAST VEHICLE ERROR COUNTER INCREMENTS ONCE FOR EACH VEHICLE WHICH HAS A PROJECTED 
ARRIVAL TIME AT MERGE AREA~ RAMP TRAVEL TIME. THE GAP TABLE FULL ERROR COUNTER 
INCREMENTS ONCE FOR EACH 'B' DETECTOR ACTUATION WHICH OCCURS WHEN A MAXIMUM NUMBER 
OF GAPS ARE ALREADY PRESENT IN THE GAP TABLE. NOTE 'FASV' NOT USED IN GTFUL +39 
AND GTFUL +40. 

ARRAY NAME IOENB ..;:::....::...=.;.. ____________ ~ SIZE: 1 

Bit Number ••••• 0 ••••• 1 ••.•• 2 ...•• 3 .•.•• 4 .•.•. 5 .•... 6 .•.•. 7 ••••• 8 ..••. 9 •... 10 .•.. 11 .... 12 .... 13 ...• 14 .... 15 ..• 

MANIN 
MNEMONIC (S} 

DESCRIPTION: 

ANY NONZERO QUANTITY INDICATES I/0 STUDY CURRENTLY IN 
PROCESS OF BEING RESTARTED. 

IOEN 
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• ARRAY NAME __:.::K.::.:BR~E~Qs..._ ____________ _ SIZE: 1 --------
Bit Number . .... 0 . ... . 1 . .... 2 . .... 3 . ..•. 4 . •... 5 .•..• 6 . •... 7 . •... 8 . •... 9 .... 10 . ... 11 . ... 12 . .. . 13 . ... 14 . .. . 15 ... 

ANYTHING NONZERO IN THIS CELL INDICATES REQUEST 
FROM KEYBOARD. 

MANIN 
MNEMONIC(S) I KEYB 

DESCRIPTION: KEYBOARD REQUEST FLAG. 

ARRAY NAME L~A~S=IN~----~~-~~-~~~~ SIZE: 25 -------
Bit Nt1mber ••••• O ..... 1 ..... 2 .....• 3 ..... 4 ..... 5 ..... 6 ..... 7 .•. ,. 8 ..... 9 ..... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

DIGIT INPUT STATUS LAST SCAN 

MA..N'IN 
MNEMONIC(S) I LASN 

DESCRIPTION: STATUS ARRAY OF BITS INPUT FROM DIGITAL INPUT GROUPS DURING LAST SCAN 
FRAME (USUALLY 100 MS). 
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ARRAY NAME: _.::L:..:I!!.ND:::,;T:;__ ___________ ~ SIZE: ____;,,l __ ~~~~ 

Bit Number •.•• 0 •••.• 1 ••..• 2 •••.. 3 ••••• 4 ••••• 5 ••.•. 6 .•... 7 .•.•. 8 ..••• 9 .••• 10 .••• ll •••. 12 .•.. 13 .... 14 ...• 15 •.• 

CURRENT LINEAR DATE (1-365) 

MANIN 
MNEMONIC(S}L-~~~~~~~~~~~~~~~~~--"....u.l..ll.-~~-~~~~~~~-~~~~~~~-1 

ARRAY NAME: L~O~N~TM!:!__ ________ ~~-- SIZE: _.;:,. _______ _ 
Bi t Number • , • • 0 ••••• 1 , .... 2 • . • . . 3 . . . . . 4 . . . . . 5 . . . . • 6 . • . . • 7 . • • . . 8 . • , , • 9 , • • , 10 . . • . 11. . •. 12 • • . • 13 . . . . 14 • • . . 15 . . • 

MANIN 

'B' DETECTOR ARRIVAL TIME (MS) MODULO 216 
(65536) 

MNEMONIC (S} LN 

ARRAY NAME: __!,L,Q_STM.!.ffiCL._ __________ _ SIZE: ~J ..... 2.__~~~~-

Bit Number. , , • 0 •••• , 1, .... 2 ..... 3 . .... 4 ..•.. 5. , • , . 6. , •.• 7 •••• , 8. , ... 9 •.•• 10 .••• 11 ..•. 12 .... 13 .••. 14, •.• 15. , , 

MANIN 

MERGE OVERRIDE PREVIOUS TIME COUNT 
USED FOR MONITORING A STATIC MERGE 
OVERRIDE COUNTER (MORCT) 

1",NEMONIC(S).__ V _, _______ _ 
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ARRAY NAME _J1.MG!.i.JS:i:TMill... ____________ _ SIZE: ~,___ ____ _ 
Bit Number . .. , . 0, ... . 1 . .... 2 ••••• 3 ••••• 4 .•••• 5 •• , •• 6 ••.•• 7 . .... 8 . .... 9 10 11 

0 MERGE OVERRIDE COUNTER I:HTIALIZATION QUEUE STACK 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

ARRAY NANE ___HG''ll1(, :::___ ___________ _ 

MOST 

SIZE: --2392__ ____ _ 

12 13 14 15 

Bit Numb er . . • . . 0 , , , , , 1 . . . . , 2 , . . .• 3 . • • , , 4 • , . . . 5 . . , , . 6 , • . , , 7 , , . , . 8 • , • • . 9 . . . , 10 . • . . 11 . . . . 12 . . . • 13 . . .. 14 . . . • 15 . • • 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

~ERGE DETECTOR TIME OUT COUNTER 

MGTM 

MERGE DETECTOR TlME OUT COUNTER. ENABLED FOR DECRE:-fENTING, IS DlSl\BlFD BY NOF~.:_a 
RA~IP SPEED VEHICLE. FUNCTIONS AS RESET FOR FALSE MERGE OVERRIDE CAUSED BY SLO\,' 
MOVING VEHICLE WHICH DOES NOT AC'lTATE D~-i. 
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AP.RAY NAME . .....8.M!:?..GT~O:!.:P ____________ _ SIZE: 

Bit Number ..... 0 ..... 1 ..... 2 ...•. 3 ... , .4 ..... 5 ..... 6 ..... 7 ....• 8 .•... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC{S) 

MERGE DETECTOR TIME OUT PARAMETER 

MGTO 

DESCRIPTION: MERGE DETECTOR TIME OUT PARAMETER. THIS VALUE IS PLACED IN 'MGTMC' AND DECRE~IBNTED 
WHEN VEHICLE IS RELEASED. 

ARRAY NAME MNSTK/MGSTK SIZE: ·_.;::..39=--------

Bit Number •••• • 0 ..... 1 .. ... 2 •.•.• 3 ••... 4 •..•. S ..••• 6 .•••• 7 ••• ,.8 ••••• 9 .... 10 .•.. 11 .... 12 ...• 13 ..•. 14 .... 15 .•• 

MANIN 
MNEMONIC(S) 

MANUAL 
OVERRIDE 
METERING 
CODE 
(NOTE 1) 

MANUAL OVERRIDE 
METERING PARAMETER 
INTERPRETED ACCORDING 
TO METERING CODE 

DESCRIPTION: NOTES. 1 AND 2: = WINDOW 00 
01 
10 = 
11 = 

PRI. CHG. 
BULK/FIXED 
GAP ACCEPT. 

MERGE 
OVERRIDE 
METERING 
CODE 
(NOTE 2) 

MERGE OVERRIDE 
METERING PARAMETER 
INTERPRETED ACCORDING 
TO METERING CODE. 

NOHC 
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ARRAY NAME: M~OC~T!.£A~-----------~ SIZE: 39 

Bit Number ••.. 0 ••••• 1 •••.. 2. , ••. 3 •••.• 4, •••. 5 ••• , . 6 ••••• 7 ••••• 8 ••• , • 9,, .. 10 ...• 11 .... 12 •..• 13 .... 14. , .• 15, . , 

MANIN 
M!~EHONIC(S) 

0 

II r--1 

~ II ~ 
H 

0:::, z p'.l 

r--1 

0 II . 
II c., 

::x:: 
HU 

!~ 
0~ 
z P-< 

MLAM 

-w 
c.., §~ z 
H UHW 
o:::- ~ c..'.)-
w w ~ o ~ cc1 r [,-, .....1 H Q 
i:ii~:=i~::co 
~ p:ip,..UU 

MLAR 

ARRAY NAHE: MOCT..::.B _____________ _ 

MERGE OVERRIDE LEVEL A THRESHOLD 
OCCUPANCY TI~·lE (TENTHS OF_ SEC_()NDS) 

4 

MLAO 

SIZE: ~3~9~~-~--

Bit Number ••.. 0., ••• 1 ••... 2 ...•. 3 ..... 4 ..... 5 ..... 6 ..... 7 ••••. 8 .•••. 9 •.. , 10 .... 11 .... 12 .... 13 .•.. 14 .... 15 ... 

K.1,.,.\JN 
\":·:vo"1 IC CS' -'-.i....,_ .... l.'I , ' 

--
0 

11 ..-1 

,-.:i II 

!~ 
0 :::::i 
~~ 

--, ... ~ 

MLRN 

A::...,.V.Y NAME: MOCTC 

r--1 
0 II . 
II c., 

::x:: 
HU 

!~ 
0 p,: 
z P-< 

MI.BC 

-i:il c.., A >< z 0 [,-, 
H UHW ~- ~ c..'.)-
µ.J W ~ 0 ~ W r H .....1 H Q 
s@~:=i~::r::o 

p::) P--i u u 

MI.BR 

--------------------~ 

-
MERGE OVERRIDE LEVEL B THRESHOLD 
OCCUPANCY TIME (TENTHS OF SECONDS) 

4 

·-

MLBO 

SIZE: ~3=9::...........~-~ 

Bit Number .. .. 0 . ... . 1." ... 2 . .... 3 ..... 4 . .... 5 ..... 6 . .... 7 .. ... 8 .. ... 9 . .. . 10 . .. . 11 . . , .12 .... 13 . .. . 14 .... 15 . .. ----· r--1 
0 0 11 . 
II .-1 II c., 

::x:: 
H II HU 

~~ i~ 
0 :::::i 0 p,: 
z Pl z ;i, 

:~~~{!~ 

aLC:1 MLCC 
......... -·-··· :~ ~-:~~·~':):,I c Cs J 

-1'.rl 
c.., §~ z 
H UHW ~- ~ c., -Wµ.J~Q~µ.:i 
l'--< H .....1 H A 
W ~ ;::i P:: ::C 0 
~ i:,:i:i,uu 

MLCR 

MERGE OVERRTDE LEVEL C 
OCCUPA...'..CY TI~IE (TENTH~ 

MJDJ 
·-----~-----~~--- - ~, 

THkESHOLD 
OF SECONDS) 
4 

----~-·-··---·--·· -----J 
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ARRAY NAME MQBGT SIZE: __,_.,___~----

Bit Number . . . . . 0 ..... 1 . . . . . 2 . . . . . 3 • • • • • 4 . . . . . 5 . . . . . 6 . . . . . 7 . . , . . 8 . . . . . 9 . . . . 10 . . • . 11 . . .. 12 . • • . 13 . . . . 14 . • • . 15 . . . 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

ARRAY NAME 

0 MERGE LOOP OCCUPANCY COUNTER (TENTHS) 
2 

MORC 

MERGE OVERRIDE COUNTER. ENABLED WHEN MERGE LOOP IS OCCUPIED. CAN ALSO BE 
INCREMENTED BY DETECTION OR SLOW VEHICLE, OR INITIALIZED BY COUNT FROM 'MGSTM.' 
RESET BY MERGE LOOP 'l' TO 'O' TRANSITION OR WHEN LOOP IS UNOCCUPIED, BY 'MGTMC' 
DECREMENTING TO ZERO. 

MRATE SIZE: ----:2_39z._~----

Bi t Number , , , , • 0 • , ••• 1 • • • . . 2 . . ... 3 • • • • • 4 . • . . . 5 . . . • • 6 . • • • • 7 • • • • . 8 . • • , . 9 • • . • 10 . • . . 11 . . .. 12 . . . . 13 • • •• 14 . . . . 1 S . . • 

MANIN 
MNEMONIC (S) 

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

SYSTEM 
INDICATORS 
METERING 
CODE 
(NOTE 1) 

SYSTEM INDICATORS 
METERING PARAMETER 
INTERPRETED 
ACCORDING TO 
METERING CODE. 

~AT 
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• ARRAY NAME _......MXME_ ..... s'--------------- SIZE:-......:!:.!~------

Bit Number ..... O •..•. 1 .•... 2. a ••• 3 .•... 4 ..•.. 5 ... ,. 6 .•... 7 ••... 8 .•.•. 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEHONIC(S) 

DESCRIPTION: 

MAXIMUM COUNT OF TYPEWRITER ERROR 
MESSAGES DURING 24 HOUR PERIOD 

MXMS 

ARRAY NAME _.NuI~U~,1~,c..___~~~~~~~~~~~~- SIZE: --'J=9~~~~~-

Bit Number ..... O., ... 1 ..... 2 ..... 3 ... , .4 ...... 5 ..... 6 ..... 7 ... , .8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 .. . 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

ACTIVE TIME (TENTHS) FROM BEGINNING OF LAUNCH 
WINDOW TO NULL POINT. 

NULC 

ACTIVE TIME (TENTHS) FROM BEGINNING OF LAUNCH WINDOW TO NULL POINT. 



:J> 
I 

t-v 
u:, 

ARRAY NAME _.l.llN.uTTI,1,1..Ia....1,P"--------------- SIZE: ____ .._ _____ _ 
Bit Number ••• , , 0 ••••• 1 ••..• 2 ....• 3 ••.•• 4 .•••. 5 •••• , 6. , .• , 7 .•••• 8. , ••. 9 .••. 10 ..•• 11 ..•• 12 ...• 13 ...• 14 .... 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

STATIC TIME (TENTHS) FROM BEGINNING OF LAUNCH 
WINDOW TO NULL POINT 

NULP 

STATIC TIME (TENTHS) FROM BEGINNING OF LAUNCH WINDOW TO NULL POINT. THIS 
TIME HAS TO BE RETAINED IN CASE OF NO VEHICLE AT DI WITH RESULTANT RESCHEDULING 
OF LAUNCH WINDOW BEGINNING AT THAT POINT. 'NULLC' IS THE ACTIVE COUNTER WHICH 
RECEIVES A VALUE FROM 'NULLP.' 

ARRAY NAME _.!'i_NU!,LLhJRL& ____________ _ SIZE: ~3 9::..__ ____ _ 

Bi t Number , • • . • • 0 , • , •• 1. • . • . 2 . . . . • 3 . . • . . 4 . • . • . 5 . . . • . 6 , . . • • 7 • • . •. 8 . • . . . 9 . . . . 10 . . . . 11 . . . . 12 . . . . 13 . • .. 14 . . . • 15 . . • 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

--· ----, 

TOTAL VEHICLES 
RELEASED COUNTER 

RELC 

µ::j 

~ 
,-:i E-< 

~~ 

:j ~ 
;:::i 0 
z~ 

NULL RELEASE 
COUNTER 

NULR 

'RELC' INCREMENTS ONCE FOR EACH VEHICLE METERED. 'NULR' IS INCREMENTED BY 1 
WHEN A RELEASE IS NOT HADE FOR GAP. NEITHER COUNTER IS MEANINGFUL DURING 
PERIODS OF BULK METERING. NOTE THAT BIT O CANNOT BE SET; OVERFLOW OCCURS 
INTO BITS 1 AND 9. THE NULL RELEASE WORK BIT COMES ON WHEN NULL RELEASE 
SCHEDULED, 



ARRAY NAME ~O=NM_ON,_,__ ____________ _ SIZE: __.!.1:;.t__ __ ~~~-

Bit Number ••••. 0 •••• • 1 . .... 2 •• , •• 3, .... 4. , •• , 5 ••••• 6. , • , , 7, , , , , 8, , , , . 9 •.•. 10 •••• 11 ..•• 12 •... 13 .... 14 •••. 15 ••• 

MANIN 
Y1NEMONIC(S) 

DESCRIPTION: 

ARRAY NAME 

PERMANENT DETECTOR 'ON' CONDITION ~!ON I TOR MASK 

ONH ·-·--

MONITOR MASK FOR DIGITAL INPUT GROUPS. SET TO ALL ONES AT BEGINNING OF EACH MINUTE, 
AND THEN AND'ED WITH INPUTS EACH SCAN TO AUDIT PERMANENT '1' STATES. 

ONTIM SIZE: __::t4~1 _____ _ 

Bit Number • • • • • 0 ,: , ••• 1 . . . . . 2 • • . • • 3 • • . , . 4 • . • • . 5 • . . • • 6 • • . . . 7 • • . , . 8 • • • • . 9 . . . • 10 . • • . 11 . . . . 12 . • . . 13 . . . . 1 t, • . . . 15 . • • 

YiANIN 
MNEMONIC(S) 

J;ESCRIPTION: 

--~------------------------------------·---------

'A' DETECTOR ARRIVAL TIME (MS) 

ONTM 

TIME (MS) THAT THE LAST VEHICLE ARRIVED AT THE 'A' DETECTOR, MODULO 216 

(65536). 

-·-------~-~ 

---------·- ------· 
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ARRAY NAME: --...:::O~R:.::.T::BL:;...... _____ ~-~-~--.- SIZE: __f.2..!..·~--~~-

Bit Number .... 0 .•... 1 ..... 2 ..... 3 .... 4114 ••••• 5 ...•. 6 ..... 7 ..... 8 ..... 9 .... 10 .... ll .... 12 .... 13 .... 14 .... 15 ... 

MANIN 

A BIT INSERTION ARRAY FOR THE 25 INPUT (PROCESS & DIGITAL) GROUPS. BIT 'ON' WILL CAUSE 
PERMANENT 'f' STATE, AND BIT 'OFF' WILL CAUSE NORMAL INPUT 'O' OR '1' STATES TO BE 
RECOGNIZED FOR THAT DISCRETE INPUT. SEE ALSO DESCRIPTION OF 'ANTBL.' 

MNEMONIC($} ORTB 

ARRAY NAME: ~O!!:!U...!TE..P ____________ _ SIZE: 

Bit Numl,er . ... 0 . ... . 1 . .... 2 . . ~ .. 3 . .... 4 . .... 5 . .... 6 . .... 7 .• ... 8 . .... 9 . .. . 10 . .. . 11 . .. . 12 . .. . 13 . .. . 14 . ... 15 . .. 

MANIN 

CURRENT GAP 
POINTER (MODULO 
16) 

MNEMONIC(S} I I OUTP 

ARRAY NAME: OUTBT SIZE: _5~------
Bit Number .... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 ..... 15 ... 

MANIN 

ARRAY OF OUTPUT BITS FOR SIGNAL CONTROL. COMPRISED OF 8 - 2 BIT GROUPS IN OUTBT 
~ OUTBT+3, AND 7 GROUPS IN OUTBT+4, THE INTERPRETATIONS ARE: 00 = DARK, 01 = RED, 
10 = AMBER AND 11 = GREEN. 

MNEHONIC(S) OUTB _ -~-------------
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AP,.RAY NAME: __:;.P~M~O~F----~~~~--~~~~ SIZE: --..!.l~~~~~~ 

Bit Number . ... 0 . ... . 1 .. ..... 2 .. ... 3 . .... 4 . .... 5 . .... 6 . . , .. 7 . .... 8 . .... 9 . .. . 10 . .. . 11. , . . 12 . .. . 13 . ... 14 . ... 15 . .. 

LINEAR MINUTE (OF DAY) OF PM 
CONTROL PERIOD TURN OFF TIME 

MANIN 
MNEMONIC(S}L--~--------~--------....L:..L:.LlL.C..----------~----~------1 

ARRAY NAME: __!'._P,!'.'!MY,JON~------------ SIZE: 

Bit N u1nb er . . . , 0 . . . . . 1 . . . . . 2 . . . . .. 3 . . . . . 4 . . , .. 5 . . . .. 6 . . . . . 7 . . . . . 8 . . . . . 9 , . . . 10 . . .. 11 . . .. 12 . . . . 13 , . . . 14 . . , . 15 . . , .... 

MANIN 

LINEAR MINUTE (OF DAY) OF PM 
CONTROL PERIOD TURN ON TIME 

--------------------------------------------------------------

MNEHONIC (S) -----------------------__.. ....... ...._ _________ _ ------------·-----· 

ARM.Y NAME: POWER SIZE: 1 --------------
Bit Number ... , 0,., •• 1. , . , , 2., , .. 3,, , , , 4 •• , , . 5, ... , 6, . , , , 7., ... 8, . , .. 9, ... 10 .... 11 .... 12 .... 13 .... 14. , , .15,,, 

~,ANIN 
MNEMONJC(S) 

,.....-~- • ~.- <.•,LC".~~c-"-'---------------• 

UNUSED, BUT MUST BE MASKED TONE 
Xi'1TRS 
POWER 
BIT 

-·······--···. _ ·---- --------------··-------·--- -----·----' P D}TR 

UNUSED, BUT MUST BF MA::if' .D 
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ARRAY NAME -..!.P.!!R::.I!::.!SM;!._ ___________ _ SIZE: -'-3_9 ___ ~~~ 

Bit Number ••••• O., ••• 1 •.... 2 ..... 3 ••.•. 4 ..... 5 ....• 6., .•. 7 .•.•• 8., ... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 .•• 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

ARRAY NAME 

RAMP RAMP RAMP RAMP 
OPERATING OPERATING OPERATING OPERATING 
CONTROL CONTROL CONTROL CONTROL 
PRIORITY PRIORITY PRIORITY PRIORITY 
f!l 112 113 f/4 

RAPH RAPM RAPI RAPL 

PRIORITY STACK MAP - 1 WORD FOR EACH RAMP, DIVIDED INTO 4 NYBBLES. PROGRAM WORKS 
FROM LEFT TO RIGHT, AND TIIE VALUE IN EACH NYBBLE IS A POINTER TO INDICATE WHICH 
OVERRIDE BIT IN RAMP STATUS WORD TO EXAMINE. VALUE CAN BE O (SYSTEM), 1 (CRITICAL 
SPEED), 2 (QUEUE), 3 (MERGE) and 4 (MANUAL). HENCE A 'PRISM' WORD ~/4321 DENOTES 
MANUAL, MERGE, QUEUE, C.S. AND SYSTEM (BY DEFAULT) OVERRIDES IN DESCENDING 
PRIORITIES. 

SIZE: 

Bi· t Number . ·. . . . 0 . . . .. 1. . . . . 2 • • • • • 3 . . . , . 4 . . . . . 5 • • • • • 6 • • • • . 7 . . . . . 8 • • • • • 9 . . .. 10 • • • . 11 . . . . 12 • • • • 13 . . .. 14 • • . • 15 • . • 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 
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ARRAY NAME: .QO~C~T~A~-----------...- SIZE: 

Bit Number .... O •.... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC (S} 

0 

11 .-l 

j; 
0 :::> z~ 

.-l 
0 II . 
II c., 

:::c: 
.....l U 

~~ 
0~ z P-< 

-w c.., A;:,--, 
z OH 
H UH i:x.:1 ~- ~ c., -
H H .....l H A i:i:iw~olw 
W ~ :::> ~ 0 
~ ~ P-< u u 

OLAG 

ARRAY NAME: ~Q..c:.O.:=..C.:::TB=--------------

QUEUE LEVEL A THRESHOLD 
OCCUPANCY TIME (TENTHS OF SECONDS) 

4 

()Tt,n 

SIZE: 39 

Bit Nuruber .. .. 0 ..... 1 ..... 2 . .... 3 . . , .. 4 . .... 5 . .... 6 . .... 7 . .... 8 . .... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 . .. 

MAi'HN 
MNEMONIC (S) 

0 

11 .-l 

.....l II 

i~ 
0 :::> z P'.l 

.-l 
O 11 . 
II c.., 

::r: ,-::iu 

!~ 
0~ z p..., 

-w 
c.., §~ z 
H U H i:i:1 
~- ~c.,-
Wi:z.:l~OlW HH.....lH A 
W ~ :::> ~ 0 
~ ~ P-< u u 

QLBC 

ARRAY NAME: _..:Q~O~C~T~C~------------

QUEUE LEVEL B THRESHOLD 
OCCUPANCY TIME (TENTHS OF SECONDS) 

4 

QLBO 

SIZE: -3~9~-~--

Bit Numl)er . ... 0 . ... . 1 . .... 2 . .... 3 . ... , 4 . .... 5 .. ... 6 . .... 7 . .... 8 . .... 9, .. . 10 . .. . 11 . .. . 12 . .. . 13 . .. . 14 . .. . 15. , • 

M.i\NIN 
:t-::\LlOKIC: (S) 

-· 
0 

11 .-l 

~; 
0 :::> z~ 

-· - -·e,,••·= 

.-l 
0 II . 
II c.., 

::r: ,-::iu 

~~ 
0~ z p..., 

-rz:i c.., § r:; z 
H UHW 
~- ~c..,-
W i:i:1 ~ 0 ~ W HH.....lH A 
~ ~ :::> ~ 0 

('.Q p..., u u 

Q!&C 

QUEUE LEVEL C Tl!RESHO 
OCCUPANCY TIME (TEN!l_! 

·------

________ QLCQ __ 

LD 
S OF SECONDS) 

4 

----, 
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ARRAY NAME _10U;:iS1!HDQ!C~------------ SIZE: ~39----~~~~ 

Bit Number ..... O ..... 1 .••.. 2 •..•. 3 ..... 4 ..... 5 .... , 6 .•... 7 ....• 8 .•... 9 .... 10 ... , 11 .... 12 .... 13 ... , 14 .... 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

'Q' DETECTOR EXTENSION TIME (IN TENTHS) DECREMENTING COUNTER 

OSDC 

'Q' DETECTOR DECREMENTING COUNTER WHICH, WHEN ACTIVE, COUNTS DOWN THE EXTENSION TIME 
(IN TENTHS) FOLLOWING A '1' TO 'O' TRANSITION OF THE 'Q' DETECTOR INPUT. DURING THIS 
TIME, THE QUEUE OVERRIDE OCCUPANCY COUNTER CONTINUES TO INCREMENT. 

ARRAY NAME ~Q~U~OR~C~------------- SIZE: _.......39.__ ____ _ 

Bit Nuailier ..... 0 ..... 1 ••••• 2 •••.• 3 •.•.• 4 ••••. S .••.. 6 •••.• 7 ••••. 8 •••.. 9 ••.• 10~ ••. 11 .•.. 12.,,,13 ••.• 14 .•.• 15 .•• 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

0 . QUEUE DETECTOR OCCUPANCY COUNTER (TENTHS) 
2 

OORC 
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ARRAY NAME OUSTK/CSSTK SIZE: _.,,;3~9--~~~ 

Bit Number •••.. 0 .••• • 1 . .... 2. , , , . 3, , . , . 4, •••• 5, , , , , 6, , ••• 7, , ••• 8 . .... 9, , , .10 .... 11 .... 12 .... 13 .... 14 .... 15, , • 

MANIN 
1'11mNONIC(S) 

DESCRIPTION: 

QUEUE 
OVERRIDE 
METERING 
CODE: 
NOTE 1 

QUEUE OVERRIDE 
METERING PARAMETER 
INTERPRETED ACCORDING 
TO METERING CODE 

QUMC 

NOTE 1 AND 2: 00 = WINDOW 
01 = FRI. CHG. 
10 = BULK/FIXED 
11 = GAP ACCEPT. 

CRITICAL 
SPEED 
METERING 
CODE: 
NOTE 2 

CRITICAL SPEED 
OVERRIDE 
METERING PAR.A.\1ETER 
INTERPRETED ACCORDING 
TO METERING CODE. 

CS.MC 

ARRAY NAME RA.MST SIZE: 39 --------------- --------
Bit Number ••.•• 0 ••••• 1 •..•. 2 ..•.. 3 .•... 4 .•... S ..... 6 ..... 7 ...•. 8 .•••. 9 ...• 10 .... 11 .... 12 .... 13 .... 14 .... 15 ..• 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

~· 
E-< LAST CURRENT CURRENT METERING OPERATIN H 

;>; ~ VEHICLE METERING PARAMETER PRIORITY E-< 
Hi:,.. METERED BY: MODE: 
~ t.? 

~~ 
NOTE 1 NOTE 2 

P-; u 

G 
i:,.. µ.1 

I 

:ii ...:i i:,.. 
A A A < A 

...:I H rl rl u H 

§~ i:,.:: er::: ::.:.:: ~ r-< A ~ Cl er::: I =- ~ r µ:) 

~ g: n::: cc:: :::.: ::,:.:i ,_..., µ.1 µ.1 

~> 

I 
:=, > ~ P-; > 

• 0 ;;--: ::::: :::., c:, U [fJ 0 

--~J. I -
i 

LVMB CUHC RAOP RAHN I RA'{>; j R01Q I R~1C 

RAMP STATUS WORD - NOTE: BIT O IS SET BY SClOO WHENEVER THE RAMP OPEK\TING PRIORU Y 
CHANGES. IT IS RESET BY DETOM. NO MANIN ACCESS IS PROVIDED. 
NOTE 1: 00 = SYSIND NOTE 2: 00 = WINDOW 

01 = CRITSPD 01 = FRI. CHG. 
10 = QUEUE 10 = BULK/FIXED 
11 = MERGE 11 = GAP ACCEPT. 
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ARRAY NAME ..-RAM-.. .. T._T ____________ _ SIZE: ___._.,,____ __ ~--
Bit Numb er • ..... 0 •.•• . 1 . .... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 . ... 14 .... 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

0 RAMP TRAVEL TIME (CS) 

RAMT_ 

ARRAY NAME _RRANAN!Gi,:;SL_...:._ _________ ~- SIZE: ~4~1L._ ____ ~ 

Bit· Numb er ... , . 0 .••. . 1 • .. !' • 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC (S) 

SHORT TRAP TIME 
ERROR COUNTER 

LOTP DISB 

LONG TRAP TIME 
ERROR COUNTER 

HITP 

DESCRIPTION: LOTP (SEE MNEMONICS BELOW) INCREMENTS ONCE FOR EACH MEASURED SPEED TRAP TIME LESS THAN 
PROGRAM VARIABLES MNTP4, MNTPS OR MNTP6. HITP DOES SAME FOR TRAP TIMES EXCEEDING PROGRAM 

.VARIABLES MXTM4, MXTMS, OR MXTM6. BOTH INCREMENT MODULO z6 (64). NOTE THAT BIT O CANNOT 
BE SET; OVERFLOW OCCURS INTO BITS 1 AND 9. DISB IS SET ACCORDING TO THE BINARY INPUT STATUS 
OF THE CORRESPONDING DI DETECTOR. NOTE DISB USES FIRST 39 LOCATIONS OF 'RANGS' ONLY. 



;r> 
' 

lc..' 
_f, 

ARRAY NAME: --=RE=L::..::™:.:..:------------~ SIZE: 

Bit Number .... 0 ... , . 1 ..... 2 ..... 3 ..... 4 ..... 5 ... , . 6 ..... 7 .•... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 . ... 14 .... 15 ... 

TIME (CS) TO INITIATION OF NEXT GREEN PHASE 

MANIN 
rffsENONIC(S} RELT 

ARRAY NAME: SFLO':'.!-Ac:..__ ____________ _ SIZE: _.J .... 9..__ ____ _ 

Bit Nur,,ber .... 0 .•... 1 ••.•• 2 ..• , • 3 •••.• 4 •..•. 5 .•• ,. 6 ..•.• 7 ••• , • 8 .•... 9 ••.• 10 .••• 11 •..• 12 .••. 13 •••• 14 •... 15 •.. 

J:,l,'J.NIN 

SYSTEM INDICATOR LEVEL A 
1 MINUTE UPSTREAM FLOW 

SYSTEM INDICATOR LEVEL A 
1 MINUTE DOWNSTREAM FLOW 

-----------------------------+---------------------------------·-
rJ~EHONic(s} L SIAU SIAD 

ARR/1.Y NA}1E: SFLOB SIZE: ~3~9L....~~~~~ ------------~--
Bit Nt1Bber .... 0 ..... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6 ..... 7 .•... 8 ..... 9 .... 10 .... ll .... 12 .... 13 .... 14 .... 15 ... 

:!'1ANIN 
>'.~. ::;,JC,;.'T C (S) 

r-- ._................... -

SYSTEM INDICATOR LEVEL B 
1 MINUTE UPSTREAM FLOW 

SYSTEM INDICATOR LEVEL B 
1 MINUTE DOWNSTREAM FLOW 

--------------------------+-------------·· --- . --- ··- -·----------·--·-

SI BU _ __ ---··--·- ~----- __ filj) _________ ··-- ··"···---~--
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ARRAY NAME -:S=.:F:...:L=-::0:...::C:._. ____________ _ 

Bit Number ••••• o 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

-

1 2 3 4 5 

SYSTEM INDICATOR LEVEL C 
1 MINUTE UPSTREAM FLOW 

SICU 

ARRAY NAME ~~L~O~DL....-~----~--~---

6 7 

SIZE: ---''""-------

. . .. 8 9 10 11 12 13 14 ...• 15 ..• 

SYSTEM INDICATOR LEVEL C 
1 MINUTE DOWNSTREAM FLOW 

SICD 

SIZE: 

Bit Number ••••• 0. , ... 1 ••.•. 2 ...•. 3 ••. , • 4 ••••. S .•..• 6 ..••. 7. , . , • 8 ••••. 9 ...• 10 .... 11 .... 12 .... 13 •.•. 14 .... 15 .•. 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

SYSTEM INDICATOR LEVEL D 
1 MINUTE UPSTREAM FLOW 

SIDU 

NOTE LEVEL E FLOWS OBTAINED BY DEFAULT. 

SYSTEM INDICATOR LEVEL D 
1 MINUTE DOWNSTREAM FLOW 

C:Tnn 



:p. 
I 

I_., 

O" 

ARRAY NAME SGCNT SIZE: ~4~1;:..__~--~ 

Bit Number •.• , , O, , . , , 1, , • , . 2 ..... 3 ..... 4 .•... 5 ..... 6 .•... 7 ...•• 8. , •.. 9 .... 10 .... 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

SHORT GAP 
ERROR COUNTER 

LONG GAP 
ERROR COUNTER 

I I SGAP I GONF I I LGAP 

SGAP (SEE MNEMONICS BELOW) INCREMENTS ONCE FGR EACH MEASURED GAP LESS THAN PROGRAi~ 
VARIABLES SGAP4, SGAPS OR SGAP6. LGAP DOES LIKEWISE FOR GAPS EXCEEDING PROGRA'-1 
VARIABLES LGAP4, LGAPS, OR LGAP6. BOTH INCREMENT MODULO 26 (64). NOTE THAT BIT 0 
CA."1\JNOT BE SET AND OVERFLOW OCCURS INTO BITS 1 AND 9. 

ARRAY NA}!E SPDCM/ONLIN ~------------- SIZE: 39 

Bit Number,,,, .0.,,, ,1,,, •• 2 ..•.• 3 ..•.• 4 ...•• 5 ..••• 6 ..••• 7 .•• , .8 .•••. 9 .... 10 .... 11 .... 12 .... 13 ..•• 14 •..• 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

-·· p,:: 
0 
E-< H 
UH LOWER SPEED PARAMETER (MPH) ~ r::Q 
H DETERMINING GAY SIZE "11 ~ 
AO 

- ~ 
O' ::i:: - Ci.) 

SHAQ GSPL 

ON 
LINE 
BIT 

ONLN 

L'PPER SPEED 
DETERXI~ING 

-----

PARAMETER (MPH) 
GAl) SIZE 

--------- ____ " __ _ 
GSPU 

UPPER AND LOWER SPEED RANGES USED IN DETERMINING ACCEPTABLE GAY SIZLS LOCATED IN 'ACPGR.' 
THE ON LINE BIT IS USED TO DENOTE IF A RAMP IS ON LINE. THE 'Q' DETECTOR SHADOW BIT IS 
USED AS AN INDICATOR TO EXTEND THE 'Q' DETECTOR OCCUPA.,_'-JCY TI:fI BY THE ~'.OL)NT SPECIFIED 
IN I SHADQ.' 



ARRAY NAME: ~S~YLIM~Rl ______ ~----~ SIZE: __.,3~9~~~-~-

Bit Number .... O ..... 1 ..... 2 .•... 3 ••.•• 4 ..... 5 ... ,. 6, •... 7 ••.•. 8 ...... 9 .... 10 .•.. 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC (S} 

SYSTEM INDICATORS 
LEVEL A METERING 
RATE 

SMRA 

ARRAY NAME: SYMR2 ---"-'--'--------------

SYSTEM INDICATORS FIRST 4 BITS 
LEVEL B METERING OF SYSTEM 
RATE INDICATORS LEVEL 

C METERING RATE 

SMRR SMRC 

SIZE: _3,..,.9..__~-~~-

Bit Number . ... 0 . ... . 1 . .••. 2 . .... 3 .. ... 4 • ..•. 5 . •... 6, ..... 7 . ••.. 8 . •.•• 9 . .. . 10 . .. • 11 . .. . 12 . . , .13 . .. . 14 ..•. 15 .. • 

MANIN 

LAST 2 BITS 
OF SYSTEM 
INDICATORS 
LEVEL C 
METERING 
RATE 

SYSTEM INDICATORS 
LEVEL D METERING 
RATE 

SYSTEM INDICATORS 
LEVEL E METERING 
RATE 

MNEHONIC(S} l___§_Mcc I sMRD I SMRE I J 

ARRAY NAME: TPLEN ----------------- SIZE: ~gU,l'--___ _ 

Bit Number .... 0 ..... 1 ..... 2 ..•.. 3 •.... 4 ..... 5 ... , .6.,.,, 7 ..... 8 ..... 9 .... 10 ..... 11., .. 12 .... 13., •. 14 .... 15 ... 

0 SPEED TRAP CALIBRATED LENGTH (TENTHS OF FEET) 

MANIN 
!-1:~Dim: IC ( S) l__ TLEN ·---·----- ---J. 



ARRAY NAME: TPT.~IM!:!._---~-~~----~ SIZE: _;:t4~1~~~~~-

Bit Number ...• 0 •..•. 1 ••.•• 2 .. , , . 3 • , , , , 4 • , .•. 5 , •. , • 6 . , ... 7 • , . , , 8 . , ••• 9 , .• , 10 . , • , 11 ••.. 12 .... 13 .... 14 .... 15 .. , 

MANIN 

CURRENT MEASURED TRAP TIME (MS) BETWEEN 'A' Ac'l'D 'B ' 

DETECTORS OF SPEED STATION. 

MNEMONIC (S} TPTH 

A~Y NAME: TRAIL SIZE: .._;;.3.;;...9 ____ _ 

Bit Number ..•. 0 .•••. 1 ••••• 2 •• ,, .3 ••..• 4 ••••. 5 ... , .6 .•... 7 ..... 8 .•••• 9 ••.• 10 ..•. 11 •..• 12 ..•. 13 ..• ,14 ..•• 15 ... 

MANIN 
MNEMONIC (S) 

0 TIME (CS) FROM NULL POINT TO END OF LAUNCH WINDOW 
NULLP + TRAIL = LAUN CH v,'INDOW LENGTH 

TRAL .• ___ J__ ___________ ~~--------

ARRAY NAME: UDV.~O~L:::__ _______ ~-~--- SIZE: --22.._ ___ _ 

-----"·1 
~-~-,--.J 

Bit Number •••• 0 . , , . , 1 ; . , .. 2 ..••• 3 .•••• 4 ••••• 5 ••.•• 6 ..... 7 ••.. , 8 .•..• 9 •..• 10 .... 11 ...• 12 .... 13 ..•. 14 .... 15 ... ---------------------------------------------. 

UPSTREAM DETECTORS 1 MINUTE FLOWS 

--·---
MANIN 

MXEMONIC (s) '---···-·--·----
CYOL 



> 
I 

I,;.) 
~ 

ARRAY NAME UNSUL/OVRUN SIZE: __._..,__ _____ _ 
Bit Number ..... O ..... 1 .... . 2 •••• • 3 ..... 4., ... 5 ..... 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... 12 .... 13 ... , 16. •.. . 15 ... 

MANIN 
MNEMONIC(S) 

PROJECTED VEHICLE 
OVERRUN ERROR COUNTER 

ORUN GOFF 

UNSUCCESSFUL LAUNCHES 
ERROR COUNTER 

UNSU 

DESCRIPTION: UNSUCCESSFUL LAUNCHES ERROR COUNTER. INCREMENTED WHEN 'DOENB' BIT IS ON AND 
NO DO ACTUATION OCCURS WITHIN TWICE THE VALUE OF THE DO MAXIMUM TIME OUT 
·PARAMETER ( 'DOMAX'). 

ARRAY NAME VIOLT/BERCT/LONLN SIZE: __ 4._..1~-----

Bit Number ••••• 0 ••••• 1 ••••• 2 ..••• 3 ••••• 4 ••••• 5 ••.•• 6 ••••• 7 ••••• 8 ••••• 9 .••• 10 •••• 11 •••. 12 ••.. 13 ••.. 14 ••.• 15 ... 

MANIN 
MNEMONIC(S) 

CUMULATIVE 'A' DETECTOR 
ACTUATION, NO CORRESPONDING 
'B' DETECTOR, ERROR COUNTER. 

BERC 

! 
~ ..:i z 
E,-< H 
C/) ,...:i 
<i:z 
,...:io 

LONL 

DESCRIPTION: NOTE: 'VIOLT' REQUIRES 39 LOCATIONS, 'BERCT' 41. 

COUNT OF DO DETECTOR 
ACTUATIONS WHEN 
CORRESPONDING 'DOENB' BIT 
NOT ON. 

I' 



:i> 
I 

.f:--
0 

ARRAY NAME _V;:...:,.O=L._ __ _ SIZE: ill 

Bit Numb er ••••• 0 , .... 1 ....• 2 ..... 3 .•... 4 .•... 5 ..... 6 ..... 7 ..... 8 . , ... 9 .... 10 .. , . 11 .... 12 .... 13 .... 14 .... 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: 

V, R, 0 AND Q DETECTOR VOLU}ffiS 

VVOL VOL+ 13 3-+VQ.L:t .... 1 ..... 7..,.1 __ _ 

V, R, O, Q VOLUME DETECTORS AS FOLLOWS: VOL+ VOL+43 = 'V' DETECTORS 1-44; 
VOL+44 + VOL+93 = 'R' DETECTORS; VOL+94-+ VOL+l32 = 'O' DETECTORS; 
VOL+l33 + VOL+l71 = 'Q' DETECTORS. NOTE THAT 'Q' DETECTORS 18, 22, 23, 28, 
31 AND 34 ARE UNDEFINED. 

ARRAY NAME WINDP SIZE: ---'3~9'----~--~~ 

Bit Numb er ••. , • 0, ... , l, , , .. 2, ••.• 3 . .... 4 .•• , . 5 ..... 6 .•••. 7 • , • , . 8 ••. , . 9 •... 10 .... 11 . , , . 1? , ... 1 3 ..•. 14 . . 15 ... 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

NOTE LAUNCH WINDOW NULL POnT NOTE 
1 PERCENTAGE DISPLACEMENT 2 

FROM LEADING EDGE OF WD!DO'.,' 

SDEF LWNP OMOS 

LAUNCH WINDOW SIZE AND NULL POINT LOCATION PARAffETERS. 

NOTE 1: NORMAL SYSTEM RAMP OPERATING DEFINITION. 
NOTE 2: ONE MINUTE ONLINE STATUS BIT. 

~~ 

LAUNCH 1"1NDO\·; SIZE 
PERCENTAGE OF ~fETERI:-JG 
RATE. 

U."SP 
·--------··-------------



::i---
1 
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ARRAY NAME ....W:WP!'JN~TL._ _____________ _ SIZE: --1:1..----~-~ 

Bit Number . .... 0 . .... 1 . .... 2 . .... 3 . .... 4 . .... 5 . .... 6 . .... 7 . .... 8 . .... 9 . .. . 10 . ... 11 .... 12 . .. . 13 . ... 14 . .. . 15 ... 

MANIN 
MNEMONIC(S) 

DESCRIPTION: LAST GAP IN POINTER. POINTS TO LAST CELL OF WTBL WHERE LAST GAP-IN WAS PLACED, 
MODULO 8, INCREMENTED B~ 1 EACH NEW GAP . 

• 
ARRAY NA1-IB WT~~D~-~~~~~-~~~~~~ SIZE: _3-9 ____ _ 

---, 

Bit Number ••••• O ••••• 1 ••••• 2 .•..• 3 .•••• 4 ••••• 5 ••••. 6 ••••• 7 ••.•. 8 .•••• 9 •..• 10 .... 11 .... 12 •... 13 •••• 14 .•.. 15" - . 

MANIN 
MNEMONI G (S) 

DESCRIPTION: 

-, 

BASE ADDRESS OF GAP TABLE FOR EACH RAMP 

WTAD 
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ARRAY NAME WTBL SIZE: 1184 --------
Bit Number ••••• 0 .•.. • 1 .... . 2 .••. . 3 .... . 4., ••• 5 •••• , 6., .•• 7, ••• , 8., ••. 9 .••• 10 .... 11 .•.. 12 .. , .13 .•.. 14 ...• 15 ... 

GAP WORKING TABLE 

~IN J-
MNEMONIC(S) 

DESCRIPTION: GAP WORKING TABLE. 32 WORDS PER GAP ACCEPTANCE RAMP, 37 TOTAL. TIME TO DECISION 
POINT IN EVEN CELLS (CS); GAP SIZE IN ODD CELLS (CS) . 

ARRAY NAME SIZE: 

Bit Number •.••• 0 .•••• 1 ..... 2 •••.• 3 ..... 4 •••.. 5 ... , . 6 ..... 7 ..... 8 ..... 9 .... 10 .... 11 .... J ? •••• 13 •.•. 14 ...• 1 'i . . • 

MANIN 
MNEMONIC (S) 

DESCRIPTION: 

.---------------------------------------------------------···-·- -----··--··· 



APPENDIX B 

LOG SECTOR DESCRIPTION 



ARRAY NAME: LOG SECTOR .-+.+40 -- ___________ , ___ ---~ S I Z E : .....:4=1a..---.-

Bit Number .••• 0 •.••• 1 ••••• 2 •..•• 3 ••••• 4 ...•• 5 ••••• 6 ...•• 7 ••.•. 8 ••.•• 9 .•.• 10 .••• 11 •.•. 12 .... 13 •... 14 .... 15 ... 

'A' DETECTOR VOLUME 'B' DETECTOR VOLUME 

MANIN 
MNEMONIC(S}I AVOL I BVOL ~ 

ARRAY NAME: LOG SECTOR .+41-+,+90 SIZE: _5,,....Q.___~~~~ 

Bit Number . ... 0, .. , .1 . •••• 2 . .... 3 ... •• 4 . .... 5 . •.• • 6 . .... 7 . .... 8 . .... 9 . .. . 10 . .. . 11 . ... 12 •.• • 13 . ... 14 . .. . 15 . .. 

'V' DETECTOR VOLUME 'R' DETECTOR VOLUME 

MANIN 
MNEMONIC(S} VVOL 

ARRAY NAME: LOG SECTOR .+91+.+129 SIZE: 39 -~~ 

Bit Number . ... 0 . ... . 1 .. ... 2 . .... 3 .. ... 4 . .... 5 . .... 6 . .... 7 . .... 8 . .... 9 . ... 10 . .. . 11 . ... 12 ••• • 13 . .. . 14 . .. . 15 . .. 

'Q' DETECTOR VOLUME 'Q' DETECTOR VOLUME 

MANIN 
f MNEMONIC(S) OVOT OVOL -
f-' 



l:'".i 
I 

N 

ARRAY NAME: LOG SECTOR .+130-+,+170 SIZE:--"~~~~~~ 

Bit Number. 0 1 .2 .. 3. , ... 4 ••.•• 5 •• , , • 6 .•.•. 7 ••••• 8 •••• , 9 .... 10 .... 11 .... 12 .... 13 •... 14 .... 15 ..• 

MANIN 
MNEHONIC(S) 

SHORT GAP 
ERROR COUNTER 

SGAP 

ARRAY NAME: LOG SECTOR .+171-+,+211 

Bit Number. 

MANIN 
1'fl-;EMONIC (S) 

0 1 2 3 

'B' DETECTOR 
ERROR COUNTER 

BERC 

ARRAY NAME: LOG SECTOR .+212-+,+252 

LONG GAP SHORT TRAP LONG TRAP 
ERROR COUNTER TIME ERROR COUNTER TIME ERROR COGNTER 

U'AP T n'T'D IUI£ --

SIZE: 

.4,., •. 5., ... 6 .. ,., 7 ..... 8 ...•. 9 ...• 10 ...• 11 ...• 12., .. 13 .... 14 .... 15 ... 

RAMP VIOLATION TOTAL NlI'.-IBER NULL RELEASE 
COUNTER VEHICLES LAUNCHED COUI\TER 

COUNTER 

"--~-"---

VIOL Rl7T (' - NTJI .H, __________ , __ ,N~• 

SIZE: 

Bit Number, ... 0. , , , .1., ... 2 ..•.• 3. , •.. 4 .•..• 5 ..... 6 ..... 7 ..•.. 8., ... 9 .... 10 .... 11 .... 12 ..•. 13 .... 14 .... 15 ..• 

MANIN 

DO FAST VEHICLE 
ERROR COUNTER 

DO SLOW VEHICLE 
ERROR COUNTER 

--·=-·-=··-- -----... 

AVERAGE SPEED (FDS) 

·~-------------+-------·- ----- .. -- ---- --···-·---------·· 

MXF:l·lONIC(S) I -- DOFA L ______ DOSL __ J ______________ . ------·--·--·--AVSP ~--· - _ _, __ -···- -------



,~ 
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w 

ARRAY NAME: LOG SECTOR .+253+.+293 SIZE: ~4~1~~~~~-

Bit Number . . . . 0 • • • • • 1 . . . . . 2 . . .•. 3 . , , .. 4 . . . . . 5 . . . 11 • 6 .•.•. 7 . , . . . 8 . . . . . 9 . . . , 10 . . . . 11 . . . . 12 . . . . 13 . • . . 14 . . . . 15 . . . 

MANIN 

'A' DETECTOR 
ERROR COUNTER 

FAST VEHICLE 
ERROR COUNTER 

GAP TABLE FULL 
ERROR COUNTER 

MNEMONIC (S) I CMJ,A I FASV I GTFL I 

ARRAY NAME: LOG SECTOR .+294+,+312 SIZE: ·.....:!:l..z..9 _____ _ 

Bit Number .... 0 ..... 1 ... , .2 ..... 3 ..... 4 ..... 5 ..... 6 ... ,. 7 . ... . 8 .. , .. 9 .. , .10 .... 11 .... 12 ... . 13 ••• • 14 .... 15 ... 

ANDED DIGITAL INPUTS CONSECUTIVE 'ON' TESTS 

MANIN 
MNEMONIC(S) ONMO 

ARRAY NAME: SIZE: 

Bit Number . ... 0 . ... . 1 . .... 2 . .... 3 . .... 4 . .... 5 . .... 6 . ...• 7 . .... 8 . ..... 9 . ... 10 . .. . 11 . ... 12 ••• • 13 . .. . 14 . .. . 15 . . . 

MANIN 
i.;.;:~E:MO~IC (s) ·----



APPENDIX C 

DIGITAL I/0 ASSIGNMENTS 
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APPENDIX D 

INDIVIDUAL RAMP PARAMETERS 



{HP l \li::RG-: 
OCCIIP MCfJOE 

1_ EV A= 20 ) 
LEVB= 600 l 
Li:VC=30()0 21 
LEVD= --
LEVE= --
PROJ DIST= 650 
AMB ,{ I_ ENG= 2 l 
SPD TRP LENG= 185 

R.MP 2 MERGE 
OCCLJP MCOOE 

1_ EVA= 20 l 
LEVB= 600 1 
U::VC =3 000 2 l 
LEVD= --
'-EVc= --
PRDJ DIST= 700 
AMBR 1_E11JG= Z1 
SPO TRP LENG= 195 

'{,·1P 3 MERG-:: 
OCCUP MCODE 

'- EVA= 2i) ) 

LEVB= 600 l 
!_EVC=30nD 21 
LEVO= --
LEVE= --
PROJ DIST= 1000 
AMBR. LENG= 2) 
SPn TRP LENG= 192 

RM P 4 ,-, E R G = 
OCCIJP MC0i1f: 

I_ EV A= 2:) 1 
LEVB= 600 l 
U:VC=30Y) Z L 
U:VD= --

t::J I ;=ljC:.=: --1 - ,_ -

I--' P /H. ~I 1J I S T = 
1~ ,-H -{ '- f: '·i r; = 

R l 0 
? ) 

SP[) TR.P 1_c=:,G= lkY 

QUl:Ut 
OCCUP MCODE 

43 6 
600 6 

3000 20 

,: '{ IT IC A L S P ~ = 0 
LSPO USPIJ MCO[)F= 

24 30 ~ 

SYSft:M P"f)[ 1-:ATiHS 
lJPFLfl DNFUJ BNKSP 

90+ 95+ ~5-'3!) 
84+ 89+ 30-35 
30+ 85+ 
74+ 79+ 

'- TEQ74L fEQ7q 

11, CO f1 E 
3 
4 
6 
8 

4,i 
RMP TVL TME= 800 LCH WIND PCTG= 40 LCH \.Jlt\111 I\JULL PCTG= 
GRi\J LENG= L5 

MERGE RESET= 

QUEUE 
OCCUP MCODE 

48 48 
600 48 

3000 48 

~NK DET= l C~IT S~D OEf= l o·J T[M~ OUT= 
50 CNTL PRI= 1 

C~rTICl\L SPl:':f) 
LSPD USPO MCDOE 

24 30 43 

SYSTEM INO[Cl\TO{S 
UPFLO ONFLO BNKSP MCDOE 
90+ 95+ ~5-30 41 
84+ 89+ 30-35 48 
80+ 85+ 
74+ 79+ 

t_fl:Q74L TEQ79 

4~ 
48 
4q 

RMP TVL TME= 700 LCH WINO PCTG= 40 LCH WIND NULL PCTG= 
G{~ LENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCODE 

48 6 
600 6 

3000 20 

BNK OET= '+ :~IT SPD OET= 4 80 rr·M~ our= 
50 C/'!TL PR!= 1 

C~ITICl\l_ SP':~0 
LSPO USPD MCODE 

24 30 3 

SYSTEM [NO[C~TO~S 
UPFLO 01\!FLO BhlKSP f'.ICOOE 
90+ 95+ ~5-30 3 
84+ 89+ 30-35 4 
80+ 85+ -- S 
74+ 79+ 

'..ftQ74LTl:079 
8 

4j 

RMP TVL TME= 800 LCH WINO PCTG= 40 LCH W I tsi n 11! UL L P CT G = 
-; :~ N 1_ ENG= l 5 

,\1ERGE RESET= 

QUEUE 
OC CUP 1,ic DD E 

tt>3 6 
600 6 

3000 20 

~NK OET= l :~IT SPO QET= 3 01 T[M~ OUT= 
50 CNTL PRI= 1 

CqITICAL SP-:~O 
LSPn USPO ~:n~E 

20 24 3 

SYST~M I\liJ[CAT1HS 
!JPFLO 01\'FUJ RNKSP MCOOf 

90+ 95+ ~5-~1 3 
84+ 89+ 30-35 4 
'30+ 
74+ 

'3 5 + 
79+ 

L r E Q 7 '+ '- T ':: Q 7 g 

s 
8 

43 
RMP TVL TME= 700 LCH WINO PCTG= 40 LCH VI1'Jf) NtJLL PCT";= 
r; {'·I 1_ f: \Jr:;= L 5 1N{ O~T= 4t :~If S)8 ~~T= 1 n·l Tr·~c: ,1111= 

r.1 ER C.:: Rf= St T ·: "i O U 1 TI_ P ~ I = 1 

~ ' - ~-.. 
• .., '......'i ' 

• r:; T { • + .:i 
3 !C:-L ·~ 

•· .. r. ~--, 

5 1 
5) 

f,1\PSIZ 
3 () 
30 
30 

r..APSPO GAPSI7_ 
.":.r<.'t5 3() 

35-45 30 
.,_T.35 ·30 

5;) 
5') 

".; ti p SD f) (; A 1) S [ 7_ 

.-;T~.'+'> 10 
35-45 30 

• '- T. 3 5 30 

50 
51 

';!IOSOi) GAPSIZ 
.r;T{.45 ·30 

35-45 30 
.,_T.·35 30 

"j ') 

::-. I 



RMP S MFRGF. 
n C : lJ P n: l ) ~ 

LEVA= ?O 0 
1_ EV f3 == 6 0 0 l 
LEVC=3000 2l 
U: VD= --
LE VE= --
Pr<fJJ DIST= 9~> 
/\ : . P, R L F r,1 G ::-: 2 ) 
_.; ? , J T { P '- (: N G"' .~\)j 

RMP 6 MERGE 
nv:uP M:: J 1: 

LFVA= 20 0 
1.EVi,= 61)11 l 
LEVC=3000 21 
LEVD= --
1 .. rvf::, -· 
,l,~(!J I)]' S f::c 9 l l 
/\i HW L r:r,1 G :-, 2 0 
S 0 ') T { P I_ F i\i (;:: l g 3 

Rf'-, i' f f., f- k G F 
() c: I J p l'I >) ) : 

LFV/i:..:. ?O () 
:_ 1 ~ V ·~ == f:. 0 ;) l 
UV(cc3(J()Q 2l 
'- ;· 1./ ') == - -·· 
L f \/ :: ,_- - --

ClUFllF 
l C r: U P ·1 C O D F:: 

L~B R 
'SOO 8 

3000 20 

CRITICAL SDEFn 
I_ S p il lJ S p f) Iv\ : f) 1) ,: 

20 24 3 

SY S T F. M I I'! 8 I C /1. T fl Q, S 
IJPFl_ l 

90+ 
84+ 
80+ 

il 'I F 1_ J 3 ;\J < S _) 
95+ :5-3Ci 
39+- 3:')-'3S 
85+ 

74+ 79 .. 
LTF074LTF.079 

r,1 C, Ji)': 

3 
4 
6 

4 ,-, ,, 
~: . .p TVL TME= 71J•) LCH Hii\J) D_: ,-;= ~·) '- ::-l '.JI )11 ,11.J1_,_ .)':H,= 
G1H' LEN:",::: 15 

\/\f:RGC 1~ESET= 

QUEUE 
!JC'.:UP MCOOI: 

48 8 
600 

3000 
8 

20 

k i'1 i< 0 f T = 1 CR I T SP n n F T = ?, 1)11 TI'' CIIJTcc 
50 ,:,1r 1_ J~I= l 

CRITICAL SPEl:D SYSTEM IN1)I(./1Tl1R.S 
1_5P11 lJSDQ M:O;):: iJ PF L ,J o \JF 1_ iJ '3 ·\J "( s _) M :.; 1J :) r~ 

24 30 3 90+ 95+ ::s-3,J :,, 
84+ qg+ 31-3~ 4 
80+ 85+ -- 6 
74+ 79+- -- ~ 

LTE074LTE079 -- 48 
RM 0 TVL TME= ROJ ,_ C H ',I I \I') p G r G = 4 ) - = '1 l,J r \Jr:, \1 u LL _) C Tr;= 
GRN LENG= lS 

M~R~.: ~ESET= 

QUf=IJI: 
1·.: :uP w.:c1 Di: 

48 8 
h 00 8 

3000 20 

fif\!K DET= 41 CRIT St-lD DET::;: 8 f:Cl TJMi= flUT== 
so c "' r ,_ c1 ~ r = 1 

CR IT ICllL SPi==f=n 
1_ S Pr) US P D M : 'l F 

24 30 3 

SYSTE~ I~0I(ATnR.S 
I) PF,_ I") I) 1 f= _ l ..i, ',J < S _) '.~:.; '1 I) : 

90+ 95+ 25-30 3 
84+ ~9+ 31-3~ 4 
80+ 85+ -- 6 
74+ 79+ -- ~ 

LTE074LT~o70 -- 4H 
.:, ;{ : l ~l ') I S T = 9 '.1 l -{ ''1 .) T V I_ T M E = 8 0 <J LCH WINl P:fG= 40 ~_:y AI ll J1Ji_:_ .Jr::TG== 
/J\BR u=r•IG= 20 GRN LEN(;::: l'.:i 
S,)i) T{P l_i:h!G= UJ4 ME~G": ~ESo:T= 

~1·,P R MERGE 
lC-:.IJ\..l M:J)= 

U-V/.1.=-- ?Cl 0 
·- t: \' i3 c: ~ ·l •) l 
U: V C = 3 O O '.l 2 l 
._ ': \/ 1J = - -
I_ f: V c = - -

QUF:UF 
-lCCUP M.:noF: 

48 8 
/:,00 8 

3000 20 

BNK OET= 3 CRIT SPD DET= S I HJ 1 I \:j :~ I] UT= 
s n c"' r ,_ ·> R. r = 1 

CR. IT ICAL SPf:Ef1 
,_s P'J 'JSPO M,>JJ~ 

20 24 '3 

S Y S T F v I t,>l I C /, T \ 1 R S 
1 J P F I_ il 'H F · _ 1 ~ '~ '<. <; J '·I -:, , l , ) : 

90+ 95+ 25-30 3 
84+ ~9+ 31-3~ ~ 

80+ 85+ -- G 
74+ 79+ -- 1 

LTFG74lTEn79 -- 48 
) f<. •l J J I ST = 9 3 ) { ,·i ) T V 1_ T ": :2 = 7 o J 1_-:, 1--i .1 I r,i 1 ::i: fS:::: 4 ; _ , ----1 '• I ! 1 ,) 1 

) -: ·,- (' 

f\,·1FJ,-~ 1_F1 1G=-- 2n C •>i L f l'.J I ' = ! ', P,~ 1V, UFT= t,). 

') I ) f .:~ ;; !_ ~ (-,~ :~~ = ? .) l '•\ i::t<. r; :: < C r, :: T :c: '1 ·l ,-: 1·1 r '-
CI~ I T 

_) ~ r = 1 
- f '· 

c;0r, ');_T= 1 j i ; ' ; ::-: 

·~ .\ p ·;:; 0 :) 

.GTR.45 
·;5-'+S 

• 1_T.3"5 

s ) 
,. 

'~•:i..JS[~ 
30 
1 () 
3 ) 

';I\DS),) GA:JSP 
• r; T ~ • r1 ':, 3 r l 

'35-+c:; n 
.LT.35 30 

5 ') 
r) () 

~~JSO) ~4.JSIZ 
.GTQ.0S 3J 

15-)5 1n 
.LT.7,5 31 

c.; ) 
'J :1 

i"';'\")''))) 

... ,T-'.L'_; 
i ': - 1_,_ =-: 

• 1 .. T • 3 5 

~ l 
I 

,,",)\[?_ 

3J 
7, 
3-) 



·{ \\ P q ,' l c: K G : 
nccup MCODl: 

,_EVA= 20 ) 
LF.VH= 600 1 
I_ E V C = 3 0 n O 2 l 
LEVD= --
i_f::VE= --
PRDJ DIST= 10:JO 
AMRr{ 1_ ENG= ~) 
SJ->I) TRP LENG= 1q9 

RMP 10 MERGi: 
OCClJP MCOf)f: 

LEVA= 20 ) 
LEVR= 600 1 
LEVC=3000 2L 
LEVO= --
1_ EVC:= --
PRrJJ DIST= 10,10 
AMBK U:MG= 2) 
SPD TRP LFNG= 181 

RMP l l '-1i:RG': 
OCCllP MCflOF: 

LEVA= 20 i) 

LEVB= 600 l 
LEVC=3000 2l 
LEVO= --
1_ EVE= --
PROJ DIST= ll,J8 
AMBR '- ENG= 21 
SPD TRP LENG= 205 

RMP 12 lvlERG<: 
OCCUP MCDOE 

1_ EV A= 20 J 
LEVB= 600 1 
1_EVC=30<10 2L 
LEVO= --

t:::i I EVE= --1 - - -

QUEUE 
OCCUP MCODF 

4i3 8 
600 8 

3000 20 

C~ITICAL SP':':~ 
LSPD USPD MCOnE 

20 24 i 

S f S r ': r,·; ( \I,) [ C 4 T J { c; 
lJPFLll DNF!_O f3f'lKSP f.'((111f=_ 

90+ 95+ ~'3-3.) 3 
84+ 89+ 30-35 4 

~0+ ~5+ -- s 
74+ 79+ -- P 

LrEQ74LT~o,g -- 4i 
RMP TVL TME= ROO LC H \.JI NO 

i3NI< DET= ~ 

PC T G = 4 0 L;, H 'v-! I 1\1 f) I\' l J 1_ L P CT G = 
G1,~J I_ENG= 15 

MERGF: RESET= 

QUEUE 
OCCUP MCODE 

49 R, 

600 8 
3000 20 

r:~tr SPf) 1)fr= 7 n·1 Tfr·E our-= 
50 Cf\l TI_ PRI= 2 

C~fTICAL SP~i:O 
LSPO USPO MCODE 

~() 24 3 

SYSTE~ [~D[C~TJ{S 
UPFLO ONFlO BNKSP MCOOE 

90+ 95+ ?5-30 3 
84+ 89+ 30-35 4 
~0+ 85+ -- 6 
74+ 79+ -- 8 

~fEQ74LTEQ79 -- 43 
RMP TVL TMF.= 700 LCH W[ND PCfG= 40 LCH WINO NULL PCTG= 
G~~ LENG= l5 

MERGE RESET= 

QUEUE 
OCCUP MCODE 

48 10 
600 10 

3000 10 

8NK DET= 4l :Rif SPD DET= 41 00 T[M~ OUT= 
50 CNTL PRI= 2 

C{ IT £CAL S 0 ':':fl 
LSPn USPD MCDOE 

24 3() 3 

SYSTEM [~O[CATO{S 
IJPFLO ONFLO BNKSP MCOOF 

90+ 95~ ~5-30 4 
84+ 89+ 30-35 5 
80+ 85~ -- ~ 

74+ 79+ 
1_ f E Q 7 41_ T E O 7 9 

48 
4'3 

RMP TVL TME= 900 LCH WIN!) PCTG= 40 LCH WINO NULL PCTG= 
GRN '- ENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCDOE 

·4B . 6 

600 6 
3000 20 

~NK D~T= 3 SRif SPD OEf= 9 !)~ T[M~ OUT= 
50 CNTL PRI= 2 

C{ IT I c·ti.1_ SP':i::!1 SYSTt:M [ND[CAT'J{S 
LSPO USPO MCOl)E lJPFl_fl nNFI_O RNKSP MCOOE 

20 24 3 64+ 70+ ~5-3:J ) 

59+ 64+ 30-35 3 
55+ 60+ -- 5 
50+ 54+ -- 6 

,_ r r: Q s ri 1_ r E Cl'.) 4 41 
w PROJ DIST= 1011 RM~ TVL TME= 700 LC H I,/ I 1\1 !) p C r G = 4 0 L :: H ~·! I (,J n i\l I J L I_ P C T G = 

'J,) r [ '1 c: l l J I- = AM f3 '{ 1_ E ;.I G = ~ ) G :{\I '- E ~-I';= l 5 ~ i\1-< :JET= l :i. : ~ {T S;) 1) ) E f = 1 ~ 
SPD T'<P Lf1\(;:-: ?04 MEKGF RES~T= 50 c~1T 1_ PR.I= 1 

r,.rJ...P~J~, 

• '; r < • r ·; 

3 5- •+ ,; 
• !_ T • -s ·~ 

50 
c; ~ 

r:t,.:JSil 
n 
3'! 
31 

G A P S i) D U\ ~ S I ~ 
.r;r~.~r'> 3!) 

35-45 30 
.I_T.3S ,,1 

50 
50 

GAPSPD 
.r.r~.,:.5 

35-45 
.LT.-3'5 

50 
5·1 

GA~Sil 
31) 
3 0 
31 

r; A p s o ,"J r; A J s I 7_ 

• r:, r { • '+ '.) 3') 

3 5- L+ 5 3 ') 

• '- T. 3 S '..\' 

i:; ') 
,., ) 



RMf-' J 1 MFRGE 
fl : :-: \J P i•L>J ) : 

LEVA= 20 33 
;_ E V ;, = 6 0 ,) 3 -3 

LEVC=30C10 33 
I_ EV1)= --

LFVE= --
.)RDJ OIST= lD:i) 
/\hF-\R LEfH~= ;:?O 
SPI) T~~ i_f=I\JG= 193 

RMP 14 MF:RGf 
OCSUP M::1Vi': 

LEVA= ?O 0 
I_EVd= 600 l. 
LEVC=3000 21 
i_ f= V 1J= --
L FVE = _., 

OlfflJE 
,1:_:11p MC:0Dc 

48 33 
600 33 

3000 33 

{M.J TVL fME= 
GRN LENG= 15 

M~RGf= RES~T= 

QUEUE 
OCCUP MCDOE 

48 6 
600 8 

3000 20 

CRITICAL SP~EO 
I_ S PI) U 5 P I) M : CJ ) i: 

24 30 33 

SYSTEµ INOI(ATn~s 
1 J p F 1JJ i) 1\) F 1 _ ) ~ i\J '< 5 _) M (JJ i) e= 

64+ 70+ 25-30 33 
S9+ ~4+ 30-3S 33 
55+ 60+ -- 33 
so+ 54+ -- 31 

LTE050LTE054 -- 33 
0 I_ CH l,,J Pn D S f G = 4 '1 '- : H A I \ID '\JUL,_ o ':Tr;= 

RNK DET= 9 CRIT SPO nET= 9 nn TIMF nuT= 
0 CNfL ~Rf= 6 

CRITICAL SPEED 
LSPO lJSvD MSO)~ 

SYSTEM INDICATnRS 

;:>4 30 3 
IJPFL8 DNFLO 8~KS.) 

64+ 70+ 25-30 
'i9+ 64+ 30-35 
55+ 60+ 
50+ 54+ 

LTE050LTE054 

MCiliJ E 
2 
3 
5 
6 

4R 
Pr~ r l J : ) IS 1 :c :n ) q_ 'V TV 1_ TM E = 7 0 ') LC H \•/ PO PS r G = ~ 1 '- : H \,J urn N U u_ f::l CT G = 
AMBk LFNG~ 20 GRN LENG= 15 
S i., D T '< :) L f: NG= ~ 1 2 '\1 EK r; f: ~ ES i: T = 

Rf\P J 'i MFR.GE 
,1c:1JP 1-1::1): 

U:VA= 20 0 
I_ ~~ V f-, :c h ()() l 
UVC>3000 ?2 

OU EU f: 
1JC':UP w:ooE 

48 6 
600 8 

3000 ?O 

Rf\JK OET= 16 CRIT SPD f)fT= 14 on TIMr= nuT= 
sn CNrL 0R[= 1 

CRITICAL SPEF.D 
1_ S Pl) US PD M>l 1) f: 

24 30 2 

SYSTEM INDICATORS 
IJPFI_() 0/\JFl_'J 

64+ 70+ 
59+ S4 1-

55+ hO+ 

BNKSJ 
25-30 
30-3S 

MCO!V: 
2 
I+ 

5 
'- t V J c: - - - - - - - - 5 0 + 5 4 + - - 6 
LlVE~ -- -- -- -- LTE050LTEC54 -- 48 

~\J~). 

.~T~.L= 
3S-~S 

• L T • ~ S 

c; ) 
;;:-: r 

r,~.)SP. 
3 () 
3 ') 
3 () 

G~Pc:;J1 '";!\0S[~ 

.r:.TR.45 3:) 
3 5--'.t '5 3 ') 

.LT.35 3() 

51 
sn 

SAP5J1 ~AJ5I~ 
.GT~.45 30 

3S-~~ 3) 
.LT.3~ 30 

,Ji?..llJ ')1ST=: 11)) ~i,IP TVL TME= 80() I_CH I-II1\J,) P::r,;= 40 ,_::H Wl\JI) ;'1UI_I_ ..>CfG= 51 
AM l'I R L f=f\! G = 7 0 GR /\I LE i\J r, = 1 5 RN K DE T = 1 3 C R I T S PD DE T = 1 5 [) Cl T I MF n UT= 5 r' 
SP, l Ti-{ P L F: NG-:: ;:> 0 0 M f:= R r; c "<ES e: T = 5 0 CJ\! f '- > '{ { = 2 

'{If,[) H, MtRGE l)U EU E 

OC':UP MC D-: ,T:CIJP \ICODc 
LEVA=: 20 0 48 6 
'- E V 1$ = 6 0 C) 1 600 6 
LE:VC=:3000 21 3000 ?O 
I_ EVD=0 --

j LEV':~ --

CRITICAL SPEF.n 
1_SPO USPD ,11:,J,)i: 

24 30 3 

SYSTE~ INOICATnRS 
IJ PF IJJ I) ,\J F 1_ l f:3 '\J K S .J M Ci) iF: 

64+ 70+ 25-30 ~ 

59+ 
55+ 

54+ 30-35 
60+ 

'50+ 54+ 
I_Tf:Q50LTE054 

3 
5 
,s 

48 

s~~s~-i :~~~I~ 

.GTR.L5 30 
35-~~ 31 

.~T.~5 30 

) :J_r i J ) 1 s T = s ) J ~ .. p T v ,_ TJ'!; E = 9 o ,1 1_ r: H lrJI ,1 ) ,::, :: r r; = ~ 1 ,_ >-i ~n "l 1 ,''1 :J 1_ , _ ;) r: T,; = -. -l 
lY,Hi, i_H,!(;:-: 2[) CiU,J l_f:\Jr;= 15 BI\I,< DFTcc Ul CRrT SPC OtT= 16 11r1 Tl -if~ r1; T::: 

S :.ii) f P i_ e_:: ''/ G = L q ,{ \1 ,::: R ; = ~ F S ,:.: T = 5 'l r, ~I 11• :> -< I = , l 



R.MP 17 ME RG·: 
OCCUP MCDOE 

!_EVA= 20 0 
LEVB= 600 1 
1_f.:VC=3000 2?. 
LFVD= -- --
I_ EVE= -- --
PROJ DIST= 8 1+0 
AMB <{ '-ENG= ~ .) 

SPD TRP LENG= 193 

RMP 18 MERGt 
OCCUP MCOOE 

LEVA= 20 ·1 
LEVB= 600 l 
t_ EVC =3000 2'1 
LEVO= --
t_EVE= --
PROJ DIST= 1000 
AMBR I_ ENG= ~:) 
SPD TRP LENG= 200 

~H? 19 1"1ERG~ 
OCCUP MCODE 

I_EVA= 20 0 
LEVB= 600 l 
!_EVC=3000 21 
LEVO= --
!_EVE= --
PROJ DIST= 790 
AMBR. !_ENG= 21 
SPD TRP LENG= 190 

i{MP 20 Ml:RGt: 
OCCUP MCDOE 

LEVA= 20 0 
LEVB= 600 l 
1_ E V C = 3 O O O 2 ?. 
LEVO= --

t::1 I EVE= --
1 -
~ PROJ DIST= 0 

AMBR l_f:NG= ?.1 
SPD TRP LENG= 0 

QUf.:UE C~[T[CAL SP:i:O SYSTEM [N[)[CATnq_s 
OCCUP MCDOE LSPD USPO MCnr>E UPFLO DNFLO BNKSP MCDOE 

48 6 24 30 ?. 64+ 70+ ~5-3() } 

600 8 59+ 64+ 30-35 4 
3000 20 55+ r, I)+ -- 5 
-- -- 50+ 54+ -- 6 
-- -- I_TEQ50LTE054 -- 1+ g 

RMP TVL TME= 800 LCH lil1Nf1 PCTG= 40 LCH WINO NULL PCTG= 
G~N !_ENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCDOE 

48 48 
600 · 48 

3000 48 

BNK Df:T= 13 r;~rr SC>D iJET= 15 00 T £ ~, I'.: 0 U f = 
50 CNTL PRI= 2 

CR.ITICAL SP!:i:O 
LSPO USPO MCDOE 

20 24 41 

SYSTEM tNOtCATO~S 
UPFLD ONFLD BNKSP MCOOE 
64+ 70+ ~5-30 4q 
59+ 64+ 30-35 48 
55+ 60+ -- 48 
50+ 54+ -- 48 

LTEQ50LTE054 -- 48 
RMP TVL TME= 800 LCH HIND PCTG= 40 LCH WINO NULL PCTG= 
GRN I_ENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCDOE 

48 6 
600 8 

3000 20 

BNK DET= 2?. C~tf SPD OET= 18 DO TIME OUT= 
80 CNTL PRI- 4 

C~ITICAL S?r:1:0 
LSPO USPO MCDnE 

24 30 2 

SYSTEM [NO[CATn~s 
UPFLD ONFLO BNKSP MCOOE 
64+ 70+ ~5-30 ~ 

59+ 64+ 30-35 4 
55+ 60+ -- 5 
50+ 54+ -- 6 

LTEQ50LTEQ54 -- 48 
RMP TVL TME= 1100 LCH HIND PCTG= 40 LCH WIND NULL PCTG= 
GQ.N LENG= 15 BNK DET= 15 CR.IT SPO DET= 19 DO T[Mf: OUT= 

MERGE RESET= 50 CNTL PRI= 1 

QUEUE ciq_ITICAL SP-:!:D SYSTEM [NO[ CATO'~S 
OCCUP MCDOE LSPO USPD MCODE UPFLO DNFLO RNKSP MCODE 

48 6 20 24 3 64+ 70+ ~5-30 3 
600 6 59+ 64+ 30-35 4 

3000 20 55+ 60+ -- 6 
50+ 54+ -- 8 

,_ r 1: o 5 o 1_ n: o 5 4 -- 1. () 
RMP TVI_ TME= 0 LCH I.JINO PCTG= 40 LCH W[ND NULL PCTG= 
Sq_ r--.J '- ENr; = 15 BNI{ 01:T= :u :q[f SPi) Df:T= ·~~ rn T[M.:: 'l,Jf= 

MERGE RESET= 50 C N T I_ P R I = ? 

-: :, 0 <: .:- J r; f.\ :i S I I_ 

.~f{.+':i '3) 

35-!.") 3() 
• ;_ T • ~ :; 31 

50 
51 

r;ADS?D GADSl7. 
.:-;T~.;5 30 

35-45 30 
.,_T.35 10 

5 () 
4') 

GAPSDO 
.GT{.45 

35-45 
.•_T.35 

50 
51 

GAPSIZ 
30 
30 
30 

:,APSPO GADSI7_ 
.r;T~. 1 0 

()- () 0 
• ._ T • 1 0 

5~ 
~·) 



~MP 21 MERG-: 
llCClJP MCIVlE 

U:V/\= 20 ) 
LEVR== 600 l 
U~\IC=30()0 2~ 
LE\ID::: --
LEVI::= --
PfHLJ DIST= 850 
1\i,lc', { '. i=''1G= () 
SF'fl TRP LENG= 19'.i 

~MP 22 MERG>: 
llCCUP MCOUE 

U:VA:= 20 1 
LEVB:::, 600 1 
LEVC=3000 1~ 
LFVD:c --
1_ EV I::-:; -···· 

PRCJJ DIST= Cl 
M1B1 ,_ENG::: 2 > 
SPO TR~ LENG= 186 

RMP 23 MERGE 
OCCUP MCODE 

I_ EV A= 20 ') 
LEV5:c (,00 1 
LEVC=3000 11 
LEVLl= --
'- F V ·':= --
P RnJ DIST= 0 
i\!·li-3.~ 1.E,\JG= 2) 
SPD 1 RP LENG= 0 

RM? 2 1+ ,"1ERG-: 
OCCllP MC! WE 

1_ LV t\ = 2 0 ) 
LEVE::. 600 1 
1_EVC=3D00 2( 

LEVD= --
? ,_t=Vc= --
o, P R CU n I S l = ) Ch l 

t\ : ) 3 ;<. 1_ ·= \! ,; = ,2 ) 
S fJ l P, :;. L f: ,'.JC, ::- l !: '~J 

QUEUE 
OCCUP MCODE 

48 6 
600 B 

3000 20 

>Hf IGI\L S;J/::~I) 
LSPO USPn MCOOE 

24 30 ~ 

SYST="-1 {\J•)[C/1.TJ-i.S 

UPFLn ONFI_C) Rl\iKSP MCD l' 
64+ 70+ ~S-31 1 

59+ 
55+ 
50+ 

f-4.;. 3()-3') 
:,0+ 
54+ 

.:-> 

") 

6 
LfCQS)LT~0-5~ -- 4~ 

RMP TVL TME= 900 
S{N LENS= 15 

MERGE RESET= 

LCH \,/Jf\!I) PCTG= 40 L':H wp,1r) f\lLJLL PCTG= 
::l, Ni<.. I) ET = l 5 : Q, If S .) ,) 1 F T = 1 g >) 1 T [ \ -= ri!H = 
50 CNTL PRI= 2 

QUEUE 
OCCUP MCODE 

0 0 
0 0 
0 20 

RMP TVL TME= 
GRN LENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCDOE 

0 0 
0 0 
0 20 

RMP TVL TME= 
G{N LENG= 15 

MERGE RESET= 

1)UEUE 
flCClJP MCODF 

48 8 
600 8 

3000 20 

CRITICAi_ SPl:eD 
LSPD USPD MCOf1F. 

24 30 3 

SYSTEM INOIC~TO{S 
UPFLO DNFUJ RNKSP MCOllt-= 

64+ 70+ ~5-30 3 
59+ 64+ 30-35 4 
55+ 60+ -- 6 
50+ 54+ -- 8 

LfEQ~O~T~Q54 -- 10 
0 LC H IH ND PC T G = 4 0 LC H W I fl.I D N lJ L L P CT G = 

Bi\JK 
50 

OET= 2~ ~R.[f S.:>O OEf= 2? nn TIM~ OUT= 
CNTL PRI= 4 

C{ IT ICI\L SP':l:f) 
LSPO USPO MCODE 

SYSTE~ [NOICATO{S 
UPFLO DNFLO BNKSP MCOOf 

0 

20 24 3 65+ 70+ 30-35 ~ 

~NI( 

50 

59+ 64+ 35-40 
54+ 59+ 
50+ 54+ 

,_ r 1: q ;:; J , _ T ;::: o s '+ 
LCH \.JINO PCTG= L...Q LCH v-JPJ!l 

01:T= l"> ,:qrr S.:>t) OFT= ~l 
CNTL PRI= 4 

3 
5 
6 
q 

l\!ULL PCTG= 
I), l Tl i,,1;: UUT = 

C-<ITICAL SPf:tf) 
LSPD USP[) MCODE 

SYSTEM I~0[CAT0tS 
UPFUl ONFLfl RNKSP MC!lllF 

64+ S9+ 30-35 3 3() 34 3 
59+ 
54+ 

64+ 35-L.0 
59+ 

4 

'+3 
50+ 54+ -- 4P 

~f~050~T~PS+ -- 4~ 
f!r'P TVL TMF= 1(1()(: I_CH HINf1 PCTG= 4C L~<-1 't!If''fi I\JULL DC,f~:c 
; -{ ,~ 1_ E: i\J s = 1_ s 3 r,J '< 11 =: r = ~ '> ·: R. r r ::; .) , i ri E r = ~ ,, ,i, 1 r [ ·., = , i: ( r = 

,,,f:RGF R.ES':°:l = 50 UHi. PR.I= ? 

:; 1\ :, S .) :; G A ::> S : Z 
. ;r~. ,-, 3J 

~~~f-4~ 3,~'t 

• 1_ T • 3 'J 3 -~ 

5 0 
5 i 

GAPSP[l GA-:JSf7__ 
.Sf-<. l -i 

0- Ci (, 
• 1_ f. I) ) 

sn 
5 i) 

G A P S P f; r; fi ::, S I 7__ 

.r;T~. !J C: 
n- rJ r; 

• '- T • ·1 n 

50 
51 

SAPSP:} 

.-;T-<.':ir) 
40-5rJ 

r,L:.>Si7-
1 r; 
3 -; 

• I_ T. 4 ') -:v; 

"i 1 
) , 

' I 



RMP 25 MERGE 
OCCUP M.; ) 1)': 

LEVA= 20 0 
I_EVB= 600 l 
LEVC=3000 22 
U:VD= -­
LEVE= -­
ilROJ IJIST= 
AMBR LENG= 20 
SPD fRP LENG= 194 

RMP 26 MERGE 
OCCUP MGtlO': 

LEVA= 20 0 
LEVB= 600 l· 
LEVC=3000 21 
'· EVO= --
LEVE= --
;>ROJ DIST= 11,J) 
AMBR LENG= 20 
SPO T~P LENG= 193 

RMP 27 MERGE 
OCGUP MG,J 1)': 

LEVA= 20 0 
1.EVB= 600 l 
LEVC=3000 21 
LEVD= --
LEVE= --
PROJ DIST= 10+) 
AMBR LENG= 20 
SPD T~P LENG= 199 

RMP 28 MERGE 
OC SUP MG!Jr) >: 

LEVA= 20 0 
LEVB= 600 l 
LEVC=3000 19 
'· EVO= --

t:, LEVE= --
~ PRO J DIST= 10 l 1 

? (\ 

QUEUF 
OCCUP MCOOE 

48 6 
600 6 

3000 6 

R.MP TVL TME= 
GRN LENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCOOE 

48 8 
600 8 

3000 20 

CRITICAL SPEED 
t_ S Pf) US PD fl.C IJ J E 

20 24 2 

SYSTE~ IND[CATO~S 
UPFlG ONF~~ BN~SJ MCane 

64+ 70+ 30-35 ~ 

59+ 64~ 35-40 4 
54+ 59+ -- 6 
50+ 54~ -- ~ 

LTEQ50LTEQ54 -- 10 
0 LCH WIN)) 

BNK OET= 21 
PSTG= 43 1_:1-1 WI'JiJ i\JlJL'- PCTG= 

5 0 C 1\1 T '- PR I = 

CRITICAL SPEF.D 
1.SPO USPD MGOiJE 

30 34 3 

GRIT SPD DET= 25 00 TIME OUT= 
2 

SYSTEM INDICATORS 
UPFlO ONF~O BNKS~ 

64+ 69+ 30-35 
59+ 64+ 35-40 
54+ 59+ 
50+ 54r 

LTEQ50LTEQ54 

MCOD'= 
3 
4 

48 
4i'.J 
48 

RMP TVL TME= 1000 LCH WIN0 PCfG= 40 LCH WI~D I\IULL PCTG= 
GRN LENG= 15 

MERGI: RESl:T= 

QUEUE 
rJCCUP MGODE 

48 8 
600 8 

3000 20 

BNK OET= 28 GRIT SPO DET= 28 DO TIME OUT= 
50 CNf~ ~~I= l 

CRITICAL SPEF.O 
,_sPo USPD w:o::>E 

20 24 3 

SYSTEM INDICATORS 
UPFLO ONFL0 BNKSP MCODE 

64+ 70+ 30-35 3 
59+ 64+ 35-40 4 
54+ 59+ -- 48 
50+ 55+ -- 4g 

LTEQ50LTEQ55 -- 48 
RMP TVL TME= 1000 LCH W[Nr> PCfG= 40 V;H WIND NULL PCTG= 
GRN LENG= 15 BNK OET= 25 GRIT SPO_DET= 25 DD TIME OUT= 

MERGE 1{ESET= 50 CNf~ ?RI= l 

QUEUE CRITICAL SPEED SYSTEM INDICATORS 
fJCCUP MC ODE '.SPD USPD M•'.:OiJE UPFI_ 0 ON F '· 'l BN KS P MCODE 

0 0 30 34 3 64+ 69+ 30-35 3 
0 0 59+ 64+ 35-4') 4 
0 20 54+ 59+ -- 48 

50+ 55+ -- 4q 
LTEQ50LTE055 -- 45 

R ',P TV!_ TME= 1000 1_CH WIN 1> p,:fG= 40 L:H WIND NULL P(TG= 
GRN LENG= 15 Bf\lK OET= 30 CRIT SPD nET= 30 nn TI 1.1r= nuT= 

_,,... ---:-_ 
"(\ CM f1_ J~ I= 4 

:;·~~.~:>) 

• GT::>. • (i 

D- ) 
• I_ T • C) 

5) 
sn 

;:PS i ~ 
0 
:) 

0 

G I\ P S P 11 r; !\ :> S l ~ 
.GTR.50 

40-5'.) 
.LT.40 

51) 
50 

Ge\PS?f) 
.GTR.50 

40-5·1 
.LT.40 

5() 
50 

30 
3 () 
30 

(;Ai:>S!~ 
30 
3') 
30 

GAPSPi) GA 0 SI~ 
.GTR.50 31) 

4Q-5') 30 
.LT.40 3,1 

5~) 

50 



~~R1•fP~2-9~1;f E~ffGt: 
OCCUP HC01)F 

1_fVA= 20 1 
LEVB= 600 l 
LEVC=3000 2l 
LEVD= --
i_EVF.= --
PROJ DIST= 1100 
AM B ~ 1_ ENG = 2 ) 
SPO TRP LENG= 184 

i<MP 30 MERG~ 
OCCUP MCOf) E 

LEVA= 20 ) 
LFVB= 600 1 
LEVC=3000 2L 
LEVO= --
'- EVE= --
PRDJ DISl= 1200 
AMK~ LENG= ~) 
SPO TRP LFNG= l91t 

RMP 31 McRG~ 
OCCUP MCDi) E 

1_f.VA= 20 ) 
LEVB::: 600 l 
I_EVC:.:c3()00 l J 

LF.Vll= --
LEVE= --
PROJ DIST= 1100 
AM l { 1_ ENG= -?. l 

SPn lRP LENG= ?00 

RMP 32 iv1t:RG~ 
UCCUP MCfJDE 

U:VA=:: 20 ) 
LFVf,=, 600 1 
LEVC=3000 Zl 
LEVO::: --

~ I_ EVE== --
11 Pk1JJ DIST= lOi,l 
:::0 
I !J. :·1 :', 1', :_ t r\J G "" ? l 

SPn lRP LFNG~ ?OJ 

I_ -

QUEUE 
nccuP MCODE 

48 
600 

3000 

8 
8 

20 

::~ t T ICAL SP-:~D 
LSPD USPD MCnOE 
30 34 i 

SYSTEM [t\J0IC,'\T,ns 
UPFLO DNFlO BNKSP MCnnE 
64+ 70+ 30-35 3 
59+ 64+ 35-40 4 
54+ 59+ 
50+ 55+ 

'- T E Q 5 0 I_ T E O., s 

4i 
48 
4i 

RMP TVL TME= 1000 LCH WIND PCTG= 40 LCH WIND NULL P':TG= 
GRN tENG= 15 

MERGE RESET= 

QUEUE 
OCCUP MCODE 

48 6 
600 6 

3000 20 

BNK DET= 27 :~IT SPD DET= ~7 [) ,1 T I 1,1 ": 0 U r :: 
50 CNTL PRI= 1 

C~ITICAL SP'=ED 
LSPO USP[) MCOOE 

30 34 3 

SYSTEM [Nf)[CAT8{S 
UPFLO ONFLO BNKSP MCnnF 
64+ 70+ 30-35 3 
59+ 64+ 35-40 4 
54+ 59+ -- 4~ 
50+ 55+ -- 48 

LTEQ50LTEQ55 -- 48 
RMP TVL TME= 1100 LCH WIND PCTG= 40 LCH WIND NULL PCTG= 
G ~ !"J 1_ ENG= l 5 

MERGE RESF.T= 

QUEUE 
OCCUP MCODE 

0 0 
0 0 
0 20 

8 N 1<. DE T = 3 ~ C 'l.I T SP ) DE T = 3 ~ 0 0 T I ,\1 I:: 0 UT= 
50 CMTL PRJ= 2 

C~ITICAL SP~'=O 
LSPO USPO MCOOE 
30 34 3 

SYSTEM INOICATO{S 
UPFUl ONFLO BNKSP MCODF 
64+ 70+ 30-35 3 
59+ 64+ 35-40 4 
54+ 
50+ 

59+ 
54+ 

1_ fEQ50LTEQ54 

41 
48 
4 -3 

RMP TVL TME= 900 LCH WINO PCTG= 40 LCH WIND NULL PCTG= 
01J rr·-1.:: Dur= G•{:,J LENG= l5 

MERGE RESET= 

QUEUE 
OCCUP MCODE 

48 8 
600 8 

300) 20 

aNK DET= 29 G~If SPO DET= ~9 
50 CNTL PRI= 4 

G~ITICAL SP':'=0 
LSPD USPD MCOOE 

31 34 3 

SYSTEM INQICI\T'J<.S 
UPFLn DNFLfJ B1'1KSP MCOUF: 

64+ 70+ 30-15 3 
59+ 64+ 35-40 4 
54+ 59+ -- 4~ 
50+ 54+ -- 48 

LfE051LriO~\ -- 4~ 
R : , 1-1 T V 1_ T M E = 1 2 0 0 L C H I-I PH) PC T G ::: t.. 0 L C H W Jr\J I) f\l l J 1_ L ? C T :; ::: 

, \ '! !_ E f\J r; = l :> rj N '< DE T = 3? : ~ ! r s p !) 0 E r = 3 ~ i)') T I . <i ,: ,-1 i; r :: 
1,'. t R. (_. F r.z E S ':: T::: 50 Ct! T 1_ PR I = 1 

·~A 0 c:. -1 n 
.GT{. S,) 

40- SC1 
• I_ T • + C) 

50 
"> ) 

GAPSPIJ 
.r;T{.50 

40-50 
.I_T.40 

50 
5() 

GAPSPD 
.GT~.51 

40-50 
.LT.40 

50 
5 () 

GA 0 Sil 
?, 1) 

30 
-=30 

GAPSil 
3U 
30 
?, ) 

GA:::>SIZ 
3·1 
30 
30 

GAPSPIJ c;APS!Z 
.r;n..s•1 ,0 

40-50 3() 
.,_r.1+0 30 

5 () 
-i 1 



:;j 
I 
.0 

RMP 33 MERGE 
OCCUP MC 1)1JE 

LEVA= 20 0 
LEVB= 600 l 
LEVC=3000 22 
I_EVD= --
LEVE= --
PROJ DIST= 121!) 
AMBR LENG= 20 
SPD TRP LENG= 199 

RMP 34 MERGE 
OCCUP MCIJOE 

LEVA= 20 0 
LEVB= 600 l 
LEVC=3000 21 
LEVD= --
LEVE= --
PROJ DIST= 1201 
AMAR LENG= 20 
SPD TRP LENG= 200 

RMP 35 MERGE 
OCCUP MCfJ')'= 

LEVA= 20 0 
LEVB= 600 l 
LEVC=3000 21 
LEVO= -- --
LEVE= -- --
PROJ DIST= 110) 
AMBR LENG= 20 
SPD TRP LENG= 199 

RMP 36 MERGE 
OCCUP MC 1JfJE 

LEVA= 20 0 
LEVB= 600 1 
LEVC=3000 21 
LEVO= -- --
LEVE= -- --
PROJ DIST= 1111 
AMBR LENG= 20 
SPD TR.P LENG= 1132 

QUEUE 
OCCUP MCDOE 

CRITICAL SPEED 
,_sPo USPD MCOOE 

SYSTEM INDICATORS 
UPFLO DNFLO BNKSD MCODE 

48 6 
600 6 

3000 20 

RMP TVL TME= 1000 
GRN LENG= 15 

MERGE RESET= 

30 34 3 64+ 70+ 30-35 3 
59+ 64+ 35-40 4 
54+ 59+ -- 48 
50+ 54+ -- 48 

LTEQ50LTEQ54 -- 48 
LCH WINO PCTG= 40 LCH WIND NULL PCTG= 

BNK DET= 31 GRIT SPD-DET= 31 DO TIM~ OUT= 
50 CNTL ~~I= 2 

QUEUE 
OCCUP MCODE 

48 10 
600 10 

3000 20 

CRITICAL SPEED 
LSPO USPD MCOOE 

SYSTEM INDICATORS 
UPFLO DNF~O BNKSP MCODE 

64+ 70+ 30-35 3 
59+ 64+ 35-40 4 

RMP TVL TME= 1100 
GRN LENG= 15 

MERGE RESET= 

QUEUE 

30 34 3 

54+ 59+ -- 6 
50+ 54+ -- 8 

LTEQ50LTEQ54 -- 10 
LCH WINO PCTG= 40 LCH WIND NULL PCTG= 

BNK DET= 36 CRIT SPD DET= 36 DO TIME OUT= 
50 CNTL PRI= 1 

CRITICAL SPEED SYSTEM INDICATORS 
OCCUP MCOD'E LSPD USPD MCOOE UPFLO DNFLO BNKSD MCODE 

48 8 30 34 3 64+ 70+ 30-35 3 
600 8 59+ 64+ 35-40 4 

3000 20 54+ 59+ -- 48 
-- -- 50+ 54+ -- 48 
-- -- LTEQ50LTEQ54 -- 48 

RMP TVL TME= 1000 LCH WINO PCTG= 40 LCH WIND NULL PCTG= 

r;~.)',), 

• r, T q • 5 ,) 
4.)-5.) 

.LT.40 

5 /) 

50 

·; 4.) ) [ ~ 

30 
3 () 

30 

GAPSPO GA::>Sil... 
.GTR.50 30 

40-50 30 
.LT.40 30 

50 
- 50 

GADSPO GA::>SIZ 
.GTR..50 30 

40-50 30 
.LT.40 30 

51) 
GRN LENG= . 15 - BNK DET:; 3.3 CRIT SPD DET= 33 .DO TIME .OUT=- 50 

MERGE RESET= 50 CNTI_ i>RI = 1 

QUEUE CRITICAL SPEED SYSTEM INDICATORS 
OCCUP MCDOE LSPD USPD MCOOF: UPFLO DNFL~ BNKS~ MCODE GAPSPO GA::>SIZ. 

48 8 30 34 3 64+ 70+ 30-35 3 .GTR.50 30 
600 8 59+ 64+ 35-40 4 40-50 3') 

3000 20 54+ 59+ -- 6 .LT.40 30 
-- -- 50+ 54+ -- 8 
-- -- LTEQ50LTEQ54 -- 10 

qi,1p TVL TME= 1000 !_CH WIN0 PCTG= 40 L:H Wl~O NULL PCTG= 51 
GRN LENG= 15 BNK DET= 38 --CRIT SPQ DET= 32-- --DO-TIME OUT= 5C· 

MERGE RESET= 50 C N f '- ~ R. I = 2 



:;I 
I 
~ 

::, 

RMP 37 MERGE 
ocr:uP MCiJ)~ 

LEVA= 20 0 
LEVB= 600 1 
LEVC=3000 22 
LEVO= --
LEVE= --
PROJ DIST= l?.')) 

AMBR LENG= 20 
SPD TR? LENG= 192 

RMP 38 MERGE 
OCCUP MGCn~ 

LEV/I.:: 20 0 
LEVB= 600 l 
LEVC=3000 21 
LEVO= -- --
LEVE= -- --
PRO._J OIST= l?.:)) 
Afc', l\ fZ LE (\I G = 20 
SPD TRP u:=NG== l9D 

RMP 39 MERGF 
occur 

LEVA= 20 
I_EVB= 600 
LEVC=3000 
LEVO= --
LEVE= --

MC 11') ': 
0 
l 

21 

PROJ DIST= 120) 
AMBR LENG= 20 
SPD T~P Lf::NG= 202 

OUEUE 
OCCUP MCDOE 

48 8 
600 8 

3000 20 

CR IT I CAL SPEED 
LSPO USPD MC0 1JE 

30 34 3 

SYSTEM INDICATORS 
IJ P F U1 D N F 1_ • J B ,\J K S => MC iJ D E 

64+ 70+ 30-35 3 
59+ 64+ 35-40 4 
54+ 59+ -- 6 
50+ 54+ -- 8 

LTEQ50LTEQ54 -- 10 
RMP TVL TME= 1100 LCH WINiJ PCTG= 40 L:H WI~D ~Ull ?~TG= 
GRN LENG= 15 BNK DET= 37 CRIT SPD DET= 37 DO TIMF OUT= 

MERGE RESET= 50 CNTL ~Rf= 2 

QUEUE CRITICAL SPEED SYSTEM INDICATORS 
OGGUP MCODE LSPO USPD MCOiJE UPFLO DNFLO BNKS~ MCDOE 

48 8 30 34 3 70+ 70+ 30-35 3 
600 8 64+ 67+ 35-40 4 

3000 20 .59+ 63+ -- 6 
-- -- 55+ 59+ --· 8 
-- -- LTEQ55LTEQ59 -- 10 

RMP TVL TME= 1100 '- C H W I N ') PC T G = 40 L~H WI~O ~Ull PCTG= 
GRN LENG= 15 BNK DET= 40 CRIT SPD DET= 40 00 TlfviE OUT= 

MERGf:: RESl:T= 50 C f\J r L ·=> R I = l 

QUEUE C~ITICAL SPEED SYSTEM I ND I CIHOR. S 
DCC.UP MCDOE I_SPO USPD Mr:Oi)E UPFLO ONF~J B~~SJ MCOD~ 

48 8 30 34 3 64+ 70+ 30-35 3 
600 8 59+ 64+ 35-40 4 

3000 20 54+ 59+ -- 6 
50+ 55+ -- >3 

LTEQ50LTEQ55 -- 10 
RMP TVL TME= 1000 !_CH WI Ni) PC fG= 40 L:H Wl~O ~ULL ~CTG= 
GRN LE~G= 15 BNK DET= 37 CR.IT SPD DET= 37 Dfl Tli~[ GUT= 

MERGE RESET= 50 CI\JfL PRI = l 

·; \ ;) ,; ,),) 
.r;TQ..50 

1+0-5) 

• l T. '1-n 

5) 
50 

i~i\.)SI1_ 

30 
3:) 

35 

GAPSPI) GAPSI1-
.GTl{.50 30 

45-50 30 
.LT.45 30 

50 
50 

G 1\ D $ p ') G /1,_ ::> ) I ~ 
.c;TR.50 30 

40-50 j') 

.LT.40 35 

5,J 
50 
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