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INTRODUCTION

The Los Angeles County Traffic Signal Control Program #3 (LACO-3) has been de-
veloped to satisfy the requirements of many complex intersections. LACO-3 is based
on the LACO-1 program currently in use in the majority of L. A. County intersections
and retains much of the LACO-1 traffic control philosophy. Since the development of
the LACO-1 program, both traffic density and intersection complexity in the County
have increased dramatically. LACO-3 was developed as a tool to help Traffic Engi-
neers more efficiently move this increased traffic. It incorporates many non-standard
features that can be selectively used to address special situations encountered at the
many “unique" intersections found in the County, but at the same time, it can be used
to control the most basic of intersections.

GENERAL DESCRIPTION

USING THIS MANUAL

This manual is written with the Traffic Engineer as its main audience. It is assumed
that the user is familiar with basic traffic control concepts. Therefore, in-depth explana-
tions will only be provided for those operations or functions that are unique to this pro-
gram. Section | provides a broad overview of the LACO-3 Program. Following this
page are the hardware requirements for running LACO-3. After that summary descrip-
tions of the main LACO-3 features are provided. Page numbers are given for each en-
try indicating where to find more detailed information on that entry. Several figures that
define the software/hardware relationship in a 332 or 337 controller cabinet come after
that. These will be helpful to the person who must modify a cabinet for some configura-
tion that cannot be implemented with software. At the end of Section | is a detailed ex-
planation of the operation of the 170 controlier with separate sections on keyboard
operation and Function display/Call light interpretation.

Section Il , Program Operation, gives a more detailed description of the LACO-3 op-
erating modes and special features described briefly in Section I. At the end of this sec-
tion is an in-depth description of the data validation process performed on user entered
data. Section Il contains the manual Appendices, which include blank Timing Sheets,
RAM maps, a Glossary of the terms and acronyms found throughout this manual and 2
Timing Sheet cross references; one sorted by keystroke sequence and the other sorted
by Timing Sheet location. After the cross references, there are several blank pages for
notes followed by four pages of LACO-3 Interval Description forms that are sized to fit
in the 170 controller front panel card holder. Finally, an Index is provided for quick look-
up of a term or topic.

This manual is intended to be “reader friendly". A table of contents for the entire
manual is located after the title page for quick reference to a section. Located at the be-
ginning of each Section is a “mini* table of contents, with more detailed references to
that section. Plain language is used as much as possible, wordiness is avoided and
the use of jargon kept to a minimum. Figures are used extensively to enhance a func-
tional description or to illustrate a concept.
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MODEL 170 CONTROLLER HARDWARE REQUIREMENTS

Basic intersection operation: 1 KByte RAM at address 0000h
Time Based (Table) Coordination:  Novram at address 1000h
Timing saver feature: Novram at address 7000h

Full diagnostic capabilities: 1 KByte RAM at address 0400h
Full Coordination capaubilities: Two serial ports (ACIA's)

GENERAL PROGRAM DESCRIPTION

The key feature of LACO-3 is its flexibility. All of the Phase flag parameters can be
set to any Phase(s) and a wide variety of configurations that previously required cabinet
modifications can now be achieved with software.

LACO-3 provides the following features:

COORDINATION:

Master, Slave or Master/Slave operation

2 wire (Modem) Compatible with Calitrans ML2 format
Time Based, with WWV Clock support

or with 2 wire (Modem) time and date transfer
Offset Timing

OVERLAPS:
Six Normal: Two 2-color and Four 3-color overlaps

Six Railroad: Two 2-color and Four 3-color overlaps
Six Emergency Vehicle: Two 2-color and Four 3-color overlaps.

Overlaps can be programmed to continue into or out of Preempt, 3-color overlap
outputs can be redirected to unused Vehicle load switches or to unused Ped
load switches as 2-color overlaps, 2-color overlap outputs can be redirected
to unused Ped load switches

All overlaps have independent programmable Red Clearance, Yeliow Change
and Green Extension Timers

All overlaps are Phase programmable
All overlaps have programmable Green Omit
Overlaps can be programmed to "Start Up in Yellow"

PREEMPTS:

One Railroad Preempt input that can be configured as a Railroad Flash preempt
(RR1) or a Limited Service preempt (RR2). RR1 option provides selectable
First Phases after Flash.

Four Emergency Vehicle Preempt inputs with individually selectable Clearance
Phases, Clearance times and Delay times.

Emergency Vehicle Preempt operation in RR2 Limited Service.



MISCELLANEOUS:
Very flexible Restricted Phasing capabilities
Selectable RED REST phases with programmable delay timer.
Selectable GREEN REST phases with programmable delay timer
Protected/Permissive left tum arrow logic
Manual Control
Supports up to 4 serial ports
Mid-block Ped crossing
Associated Phase recall
Convenient diagnostic capabilities
Automatic error checking of keyboard data
Wirite protection of critical RAM data
Ped Recall via "Rest-in-Walk® or STA mode
Programmable Lag phases for Free operation and each of 3 Dials
Driveway Flash for Vehicle or Overlap outputs
Extended memory addressing and numerous other minor enhancements
GENERAL COORDINATION DESCRIPTION
The LACO-3 program can be coordinated in either interconnected systems or non-
interconnected systems. As a Master, this program uses its real time clock to access
tables which determine the coordination plan to act on. This plan is continuously sent
out on the 7-wire outputs and can also be sent out via Modem on a selected Serial
Port. As a Slave in an interconnected system, the data is received via Modem on the
selected Serial Port (7-wire inputs to the cabinet must be converted to serial data for
use by the Modem). This serial data is compatible with the Caltrans Diamond Inter-
change program (ML2 format).
The coordination plan is in a 3 Dial/3 Offset format. Time of Day, Annual and Holi-

day tables are used to change the plans. The operator can turn the coordlnatuon on
and off manually or force it to one of the 9 plans. A

Offset Timing is an optional Slave mode operation. It provides the user with a coor-
dination scheme which is triggered by an event rather than a Sync Pulse in a fixed back-
ground cycle. The basic coordination functions are maintained and programmed the
same as with the conventional Slave mode. The operation is essentially the same ex-
cept that the intersections goes Free after each cycle is completed.

For more information on Coordination, see Page 2-10.



GENERAL OVERLAP DESCRIPTION

LACO-3 Overlaps are significantly more flexible than previous traffic control pro-
grams used by the County. The program provides up to 6 Overlaps, two of them are
limited to 2-color operation with the other four capable of 2-color or 3-color operation.
All 6 Overlaps are output continuously to the Auxiliary Outputs, but they can be redi-
rected (echoed) to unused Vehicle and Ped outputs. Each Overlap has its own timer
which can be programmed with Green Extension, Yellow Change and Red Clearance
times independent of the other Overlaps. Overlaps are subject to the same Red Revert
rules as normal Vehicle phases. Parent phases for each Overlap must be set individu-
ally for Normal, Railroad or Emergency Vehicle operation, but they need not be the
same phases. Green Omit can be set to any Phase(s) for each Overlap. Any Overlap
can be programmed to output Yellow at Start Up as long as at least one of its parent
phases is flagged for Yellow Start Up also. Any Overlap can be set to Driveway Flash.

For more information on Overlaps, see Page 2-37.
GENERAL PREEMPTION DESCRIPTION

Preemption in LACO-3 is almost identical to the Preemption routine found in
LACO-1. Again, the major difference is in the flexibility it gives the user. As the word
"preemption” indicates, a Railroad or Emergency Vehicle (EV) input causes the existing
configuration at an intersection to be replaced by a special configuration. This tempo-
rary configuration allows the safe and orderly “clearance” of traffic from the path of the
Emergency Vehicle or train. An EV preempt input can be serviced during Normal opera-
tion or during the Limited Service portion of a RR2 preempt. A Railroad preempt input
is serviced immediately, even if the input is active at power up. If a Railroad input is
sensed during an EV preempt, it will cause the EV preempt to terminate in the same
manner that it terminates Normal operation.

LACO-3 has four Emergency Vehicle (EV) inputs and one Railroad input. The sin-
gle Railroad input can be configured to provide two entirely different operations. These
are referred to as Railroad 1 (RR1) Flash and Railroad 2 (RR2) Limited Service. After
the clearance portion of the preempt, RR2 allows normal operation only on phases that
the Engineer determines can be safely used. RR1, on the other hand, puts the intersec-
tion into software flash for as long as the Railroad input is active. At the end of the Rail-
road preempt, RR2 provides a smooth transition back to Normal operation. RR1
resumes Normal operation by implementing a procedure resembling Start Up after a
long power outage. First it outputs an all-Red period. Then it either allows normal de-
mand to serve phases first or serves the user-set RR1 Exit phases.

For more information on Preemption, see Page 2-39.
GENERAL RESTRICTED PHASING DESCRIPTION

The most basic characteristic of a Restricted Phase is that it can never time concur-
rently with another Restricted Phase. This can be useful when phases on the same
street need to be served in a specific sequence. When using Restricted phases to con-
trol an intersection, the basic Ring progression may be modified to provide a logical and
equitable servicing sequence.

For more information on Restricted Phasing, see Page 2-45.



HARDWARE INFORMATION

Figures 1 through 6 on the following pages have been included to assist both users
and maintenance personne! with installation, maintenance and troubleshooting of con-
troller cabinets that have the LACO-3 program installed.
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PIN vo FUNCTION PIN /0 FUNCTION

1 covee LOGIC GROUND 53 12-7 PED B/ MANUAL ENABLE

2 01-2 4 PED DON'T WALK 54 12-8 SYSTEM ALARM (FUTURE USE)

3 01-2 4 PED WALK 55 13-1 DETECTOR J1UL

4 01-3 PHASE 4 RED 56 13-2 DETECTOR UL

5 014 PHASE 4 YELLOW 57 13-3 DETECTOR JSUL

6 01-5 PHASE 4 GREEN 58 13-4 DETECTOR I5UL

7 01-6 PHASE 3 RED 59 13-5 DETECTOR JoU

8 01-7 PHASE 3 YELLOW 60 13-6 DETECTOR 19U

9 01-8 PHASE 3 GREEN 61 13-7 DETECTOR J9L
10 02-1 2 PED DON'T WALK 62 13-8 DETECTOR 9L
11 02-2 2 PED WALK 63 14-5 DETECTOR (3U

12 02-3 PHASE 2 RED 64 146 DETECTOR J3U
13 024 PHASE 2 YELLOW 65 14-7 DETECTOR 17U
14 sooes LOGIC GROUND 66 14-8 DETECTOR J7U
15 02-5 PHASE 2 GREEN 67 15-1 2 PED PUSHBUTTON
16 02-6 PHASE 1 RED 68 15-2 6 PED PUSHBUTTON
17 02-7 PHASE 1 YELLOW 69 15-3 4 PED PUSHBUTTON
18 02-8 PHASE 1 GREEN 70 154 8 PED PUSHBUTTON
19 03-1 8 PED DON'T WALK I4) 15-5 EVA
20 03-2 8 PED WALK 72 I5-6 EVB
21 03-3 PHASE 8 RED 73 I5-7 EVC
22 03-4 PHASE 8 YELLOW 74 I5-8 EVD
23 03-5 PHASE 8 GREEN 75 16-1 SYSTEM ALARM (FUTURE USE)
24 03-6 PHASE 7 RED 76 16-2 DETECTOR 13L
25 03-7 PHASE 7 YELLOW 77 16-3 DETECTOR J3L
26 03-8 PHASE 7 GREEN 78 16-4 DETECTOR I7L
27 04-1 6 PED DON'T WALK 79 16-5 DETECTOR J7L
28 04-2 6 PED WALK 80 16-6 PED A/ MANUAL ADVANCE
29 04-3 PHASE 6 RED 81 16-7 (FUTURE USE)
30 04-4 PHASE 6 YELLOW 82 16-8 CABINET STOP TIME
31 04-5 PHASE 6 GREEN 83 06-1 FUNCTION 6
32 04-6 PHASE 5 RED 84 06-2 DIAL 3
33 04-7 PHASE 5 YELLOW 85 06-3 OVERLAP F RED
34 04-8 PHASE 5 GREEN 86 06-4 OVERLAP F YELLOW
35 05-1 OVERLAP A GREEN 87 06-5 OVERLAP F GREEN
36 05-2 OVERLAP B GREEN 88 06-6 OVERLAP E RED
37 05-3 OVERLAP A YELLOW 89 06-7 OVERLAP E YELLOW
38 05-4 OVERLAP B YELLOW 90 06-8 OVERLAP E GREEN
39 11-1 DETECTOR 12U 91 07-1 OFFSET 1
40 11-2 DETECTOR J2U 92 sveee DC GROUND
41 11-3 DETECTOR i6U 93 07-2 OFFSET 3
42 -4 DETECTOR J6U 94 07-3 OVERLAP D RED
43 11-5 DETECTOR I2L 95 07-4 OVERLAP D YELLOW
44 11-6 DETECTOR J2L 96 07-5 OVERLAP D GREEN
45 n-7 DETECTOR i6L 97 07-6 OVERLAP C RED
46 11-8 DETECTOR J6L 98 07-7 OVERLAP C YELLOW
47 12-1 DETECTOR 14UL 99 07-8 OVERLAP C GREEN
48 {2-2 DETECTOR JaUL 100 | O5-5 DIAL 2
49 12-3 DETECTOR I8UL 101 05-6 OFFSET 2
50 12-4 DETECTOR JBUL 102 | O5-7 DETECTOR RESET
51 12-6 OFFSET TIMING 103 | 0O5-8 WATCHDOG
52 2-6 RA1/RR2 PREEMPT 104 eeeee DC GROUND

FIGURE 2 - C1 Connector Pins
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170 CONTROLLER OPERATION

FRONT PANEL CONTROLS AND INDICATORS (see FIGURE 9)

Controls and indicators required for operation of the Model 170 Traffic Signal Con-
troller are located on the front panel. All interval times for each Phase are displayed
and entered using the front panel mounted keyboard and read-out. The current Phase,
Interval and interval timer are displayed, along with vehicle and pedestrian calls. Typi-
cal Phase related functions, such as Recall, Detector Memory, Double Entry and Red
Rest, are displayed and may be modified. The front panel is illustrated in FIGURE 8. A
brief description of the controls and indicators is as follows:

A.

BATTERY CHARGING LIGHT - This light senses the charging current for the
backup battery. Some manutacturers of the 170 E" Model, which has no bat-
tery, (and therefore, no Battery Charging Light) remove the light completely. Oth-
ers have assigned a new function to it: WDT (Watch Dog Timer) which echoes
the 170 Watch Dog output to the CMU.

CALL/ACTIVE LIGHTS - These ten indicator lights are used to indicate the pres-
ence of traftic demand, Preemption status, Coordination status or error/status
flags within some memory locations. An individual light is illuminated whenever
there is a demand for the Phase indicated by the numbers *1" through "8". The
lights will flash whenever the associated Phase has a pedestrian call. Call lights
1" through "7 are also used to indicate days of the week when in Real Time
Clock or Table display modes. Call light 8" flashes when in Real Time Clock dis-
play mode. Call light “9" flashes when in Table display mode and is on continu-
ously when a Preempt is active. Call light "0" provides Coordination status and
Sync Pulse state.

FUNCTION DISPLAY - This LED display is used to show Phase and Interval
timing in the Base display mode and Detailed Ring display mode. It is also used
to show timing data when accessing memory locations.

KEYBOARD - The keyboard is made up of 16 keys consisting of the numbers
"0" through “9" and the letters "A" through "F". The keyboard is used to access
memory locations, enter timing data, set operation modes and enter other opera-
tion commands into the Model 170 Controller Unit.

STOP TIMING SWITCH - The Stop Timing switch is used to stop the program
from timing the interval in effect. The interrupted interval continues timing when
the Stop Time switch is turned off. Coordination timers are not affected by this
switch.

POWER SWITCH - The power switch is used to tumn the Model 170 Controller
Unit on and off.
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DISPLAY INTERPRETATION

The 170 controller uses one of four display modes to communicate data to the
user as follows. -

A

RING DISPLAY mode (see FIGURE 10)- This is the default display mode and is
active after a long power down. It provides current Phase and interval status.
The Ring Display mode includes the Base Display and the Detailed Ring dis-
plays. The Base display shows the Phase and interval of both Ring A and Ring
B. The Detailed Ring display shows the Phase, interval and current interval
timer of the selected Ring. From the Base display, press "A” to go to Ring A De-
tail Display, or "B" to go to Ring B Detail Display. Press any key, except "d",
from the Ring B detail display, and any key, except "C" or "d", from the Ring A
detail display, to return to the Base Display.

MEMORY DISPLAY mode- The Memory display mode is active whenever a spe-
cific location in RAM is accessed. There are two types of data shown when in
the Memory display mode; timing data and Phase/flag data. When in the Mem-
ory display mode , the memory location being accessed is shown in the left hand
digit of the Timing/Data window, and the Phase and Interval digits. If the mem-
ory location accessed is Phase/Flag data, then that data is reflected in call lights
*1" through "8" and the Timing/Data window shows the Local Cycle Timer (see
FIGURE 11). If the memory location holds Timing data, it will be displayed in the
Timing/Data window and the call lights will show the same data as in the Base
display (see FIGURE 12).

TABLE DISPLAY mode (see FIGURE 13) shows the Coordination Table data us-
ing all of the Function Display LED’s and call lights "1* through "9".

REAL TIME CLOCK DISPLAY mode (see FIGURE 14) has two displays, the
Time display and the Date display. The Time display shows the Hour, Minute
and units digit of Seconds of the 170's internal clock while the Date display
shows the Day-in-month, last two digits of the year and current month. Both dis-
plays indicate the Day-of-week in cali lights *1* through *7*.

CALL/ACTIVE LIGHTS indicate:

1. Vehicle and Pedestrian calls

2. Real Time Clock display mode when call light "8" is flashing.
Preemptions/Table display mode when call light "9" is on/flashing.
Active phases when setting Phase related functions.

Active flags when accessing status/error types of memory.

. Coordination status in call light "0".

TO BLANK THE DISPLAY:

1. Go to the Base Display

2. Press "B" followed by "d" for Biank display. The Function display will go

black and all Call lights will be extinguished. Pressing any key will unbiank
the Function display and Call lights, and return to the Base display.

o0 s
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Phase/Flag Memory Display
Keypress (F - C - F) "RROLF"

o] Jol lel Je] ] JO
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This display shows the data in memory location F-C-F, "RROLF" (Railroad Overlap F Phases).
This location holds Phase/Flag data which is displayed in Cali lights "1* through "8". The data
shown indicates that the Overlap Parent Phases for Railroad Overlap "F* are 1, 2, 4, 6 and 8. Tt
Function display shows that the address of RROLF is "F-C-F* and that the Local Cycle Timer ha:
counted 58 seconds into its cycle.

FIGURE 11 - Phase/Flag Memory Display
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Timing Memory Display
Keypress (E - 4 - 5) "RBVEXT"
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This display shows the data in memory location E-4-5, "RBVEXT" (Ring B Vehicle Extension). This
location hoids Timing data which is displayed in the Function display. The data shown indicates
that the Ring B Vehicle Extension Time is set for 3.8 seconds. The Function display also shows
that the address of RBVEXT is "E-4-5". The Call lights show demand for Phases 2, 4, 6 and 7.

FIGURE 12 - Timing Memory Display
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CALL LIGHT INTERPRETATION

The Call / Active lights (Call lights) on the 170 controller Front Panel provide a wide
range of information about an intersection’s timing and operation. There are 10 Call
lights, numbered "0" through "9". Call lights *1* through "9" have difterent interpreta-
tions, depending on which display mode the Function display is in. Call light 0", on the
other hand, always reflects Coordination status regardiess of the display mode. See
Page 2-35 for a detailed description of Call light "0® interpretation.

Cali Lights "1° through "8"

in the Ring Display mode (Base and Detailed Ring displays) Call lights "1" through
"8" represent the Call status of Phases 1 through 8. A steady "on" indication means
there is a vehicle demand for the corresponding phase. Pedestrian demand is indi-
cated when a Call light flashes at a 5 Hz rate. A Call light flashing at a 1 Hz rate means
the corresponding Phase is flagged for Leading Left Tum operation (at F-F-b) and its
demand will not be satisfied until a Barrier crossing occurs. if a Ped call is placed for a
Leading Left Tum phase that must wait for a Barrier crossing, both flash rates are com-
bined. That is, the Call light will be extinguished for .5 seconds and flash at a 5 Hz rate
for the next .5 seconds.

The preceding also applies when the Function display is in Memory Display mode
and accessing a Timing data location. When in Memory Display mode and accessing a
Phase/Flag data location, Cali lights "1* through "8" indicate the data at that location. If
a Call light is "on" then the Phase or Flag at that location is enabled or set.

In either Table Display mode or Real Time Clock Display mode, call lights 1"
through *7" represent the days of the week, "Sunday"” through "Saturday" respectively.
Aiso, Call light "8" will flash at a 2.5 Hz rate in Real Time Clock Display mode (key
press A-C or A-d). '

Call Light 9"

Call light "9" is a status indicator only. It is used to indicate Preempt status whiie in
Ring Display mode, Real Time Clock Display mode or Memory Display mode. It will be
“on® from the moment the Preempt input is recognized and stay "on" until the end of the
Preempt sequence.

Call light "9" is also used to indicate that the Table Display mode is active when en-
tering or observing Coordination Table data. In this case it will flash at a 2.5 Hz rate.

If the Table Display mode is accessed while a Preempt is active, Call light "9" will
appear to flicker since it is only turned "off" for .1 second every .5 seconds.
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KEYBOARD OPERATION

"A" KEY - This key is used to change from the Base Display to the Ring A Detailed
Ring display. Any key pressed next, except for the “C" or "D" key, retums to the
Base display. If the second key press is a "C*, the Clock display appears. If the
second key press is a "D", the Date display appears. In either of these displays,
the "A*, "C*, "D" or "F" key toggles between the Clock display and the Date dis-
play. Any numerical key pressed in the Time or Date displays begins data entry.
The "E" or "B" key returns to the Base display.

"B" KEY - This key is used to change from the Base Display to the Ring B Detailed
Ring display. |f the next key pressed is the "d" key, the Function display is
blanked. Pressing any other key retums to the Base Display.

*C" KEY - This key is used to access the data on page C of RAM, the Coordination
page. From the Base display the C key is pressed, followed by the keys defining
the RAM page coordinates. The data in columns O through 3 is decimal and
shown in the Timing/Data window. The data in columns 4 through F is Phase
data as indicated by the call lights 1" through "8".

*D" KEY - This key is used to access the data on page D of RAM, the Detector
page. From the Base display the D-key is pressed followed by the keys defining
the RAM coordinates. The data in columns 1 through A is decimal while col-
umns B through F contain Phase/flag data.

"E" KEY - This key is used to access the data on the E page of RAM. From the
Base display the E-Key is pressed, followed by the keys defining the RAM coor-
dinates. Columns 3, 4 and F are decimal data and all other columns are
Phase/flag data.

"F* KEY - This key is used to access the data on page F of RAM, the Phase Timing
page. From the Base display, the F key is pressed, followed by the keys defin-
ing the RAM coordinates. The columns A, B, C, D and F contain Phase/flag
data and the rest are decimal data.

KEYS *0" through "9". These keys are used to access the Coordination tables.
From the Base display press the key corresponding to the desired table. The
next key press, "0" through “F", shows the selected Interval/Event in the Table
display. These keys are also used to enter data in Memory, Table or Real Time

Clock display modes.

DISPLAY MOVEMENT KEYS (see FIGURE 15)

There are four keys used to move around RAM when viewing or changing data.
These keys are used after a memory location has been accessed and the Function dis-

play is in Memory Display mode.
"A" (ADVANCE) KEY will move down a RAM column. This key may also be used in
the Table Display mode to scan down successive table entries.

"C" (COLUMN BACK) KEY will move left to the next RAM column.

"D* (DECREASE) KEY will move up a RAM column. This key may also be used in
the Table Display mode to scan up and view previous table entries .

"F* (FORWARD) KEY will move right to the next RAM column.
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ENTERING DATA

TIMING DATA (see FIGURE 16) is entered by first entering the address in RAM to
be changed, then entering the decimal value required and pressing the "E" key to enter
data in RAM. The Function display will blink briefly indicating the new data has been
accepted. By using the display movement keys, other RAM locations may also be
viewed and changed. Pressing either the "B" or "E" key at any time while in the Timing
Display mode will retum the 170 controller to the Base Display mode.

PHASE/FLAG DATA (see FIGURES 17 and 18) is entered by first accessing the
desired memory location. Next press keys "1" through 8" to turn on the call light(s)
that correspond(s) to the Phase(s) required. It is not necessary to press the "E" key to
save Phase/flag values. If the "E" key is used, the Function display will retum to the
- Base Display mode. The display movement keys may be used in a Phase related dis-
play to access other RAM locations. The "0" key may be used to cancel all of the
Phase related display lights. The "9" key reverses the state of call lights 1 thru 8, that
is, all illuminated lights are extinguished and all extinguished lights are illuminated.

COORDINATION TABLE DATA (see FIGURE 19) is entered by first pressing keys
"0" through "9" to access the desired table and then keys 0" through “F" to access the
desired event/interval within that table. Tables 0 through 5 contain Time-of-Day data
and tables 6 through 9 contain Event data. Data entry is the same for both. When ac-
cessing the Coordination Tables, call light "9" will flash and the Phase digit of the Func-
tion display will alternately show the Table number and Interval/Event number. If they
are the same, for instance Table 5, Interval 5, the Phase digit does not change. The fol-
lowing description is given for Time-of-Day tables with Event table fields in parentheses.

After accessing the desired table, the next four keystrokes provide the Hour:Min
(Month/Day) data, The fifth keystroke is the Plan (Table) data, and the sixth keystroke
is "E" to save the data. Next press the keys corresponding to the days of the week,
where "1" through "7* represent "Sunday" through "Saturday”, "8" sets all days, "9" sets
week days and "0" clears all days. The days of the week data is saved immediately.
The "E" or "B" key then returns to the base display, or press "A" or "F" for the next Inter-
val/Event, or "C*" or "D" for the pravious Interval/Event. Table data must be entered in
the order shown. If an item needs to be changed, for example days of the week, the
process has to be started from the beginning, re-entering all data even if it is un-
changed.

Table 6 data is slightly different than the other Event tables although the keystroke
sequence is the same. See Timing Sheet page 5 for more information.

REAL TIME CLOCK DATA (see FIGURES 20 and 21) is entered in the same se-
quence as Table data. To access the Time display, press "A" followed by "C". Keys "0"
through “9" are used to enter the Hour (in 24 hour format) followed by a "0" for seconds
then "E" to save the time. Next press keys "1" through "7" to indicate day-of-week,
*Sunday" through "Saturday®. Pressing "E" or "B" will return to the Base display, or
pressing "A", "C", "D" or "F" will advance to the Date display. In this display, enter "00"
through 31" for day-in-month followed by the last two digits of the year, and then enter
"1 through “C" for the months, "January" through "December®. Press "E" to save the
date. Setting the day-of-week in either the Time display or the Date display will auto-
matically set day-of-week in both displays.
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EXTENDED MEMORY locations, memory above the "C" page, can also be ac-
cessed from the keyboard. At location F-0-9 enter the decimal equivalent of the most
significant byte of the RAM location you want to access. Retumn to the Base display
and press “C" followed by the least significant byte of the RAM location. The entire
Function display will flash continuously (indicating an Extended memory address is be-
ing displayed) to avoid confusion with data located on the "C" page. In this display
mode, all data, whether Phase/Flag data or Timing data, is shown in the Timing/Data
digits and is the actual hexadecimal data used by the program.

This feature in conjunction with the Hardware information provided previously can
be very useful for trouble shooting problems with hardware such as WWV Clocks and
Modems. Any memory location from 0000h to FFFFh can be examined using this fea-
ture. Note that the only memory that is write protected under LACO-3 is on the "E"
Page (locations 000h through OFFh). Therefore, care must be exercised when using
this feature to ensure that critical data is not changed. When finished with the Ex-
tended Memory feature, set location F-0-9 back to "000".
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Portion of "F" Page RAM Map
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F9 FA FB FC FD FE FF
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FLOATS | DRWYFZ | DYNOLA | UNUSED EVAFZ RRSEL PERMIT

D1_O1 YRNGFZ | DYNOLB | ASSOC1 EVBFZ RRCLTM RLOCK

D201 _| DRWYOL | DYNOLC| ASSOC2| EVCFZ | RRIRED | YLOCK

ASSOC3

D3_01 YRNGOL | pynoLb [ ASSOC3| EVOFz RRMXTP VRCAL

D1_02 | PED20L | DYNOLE | ASSOC4| RRCLFZ | MRKTIM | WREST

D2_02 PED4OL | DYNOLF | ASSOC5 | RRLMFZ | EVADLT GREST

o bH
o

D3_02 PEDSOL | UNUSED | ASSOC6 | RRXTFZ | EVACLT STA

ASSOC4

o
oN
o

ASSOC2

o
oN

0

DYNOLC

nal Mo MmO MO MO dD>
o

o
oON
o

EVDFZ

Starting from the Base display (upper left hand figure), keys
"F*, "C" and "3" are pressed to access location F-C-3 (AS-
SOC3). This results in the next figure down.

Pressing the "A" key moves the memory pointer from F-C-3
to F-C-4, resulting in the next figure down (ASSOC4).

Pressing the "D" key twice moves the memory pointer from
F-C-4 to F-C-2 resulting in the next figure down (ASSOC?2).

Pressing the "C" key moves the memory pointer from F-C-2
to F-b-2 resulting in the next figure down (DYNOLC).

Pressing the "F" key twice moves the memory pointer from
F-b-2 to F-d-2 resulting in the bottom figure (EVDFZ).

FIGURE 15- LACO-3 Display Movement Keys
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SECTION 1l
PROGRAM INFORMATION
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PROGRAM INITIALIZATION

The first time that the 170 controller is powered up with a LACO-3 program in-
stalled, all data in the CPU base RAM is cleared and the 1000h NOVRAM data is inti-
tialized to L. A. County defautits. At this point the 170 will be in the following state:

No phases permitted

No Phase timing set except all yellows set to 5.0 seconds
No peds enabled

No preempts enabled

No overlaps selected

and the Function display shows

Al b
MEINIE

The 170 is now ready to accept data entry.

NOTE
As each Phase is permitted, a default time of 10 Seconds will be set in its Minimum
Green location and, if demand exists when a Phase is permitted, that Phase will imme-
diately be served.

PROGRAM SELF TESTS

On power up, and every .1 second thereafter, the LACO-3 program continually
checks the CPU Base RAM for data integrity. If corrupted data is detected, the Func-
tion display will immediately show "bAdA" as inicated below. Toggling the Front Panel
Stop Timing switch will clear the bad data and restart the program.

A b
b AdA

Every 2.5 seconds the program performs a calculates the checksum of the entire
EPROM. If an invalid checksum results, the Function display will immediately show
"bAdE" as indicated below. In this case the EPROM must be replaced, even if it ap-
pears to be operating normally.

A b
b AdE




POWER UP SEQUENCES

The program has two power up sequences; one after a short power down. (less than
2 seconds) and the other after a long power down. When power is restored after a
short power down, the program continues on as if no interruption occurred as long as
the battery back-up is operational. A long power down sets the program into a Start-up
condition. This condition puts the controller through one of two structured start-up se-
quences as follows:

1. START UP ALL RED - Location F-F-E (Yellow Start Up) has no phases flagged.
In this case the 170 outputs Red to all load switches and enabled Peds. Two-
color overlaps and disabled Peds which are kept dark. The intersection stays all
Red for 5.0 seconds (this time is fixed). At the end of this period, the program
looks at location F-F-d (First Phases After Start Up). If any phases are set there,
they are served before any other phases in demand, regardless of their position
in the Ring. If no phases are set to serve first, then the program starts looking at
Phase 1 for Ring A and Phase 5 for Ring B and stops at the first Permitted
Phase that it finds in each Ring. These phases become the default First Phases

After Start Up.
Example:
F-F-0 (Phases Pemitted) = 1,2,3,4,6,7,8
F-F-d (First Phases) = none flagged

After the 5.0 seconds of all Red, Phase 1 and Phase 6 will go Green. If Phase 6
was not Permitted either, then Phase 1 would start alone.

2. START UP IN YELLOW - Location F-F-E (Yellow Start Up) has phases set. In
this case the 170 outputs Yellow to the Yellow Start Up phases and Overlap Yel-
low Start Up overlaps (if selected at F-F-F) for a period of 5.0 seconds. Red
Clearance (if any is set) is timed and then operation is the same as a START UP
ALL RED. Note that the Yellow interval of 5.0 seconds at Start Up is not select-
able and does not affect the Yellow Change times set for inividual Phases or
Overlaps.



INPUTS

DETECTION

Vehicle: Twenty-eight inputs supported. All inputs can have any Phase or combina-
tion of phases assigned. Each input can aiso be programmed with a choice of
nine attributes.

Pedestrian: Up to 6 fully actuated Ped inputs. Four of the inputs are dedicated and
two inputs are shared with Manual Operation mode. Each Ped input can be pro-
grammed to time with any Vehicle Phase (including non-Permitted phases for
use during RR Limited Service).

PREEMPTION

Four Emergency Vehicle inputs and one Railroad input

COORDINATION

Accepts 2 wire inputs via Modem for Dial/Offset information or Time/Date updates.

Also accepts one Offset input for Offset Timing mode.

MISCELLANEQOUS

A Manual Enable input and a Manual Advance input for use when Manual Control
Mode is selected (Location d-E-F bit 7 set).

A Stop Time input and a Flash Sense input from CMU and cabinet switches.

Two inputs for future System use.



DETECTION

VEHICLE DETECTION

LACO-3 supports twenty-eight Vehicle inputs. Each input can be programmed to
call any Phase or combination of phases. Each input can also be programmed with a
choice of nine attributes. On program initialization, all phases and all attributes are
cleared for every detector input. Once a Phase is assigned to a detector input, it will re-
spond to vehicle actuation. All discussion in this section refers to detectors operating in
*presence” mode (as opposed to "pulse" mode) of operation. All vehicle detectors in-
clude delay timers (0 to 255 seconds) and extended call timers (0 to 25.5 seconds).
Both functions can be set concurrently but delay times are effective only when the de-
tector Phase is Red and extended call times are effective only when the detector Phase
is Green. Each detector has three basic functions (assuming no attributes are set):

a. It places a call to its assigned Phase(s) for the duration of the actuation.

b. It causes Vehicle Extension to be timed if any Extension time is set in Phase Tim-

ing.

c. It counts vehicle actuations during @ Red, incrementing the count once for each
actuation. This last function is disabled if the detector has multiple phases as-
signed to it.

This basic mode of operation can be modified by selecting one or more of the detec-
tor attributes. This is accomplished by turning on the bit (as reflected in the call lights)
corresponding to the desired attribute.These are

1. Red Lock

2. Red and Yellow Lock

3. Yellow Disconnect

4. Red Calling

5. Queue Clearing

6. Non-counting

7. Special Delay Option 1

8. Special Delay Option 2

9. Special Delay Option 3

The detector attribute is programmed by selecting the desired flag at loca-

tions D-D-0 through D-D-D (for | File detectors) and D-E-0 through D-E-D
(for J File detectors). See Timing Sheets, Page 2. Each attribute is de-
fined as follows:

1. Red Lock (Bit 1)- Causes operation identical to the Red Lock Phase attribute but
only applies to individual detectors. When a Red Lock detector is actuated dur-
ing its Phase Red interval, it places a Locked call to that Phase. This Locked
call remains in effect until the Phase goes Green. The detector behaves as a ba-
sic detector during its Phase Green and Yellow intervals.

2. Red and Yellow Lock (Bit 2)- Causes operation identical to the Red and Yellow
Lock Phase attribute but again, only applies to individual detectors. With this at-
tribute, a Locked call is placed when actuation occurs during its Red or Yellow in-
terval.
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3. Yellow Disconnect (Bit 3)- Ignores detection calls during the Yellow interval. A
typical application is for a Phase with a mix of advance and near (first vehicle)
presence detectors. In this situation, the Phase should be on Red & Yellow
Lock for the advance detectors and the near detectors should be disconnected
during the Yellow interval to prevent unnecessary recalls from vehicles that enter
the intersection on yellow.

NOTE
When both Yellow Disconnect and Red & Yellow Lock attributes are set, the resuit-
ing operation is identical to Red Lock only operation.

4. Red Calling (Bit 4) - Allows a call to be placed only when the Vehicle actuation
occurs during its Red interval. Any other attribute may be set in conjunction with
Red Calling, but the Queue Clearing attribute is meaningless since it requires
Vehicle actuation only during the Green Interval.

5. Queue Clearing (Bit 5) - Implemented when a value other than zero is set for
Queue Max. Queue Clearing operation is as follows:

a. During the Red interval, a. demand on a Queue Clearing detector will place a
call to its Phase.

b. During the Green interval, a "HOLD" is placed on that Phase in response to
the continuous call (including extended call) of all Queue Clearing detectors
on that Phase. Queue "HOLD" is indicated by a "3" displayed in Ring Dis-
play.

c. The "HOLD" will continue to be placed until Vehicle actuation first ceases
(gaps) on the flagged detector or until the Queue Maximum Limit is reached.
Once "HOLD" has been released, this detector will not be reapplied until the
start of the next Green.

d. Vehicle actuation during the Yellow interval is ignored.
e. The "counting"® basic function is inhibited when a the Queue Clearing bit is set.

Queue detectors are frequently used near stop bars where otherwise unde-
tected vehicles could become trapped during a red indication. They also include
provision to retain Green with presence or extended call detection. Vehicle ex-
tension does not time from a Queue detector. "Calling" detector operation is pro-
vided when the Queue Clearing detector maximum limit (Queue Max-0-255 ) is
set to zero. Queue Clearing detectors do not place vehicle calls during their
Green interval to activate the Phase vehicle extension timing. The equivalent ex-
tension interval may be generated either from a long loop configuration or from
extended call timing. This permits uniform timing from these typically first vehi-
cle detectors while extension timing from advance detectors may be in a gap re-
duction mode.



6. Non-Counting (Bit 6) - Inhibits the "counting” function. With this attribute set,
the detector becomes an extension-only detector. Selecting multiple phases or
the Queue Clearing attribute for a detector also disables counting. The exten-
sion only detector may be used where its counted actuations would affect added
minimum Green calculations, usually for right tum Overlap movements.

7. Special Delay Option 1 (Bit 7) - Bypasses the detector's delay when the se-
lected Option Phase is Green. The Option Phase is selected at location D-D-E
and multiple phases may be selected.

8. Special Delay Option 2 (Bit 8) - Same as Special Delay Option 1 except Option
phases are selected at D-D-F

9. Special Delay Option 3 (Both bits 7 & 8) - Bypasses the detector's delay when
the supplemental phase to the detector's phase is NOT Green. Option phases
are not selectable. For example, it detector input 12U is flagged for Phase 2 and
has attribute bits 7 and 8 set, then the detector's delay will be bypassed when-
ever Phase 1 is not Green.



PEDESTRIAN DETECTION

LACO-3 supports up to 6 Ped inputs, 4 of which are dedicated and 2 that are
shared with the Manual Operation inputs. Each of the 6 Ped Phases may be pro-
grammed to time with any single Permitted Vehicle Phase. A Ped Phase may also time
by itself, during Railroad 2 Limited Service, if its assigned Vehicle Phase is not flagged
for Limited Service at F-d-5.

The Vehicle Phase that each Ped times with is set as follows:

PED 2- Location d-F-4
PED 4- Location d-F-5
PED 6- Location d-F-6
PED 8- Location d-F-7
PED A- Location F-9-A
PED B- Location F-9-b

Only one Vehicle phase may be entered at any one location although the same Ve-
hicle phase may be entered for more than one Ped. The Ped timing is entered in the
phase timing column corresponding to the selected Vehicle Phase. For example, if
PED 6 is set to time with Vehicle Phase 5 (at d-F-6), then PED 6 Walk tlme must be en-
tered at F-5-0 and PED 6 Don't Walk time entered at F-5-1. .

The Ped inputs are located as follows:
PED 2- 112U
PED 4- 121
PED 6- 113U
PED 8- 113L
* PED A- 111U
* PED B- I11L

* When Manual Control is enabled (d-E-F bit 7 set), these inputs are ignored as
PED A/B actuations.

PED A and PED B are output to Overlap A and Overlap B load switches respec-
tively by entering the Vehicle Phase they are to time with at F-9-A (PED A) or F-9-b
(PED B).

If Overlap A (B) is assigned then PED A (B) will not be output, i, e. in the event of a
conflict between Overlap A (B) and PED A (B), the Overlap assignment takes priority.

A Ped actuation places a locked call to the both the Ped and its associated Vehicle
Phase.

Each Ped output is dedicated to a particular load switch. PED 2, PED 4, PED 6
and PED 8 are labels, referring to their load switch positions only. These labels should
not be confused with the Vehicle phases that they time with. For example, the PED 2
load switch may be assigned to output with Vehicle Phase 5.



COORDINATION

LACO 3 will operate as a 3 dial 3 offset Master/Slave program. As a Master it will
read its time of day tables to determine the plan to run. It will output this plan on the C5
connector to run a 7-wire direct interconnect system and can also output the data via
modem on a selected serial port. As a Slave it will intertace to the standard 2 wire mo-
dem interconnect called the "CALTRANS" Diamond Interchange program or ML2 Mas-
ter. For Slave mode operation, the operator must enter an "11" at the Local Manual
location (C-0-1). This program provides for the coordination of fully actuated signals
within the constraints of a background cycle. The intersection is normally structured
and timed the same as an isolated intersection. Coordination is achieved by implement-
ing intervals of Force Off, Hold, Pedestrian Restrict and Call, set and timed by the Local
Cycle Timer, while servicing phases on demand. The controller rnaintains two cycle tim-
ers, the Master Cycle Timer and the Local Cycle Timer. The Master Cycle Timer is kept
in step by a "sync” pulse which is generated internally when in the Master mode or ex-
ternally from the interconnect in the Slave mode. The Local Cycle Timer times the Co-
ordination functions and always lags the Master Cycle Timer by the offset time
corresponding to the offset number selected for that plan The Master Cycle Timer has
limits which are user set to allow some control over the sync pulse reset. This allows for
a minimum and a maximum cycle to be set. Two maximum extension intervals per
Phase have been provided. MAX 1 operates under Free conditions and MAX 2 oper-
ates under coordination. Lag phases may be set independently for "Free", Dial 1, Dial
2, and Dial 3.

Set Minimum Cycle C-0-8
Set Maximum Cycle C-0-9
Observe Master Cycle Timer C-0-A
Observe Local Cycle Timer C-0b

Dial: A dial is the timing cycle (0 to 255 seconds) which contains the intervals used
for programming the Coordination functions. There can be up to 3 dials used per sys-
tem.

Set Dial 1 cycle length C-1-0
Set Dial 2 cycle length C-2-0
Set Dial 3 cycle length C-3-0

Interval: An intervai is a selectable time during the dial when a Coordination func-
tion is turned on or off. There can be up to 15 intervals per dial.

Set Dial 1 intervals C-1-1 thru C-1-F
Set Dial 2 intervals C-2-1 thru C-2-F
Set Dial 3 intervals C-3-1 thru C-3-F
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Offset: An offset is the amount of time that the local controller lags behind the Sys-
tem Master. There are up to three oftsets per dial. The offset is timed from the Master
sync pulse and is selectable in seconds from 0 to 255.

Set Oftset 1 for Dial 1 F-9-1
Set Offset 1 for Dial 2 F-9-2
Set Offset 1 for Dial 3 F-9-3
Set Offset 2 for Dial 1 F-9-4
Set Oftset 2 for Dial 2 F-9-5
Set Offset 2 for Dial 3 F-9-6
Set Offset 3 for Dial 1 F-9-7
Set Offset 3 for Dial 2 F-9-8
Set Oftset 3 for Dial 3 F-9-9

Observe the current oftset number (1-3) at C-0-4

Observe the current offset time at C-0-C
COORDINATION FUNCTIONS

While in Coordination, functions are implemented during the intervals set on the
dial. These are implemented with respect to the Local Cycle Timer. Each of these func-
tions is selected by Phase per interval within a Dial. Coordination functions can be ob-
served in the call lights along with the Local Cycle Timer in the timing/data display.

Force Off D-F-F
Hold D-F-D
Ped Restrict D-F-E
-Call D-F-C

FORCE OFF: A Force Off will terminate a Phase if there is an opposing call and the
minimum Green and/or pedestrian timing have expired. Pedestrian timing will not start
during a Force Off interval for that Phase. If a call is not present for a conflicting Phase
during the Force Off interval, the Phase operation will be unchanged, except; pedes-
trian timing will not start during a Force Off interval. Force Off will prevail over Hold set
for the same Phase. If a Phase is Red when the Force Off interval is apphed it will not
prevent the start of Green for that Phase.

HOLD: When Hold is applied to a Phase it will prevent the "gap out" or "max out" ter-

mination of that Phase Green. All other Phase timing is unchanged and, when
Hold is released, continues from its present status.

PED RESTRICT: A Ped Restrict will prevent a pedestrian movement from starting
but will not cut short any timing currently in progress. |f pedestrian timing is in
progress when the interval is applied, the timing will continue uninterrupted to
completion. If a pedestrian call is placed during Ped Restrict, the call will not be
registered (nor will it show in the Phase call light ) until the restriction has ended.
if the pedestrian call to the Phase is existing prior to the restriction, and timing
has not started, both the Ped call and its associated Vehicle call are deleted for
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the duration of the restriction. When the Ped Restrict is removed the Ped call is
restored. A Ped Restrict does not prevent the Ped’s associated Vehicle phase
from responding to detector actuations.
In general, the Ped Restrict interval, in conjunction with normal controller sequenc-
ing and operation, is used to limit pedestrian signal timing to those portions of the cycle
where this timing will not intertere with system coordination.

we+ Caution ***

Care must be taken to assure a start of pedestrian timing (per pedestrian Phase)
each cycle. If the Ped Restrict interval is set to begin at the start of Green, the Ped
intervals for that phase will not time because the-Ped must start timing with the start of
its Vehicle Phase. If the Ped movement does not start at that time, it must wait until the
next time that its Vehicle Phase is served. Provide at least 1 second time after the start
of Green before the restriction is started.

CALL: The Call function is the same as placing a constant vehicle actuation to that
Phase. All rules for gap out and max out still apply as in Free operation.
FUNCTION 6: When Function 6 is requested by the System, the local will select
either a DIAL or FREE operation as set by the operator at C-0-6 (FUNC 6). The
setting shall be 1, 2 or 3 for the dials or 14 for FREE operation. When a dial is
set for Function 6 operation, the following operations occur:
. It Function 6 is in response to an input from the System Master, the Dlal set
at C-0-6 will time in response to the Master.

b. If Function 6 is in response to loss of the Master sync input, the Function 6
dial will time in Offset 1 and the cycle length (viewed at the local Master Cy-
cle Timer, C-0-A) will be the cycle time as set for the selected Dial 1,2,0r 3.

c. Time of Day Dial (or Free) selection will override a System command for
Function 6 (see "a." preceding). If the interconnect fails during Time of Day
selection, Function 6 operation will prevail (see "b." preceding ).

PHASE SEQUENCE

Each dial and Free operation has a Phase sequence selection available. This per-
mits the operator to select the lead-lag sequence for each dial as desired. The operator
must set the designated Phase which lags each Phase pair. The quad configuration
contains 4 Phase pairs, phases 1 and 2, 3and 4, 5 and 6 and 7 and 8. Typical opera-
tion has the even numbered Phase lagging the odd numbered Phase. Consequently,
phases 2, 4, 6 and 8 would be designated as the lag phases. One and only one Phase
of each Phase pair may be set as a lag Phase. The operator sets LAG 0 (D-F-0)
through LAG 3 (D-F-3) using the CALL/ACTIVE lights as he would for setting recalls,
etc. LAG 0 is used during Free operation, and LAG 1, LAG 2 and LAG 3 are utilized
with Dial 1, Dial 2 and Dial 3 respectively, during coordinated operation.

MANUAL OPERATION

There are two manual entry locations. The first one, System Manual, is at C-0-0. It
can be used to override the Time of Day tables to force the entire system to a selected
plan. Second is the Local Manual located at C-0-1. As its name implies, it only affects
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the local controller’s operation. The operator can manually select a dial and offset, or
Free operation independent of the System operation. To select a dial and oftset, set
the dial required into Local Manual (C-0-1) and the offset in (C-0-4). This dial and off-
set will be implemented immediately. The cycle length will be the time corresponding to
the selected dial, and the oftset time will be determined by the selected ofiset. There-
fore, the operator may select a dial and oftset to override the Master, and the Slave will
*sync" with the Master.

To restore the 3 dial 3 offset system, Local Manual (C-0-1) should be set to "zero".
To have the intersection operate Free set Local Manual (C-0-1) to 14.

Following is a list of functions that can be called from the manual locations:

SYSTEM MANUAL C-0-0
0 = Automatic time based mode
1-9 = Force to the selected manual plan
14 = Request the Function 6 output from Local controller

LOCAL MANUAL C-0-1

0 = Automatic time based mode

1-3 = Force local to Dials 1,2 or 3

10(A) = Disable the leading left tum arrow Phases
11(b) = Slave mode

12(C) = Oftset timing mode

13(d) = Time of Day output (detector reset)

14(E) = Free

15(F) = Tum off both A and D

The letters "A" through *F" are the hexadecimal equivalents of the numbers "10"
through "15" and are used when entering Plan/Funtions into coordination Tables.
IMPORTANT
It LLT phases are disabled either by Time of Day Table or manual operation, they
will remain disabled even if the controller is set Free by entering a "14" at C-0-1. To re-
store LLT arrow Phases a "15" must be entered at C-0-1. The same is true for Time of
Day output, "13".

SYNC PULSE

The controller will look for "sync® pulses within the limits set by the operator. These
sync pulses are the result of pulling low (i.e A.C. voltage equals 0) the active offset line.
The minimum amount of time the offset line must be off can be set at D-0-F (MINPUL)
in tenths of a second. The maximum time is set at D-0-E (MAXPUL), also in tenths of a
second. These values have been initially set at 1.0 and 4.0 seconds respectively.
Therefore, the oftset line has to be oft for more than 1 second to be recognized as a
“sync" pulse and cannot be off longer than 4 seconds. |f the pulse is greater than 4 sec-
onds, the controlier will go to "FUNCTION 6" and generate a "sync" for the dial selected
or go "Free". If the offset line is "off* less than 1 second, the pulse will be ignored. Mul-
tiple offset inputs will be interpreted as Oftset 1 and multiple dial inputs will be inter-
preted as Free.
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OFFSET TIMING

An optional offset timing coordination program has been provided for use where it is
not desired to have a fixed background cycle. When in either the Master or Slave
modes, Offset Timing can be implemented by Time of Day or by manually setting a 12
in the Local Manual location C-0-1. This will inhibit the Local's 3 dial 3 offset system.
Dial 3 must be reserved to run the Offset Timing functions which are set up as in nor-
mal coordination. Receiving an input from the adjacent intersection (Pin 51-C1 connec-

‘tor, J14U), the 170 controller will time the Dial 3 cycle length once and then go Free.
During the offset period, coordinated functions will be implemented as set. Once this
process is initiated, it will continue through its full cycle before acting upon another in-
put.

COORDINATION TIMING

This coordination program provides timing and functions to enable the user to mod-
ify the timing and operation of a fully traffic actuated controlled intersection to time in
harmony with System control of a background cycle. Traffic moving through a system
of signals will usually be more concentrated in the early portion of the through Green
band while the flow during the later part of the band is usually relative to the demand on
the system. For example, assume a system band of 36 seconds. In off peak periods
perhaps only the first 8 to 10 seconds may have a flow of traffic that might be consid-
ered relevant to the system, but during peak periods the flow of traffic may frequently
be heavy and continuous during the entire band time. The coordination program can
*guide" the controller into a condition to provide a period of assured Green during the
initial portion of the band, leaving the remainder of the band to be self generated by
vehicle actuations. If, after the assured Green period, traffic flow is insufficient to con-
tinue the Green, the controller will "gap out" and transfer to a conflicting call. In the
case of peak traffic demand, the Green will be held following the assured Green period
by vehicle actuations until either a gap appears or the Phase Force Offis applied. The
coordination functions can also be utilized to allow the controller to respond to conflict-
ing Phases late in the cycle and still return in time for the assured Green.

Some other points to consider:

Walk and Don’t Walk intervals will not be abbreviated by maximum extension or
Force Off. Emergency Vehicle preemption will terminate the Walk interval imme-
diately to Flashing Don't Walk. Railroad preemption has priority over pedestrian
timing and will terminate either interval to a solid Don't Walk indication.

Either type of preemption will temporarily suspend Coordination control of the in-
tersection, although it will continue to cycle in the background. This allows a
seamless return to Coordination control after preemption.

Minimum Green or Added Minimum Green will not be terminated by Force Off or
Emergency Vehicle preemption, but will terminate to Railroad preemption, as in
non-coordinated operation.

Queue Clearing Hold will not terminate to maximum extension, but will end at
Force Off or any preemption.

Yellow Change, Red Clearance and Red Revert intervals time as normal.
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COORDINATION EXAMPLES

Two examples of intersection coordination timing are provided to illustrate a typical
application. The example traffic conditions are as follows:

The arterial street, a primary route with a moderately high traffic volume, has a
system of coordinated signals. The system is timed to an 80 second back-
ground cycle. For these examples, only one Dial and one Offset are needed.
Example A is an intersection with a local residential street with light traffic and pe-
destrian volumes. Most cross street traffic at this location tumns either left or right
onto the arterial street. Example B is an intersection with a secondary route with
a moderate traffic volume. The cross street traffic at this location is mostly
through traffic.

COORDINATION EXAMPLE *A*

Example A operates with arterial phases on "vehicle recall " and the cross street
phases on "non-lock" (see Example A Timing Sheets). The arterial advance detectors
are about 4 seconds travel time from the intersection. First vehicle area detection is
provided in the arterial left turn pockets and on the cross street.

interval 0-1: Force Off2, 6 ends arterial Green if a Phase 4 call exists.

interval 1-2: Hold 2,6 in conjunction with the following Pedestrian Restrict and
Phase 4 "non-lock" status will prevent a late transfer to Phase 4 in response to a
pedestrian call only (Pedestrian timing would not be accommodated and the con-
troller, after a " red revert " would retum to the recalled Phases 2 and 6).

Interval 2-3-4: Pedestrian Restrict 4 prevents Phase 4 pedestrian timing from start-
ing with insufficient time to end before the start of Phase 2 and 6 Green for the
coordination band .

interval 3-4-5-6: Hold 2, 6 prevents late transter to Phase 4 with insufficient time to
return to Phases 2 and 6 Green for the coordination band. The Hold maintains 2
and 6 Green until 10 seconds after the start of the band at the advance detec-
tors, (detectors are 4 seconds from the intersection).

Interval 4-5: Force Off 4 limits Phase 4 timing to return Green to Phases 2 and 6 for
coordination timing. Phase 4, by controller timing, is limited to a 25-second maxi-
mum Green. Transfer to Phase 4 may occur after Interval 6 until interval 3 if
Phases 2 and 6 are gapped and a guaranteed transfer will occur at O if a Phase
4 call exists while 2 and 6 are in extension.

interval 7-0: Pedestrian Restrict 2, 6 prevents Phase 2 or 6 pedestrian timing over-
running the Phase 2 and 6 Force Off set at Interval 0-1.
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LOS ANGELES COUNTY - Page
DO LS COUNTY . WORKE LACO-3 DETECTOR ASSIGNMENTS
TRAFFIC AND LIGHTING DIVISION
TRAFFIC SIGNAL TIMING
Intersection: EXAMPLE "A" Date Requested: By:
T.S. No.: Date Compieted: By:____
NOTE: Ensure ALL Biank Data Fields are Detector Timing Detector Assignments
sst to ZERO or CLEARED. _ :::. Delsy Extended Call Phase Flags Attribute Flags
App| Lanes Description Channel| Code |Seconds | Code |Seconds|{Code|1|2|3]4|5]6|7|e{Codel1|2]3]a|5]6
LI [P 30 ao | ddo
MmL
E 1 ADVANCE U | dn a31 db1 dd1
E 2 ADVANCE L | d12 32 db2 dd2
E LT 1st VEHICLE U | d13 @33 db3 dd3
BL | die d34 db4 dde
1y d1s d35 | dbs dds
L
BU_| ais a3s dbé
IsL
N | ALL 1st VEHICLE U | d17 37 db? dd7
S | ALL 1st VEHICLE 6L | d1e 1) dbe dde
U | d19 a9 dbs ad9
L [ dA aIA dbA ddA
BU_ | amw a3b dbb ddb
L
BU |di1C a3c dbe | ddC

T omL

did

ADVANCE

w 1 J2u | d21 a1 | 20 jdc dE1
w 2 ADVANCE JaL | d22 ‘42 | 20 | dc2 dE2
W| LT 1st VEHICLE J3u | da23 d43 dac3 dE3
JaL - | d24 daae dce dE4
MU | 425 d45 dcs dES
JaL
95U} 426 a48 ace dES
J5L
JeU | d27 47 ac? dE7
JoL | d2e a4 ace dE®
JIU | d29 d49 oace { dE9
JIL | d2A d4A dCA dEA
U | g d4b dcb i dEb
JoL
JU | d2C d4C dcc dEC
JoL | da2d dad dcd 1 | ¢Ea
.
BHEMARKS: DETECTOR ATTRIBUTES

| FLAG 1 - Red Lock

FLAG 5 - Queue Clearing

FLAG 2 - Red & Yeliow Lock

FLAG 6 - Non-Counting

FLAG 3 - Yellow Disconnect

FLAG 7 - Special Delay Option

SPECIAL DETECTOR DELAY ASSIGNMENTS

FLAG 4 - Red Cllllng FLAGS - glﬂ D.Ig gﬂon

Phase

All options: Delay Timer resets during detector phase yeliow.

1]21314]S]|6¢

Speciat Delay Option 1 (Attribute Bit 7) - Bypasses delay while flagged phase(a) are timing.

Special Delay Option 2 (Attribute Bit 8) - Bypasses delay while flagged phase(s) are timing.

Code
d-d-E
d-d-F
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LOS ANGELES CoUNTY LACO-3 COORDINATION Pore 3 o2

DEPARTMENT OF PUBLIC WORKS
TRAFFIC AND LIGHTING DIVISION

TRAFFIC SIGNAL TIMING
T.S. No.: Intersection: EXAMPLE "A"
System Limits :
Remote Master: Date Requested: By:__
SystemNo..______ Date Completed: By:___
* Set Local Manual to 14 (free
TIME OF DAY OPERATION SUMMARY before -dum.::musg dl
intervals & functions.
Disl 1 Dial 2 Dial 3/ Oftsst Timing either of the Manuals to 0 wi
Offest 1 Continuous relosse that Manual. c
Offest 2 11 = Slave Mode
| Offset 3 12 = Offset Timing Mode
14 = Free Operation
Qbserve:
Caiis d
Hold d
Ped Restrict d
Force Oft d
Local Cycie Timer
with Field Calle 4
Keystrokes: INTERVALS FUNCTION FLAGS
C + Column + Row { in seconds) DIAL 1 DIAL 2 DIAL 3 / OFFSET TIMING
Goordeaton || ota 1 ot | otes [P | o 500, | con | P | s | oE, | con | Fme | ot | Fud | can
0 ity 1 2 3 4 5 6 7 8 9 A b o] d E F
System Manuai*| 0 | 80 2,6 -
Local Manual® [ 1| 1 -- 12,6
5 | 4
17 2,6 4
27 4 |2,6
TimeofDayPlan | 5 | 28 2,6
Function 6 6| 50 — -
7| 68 2,6
Minimum Cycle [ 8 | 80 # ——
Maximum Cycle | 9 \
R A s int set at
T R s SR,
)b sg 2al I?’ Restnict
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COORDINATION EXAMPLE "B"

Example B operates with Phases 2, 4, 6 and 8 on red and yellow "lock", and
Phases 1 and 5 on "non-lock" and "Rest in Red * (see Example B Timing Sheets). All
approaches have advance detectors about 4 seconds travel time from the intersections
and 40 feet queue clearing loops at the stop lines. Left turn Phases 1 and 5 are pro-
vided with 100-foot area loops. Phases 4 and 5 have 25-foot area loops in the left turn
pockets to hold (extend) Green for left tuming vehicles.
Interval O-1: Force Off 2, 6 ends Phase 2 and/or 6 green extension if a call exists for
a conflicting Phase.

Interval 2-3-4 : Pedestrian Restrict 4, 8 plus Interval 4-5 Force Off 4, 8 plus the se-
quencing call placed for 2 and 6 at interval 3-4 Call 2, 6 will prevent Phase 4 and
8 pedestrian timing from overrunning the star of arterial green band time.

interval 3-4: Call 2,6 starts a period of Hold, plus a sequencing call for Phases 2 and
6. This Hold is continued in Intervals 4-5-6-7-8. Hold 2, 6 and is used to retain
arterial green for the coordination bands.

interval 4-5: Force Off 4, 8 limits Phase 4 and 8 timing to allow Phases 1 and 5 to
time prior to retumn to arterial green.

Interval 6-7: Force off 1, 5 limits Phase 1 and 5 timing for return to arterial green:

Interval 9-0: Pedestrian Restrict 2,6 prevents Phases 2 and 6 pedestrian timing from
overrunning the Phase 2 and 6 Force Off set at Interval 0-1.

The timing at this location could have been done in a variety of forms, suitable to
.various traftic conditions. For example: The arterial Phases 2 and 6 could have been
on "recall" as at Intersection A, or the intersection could have been left entirely to actua-
tion. This example timing uses an interval of "Calf' to place a sequencing call. Had it
been desired to place a sequencing call early, it could have been placed simultaneously
with Force Off (Force Off prevails over Hold. the end result is a Force Off with a call
placed). If a different plan had been desired for a period of the day, an aiternate dial
could have been provided by the Time of Day Event Table .

Prior to utilizing time of day operations the 170 Real Time Clock must be set. Once
the clock is set it will remain accurate even through power outages of up to 4 hours and
15 minutes. During normal power conditions the clock is derived from the power line
frequency. This provides a stable long term time clock. During power outages, the
length ot the outage is measured by a highly accurate quanz crystal and battery
backup. Upon restoration of power, the length of the power outage is added to the time
at which the power failure occurred to arrive at the current time of day. For power out-
ages greater than 4 hours and 15 minutes, the additional time will be lost. For accurate
time based operation a WWYV clock can be used to update the 170 controller’s time and
date. As an altemative, a Slave 170 can have its intemal clock updated every minute
by a Master with a WWV clock via direct interconnect and modem.
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LOS ANGELES COUNTY -, Page
LOSANGELESCOUNTY = LACO-3 DETECTOR ASSIGNMENTS
TRAFFIC AND LIGHTING DIVISION
TRAFFIC SIGNAL TIMING
Intersection: EXAMPLE "B* Date Requested: By:
TS.No.._ Date Completed: By:
NOTE: Ensure ALL Blank Data Fleids are Detector Timing Detector Assignments
set to ZERO or CLEARED. lsf'l:’o.- Delay Extended Call Phase Flags Attribute Flage
App | Lanes Description Channel | Code |Seconds|Code |Seconds|Code|1[2!3|4a|6|6{7]0]|Code|{1]{2]|3|a{5]6
N LT 100’ LT LOOP ::: 410 0 abo odo
E|1&2 ADVANCE QU | dn 3 db1 dad1
2L | d12 432 dab2 dad2
BU | d13 d33 db3 ad3
BL | de da4 db4 dde
E|1&2 QQEUE CLEARING L [ @36 abs ods X
ML
BY | a1 d36 dbs dde
5L
N|1&2 ADVANCE U | d17 437 db7 dad?
NIl LT 25’ 1st VEHICLE 6L | d1s ds dbe dade X
7u | d19 @39 dbo ado
. L | d1A d3A dbA ddA
Ni1&2 QUEUE CLEARING ::I a1b aab abb oadb X
BU | di1C d3c dbC ddc
wL | did dad dbd ddd
E| LT 100’ LT LOOP .:: 20 40 aco <Eo
Wit&2 ADVANCE J2u | g21 41 dc1 dE1
Jau - | d22 42 dac2 dE2
J3u | d23 d43 dc3 dE3
JaL | d24 ded dace dE4
W|1&2 QUEUE CLEARING MU | o a6 acs oS X
JaL
J5U d2¢ d46 dcs dE6
JEL
S|1&2 ADVANCE JoU | d27 a7 dac? dE7
S LT 25’ 1st VEHICLE JeL | d2s d48 dace dES X
J7u | d29 49 dce ‘| dE®
JL | d2a d4A dCA dEA
S$|1&2 QUEUE CLEARING ::1 a2b oab acb ™ X
JOU | d2C d4c dcc dEC
JoL | d2d d4d dcd dEd
____]
REMARKS: DETECTOR ATTRIBUTES
[FLAG 1 - Red Lock FLAG § - Queus Clearing
|FLAG 2 - Red & Yellow Lock FLAG 6 - Non-Counting
FLAQG 3 - Yellow Disconnect FLAG 7 - Special Delay Option
FLAG 4 - Red Calling FLAG 8 - Special Delay Option

SPECIAL DETECTOR DELAY ASSIGNMENTS Phase
All options: Delay Timer ressts during detector phase yellow. Code|1]|2]|3]|4]|5]|6
Special Delay Option 1 (Attribute Bit 7) - Bypasses delay while flagged phaee(s) are iming. d-d-E
Speclal Option 2 (Attribute Bit 8) - B ses delay while s) are timing. d-d-F

Special Delay Option 3 (Attribute Bits 7 & 8) - Bypssses delay when other phase in same quadrant IS NOT Green (1:2) (3:4) (5:6) (7:8).
Example: @1 Detector deiay will be overridden while 02 is Yetiow or Red.
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LOS ANGELES COUNTY - Page 3 of
DEPARTMENT OF PUBLIC WORKS LACO-3 COORDINA TION
TRAFFIC AND LIGHTING DIVISION
TRAFFIC SIGNAL TIMING
T.S. No.: Imersection: "EXAMPLE B*
System Limits :
Remote Master: Date Requested: By:__
System No.: Date Completed: By:__
* Seot Local Manusl free
TIME OF DAY OPERATION SUMMARY betore setting or changing o1
intervais & functiona. Setting
Dial 1 Disl 2 Dial 3/ Oftest Timing either of the Manuals to 0 wil
Offest 1 reiease that Manual.
Local Manual (
Offest 2 11 = Slave Mode
Oftset 3 12 = Offset Timing Mode
Free 14 = Fres Operation
Special Qc‘.ll.:m <
Hold ¢
SYNC PARAMETERS Remarks: Ped Reatrict p
¢-0d System Sync Width 20 Seconde :mg:’d..,m ¢
4-0-E Set Maximum Width _4.0_Seconds with Field Calls {
d-0-F Set Minimum Width _1.0_Seconds
Keystrokes: INTERVALS FUNCTION FLAGS
C + Column + Row "~ (in seconds) DIAL 1 DIAL 2 DIAL 3/ OFFSET TIMING
Parsmeters Dist 1 | Dist2 | Otat3 | FOR® | Hold [280 | cat | FOR® | Hotd [0 | cat | FOR® | Hol Ropict| S
0 nt} 1 2 3 4 5 6 7 8 ] A b C d E F
System Manuai*} 0| 80 2,6 -
1) 1 .
2| 7 48
3| 23 26 | 48 | 26
4| 28 48 | 26 | -- -
5| 33 - 26
e 41 1.5 | 2,6
7| 42 -~ 26
Minimum Cycle | 8 | 50 -
Maximum Cycle | 9 | 64 26
1:- Master Timer A 80 "
b This interval, set at 80 seconds, will
tém"enm}lxswhen ":\elzg't?' r'us ae ewniﬂegnd
c 2 amc e 6 ged estnct
d
E
F
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COORDINATION TABLES

Coordination tables come in different varieties depending on what they specify and
how they do it. Tables O through 4 are the Daily Tables and specify as their output a
particular Plan (1 - 9) or Function (A - F) which is used by the System to decide what
combination of Dials and Offsets (including Function 6), or Functions to output. Table 5
is the Slave Mode Table and only outputs a specific Dlal Tables (6 through 9) specify
which of the Daily Tables will be in effect.

DAILY TABLES (TABLES 0-4 )

Daily Table "inputs® consist of a list of times of day and a chart of days of the week.
Its "outputs” consist of Plans and Functions. The LACO-3 program continuously com-
pares its Internal clock to the times entered in the Hour:Min column of the Table (Tables
0-4). If a coincidence is found, and the present day of the week has been flagged for
that time in the Sunday through Saturday columns to the right, then the action called for
under the Plan column is taken. For example, it can command the local intersection
into Slave Mode which will direct the local controller to take its System commands (Di-
als, Oftsets, etc.) from an external input (i.e., over wires from a remote Master Control-
ler).

Entries in the Hour:Min column of Tables 0-4 may appear redundant at times when
actually they are not. For example, it may be desirable to go to Plan 2 (Dial 2, Offset 1)
at 05:30 if it is a Sunday but to Plan 6 (Dial 3, Offset 2) at 05:30 if it is a Monday.
Therefore, two lines will list 05:30. One will have an *X" in the Sunday column and will
specify a "2° in the Plan column. The other will have an *X" in the Monday column and
will list a "6" in the Plan column,

Another point worth noting is that the times listed in Tables 0-4 need not be in
chronological order (even though that is the way they will usually be listed). The pro-
gram merely scans the whole list for matches and will act on them without reference to
where in the list they occurred.

SLAVE MODE TABLE (TABLE 5)

This table is in a category by itself and is not used or referred to by any of the other
tables. It comes into play only when the Local controller is in the Slave Mode. This can
happen by entering an *11* at the Local Manual location (C-0-1) or by entering a “b" in
the Plan column of Tables 0-4. No matter how Slave Mode is established, the Local
controller involved will be directed to take its Dial and Offset Commands (including im-
pressed Sync pulse) from an external source via communications port. However, first
the Slave Mode Table 5 will be searched for valid entries. If a number from 1-3 is found
in the Dial column, that dial will be implemented in preference to any Dial command be-
ing received externally. Note that in either case, the externally commanded Offset and
the Sync puise riding on it will be used.
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FLOATING HOLIDAY TABLE (TABLE 6 ) see FIGURE 28

Table 6 is used for those holidays that don't fall on a fixed date every year or that
cause a change in traffic patterns for a time period of more than one day. For exam-
ple, Thanksgiving is defined as the fourth Thursday in November, but the Friday after
Thanksgiving is generally treated as a holiday also (in terms of traffic pattems). To im-
plement Table 2 on this holiday we would list under the Month/C/Nth column, "11/1/4."
We would next put a "2" in the Table column and flag Thursday on that line. The "C* in
the Month/C/Nth column allows us to extend the action taken on the holiday by the num-
ber of days we list in that sub-column. That is, the "1" we put there for Thanksgiving ex-
tends Table 2 operation through Friday as well.

Control defaults to Table 0 uniess otherwise directed by another event in Tables 6
through 9. Events 6-0 through 6-4, listed on Page 5 of the LACO-3 Timing Sheets, are
those used by Los Angeles County. They may be changed to suit the individual
agency'’s needs.

EXCEPTION DAY TABLE (TABLE 7) see FIGURE 28

Table 7 works in a similar manner to Table 6, but it allows other choices on specific
days of specific months. [f the date entered in the Month/Day column matches a
flagged day of the week, control will be forced to the Daily Table number listed in the
Table column. At the end of that day control defaults to Table 0, unless otherwise di-
rected by another event in Tables 6 through 9. Events 7-0 through 7-9, listed on Page
5 of the LACO-3 Timing Sheets, are those used by Los Angeles County. They may be
changed to suit the individual agency’s needs.

ANNUAL EVENT TABLES (TABLES 8 AND 9)

These tables have the same format as Table 7 but the -operation is different. The
dates listed in the Month/Day column are STARTING dates. Beginning on the date en-
tered, the designated Daily Table number will be put into eftect each time a day of the
week flagged on that line occurs. That Table will continue to be implemented for each
occurrence of the flagged days until changed by another later date with the same
day(s) flagged, or until the end of that calendar year. Entries in Tables 8 and 9 change
the "default” table for the flagged days of the week from Table O to some other Dally
Table.

As an example, let's suppose that every Thursday and Friday, during June, July
and August, a city sponsors a Farmers' Market that requires a modified traffic coordina-
tion, the specifics of which will be entered in Table 3. That is, every Thursday and Fri-
day during June, July and August, we want Table 3 to be in effect. On a line in Table 8
or 9 enter 06/01 in the Month/Day column; enter a "3" in the Table column; and flag col-
umns 5 and 6 (Thursday and Friday) in the day-of-the-week columns. On each Thurs-
day and Friday (until changed by another line), Plan 3 will be in effect as the "default"
Plan unless overridden on specific days by Tables 6 and 7.

On September 1, the city wishes to resume normal patterns of coordination for
Thursdays and Fridays so another line is inserted in Tables 8 or 9 with 09/01 in the
Month/Day column, with a "0" in the Plan column, and with Thursday and Friday
flagged in the day-of-week columns.
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CONFLICTS BETWEEN / WITHIN TABLES

In the case when different tables command contflicting actions, the EXCEPTION
DAY TABLE (Table 7) has priority over the FLOATING HOLIDAY TABLE (Table 6)
which has priority over the ANNUAL EVENT TABLES (Tables 8 and 9). Within a given
table, if two events direct different actions at the same time, the event closest to the bot-

tom of the table will be implemented.
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NEER| ENTRY TRANSLATION ACTUAL HOLIDAY | DAYS TO CONTINUE / TABLE
0 3rd Monday in January Martin Luther King's Birthday None /1
1 3rd Monday in February President's Day None / 1
2 Last Monday in May Memorial Day None /1
3 1st Monday in September ___Labor Day None / 1
4 ‘4th Thursday in November Thanksgiving 1/1

TABLE 6- FLOATING HOLIDAYS

NUMBER [EXCEPTION DATE / TABLE ACTUAL EXCEPTION DAY
0 January 1/1 New Year's Day if on a Weekday
1 January 2/ 1 Day after New Year's Day if on a Monday
2 July4/1 independence Day if on a Weekday
3 July5/1 Day after Independence Day if on a Monday
4 November 10/ 1 Veteran's Day if on a Friday
5 November 11/ 1 Day after Veteran's Day if on a Weekday
6 November 12/ 1 2nd day after Veteran’s Day if on a Monday

TABLE 7 - EXCEPTION DAYS

These are the default Floating Holidays and Exception Days use by Los Angeles County.

They are permanently programmed in the LACO-3 Program chip but may be modified to si

individual agency needs. After modifying these Tables, save the new data to tne 7000h
NOVRAM by entering "071" at location F-0-A. Entering "999" at F-0-A will restore the L.A
County defaults.

FIGURE 28 - Tables 6 and 7 Translations




LOCATIONS TO OBSERVE WHEN IN COORDINATION
C-0-0: System Manual (usually set to 0)
0 = Automatic Mode
1-9=Plan1,2,3,4,5,6,7,80r9
14 = System requesting Function 6
C-0-1: Local Manual (usually set to 0)
0 = Master Mode (Automatic)
1-3=Dial 1,2 0r3
11 = for Slave Mode
12 = for Offset Timing Mode
14 = Free
C-0-2: the Dial that the System Master is calling for
C-0-3: the Dial that the Local controller is using
C-0-4: the Offset number that the Local controller is using
C-0-5: the plan selected by the Time Of Day tables (Tables O - 4)
C-0-6: the user set default dial for Free operation (Function 6)
C-0-7: the Table Number from which the plan (shown at C-0-5) was selected
C-0-8: the minimum cycie length allowable
C-0-9: the maximum cycle length allowable
C-0-A: the Master Cycle Timer
C-0-B: the Local Cycle Timer
C-0-C: the System Cycle Timer
C-0-D: the current Offset time
C-0-E: the last Master cycle length
C-0-F: the last Local cycle length

CALL LIGHT "0"

Call light "0" reflects Coordination status, regardless of the 170 Display mode Inter-
pretation of Call light 0" is as follows:

Constant Off indicates that a "14" is entered at C-0-1 (Local Manual) and that the
Local controller will not respond to System commands. C-0-3 will also show a
"14".

Constant On indicates that the Local controller is in Coordination and operating nor-
mally. C-0-3 will show the current Dial (or C-0-6 entry if in Function 6). In this
‘'mode Call Light "0" will extinguish only for the duration of the Master Sync Pulse.



On .5 Seconds and Off .5 Seconds indicates a Coordination error condition, spe-
cifically loss of sync. If sync is restored, Call light "0" returns to a constant on
condition. If "14" is entered at C-0-1, Cali light "0" retums to a constant off condi-
tion.

On 1 second, Off 1 second indicates that the Local controller is in Offset Timing
Mode and is Free waiting for an input from an adjacent intersection. When this
input is sensed, Call light "0" retumns to a constant on condition for the duration
of the Dial 3 cycle length.

COMMUNICATIONS PORTS

LACO-3 supports up to 4 Communications Ports (Ports) which may be configured in a
variety of ways. Port assignment locations are:
COMM PORT 1 - d-0-7

COMM PORT 2 - d-0-8
COMM PORT 3 - d-0-9
COMM PORT 4 - d-0-A
Each Comm Port can be assigned any one of 8 functions as follows:
0] Disables the Comm Port
WWYV Radio Receiver
Send Coordination Dial/Offset (in ML2 Protocol) to Slave
Send or Receive Coordination Dial/Offset (in ML.2 Protocol)
Receive Coordination Dial/Offset (in ML2 Protocol) from Master
= Remote Monitoring (For future use)
12 = Send Time/Date string
17 = Receive Time/Date string

Functions "12" and "17" can only be assigned to Comm Port 1. The remaining func-
tions may be assigned to any Comm Port. However, no function should be assigned to
more than one Comm Port. In the case of duplicate function assignments, the pro-
gram will only recognize the lowest numbered Comm Port. Functions assigned to
Comm Ports that are not installed are ignored. Observe which Comm Ports are in-
stalled in the 170 at location E-5-F. If a Comm Port is installed and functional, the Call
light corresponding to its port location will be "ON". Call lights "1" through "4" indicate
the existence of Comm Ports 1 through 4 respectively. Additionally, Call lights "5"
through "8" indicate which (if any) Comm Port is assigned the WWV Radio Receiver
function. For example, if Call lights 1,2,3,4 and 7 are "ON" then the 170 controlier has
4 Comm Ports installed and Comm Port 3 is configured for WWV Radio Receiver.
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OVERLAPS

Overlaps are used when a particular Vehicle movement (as opposed to Vehicle
Phase) can time safely with a normally incompatible movement. For example, the right
tum movements of North/South traffic can usually proceed safely while the left tum
movements of the East/West traffic are Green. These situations are usually imple-
mented using two-color Overlaps. Another example might be where a road crosses an
unusually wide artery with islands separating opposing traffic. In this case, three-color
Overlaps would be used for "inside” and "outside" clearance. Used in conjunction with
detector delays and other parameters, Overlaps can help an intersection run more effi-
ciently by eliminating unnecessary calls to cross street traffic.

~ LACO-3 supports six Overlaps (A through F) in three different modes of operation
(Normal, Railroad and EV). An Overlap may have a different set of parents phases in
Normal than it does in Railroad. However, since Emergency Vehicle is a sub-operation
of either Normal or Railroad operation, EV parent phases must be a subset of Normal
and/or Railroad parent phases. Overlap parent phases are set as follows:

NERLAL : S -
A F-A-A F-C-A F-d-A -
_B F-Ab F-C-b Fd-b
C F-A-C F-C-C F-d-C .
D F-Ad F-C-d F-d-d
E F-A-E F-C-E F-d-E_
F F-A-F F-C-F F-d-F

* Must be part of Permitted Phases (F-F-0)
** Must be part of Railroad Track Clearance Phases (F-d-4) or Railroad Limited Serv-
ice Phases (F-d-5)

Since Overlap parent phases can change when entering or leaving a Preempt, the
program uses separate memory to keep track of the current parent phases. These loca-
tions are referred to as Dynamic Overlap parent phases and can be observed on the
Call lights at the following locations:

Dynamic Overlap A d-F-0
Dynamic Overiap b d-F-1
Dynamic Overlap C d-F-2
Dynamic Overlap d d-F-3
Dynamic Overlap E d-F-4
Dynamic Overlap F d-F-5

Monitoring these locations when transitioning into and out of Preempt will help fa-
miliarize the user with the Overlap control structure.
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Overlaps flagged with Green Omit parents will show no color when that parent is
Green. Green Omit parents for each Overlap remain the same regardless of Preempt
status. Green Omit parent phases are set as follows:

A F-b-A
b F-b-b
C F-b-C
d F-b-d
E F-b-E_
F F-b-F

Each Overlap has its own set of termination times (Green Extension, Yellow
Change and Red Clearance) that are set as follows:

M%ﬁ%
A F-1-A F-1-b F-1-C
b F-2-A F-2-b F-2-C
c F-3-A F-3-b F-3-C
d F-4-A F-4-b F-4-C
E F-5-A F-5-b F-5-C
F F-6-A | F-6-b F-6-C

When an Overlap parent phase is terminated, a Locked call is placed on the Phase
that caused the termination, so that it is serviced next even if the Vehicle actuation
drops. If an Overlap terminates and then restarts immediately, it must time Red Revert
(set at F-0-F) just as a Vehicle Phase must do. Each Overlap has its own termination
and Red Revert timers which can be observed as follows: '

| Ovemap | TERMINATIONTIMER |  REDREVERTTIMER

A E-F-0 E-F-6
b E-F-1 E-F7
C E-F-2 E-F-8
d E-F-3 E-F-9
E E-F4 E-F-A
F E-F-5 E-Fb
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PREEMPTS

RAILROAD PREEMPTION

The LACO-3 program recognizes one Railroad preempt input that can be config-
ured in two different ways, RR1 Flash or RR2 Limited Service. Entering a "1" at RR Se-
lect (F-E-0) sets the RR1 Flash sequence. If the value at RR Select is a "2", then the
RR2 Limited Service sequence is used. If there is a "0" at RR Select, then the program
ignores any Railroad preempt input altogether. A Railroad preempt input must be “true”
for .5 seconds before the preemption sequence begins.

Once the program begins a Railroad preempt sequence, regardless of which one is
selected, a fixed series of events takes place. A Hold is put on the RR Track Clearance
phases selected at F-d-4. These phases are also placed on Recall. All other Vehicle
phases and all Ped phases are disallowed. This causes any Vehicle or Ped Phase al-
ready in service to immediately be advanced out of service, no matter where it is in its
cycle (the only exception to this is that any RR Track Clearance Phase already Green,
stays in service). At the same time, the RR Track Clearance time entered at F-E-1 is
loaded into the RR Clearance Timer (F-E-F). As soon as all RR Track Clearance
phases are Green, the RR Track Clearance timer begins to count down. Once started,
the RR Track Clearance sequence continues until the Track Clearance timer counts
down to 0 seconds, even if the preempt input drops before then. At the end of RR
Track Clearance, the program continues with whichever RR Preempt sequence is se-
lected until the preempt input has dropped.

it the RR1 sequence is selected ( a "1" at F-E-0), the Track Clearance phases are
terminated and the intersection is put into RR1 Flash (software flash) for the duration of
the preempt. When the preempt input is dropped, the intersection shows all Red for
the length of time set at F-E-2 (RR1 All Red). The default is 5 seconds. If (F-d-6) has
any phases set, they will go Green first after which all other Permitted phases (both
Ped and Vehicle) are put on Recall for one cycle. If nothing is set at location F-d-6,
then phases are served on a normal demand basis.

If the RR2 sequence is selected (a "2" at F-E-0), when the Track Clearance timer
reaches 0 seconds the intersection goes into Railroad 2 Limited Service. This mode of
operation is identical to Normal operation except that Allowed phases (observed at E-7-
A) are the phases set at RR2 Ltd. Service (F-d-5), not the Permitted phases set at F-F-
0. The only functions that are not available in RR2 Limited Service are Coordination
and Manual Control Mode. Any RR Track Clearance phases that are not also RR2 Ltd.
Service phases are terminated immediately. Demand for a Permitted Vehicle Phase, if
not also set for RR2 Ltd. Service, will be ignored but demand for its associated Ped
Phase will be serviced. An Emergency Vehicle preempt will be serviced if any of the
EV clearance phases are aiso flagged as RR2 Ltd. Service phases (F-d-5). Otherwise
it is ignored. RR2 Max (set at location F-E-3, observe at E-F-F) may be set to limit the
length of time that the intersection is allowed to operate in RR2 Limited Service. When
the RR2 Max timer counts down to O minutes, any Phase(s) in service will be forced off
after timing Minimums and the intersection will be put into RR1 Flash. From that point,
operation continues as in RR1 above. Note that a value of “000" entered at RR2 Max
means that there will be NO time limit on RR2 Limited Service.



ADDITIONAL POINTS
1 Track Clearance phases will not go Green until incompatible Overiaps have

completely terminated.

2 Tuming on call light.5 at d-E-F (USER FLAG OPTIONS), delays Track Clear-
ance Phase Green until all Overlaps have terminated.

3 If in Coordination when a RR preempt occurs, the Local intersection goes Free
until the preempt ends and Free Time After Preempt (set at F-E-4 and observed
at F-E-F) times out.

4 During either Railroad sequence, any phases called (both Ped and Vehicle) that

cannot be serviced are saved and put on Recall for one cycle after exiting from a

preempt condition. Observe saved Ped calls at E-7-0 (SVPED) and saved Vehi-

cle calls at E-7-1 (SVVEH).

5 The program senses a RR Preempt when the voltage at the C1 connector, Pin
52, is 12 vdc. This means that the RR Preempt circuit must be connected to the
Railroad relay using its normally closed (n. c.) contacts. When an approaching
train is sensed, the Railroad switch opens, removing the voltage to the Isolator,
causing the Program to begin its selected RR sequence.

170 Railroad Input

C1-52

0 vdc = no train

A.C. Isolator

12 vdc = train

115 vac

from_
170 Cabinet

115 vac = no train

n.«
-

Ovac=

train

n.ao

6 Ifa"1" ora "2" is entered at F-E-0, and the RR Preempt circuit is not in place,
the program will begin its RR Preempt sequence immediately. The only way to
end the RR Preempt sequence in this situation is to restore the RR Preempt cir-
cuit or enter "0" at F-E-0 followed by a long power down.

7 After an A.C. power failure, if power is restored to the 170 controller while the

preempt input is active, the Program will initiate a software flash condition imme-

diately on Startup. The software flash will remain until the RR preempt input is
removed, at which time a normal RR1 exit sequence takes place.

8 Once a Railroad Preempt is started, even if it drops immediately, the Track Clear-

ance phases are guaranteed to time until either the Track Clearance Timer ex-
pires or Minimum Green expires, whichever is greater.

9 In RR1, if no Track Clearance phases are flagged, a preempt input will cause im-

mediate termination of any phases timing and go directly to RR1 Flash. If the
preempt input drops before RR1 Flash, then the terminating phases will red re-

vert or transition directly to other called phases.

10 If RR2 is selected at F-E-0 but no Track Clearance Phases or Limited Service
-Phases are flagged, then the Timing/Data portion of the 170 display will alter-
nately show a "000" and "002". This indicates to the user that all of the require-
ments for a RR2 Preempt sequence have not been met. In this case the

Program will respond to a RR preempt input with the RR1 sequence.
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EMERGENCY VEHICLE (EV) PREEMPTION

(see FIGURE 29)

LACO-3 recognizes four EV Preempt inputs although it will only service one at a

time.
a.

b.

When an EV Preempt input goes active, the following events take place:

A HOLD is put on the EV Clearance phases and they are put on Recall for the
duration of the EV Preempt sequence.

All other phases are "disAllowed" and any phases in service, including Peds, will
be permitted to time out minimums before being forced off

If there is any EV Maximum time (set at F-E-d, observe at E-F-E), it will start to
count down as soon as the EV input is sensed.

. lfthere is any EV Delay time (set at F-E-5, F-E-7, F-E-9 or F-E-b, observe at F-E-

E) it will start to count down as soon as the EV input is sensed. The EV se-
quence will not start until the EV Delay has timed out. Any EV Clearance Phase
that is serviced during EV Delay will stay Green because of the Hold placed on
it.

The EV Clearance time (set at F-E-6, F-E-B, F-E-A or F-E-C, observe at F-E-E)
will begin to count down only when EV Clearance phases are Green, the EV De-
lay times out and the EV input is removed.

Additional Points:

1.

If multiple EV inputs occur simultaneously, they will be serviced in the following
priority: :

EV D before all others

EV C before EV Band EV A

EV B before EV A

A Ped Restrict is placed on all enabled Peds for the duration of the EV Preempt
sequence. This will prevent any Ped calls from being served during the preempt.
Turning on call light 2 at d-E-F (USER FLAG OPTIONS), causes all Pedestrian
protection to end immediately when an EV input is sensed.

EV Clearance phases will not go Green until conflicting Overlaps have timed
out.

Turning on call light 8 at d-E-F (USER FLAG OPTIONS), delays EV Clearance
Phase Green until all Overlaps have timed out.

If the EV input becomes active again while the EV Timer (F-E-E) is decrement-
ing, then the EV Timer is reset to the full EV Clearance time and will not resume
timing until the EV input is removed.

If in Coordination when an EV Preempt occurs, the Local intersection goes Free
until the preempt ends and Free Time After Preempt (set at F-E-4 and observed
at F-E-F) times out. The Coordination plan continues to time in the background.
During the EV sequence, any calls to non-Allowed phases (both Ped and Vehi-
cle) are saved and put on Recall for one cycle after exiting from a preempt condi-
tion. Observe saved Ped calls at E-7-0 (SVPED) and save Vehicle calls at E-7-1
(SVVEH).
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RESTRICTED PHASING

The concept of Restricted phasing is not new to 170 programs. There has always
been "implicit" restriction with supplemental phases and with cross street phases. For
example, Phase 1 cannot time with Phase 2 and Phases 1, 2, 5 or 6 cannot time with -
Phases 3, 4, 7 or 8. The LACO-3 Restricted phasing feature just extends that concept
to normally compatible phases. It is used when a factor (such as safety or the geome-
try of an intersection) prevents normaily concurrent phases from timing together. A typi-
cal situation that might require Restricted phasing is where a left turn movement has
two lanes and there is not enough room in the intersection for the opposite approach
left tum movement to proceed at the same time. Restricted phases are set at F-F-A.

IMPORTANT POINTS TO REMEMBER WHEN USING RESTRICTED PHASES

1. Restricted phasing applies the same rules to "Ped only" movements (during RR2
Limited Service) as it does to Vehicle movements.

2. When crossing the Barrier to a street with Restricted Phases, a Lead Phase call
is always serviced first. Start up after a Long power down is treated as a barrier
crossing. If no phases are flagged at F-F-D (First Phases after Start Up), and
Phases 1 and 5 are Restricted, the program will accept both phases as default
first phases and serve Phase 1 first followed by Phase 5. However, if Phase 1 is
not Pemmitted and Phases 2 and 5 are Restricted, then Phase 5 will be served
first (because it is a Lead phase) followed by Phase 2. If this operation is unde-
sirable, the user can set Phases 2 and 6 for Yellow Start Up at F-F-E. In this
case the default first phases will be Phase 3 and 7 (if Permitted).

3. A Restricted Phase in one Ring must terminate before a non-Restricted Phase in
the other Ring can terminate in order to serve its Restricted supplemental
Phase. This characteristic needs to be considered when implementing Coordina-
tion as it may cause one or more phases to be skipped during a cycle.

4. A change in Restricted Phases (F-F-A) will only take effect at Barrier crossmg or
after a long power down.

5. A Restricted phasing configuration is defined by the flagged phases’ Lead/Lag
status. Therefore, if Lag phases change with a Dial change, then the Restricted
phasing configuration may change also.

RESTRICTED PHASING WITH OVERLAPS

Occasionally Restricted Phasing rules conflict with Overlap ruiles. Since Restricted
Phasing is usually implemented for safety considerations, its operation continues un-
changed. When there is a conflict between Restricted Phasing and Overlaps, the Re-
stricted Phasing operation takes precedence and the Overlap operation is adjusted to
accommodate it.



USER DATA VALIDATION

LACO-3 has been designed to be as forgiving as possible in terms of User entered
data. The assumption was made early on that the Users of this program would have a
basic knowledge of Traffic terminology and concepts. Experience has shown, however,
that human error or other factors could allow invalid data to be entered in critical pa-
rameters. Rather then have several wamnings on every page of this manual, it was de-
cided to test (and modify if necessary) all critical data used by this program. The
following Table lists all timing entries by Timing Sheet page giving the data name, its
keystroke sequence, the restrictions on data, and the result of entering invalid data.
Following the table is the description of the Invalid Data Indication codes. Further, all
data on the E-Page, is write protected. Finally, the most effective prevention available
is common sense. For example, one wouldn't expect to see both phases in a quadrant
flagged as Lag phases (although that particular case has been tested for). The user
should take particular care when entering data in those locations that are not tested.



TIMING SHEET PAGE ONE
. Invalid
Data Name ‘Keystrokes Data Restrictions patg
Indications
PHASE FUNCTION FLAGS
Phases Permitted F-F-0 Phases 1-8 None
Red Lock F-F-1 Phases 1-8 None
Red & Yellow Lock F-F-2 Phases 1-8 None
Minimum Vehicle Recall F-F-3 Phases 1-8 None
Ped RecallV/Rest in Walk F-F-4 Enabled Ped Phases A
Green Rest F-F-5 Phases 1-8 None
Red Rest F-F-6 Phases 1-8 None
STA Mode F-F-7 Enabled Ped Phases B
Double Entry F-F-8 Phases 1-8 B
Max Vehicle Recall F-F-9 Phases 1-8 None
Restricted Phases F-F-A Phases 1-8 None
Prot/Perm Left Tums F-Fb Phases 1-8 None
Barrier Recall F-F-C Phases 1-8 None
First Phases F-Fd 1 Phase/Ring, both cannot be Restricted  |A
Yellow Start Up F-F-E Same as F-F-d A
Overlap Yellow Start Up F-F-F Overlaps A-F, at least 1 parent in F-F-E C
LAG PHASE FLAGS
Lag Phases during FREE d-F-0 Phases 1-8, only 1 Phase per Quadrant D
Dial 1 Lag Phases d-F-1 Same as d-F-0 D
Dial 2 Lag Phases d-F-2 Same as d-F-0 D
Dial 3 Lag Phases d-F-3 Same as d-F-0 D
PEDESTRIAN PHASE FLAGS
2 Ped Load Switch d-F4 Phases 1-8, 1 Phase A
4 Ped Load Switch d-F-5 Phases 1-8, 1 Phase A
6 Ped Load Switch d-F-6 Phases 1-8, 1 Phase A
8 Ped Load Switch d-F-7 Phases 1-8, 1 Phase A




TIMING SHEET PAGE ONE

Invalid

Data Name Keystrokes Data Restrictions Indazttiaons
PREEMPTION
RR Select F-E-0 01or2
RR Track Clearance F-E-1 1 to 255 seconds F
RR1 Ali Red F-E-2 .110 25.5 seconds
RR2 Max F-€-3 0 to 255 minutes None
FREE time after preempt F-E4 0 to 255 minutes None
EV A Delay F-E-5 0 to 255 seconds H
EV A Clearance F-E-6 0 to 255 seconds H
EV B Delay F-E-7 0 to 255 seconds H
EV B Clearance F-E-8 0 to 255 seconds H
EV C Delay F-E-9 0 to 255 seconds H
EV C Clearance F-E-A 0 to 255 seconds H
EV D Delay F-E-b 0 to 255 seconds H
EV D Clearance F-E-C 0 to 255 seconds H
EV Maximum F-Ed 0 to 255 seconds None
PREEMPTION FLAGS
EV-A F-d-0 1 Phase per ring, both cannot be Restricted {A
EV-B F-d-1 Same as F-d-0 A
EV-C F-d-2 Same as F-d-0 A
EV-D F-d-3 Same as F-d-0 A
RR Track Clearance F-d4 Phases 1-8 None
RR Limited Service F-d5 Phases 1-8 None
RR1 Exit Phases F-d-6 Same as F-d-0 A
MISCELLANEOUS PHASE
TIMES
Red Rest Delay F-0-7 0 to 25.5 seconds None
Green Rest Delay F-0-8 0 to 25.5 seconds None
Max Added Green F-0-E 0 to 255 seconds None
Red Revert F-0-F 0 to 25.5 seconds None




TIMING SHEET PAGE ONE
Invalid
Data Name Keystrokes Data Restrictions patg
Indications
PHASE TIMING (Only Phase 1 is shown; Phases 2 through 8 are identical)
Minimum Walk F-1-0 1 to 255 seconds |
Flashing Don’t Walk F-1-1 1 to 255 seconds |
Minimum Green F-1-2 1 to 255 seconds J
Queue Maximum F-1-3 0 to 255 seconds None
Added Green per Actuation F-14 0to 25.5 seconds None
Vehicle Extention F-1-5 0 to 25.5 seconds None
Maximum Gap F-1-6 0 to 25.5 seconds None
Minimum Gap F-1-7 0to 25.5 seconds None
Maximum Extension 1 F-1-8 0 to 255 seconds None
Maximum Extension 2 F-1-9 0 to 255 seconds None
Reduce 0.1 Seconds Every... |F-1d 0 to 25.5 seconds None
Yellow Clearance F-1-E 3.010 6.0 seconds K
Red Clearance F-1-F 0 to 25.5 seconds None
OVERLAP TIMING (Only Overlap A is shown. Overlaps B through F entered in Phases 2 through 6)
Ovip Green Extension F-1-A 0 to 25.5 seconds None
Ovlip Yellow Clearance F-1-b 3.0to0 6.0 seconds L
Ovip Red Clearance F-1-C 0 1o 25.5 seconds None




TIMING SHEET PAGE TWO

Invalid
Data Name Keystrokes Data Restrictions | nd%:tt?ons

DETECTOR TIMING
Delay

(| File) d-1-0tod-1-d 0 to 255 seconds None

(J File) d-2-0 to d-2d 0 to 255 seconds None
Extended Call

(1 File) d-3-0to d-3-d 0 to 25.5 seconds None

(J File) d-4-0to d-4-d 0to 25.5 seconds None
Phase Flags

(1 File) d-b-0to d-b-d Phase 1to 8 None

(J File) d-C-0tod-Cd Phase1t0 8 None
Phase Attributes

(| File) d-d-Oto d-d-d CaliLights 1to 8 None

(J File) d-E-Oto d-Ed Call Lights 1 to 8 None
Special Delay Option 1 d-d-E Phase 1to 8 None
Special Delay Option 2 d-d-F Phase 1to 8 None




TIMING SHEET PAGE THREE

) ) Invalid
- Data

Data Name Keystrokes Data Restrictions Indications

COORDINATION PARAMETERS

System Manual C-0-0 0,14’ orPlans 1t0 9 M

Local Manual** C-01 0, Dials 1 to 3, 10*to 15* M

Function 6 C-0-6 14* orDials 110 3 M

Minimum Cycle C-0-8 :) Cto 0_295)4 seconds and less than Maximum Cycle |,,

Maximum Cycle C-0-9 1 to 255 seconds and greater than Minimum None

Cycle (C-0-8).

* The numbers 10, 11, 12, 13, 14 and 15 at these locations correspond to the Functions A, B, C,
D, E and F used as Plan entries in the Coordination Tables.

** When entering Functions 10, 13 or 15 (A, D or F) the Function display restores the prior
Dial or Function. To verify that the above entries were accepted, observe location E-6-3
(MAX2) and see that Call light "8" is on for Function 10, Call light "4" is on for Function 13 and
both Call lights are off for  Function 15. ‘

INTERVALS AND FUNCTIONS FLAGS

4 to 255 seconds

Dial 1 Cycle Length C-1-0 N
Dial 1 Intervals C-1-1t0 G-1-F géog:,el::ecr:ty::\mﬁ:g :\l:;llat‘e\reval time must |\ one
Dial 1 Force Off C-4-0to C-4-F Phases 1 -8 None
Dial 1 Hold C-5-0to C-5-F Phases 1 -8 None
Dial 1 Ped Restrict C6-0toC-6-F |Phases1-8 None -
Dial 1 Call C-7-0t0 C-7-F Phases 1-8 None
Dial 2 Cycle Length C-2-0 4 to 255 seconds N
Dial 2 Intervals G-2-1t0 C-2-F g;°gm:;‘e${h°;mﬁ:g‘:‘;"gﬁga' time must |\ one
Dial 2 Force Oft C-8-1toC-8-F |Phases1-8 None
Dial 2 Hold C-9-1to C-9-F Phases 1-8 None
Dial 2 Ped Restrict C-A-1t0C-A-F |Phases1-8 None
Dial 2 Call C-b-1to C-b-F Phases 1 -8 None
Dial 3 Cycle Length C-3-0 4 to 255 seconds N




TIMING SHEET PAGE FOUR

Invalid

Data Name Keystrokes Data Restrictions Ind%ztﬁaons
OVERLAP PHASE FLAGS
Overlap A F-A-A Phases 1 -8 None
Overlap B F-A-b Phases 1 -8 None
OverlapC F-A-C Phases 1 -8 None
Overlap D F-A-d '|Phases 1 -8 None
Overlap E F-A-E Phases 1 -8 None
Overlap F F-A-F Phases 1 -8 None
OVERLAP GREEN OMIT FLAGS
Overlap A F-b-A Phases 1 -8 None
Overlap B F-b-b Phases 1 -8 None
Overlap C F-b-C Phases 1 -8 None
Overlap D F-bd Phases 1 -8 None
Overlap E F-b-E Phases 1 -8 None
Overlap F F-b-F Phases 1 -8 None
RAILROAD PREEMPT OVERLAP FLAGS
Overlap A F-C-A Phases 1 -8 None
Overlap B F-Cb Phases 1 -8 None
Overlap C F-C-C Phases 1 -8 None
Overlap D F-Cd Phases 1 -8 None
Overlap E F-C-E Phases 1 -8 None
Overlap F F-C-F Phases 1 -8 None
EMERGENCY VEHICLE PREEMPT OVERLAP FLAGS
Overiap A F-d-A Phases 1 -8 None
Overlap 8 F-d-b Phases 1 -8 None
Overlap C F-d-C Phases 1 -8 None
Overlap D F-dd Phases 1 -8 None
Overlap E F-d-E Phases 1 -8 None
Overap F F-d-F Phases 1 -8 None




TIMING SHEET PAGE FOUR
Invalid
: - Data
Data Name Keystrokes Data Restrictions indications
LOAD SWITCH ASSIGNMENTS
Ped A to Overlap A F-9-A Enabled Ped Phases
Ped B to Overlap B F-9-b Enabled Ped Phases
Send Overlap to Phase
Overlap C F-9-C Unused Phases 1 to 8 P
Overlap D F-9d Unused Phases 1 to 8 P
Overlap E F-9-E Unused Phases 1 10 8 P
Overlap F F-9-F Unused Phases 1 to 8 P
USER FLAG OPTIONS
True Maximum . Ignores further vehicle extensions after max out y
Extension(All Phases) [9E-F B! 1 |indenendent of other ring). None
EV Pedestrian . .
Clearance NOT ¢E-F Bz |EV Fedestian Clearance is NOT protected when  |ngng
Protected istlag is sel.
Mid-Block Pedestrian . Phases 2 & 6 Red Flashes during Phase 4 Ped
Crossing d-E-F B4 Protection. None
Delay RR Track
Clearance Phase d-E-F Bit5 |Delays Track Clearance until ALL Overiaps time out. |None
Green
Echo Remote .
Coordination Inputto  |d-E-F Bit 6 aL;g-el&f/(\)STtEu? OPERATION: Echo Slave Data to None
Output uptut.
. Enables Manual Advance Operation. Requires
Enable Manual Control |d-E-F Bit 7 MANUAL Pushbutton Switch. None
Delay EV Clearance . . .
Phase Green d-E-F Bit8 |Delays EV Clearance until ALL Overapps time out. |None
ASSOCIATED PHASE RECALL
Phase 1 F-CA1 Phases 1 -8 None
Phase 2 F-C-2 Phases 1 -8 None
Phase 3 F-C-3 Phases 1 -8 None
Phase 4 F-C4 Phases 1 -8 None
Phase 5 F-C-5 Phases 1 -8 None
Phase 6 F-C6 Phases 1 -8 None




TIMING SHEET PAGE FOUR

) Invalid
Data N Keystrok Data Restrictions Data
ata Name eystrokes ata Res Indications
PHASE/OVERLAP REASSIGNMENT FLAGS
Driveway Flash(Phase) |F-A-0 Phases 1o 8 None
Yellow Ranging(Phase)|F-A-1 Phases 1t0 8 None
Driveway Fiash(O'Lap) |F-A-2 Overlaps A - F None
Yeliow Ranging(O’Lap) |F-A-3 Overlaps A - F None
Ped 2 Load Switch is
Overlap F-A-4 OverlapsC - F Q
Ped 4 Load Switch is
Overlap F-A-5 ' OverlapsC - F Q
Ped 6 Load Switch is :
Overlap F-A-6 Overlaps C - F Q
Ped 8 Load Switch is
Overlap F-A-7 . |Overlaps C - F Q
TIMING SHEET PAGE SIX
OFFSETS ‘ . '
Plans 1103 -
(Offset 1/ Dials 110 3) F-9-11t0 F-9-3 0 to 255 seconds None
Plans 410 6
(Offset 2 / Dials 110 3) F-84 to F-9-6 0 to 255 seconds None
Plans 7to 9
(Offset 3/ Dials 1 to 3) F-9-7 to F-9-9 0 to 255 seconds None
COMMUNICATIONS ASSIGNMENTS
Port 1104 d-0-7 to d-0-A 0,1,2,4,7,8,12,0r17 None

TIMING SHEET PAGE 5 and 6 (LACO-3 EVENT TABLES and ANNUAL TABLES)
LACO-3 does not perform any testing on Table Data.




INVALID DATA INDICATION CODES

When entering time data, the 170 hardware only recognizes the the numbers 000"
through 255" ( the decimal equivalent of "00" through "FF* in hexadecimal). If a num-
ber greater than 255 is entered, the controller will subtract 256 until the remainder is
less than 256. This result is the time that will be entered. Example: at d-2-0 the num-
ber "587" is entered. The 170 will subtract 256 twice leaving 75 which is the value that
will be stored at d-2-0. Following are the invalid data indication codes referenced in the
preceding pages.

A. Invalid data is erased. It F-F-A (Restricted Phases) is changed after these
Phase flags are set, the invalid data will be erased when E-b-1 (Dynamic Restricted
phases) is updated (after a Long power down or after Barrier crossing).

B. Invalid data is ignored.

C. Invalid data is erased on next Long power down

D. Invalid data modified after Long power down or at Barrier crossing. If no Lag
Phase is set in a quadrant, then the even Phase gets set. If both Phases are set as
Lag in a quadrant, then the odd Phase gets cleared.

E. If other than "0, 1 or 2°, then data is reset to "1". If "2" selected then F-d-4, (RR
Track Clear) and F-d-5 (RR2 Ltd Service) must be set. If they are not, the "2" at F-E-0
will altemate with a “0" every half second as an invalid data indication and the program
will process a Railroad input as RR1 Flash.

F. If "0" is entered, the program enters "10" seconds

G. If "0" is entered, the program enters "5.0" seconds

H. If Clearance phases are selected for EV x, some value other than "0" must be en-
tered at EV x Delay or EV x Clearance. If not, the program enters "1* second at EV x
Clearance.

I. If "0" is entered and that Ped Phase is not enabled it will not change. If that Ped
Phase is enabled the program will enter a "1".

J. If "0" is entered and that Vehicle Phase is not Allowed, it will not change. |f that
Vehicle Phase is Allowed, the program will enter a "1".

K. If a value less than 3.0 is entered, the program enters "3.0". If a value greater
than 6.0 is entered, the program enters “6.0". If a Phase is flagged at F-A-1 (Yellow
Ranging, Phase), valid data for that Phase is 0 to 25.5 seconds.

L. If a value less than 3.0 is entered, the program enters "3.0°. If a value greater
than 6.0 is entered, the program enters "6.0". If an Overlap is flagged at F-A-3 (Yellow
Ranging, Overlap), valid data for that Phase is O to 25.5 seconds.

M. Invalid data is changed to "000".

N. Invalid data is changed to "060" (60 seconds).

O. invalid Ped phase entry is changed to "000". Also, if Overlap A or Overiap B are
enabled, and the user attempts to enter a valid Ped phase at Ped A or Ped B, the Func-
tion display will alternate the phase entry with "000" every second and the Ped A or
Ped B entry will be ignored.

P. Any number other than "1" through '8' is changed to "000"

Q. Invalid data is cleared (Call light is extinguished).



MISCELLANEOUS FEATURES

The LACO-3 program incorporates several procedures and features that make it
useful in wide variety of unusual situations. These are:
Data Transfer Procedures
Reinitialization Procedures
Phase/Dial Copy Procedures
Dial/Table Edit Procedures
Associated Phase Recall
Manual Control
Driveway Flash
Yellow "Ranging”

DATA TRANSFER PROCEDURES
UPLOAD FROM CPU RAM/1000h NOVRAM TO 7000h NOVRAM

1. At F-0-A enter "071" and "E".

2. The "071" on the Function display will change to "000" to indicate a successful
upload. You may also view location E-b-F (MEMFLG); call lights 1, 2 and 3
should be on (memory status bits) and call lights 4 through 8 should be off (error
bits).

3. If the Function display blanks after an upload attempt, view location E-b-F.
Either call light 3 will be extinguished indicating a bad or missing 7000h Novram,
or call light 4 and/or call light 5 will be on, indicating a data transtfer error. In
either situation, CPU RAM remains unchanged.

DOWNLOAD FROM 7000h NOVRAM TO CPU RAM/1000h NOVRAM

1) At F-0-A enter 170" followed by “E".

2) The "170" on the Function display will change to "000" to indicate a successful
download and a recall will be placed on all allowed vehicle and ped phases.

3) If a download is attempted with a bad or missing 7000h Novram, the Function
display will blank and no download will occur. The CPU RAM will remain un-
changed. Location E-b-F, in this case, will show call light 3 extinguished and call
light 5 lit, indicating a bad Novram download because of a bad or missing 7000h
Novram.

4) If a download is attempted with a bad or missing 1000h Novram, the 7000h
Novram data will be downloaded to CPU RAM and the "170" on the Function dis-
play will change to "000" as in step 2 above. Note that even though there is no
Novram at 1000h, when Table data is viewed from the keyboard, all tables will
display "9595" for "time" data, "F" for plan/dial data and call lights 1-7 will be lit.
This is a hardware peculiarity only and the displayed "data" cannot be changed.



REINITIALIZATION PROCEDURES
TO CLEAR CPU BASE RAM
(See IMPORTANT note on next page)
1) At F-0-A enter "888" and "E".
2) The 170 Function display will immediately show the following:

A |b
b/AdA

Any phases timing a green interval will terminate after timing Minimums at which time
the intersection will be put in software flash and the Watchdog output will stop toggling.
This in tum will cause the CMU to put the intersection in hardware flash.

Note Although the 170 displays "BADA", the keyboard routine allows normal data
entry and viewing capabilities. Of ccurse, when the Front Panel stop time switch is
placed to the "ON" position, all data will be overwritten by the Reinitialization routine.

| 3) To complete reinitialization, place the front panel Stop Time switch to the "ON"
position. The Function display will blank, the intersection will go all red, and the
Watchdog output will resume toggling.

4) At this point, the 170 will contain the following timing:
No Phases Permitted

No Phase timing set except all yellows set to 5.0 seconds
No peds enabled

No preempts enabled

No overlaps selected

and the Function display will show

A b
0/8/0/8

In addition, as a Phase is permitted, a default time of 10 Seconds will be set in its
Minimum Green location (unless a value other than "000" is already entered) and, it de-
mand exists when a Phase is permitted, that Phase will immediately be served.




TO REINITIALIZE FROM 7000H NOVRAM

(See IMPORTANT note below)
1) At F-0-A enter "777" and "E"
2) The 170 Function display will immediately show the following:

A b
b AdA

Any phases timing a Green interval will terminate after timing Minimums at which
time the intersection will be put in software flash and the Watchdog output will

stop toggling. This in turn will cause the CMU to put the intersection in hardware
flash.

Note Although the 170 displaying "BADA", the keyboard routine allows nor-
mal data entry and viewing capabilities. Of course, when the Front Panel

stop time switch is placed in the "ON" position, all data will be overwritten
by the Reinitialization routine.

3) To complete reinitialization, place the front panel Stop Time switch to the "ON*"
position. At this point the data in the 7000h Novram is downloaded and the 170
is put into a long power down recovery condition. That is, the 170 behaves as if
the power was shut off for more than 2.0 seconds.

Note If there is a bad or missing 7000h Novram and reinitialization from
7000h Novram is attempted, LACO-3 will perform a reinitialization from
Eprom instead. It would be wise, therefore, to view location E-b-F prior to

reinitializing and verity that call light 3 is set (indicating that the 7000h
Novram installed)

IMPORTANT

In either of the procedures described above, if the Stop Time switch is already in
the "ON" position when the reinitialization is started, there will be no orderly ter-
mination of current phases and no "BADA" software flash. That is, the program
will immediately go to all Red or Yellow Startup phases, depending on which re-
initialization method was used. Both of these procedures should only be used
when the intersection is on Hardware Flash.

TO REINITIALIZE THE 1000h NOVRAM

1. At F-0-A enter "999" followed by "E".

2. The "999" on the display will change to "000", Tables 0 through 5, and tables 8
and 9 will be cleared. Tables 6 and 7 will be initialized to L A County floating
Holidays and exception days. LACO-3 does not have the ability to reinitialize

-either of the Novrams to all 0's, but when data is written to the Novrams using
F-0-A, all of their memory locations are zeroed out first.



PHASE / DIAL COPY FEATURE

LACO-3 provides a convenient Phase/Dial copy feature. The Phase copy routine
copies the 13 Phase timing parameters (the Overlap times are not copied) of one
Phase to any of the remaining 7 phases. The Dial copy routine will copy the Interval
and Function flags of one Dial to either of the remaining Dials. The Edit routine permits
inserting and deleting a specific Interval and its associated Function flags to or from any
Dial or inserting and deleting an entry from any Coordination Table.

PHASE COPY PROCEDURE

At F-0-0 (Source) enter the Phase number to copy data from and press "E". Press
the "A" key to advance to F-0-1 (Dest) and enter the Phase number to copy data to fol-
lowed by "E*. The Function Display will return to *0". |f multiple Phase copying is de-
sired, simply enter each destination Phase followed by "E". The Overlap termination
timers (intervals "A*, "B" and "C") are not copied.

DIAL COPY PROCEDURE

This procedure is identical to the Phase copy procedure except enter *11*, *12" or
*13" tor Dial 1, 2 or 3, respectively, in place of the Phase number above.

DIAL / TABLE EDIT FEATURE

DIAL EDIT PROCEDURE (see Figure 30)
TABLE EDIT PROCEDURE (see Figure 31)
ASSOCIATED PHASE RECALL

Associated Phase Recall allows the user to implement a conditional locked Vehicle
call. The condition is that a Phase or Phases will be called only when a particular
phase goes Green. Select the Phase(s) to be called at locations F-C-1 (for Phase 1) to
F-C-8 (for Phase 8). For example, the program places a locked call to any Phases
flagged at F-C-1 when Phase 1 goes Green. The call is dropped when the flagged
Phase goes Green. In the rare case where no vehicle detection exists, the intersection
can be programmed to serve a wide variety of Phase sequences by using this feature.

MANUAL CONTROL MODE

LACO-3 provides limited Manual control of an intersection. To enable Manual Con-
trol Mode, at USER FLAG OPTIONS (d-E-F) tum on Call light *7". This disables any
Ped A or Ped B operation and reassigns their inputs to Manual Control Mode functions.
To activate Manual Control Mode, the Manual Enable input (I111L) must be set "On"
(usually by plugging in the Manual Advance push-button switch in the cabinet Police
panel). When this happens Manual Control Mode is initialized by putting all Permitted
Vehicle phases and their associated enabled Ped Phases on continuous Minimum Re-
call. A phase, when served, will have a Hold placed on it and it will time all of its Mini-
mums (Walk, Flashing Don't Walk, Minimum Green and Added Initial Green). When
minimums have timed out the 170 controller holds in Green (displaying interval "6", co-
ordination HOLD) waiting for a Manual Advance input. When the Manual Advance
push-button is actuated, any Phase that has timed its Minimums will have its Hold re-
moved and is Forced Off to the next sequential Phase in its Ring. If the next Phase re-
quires a barrier crossing it will wait until the other Ring is ready to cross before both



terminate simultaneously. This is a very restricted mode of operation in that the only
real control one has is to prolong the Phase Green beyond its Minimums by delaying
the Manual Advance.

Additional Points

a. Manual Control Mode disables Coordination timing.

b. Manual Control Mode is disabled during EV or RR preempts.

¢. Any operation that normally extends the Green time beyond minimums is ig-
nored.

DRIVEWAY FLASH

This feature provides a modified output during the Green interval of the Phase or
Overlap selected. Instead of the usual constant Green output, the Driveway Flash fea-
ture causes the output to flash ON for .5 seconds, then OFF for .5 seconds. When this
feature is used the Green lens on the signal head is replaced with a Yellow lens. This
indicates to motorists that they may proceed with caution. The phase Yellow output
times normally and does not flash. Select the Driveway Flash Phases at (F-A-0) and
the Driveway Flash Overlaps at (F-A-2).

YELLOW "RANGING"

Normally, the LACO-3 data validation routine restricts the time entered for any Yel-
low timer to between 3.0 seconds and 6.0 seconds inclusive. The Yellow Ranging fea-
ture lifts these restrictions and allows setting the Vehicle and Overlap Yellow clearance
times to any value from 0.0 seconds to 25.5 seconds. This feature would only be used
when timing a *dummy* phase (with no outputs to the street) in an effort to reduce the
all Red period for the other phase while the "dummy" is in service.

Select the Yellow Ranging Phase at (F-A-1) and set the Yellow Ranging Overlap at
(F-A-3).

USER FLAG OPTIONS (d-E-F)

This location allows the user to alter some basic program operations. There are
seven options available by tumning on call lights "1°, *2" or "4" through "8". More than
one option may be selected at the same time. The options and their descriptions fol-
low.

TRUE MAX EXTENSION (Call light 1)

The L A County Max Extension philosophy requires that both Rings either Max Out
or Gap Out as a condition for cross barrier termination. This may be described logically
as:

[Ring A Max * Ring B Max] + [Ring A Gap * Ring B Gap}

where "** is the logical AND operator and "+" is the logical OR operator.
True Max Extension allows any combination of Max Out and/or Gap Out to cause
cross barrier termination and may be described as:
[Ring A Max + Ring A Gap] * [Ring B Max + Ring B Gap}

If only one Ring is in service, a cross barrier termination will occur with either a Gap
Out or a Max Out.



EV PED CLEARANCE NOT PROTECTED (Call light 2)

In normal operation, if an EV preempt occurs during the Walk interval of a non-
Clearance Phase Ped, the remainder of the Walk time is ended and the Flashing Don’t
Walk time is allowed to time out. An EV preempt occurring during the Flashing Don't
Walk interval has no effect on that interval. If an EV preempt occurs when flag "2" is
set at d-E-F, all Walk and Flashing Don’t Walk time is ended and the Ped head indi-
cates steady Don’t Walk.

MID-BLOCK PEDESTRIAN CROSSING (Call light 4)

This flag modifies @2 and @6 outputs to flash during their Red intervals only when
Phase 4 is timing Flashing Don’t Walk and Yellow Change intervals. To implement this
option, Phases 2, 4 and 6 must be permitted and Phase 4 enable for Ped.

DELAY RR TRACK CLEARANCE PHASE GREEN (Call light 5)

In a normal Railroad Track Clearance sequence, the Track Clearance Phases can-
not go Green until all incompatible Overlaps have terminated. This option makes the
Track Clearance Phases wait until all Overlaps have timed out.

ECHO REMOTE COORDINATION INPUT TO OUTPUT (Call light 6)

Where two Systems intersect, the 170 controller has the capability of operating in a
dual mode as the Master in one System and a Slave in the other. This is referred to as
Sub-Master Operation. In this case, the Dial/Offset information sent out from the Mas-
ter function is normally generated by the Master itself. Selecting this option causes the
program to take the Dial/Offset information it receives at its Slave input and transmit it
as its Master output. -

ENABLE MANUAL CONTROL (Call light 7)

When this option is selected, the PED A (111U) and PED B (111L) inputs are reas-
signed as MANUAL ADVANCE (111U) and MANUAL MODE ENABLE (111L). Thisin it-
self does not put the 170 controller into Manual Control Mode. The MANUAL MODE
ENABLE input must also be held “True" (by plugging in the Police Panel push-button
switch) before Manual Mode is active and the Manual Advance push-button can be
used. Also, when this option is selected, the PED A and PED B functions are ignored.
When this option is removed, Ped A and Ped B functions are restored.

DELAY EV CLEARANCE PHASE GREEN (Call light 8)

This option delays the start of EV Clearance phases until all Overlaps have termi-
nated ( instead of just those Overlaps that are incompatible with EV Clearance phases).



INﬁVALS ﬁaﬁ?umﬁm Fla
in seconds Force Ped
[l 1 [ D2 aia] ot | " |Rstrict]
int
0_| 9 2,56
1 1 -~ | 26
2 9 5 2.6
3 | 13 - 8
4 | 18 2,6 8
5 | 80 8 26 8
6 | a7 8 2,6 -
7 | 46 - 2.6
8 | 48 1 26
9 | 49 - 2,6
A | 58 .-
b | 62 2
C | 66 2.6
d | 78 6 2.6
E | 90 . ~
F
INTERVALS Dial 1 Function Flags
(in seconds Force Ped
Dial 1 [Diai2 | Oa] ot | " |rsticr| C
[int
0 | %0 2,56
1 1 S~ | 26
2 9 5 2.6
3 | 13 - 8
4 | 18 2,6 8
5 | 30 8 2,6 8
6 | 37 8 2,6 .
7
8 | 46 - 2.6
9 | a8 1 26
A | 49 . 2,6
B | 58
C | 62 2
D | 66 2,6
E | 78 6 2,6
F | 90 y -
INTERVALS Dial 1 Function Fla
(in seconds) Force Ped
Dial 1 [ D2 | Dwa] off | " | Rswict| ©&
int
0 | 90 256
1 1 --- | 26
2 | 13 8
3 | 18 26 8
4 | 30 8 2,6 8
5 | a7 8 26 .
5 | a8 X 26
7 | 48 1 26
8 | 49 - ] 26
9 | 58 --
A | 62 2
B | 66 2.6
cC | 78 5 2.6
D | 80 X --
E
F

To the left is an example of a portion of the Coordi
nation page (Timing Sheet page 3). In order to in-
sert a new interval between the existing ones at 6
and 7, one would have to reenter every entry from
the new interval 7 until the new interval F (the cur-
rent interval E). The LACO-3 program provides a
means to insert a blank interval at the desired loca-
tion.

The following steps will essentially "push® all en-
tries, from interval 7, down one row. This will leave
the "new" interval 7 blank so that the desired Dial 1
data can be added. See example at left.

1. At F-0-2 enter the Dial number to be edited:
"11" to "13" for Dials "1" to "3" respectively.
In this case "11". Press "E".

2. At F-0-3 enter the number of the interval that
will contain the new data: "01" to "15" for in-
tervals "1" to "F" and "16" for interval "0". In
this case "07" for interval 7. Press "E". Coor
dination page entries will now look like the e
ample at left.

3. Examine the data across the interval 7 row
(press C-1-7 then the "F" key to step across
the row). Note that all locations are cleared.

4. Examine the data across the interval 8 row
(press C-1-8 then the "F" key to step across
the row). Note that the data in this row is the
same as the original interval 7 data.

5. Enter new interval 7 data.

The same process can be used to delete an inter-
val from the middle of the Coordination page. To
delete interval 2 from the original Coordination page
above, perform the following.

1. At F-0-2 enter the Dial number to be edited:
*11" to "13" for Dials "1" to "3" respectively.
In this case "11°. Press "E".

2. At F-0-3 enter "101" to "115" for intervals "1"
to "F" or "116" for interval "0". In this case
*102" to delete interval 2. Press "E". Coordi-
nation page entries will now look like the ex-
ample at left.

3. Access interval 2 data as described above
and note that the data that was at interval 3
is now at interval 2 and so on.

FIGURE 30 - LACO-3 Dial Edit Example



(o N DAYS simitiw]t]f
Code| Month/Day |Table] 1 | 2 | 314156
7-0 01/01 1 X|Xi{X]X]X
7-1| o01/02 1 X
7-2 07 /04 1 X{XiIX]IX|X
7-3 07/08 1 X
7-4 11/10 1 X
7-5 11/11 1 X{xIXtXi{Xx
7-6 11/12 1 X
7-7 12/24 1 XIXIXIX{X
7-8 12/25 1 XX XiX|X
7-8 12/26 1 X X
7-A
7-b
7-C
7-d
PIIONDAYS _1sim |t lwll ]l
Code| Month/Day [Table] 1 | 2 1 3]4]516
7-0 01/ 01 1 X)X ] X]} XX
7-1 01/02 1 X
7-2
7-3 07/04 1 XX X]X]X
7-4 07/05 1 X
7-5 11/10 1 X
7-6 11711 1 XIXIX]IX1X
7-7 11/12 1 X
7-8 12/24 1 XX XiXiX
7-9 12/25 1 XX X]X]X
7-A 12 /26 1 X X
7-b
7-C
7-d
é)!CEPTlON DAYS slml|ltlwit]t
Code] Month/Day |Table] 1 | 2 | 314|516
7-0 01/01 1 XIX]IX]IX]X
7-1 01/02 1 X
7-2 07/04 1 X X[ X]|X|X
7-3 11/10 1 X
7-4 11/ 11 1 XIX}IX]IX]|X
7-5 11/12 1 X
7-6 12/24 1 X{X|X]X}{X
7-7 12/25 1 XXX X]X
7-8 12/26 1 X X
7-9
7-A
7-B
7-C
7-D

To the left is an example of Coordination Table 7
In order to insert a new entry between the existing
ones at 7-1 and 7-2, one would have to reenter
every entry from the new 7-2 until the new 7-A (the
current 7-9). The LACO-3 program provides a
means to insert a blank row at the desired locatior

The following steps will essentially "push” all en-
tries, from 7-2, down one row. This will leave the
*new" entry 7-2 blank so that the desired Exceptio:
Day data can be added.

1. At F-0-2 enter the Table number to be edite
"1" to "9" for Tables "1" to "9" and "10" for T
ble "0". In this case “7" for Table 7. Press
"E".

2. At F-0-3 enter the number of the row that wi
contain the new data: "01" to "15" for rows
*1" to "F" and "16" for row "0". In this case
"2" for row "2". Press "E". Table 7 entries w
now look like the example at left.

3. Access Table 7, event 2 and note that there
is no data set. Access Table 7, event 3 an
note that the data that was at 7-2 is now at
3 and so on.

4. Enter new Table data at 7-2.

The same process can be used to delete an entr
from the middle of a Table. To delete entry 7-3 fro
the original Table 7 above, perform the following.

1. At F-0-2 enter the Table number to be editex
"1" to "9" for Tables “0" to "9" and “10" for T.
ble "0". In this case "7" for Table 7. Press
"E".

2. At F-0-3 enter "101" to "115" for rows “1" to
"15" and "116" for row "0". In this case "10¢
to delete row “3". Press "E". Table 7 entries
will now look like the example at left.

3. Access Table 7, event 3 and note that the
data that was at 7-4 is now at 7-3 and so on

FIGURE 31 - LACO-3 Table Edit Example



CALL SUMMARY

Calls in the LACO-3 program fall into two categories; program generated and hard-
ware generated. Hardware calls are generated by detector or Ped pushbutton actua-
tion. Program generated calls fall into two sub-categories; soft calls and hard calls. A
hard call is one that, once generated, does not drop until serviced. A soft call, on the
other hand is dependent on conditions at the intersection and may be dropped or rees-
tablished at any time as those conditions change. Below is a table of parameters that
generate software calls and their classification as hard or soft calls.

HARD CALLS SOFT CALLS
Minimum Veh Recall (F-F-3) Green Rest (F-F-5)
Ped Recall/Rest in Walk (F-F-4) Double Entry (F-F-8)

Semi Traffic Actuated (STA) (F-F-7) Barrier Recall (F-F-C)
Maximum Veh Recall (F-F-9)
Associated Phase Recall
(F-C-1 thru F-C-8)
1st Phases after Startup (F-F-d)
Preemption
Coordination Call

Note that if a Soft call is generated for a Phase that has one of the following Phase
Function Flags set, then it becomes a Hard call. That is, the call will not drop until serv-
iced.

L.ocking Calls ,
There are several call "locking" mechanisms in the LACO-3 program:
Phase Function Flags
Red Lock (F-F-1)
Red and Yellow Lock (F-F-2)
Minimum Vehicle Recall (F-F-3)
Ped Recall/Rest in Walk (F-F-4)
Semi-Traffic Actuated (STA)(F-F-7)
Maximum Vehicle Recall (F-F-9)
Barrier Recall (after Barrier crossing) (F-F-C)
First Phases after Startup (F-F-E)
Detector Attributes
Red Lock
Red and Yellow Lock
Actuation on a non-Allowed phase during preemption
Any Ped Call
Termination of an Overlap Parent Phase
Track Clearance phases once Railroad preempt sequence has begun
EV Clearance phases once EV preempt input is sensed



RECALL SUMMARY

The LACO-3 program employs a variety of Recall mechanisms. Recall is defined
as a recurring demand for a vehicle or pedestrian phase set by program flag.

MINIMUM VEHICLE RECALL (F-F-3)

A flag which places a recurring call to a Vehicle Phase during its Red and Yellow
intervals, but does not act to extend Green timing beyond minimums.

GREEN REST (F-F-5)

This flag places a continuous call to Vehicle Phases only if there are no other
hard calls present.

MAXIMUM VEHICLE RECALL (F-F-9)

A flag which places a continuous call to a Vehicle Phase and extends the Green
interval to the "Max Extension” limit exactly like a constant Vehicle detector input
would.

BARRIER RECALL (F-F-C)

This flag places a locked call only when service has crossed to the flagged
phase’s side of the barrier as the result of other demands.

ASSOCIATED PHASE RECALL (F-C-1 through F-C-8)

This feature assures that if a particular phase goes Green, one or more other
flagged phases will receive a locked call. This call is dropped when its phase
goes Green.

PED RECALL/ REST IN WALK (F-F-4) and STA MODE (F-F-7)

Both of these flags place a recurring call to a Pedestrian Phase and its associ-
ated Vehicle Phase. Once served, they cause service to remain in the Walk in-
terval until an opposing call is received.

The above are all software generated recalls but there is also a hardware gener-
ated Ped Recall. This generally refers to a constant Pedestrian call through an external
input by means of a switch on the Ped Isolator. Operation is the same as a software
generated Ped Recall with one exception. This condition can be differentiated from a
software generated Ped Recall by observing the Ped indication. With a Ped Isolator re-
call, after timing down the Walk interval, one second of the Flashing Don’'t Walk interval
is timed and then the Walk interval is restarted. With the software generated Ped Re-
call, the Walk interval times down to 1 second and remains in that interval.

Hardware problems external to the controller cabinet can generate false Vehicle
and/or Ped calls. A stuck Ped pushbutton, for example, will cause the same operation
as Ped recall via the Ped Isolator switch. Open loop wiring or a defective loop detector
module will have the same effect as setting a Vehicle Phase on Maximum Vehicle Re-
call.



PHASE FUNCTION FLAGS
General

LACO-3's Phase Function Flags allow the user to operate an intersection in a wide
variety of configurations. Taken individually, the operation of each of these flags is very
straightforward. When used in combination, however, exceptions to individual opera-
tion occur. An attempt is made to point out all of these exceptions but, it is the responsi-
bility of the person implementing timing for a specific intersection to verify its operation.

Phases Permitted (F-F-0)

Permitted Phases are those phases that the program recognizes during Normal op-
eration. Permitted Phases do not change once set, unless modified via the 170 key-
pad. Any change in Permitted Phases takes effect immediately. If a phase is added to
Permitted Phases and there is no Phase timing entered for that phase, its Minimum
Green is set to 10 seconds and its Yellow Clearance is set to 5.0 seconds. If a phase is
removed from Permitted Phases and that phase is timing its Green interval, it will con-
tinue in Green until its Minimums have timed out. At that point the program terminates
the phase via force off (with or without an opposing call present).

Red Lock (F-F-1)

See Quick Reference Chart on Page 2 - 69
Red and Yellow Lock (F-F-2)

See Quick Reference Chart on Page 2 - 69
Minimum Recall (F-F-3)

See Quick Reference Chart on Page 2 - 69
Pedestrian Recall/Rest in Walk (F-F-4)

This feature is typically used when no Ped push buttons exist for a Ped Phase. An
internal call is placed to the flagged Ped Phase ( and a locked call to its associated Ve-
hicle Phase) during its Flashing Don’t Walk interval (including the solid Don’'t Walk por-
tion). When the Walk interval begins again, it times down and stops with 1 second
remaining and does not transition to Flashing Don’t Walk until an opposing call occurs.

Green Rest (F-F-5)

Green Rest, in effect, acts as a conditional Minimum Vehicle recall causing an inter-
nal call to be placed for any flagged phases that are in their Red interval, as long as
there is no extemal demand for other phases. Once the flagged phases are Green, or
whenever a "hard” call is placed, the Green Rest recalls are dropped. A Green Rest
call is not locked.

Normal phase selection would be the main street through phases (i. e. @2 and @6),
but there is no restriction on which or how many phases may be flagged. As an ex-
treme example, all 8 phases could be flagged. In this situation, the entire intersection
would act as if it was on Minimum Vehicle recall until a vehicle actuation is sensed. At
that time, all Green Rest generated calls are dropped until the actuation disappears.
Operation of Green Rest may be delayed by entering Green Rest Delay time at F-0-8.
The Green Rest Delay timer may be observed at E-F-d.



Red Rest (F-F-6)

Normally, when a phase gaps out and there are no opposing calls, it will continue to
output Green, or *rest” in Green. This condition continues until an opposing call is
placed. If, however, the phase is flagged for Red Rest, it will terminate when its gap
timer expires. If the user has entered any Red Rest Delay time at F-0-7, the flagged
phase will delay Red Rest operation until the Red Rest Delay timer (at E-1-F for Ring A
and E-2-F for Ring B) expires. Red Rest does not cause a call to be placed, therefore
the intersection will not go all Red unless the flagged phases are the last ones served.

Semi-Traffic Actuated (STA) Mode (F-F-7)

STA Mode is intended for situations in which the coordinated phase has no actua-
tion of any kind, neither vehicle nor pedestrian. If such an intersection were non-coordi-
nated the non-actuated phase(s) would naturally be flagged for “Ped
Recall/Rest-in-Walk" at F-F-4. Flagging phases for STA Mode at F-F-7 achieves a simi-
lar result for the coordinated case. In fact, in "Free" operation, flags at F-F-7 result in
the same operation as if F-F-4 were flagged.

"Rest-in-Walk" is achieved by timing out the Walk interval and stopping with one
second remaining. When coordination is enabled, everything associated with the coor-
dination works in the usual manner with the following DIFFERENCES:

a.)When an STA phase is timing, an opposing call will have no effect unless and un-
til a Force Off is applied. , '

b.)if the minimums have timed and the signals are resting in Walk, the application of
a Force Off, with an opposing call, will finish the remaining one second of the Walk inter-
val and initiate Flashing Don’t Walk.

¢.)Once it has initiated the Flashing Don’t walk sequence, the Force Off can be re-
moved and the Flashing Don't Walk will continue to time to termination as long as the
opposing call remains in place.

d.)If the opposing call is removed during the Flashing Don’t Walk interval, service
will revert to the beginning of a new Walk interval, even if the Force Off remains in
place the whole time. :

Double Entry (F-F-8)

The purpose of Double Entry is to guarantee that on a Barrier crossing, both Rings
will be served, even if there is a call in only one Ring. If no call exists in a Ring at a Bar-
rier crossing, a phase in the Ring flagged for Double Entry will receive a call at that
time. A Double Entry cannot on its own cause a Barrier crossing.

Flagging a phase for Double Entry does not guarantee that it will always be served.
For example, if @4 is flagged for Double Entry, and there is a call on @3, then at the
Barrier crossing, @3 will time and no call will be placed for @4.

Double Entry phases are usually flagged in pairs (one Ring A phase and one Ring
B phase on the same street, i.e. @4 and ©@8), although it is legitimate to flag only one
phase. Note that it is meaningless to flag one phase in a quadrant for any type of
*hard" recall and to flag the other phase in the same quadrant for Double Entry.



Maximum Recall

See Quick Reference Chart on Page 2 - 69
Restricted Phases (F-F-A)

For a detailed explanation of Restricted Phases see Page 2 - 45.
Protected/Permissive Left Turn (F-F-b)

Protected/Permissive Left Tum (PPLT) is designed to prevent the entrapment condi-
tion that can occur when a lag phase is terminated to reservice a Leading Left tumn
phase. Once the flagged phase's supplemental phase is served, the program will ig-
nore any call to the flagged phase until a barrier crossing occurs. The flagged phase'’s
cali light will flash at a 1 Hz rate to indicate this condition.

A lag phase flagged for PPLT operation will never be served. This characteristic
may be used to disable a particular LLT phase during Coordination without implement-
ing coordination function "A®, which would disable all LLT phases. Simply set the Lag
phasing in the desired Dial so that the LLT phase is changed from lead to lag.

Barrier Recall (F-F-C)

Barrier Recall is used to guarantee service of one or more phases on crossing the
barrier. A call is placed to the flagged phases when the opposite street is in service
and there is a call to the same street as the flagged phases. If the cross street cali
drops betore the barrier crossing occurs, the call to the Barrier Recall phases drops
also. Once barrier crossing has occurred, the calls to Barrier Recall phases on that
side of the barrier are locked.

First Phases after Startup (F-F-d)

This program allows the user to select the first phases to be served after a long
power down. Only one phase in each Ring will be accepted. The phases flagged here
will go Green after the 5.0 seconds of all Red (or Yellow Startup phases if any are
flagged at F-F-E). If no phases are set at this location, the program will look for the
first Permitted phases in each Ring to serve by default. LACO-3 will not allow more
than one Restricted Phase to be set at F-F-d.

Yellow Startup (F-F-E)

Phases set at this location will output Yellow for a period of 5.0 seconds. Note that
the Yellow interval of 5.0 seconds at Start Up is not selectable and does not affect the
Yellow Clearance times set for individual Phases.

Overlap Yellow Startup (F-F-F)

Under normal Startup conditions, all 4 color Overlaps are set to output Red while 2
color Overlaps are set black. Any Overlap flagged at this location will start up Yellow if
at least one of its parent phases is flagged for Yellow Startup at F-F-E. The flagged
Overlap(s) will output Yeliow for 5.0 seconds regardless of the Overlap Yellow Clear-
ance time set on Page 1 of the LACO-3 timing sheets.

2-68



PHASE FUNCTION FLAGS QUICK REFERENCE

INTERVAL L KEYSTROKES | FUNCTION ~DESCRIPTION
0 F-F-0 Phases Permitted  |Phases selected for Normal operation.
Red Lock causes any Vehicle actuation made during the
1 F-F-1 Red Lock Red interval of the flagged phases to place a locked call
- [to those phases.
. Red and Yellow Lock causes any Vehicle actuation
2 F-F-2 E:gkand Yellow made during the Red OR Yellow interval of the flagged
phases to place a locked call to those phases.
- . Places Vehicle call only during the Red interval of the
3 F-F-3 gmum Vehicle flagged Vehicle Phase(s). Guarantees a recurring
minimum Green interval for flagged phases.
Places a Pedestrian AND Vehicle call during the
4 F-F-4 Pedestrian Recall  |Flashing Don't Walk Interval of the flagged Pedestrian
T and Rest in Walk Phase. It will "Rest" in Walk at the end of its Walk
interval in the absence of an opposing call.
Green Rest causes a call to be placed to flagged phases
5 F-F-5 Green Rest in the absence of ANY calls. Flagged phase(s) will
"Rest" in Green after timing the minimums.
Red Rest causss the termination of flagged phase(s) as
6 F-F-6 Red Rest if in the presence of an opposing call. The terminated
Phase then "Rests" in Red (Interval 8 is displayed).
Semi-Traffic Identical to F-F-4, except the Walk Interval can only be
7 F-F-7 Actuated (STA) terminated by a Coordination Force Off (in the présence
of an opposing call) or Preemption.
Places a call for flagged Phase(s) only if crossing the
Barrier AND if there is no other demand for that Phase's
8 F-F-8 Double Entry Ring on the new street. If cross Barrier call drops before
Double Entry Phase is served then calls to Double Entry
Phases drop also.
. . Places a continuous Vehicle call to the flagged
9 F-F-9 ',‘;,":,’:‘;’,'l‘”’" Vehicle | pnase(s). Termination of the flagged phase(s) is by
Max or Force Off.
A F-F-A Restricted Phases |Prohibits flagged phases from timing concurrently.
F-F Protected/Permissive|Prevents a Lag Phase from "backing up” to its Lead
b -F-b Left Tumns Phase.
. Barrier Recall places a locked call to the flagged phase
c F-F-C Barrier Recall when crossing to its side of the Barrier.
First Phases After  |Flagged phase(s) will be the first phases to start green
d F-Fd Startup after Red or Yellow Start-Up.
Flagged phases start in Yellow interval after a long
E F-F-E Yellow Startup power down and always time for 5.0 seconds.
Overlap Yellow Flagged Overlaps start in Yellow after a long power
F F-F-F Startup down (only if Overlaps’ parent phase is flagged at F-F-E)

FIGURE 32 - LACO3 Phase Function Flags




WWV CLOCK

In order to implement Time Based Coordination an accurate time source must be
used to periodically update the 170 controller’s Real Time Clock. The Radio Corrected
Time Base (RCTB) WWV Clock used by Los Angeles County receives and decodes
the WWV/WWVH radio broadcasts transmitted by NIST (National Institute of Stand-
ards and Technology, formerly the National Bureau of Standards). It automatically cor-
rects for Leap Year and Daylight Savings Time and, in the event of a power failure,
automatically locks on to the WWYV broadcast when power is restored.

The 170 controller downloads this extremely accurate time in a number of ways:

1. It automatically polls the WWV Clock after a power outage, either long or
short.

2. It automatically polls the WWV Clock every hour on the hour.
3. It can manually poll the WWV Clock via the Front Panel keypad.

Before the 170 controller can utilize the WWV Clock data, the following conditions
must be satisfied:

1. The desired Comm Port must be configured for WWV.

Decide which Comm Port will be used for WWV. Comm Port 1, 2, 3 and 4
are configured at locations d-0-7, d-0-8, d-0-9 and d-0-A, respectively. En-
ter "1° at the desired location followed by "E". Only one Comm Port can
be configured for WWV

2. The WWV Clock cable must be connected to the correct Comm Port.

Viewing the 170 controller from the rear, the designations are, from left to
right, Comm Port 1, Comm Port 2, Comm Port 3 (if installed) and Comm
Port 4 (if installed).

3. The WWV Clock must be "locked on® to the WWV signal.

If the WWV Clock has not "locked on” to the WWV signal, then the LACO-3
program will not allow a download. This is to prevent erroneous time from
being downloaded.

To fmanually poll the WWV Clock, at location d-0-0 enter "1* followed by "E". A suc-
cessful download is indicated if the Function display shows the Time display for 2.5 sec-
onds followed by the Date display for 2.5 seconds followed by a retum to the Base
display (pressing any key during the time/date display will retum immediately to Base
display). If the display changes to "000" then the poll attempt was unsuccessful. View-
ing location E-b-b (CLKERR) will provide a probable cause. Call light "8" indicates a de-
fective WWV Clock. Call light *7* means that no Comm Port or multiple Comm Ports
have been configured for WWV. Call light "6" indicates that the WWV Clock cable is
not connected to the assigned Comm Port. If the display retains the "001" but changes
to "000" briefly every 2 seconds, then the 170 is not receiving valid data (E-b-b call
lights "1® or "2"), or the WWV Clock is not "locked on® (E-b-b call light "3"). in this situ-
ation the 170 will continually repoll until valid data is received from the WWV Clock, or a
*0" is entered at location d-0-0. Disconnecting the WWV Clock or cable while perform-
ing a repoll (not recommended) fowill abort the repoll process.

2-70
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BEPAR T or oY c works ACO-3 DETECTOR ASSIGNMENTS Page 2

TRAFFIC AND LIGHTING DIVISION

TRAFFIC SIGNAL TIMING
Intersection: Date Requested: By:___
7.8. No.: Date Completed: By:
NOTE: Ensure ALL Blank Dats Fields are Detector Timing v Detector Assignments
et to ZERO or CLEARED. Fle- Delay Extended Call Phase Flags Atiribute Flags
° o
App| Lanes Description Channel| Code |Seconds|Code |SecondsfCode{ 1(2{s]a]|s|6|7|8fcods|1|2|3]a|s]6
LU Y d30 ddo
n
U | dn a3 dd1
RL [ d12 d32 dd2
Bu |di3 ds3 dd3
BL | die d34 dd4
MY _ | a1s d35 dds
uL
BU_} ate ase dbs dde
5L
ou | d17 d37 db7 dd?
oL | dis d38 dbs : dds
| de a3 dbe ddo
L | dia d3A dbA ddA
B | aw d3b dbb ddb a
L
sy |dic d3c dbC | ddc
wL | did d3d dbd add .
N1 az0 @40 dco 4 dE0
Ji
Ju | an de1 dc1 dE1
Ja | d22 d42 dc2 dE2
JaU | d23 d43 dc3 dE3
JaL | d2e des dca dE4
AU a2 das dcs dES
JaL
51 aze des dcs 2] | ¢ee
J6L B
Jeu | @27 a47 dc? dE7
JoL | azs a8 dcs 1 aE8
Ju | dze d49 dco | dE9
Ji. | d2A daA dCA dEA
JoU | g2n 71 dchb - dEb
JoL ‘
JU | d2c d4c dcc i dEC
JoL | d2d ded dcd ] | eed
BEMARBKS: DETECTOR ATTRIBUTES
rfgﬁhnodw FLAG § - Queue Clearing
[FLAG 2 - Red & Yeliow Lock FLAG 6 - Non-Counting
FLAG 3 - Yellow Disconnect FLAG 7 - Special Delay Option
FLAG 4 - Red Callin FLAG 8 - Special Delay Option
SPECIAL DETECTOR DELAY ASSIGNMENTS _ Phase
[All options: Delay Timer ressts during detector phase yeliow. Code1]2[3 (4[5 ]6]
Special Option 1 (Attribute Bit 7) - Bypasses deisy while 8) are timing. d-d-E
Special Delay Option 2 (Attribute Bit 8) - Bypasses delsy while flagged phase(s) are timing. d-d-F

Special Deiay Option 3 (Attribute Bits 7 & 8) - Bypasses delsy when gther phase in same quadrant IS NOT Green (1:2) (3:4) (5:8) (7:8).
Example: 21 Detecior delay will be overridden while B2 is Yeliow or Red.
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LOS ANGELES COUNTY l 4 - Page 3 of
DEPARTMENT OF PUBLIC WORKS CO 3 COORDINA TION
TRAFFIC AND LIGHTING DIVISION
TRAFFIC SIGNAL TIMING
T.S. No.: intersection:
System Limits :
Remote Master: Date Requested: By:__
SystemNo.:______ Date Completed: By:__
TIME OF DAY OPERATION SUMMARY betore eetting or changiny o
intervals & functions. Sett
Disl 1 Dial 2 Dial 3/ Oftest Timing sither of the Menuats to 0 wil
Ofteet 1 relaase thet Manual.
Local Manual ¢
Offest 2 11 = Slave Mode
Offwet 3 12 = Offeet Timing Mode
Free 14 = Free Operation
Obaerve:
Special ::u- d
- " id d
SYNC PARAMETERS Bemarks: Ped Restrict a
d-0-d System Sync Width 2.0 Seconds :ore: g"elo Tim d
OCa or
d-0-E Set Maximum Width _4.0 Seconde WYF". 5 Calte ¢
¢-0F Set Minimum Width _1.0_Seconde
Keystrokes: INTERVALS FUNCTION FLAGS
C + Column + Row ( in seconds) DIAL 1 DIAL 2 DIAL 3/ OFFSET TIMING
Coordinetion Diel 1 | Diai2 | Diat3 | FOS® | Hola | P | can | FOSO | Hotd |oF%d | ot | FOE® | Hold [P | can
0 nt{ 1 2 3 4 5 6 7 ] A b C d E F

System Manuai*| 0

Loocal Manual*® | 1

Tune otny Pl | ©

Function & [ ]

 CurventTable | 7

Minimum Cycie | 8

Maximum Cycle | 9

" LocelTimer | b

Last Masier Cycle| E

‘LastLoosi Cyele | F
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LOS ANGELES COUNTY LACO-3 SPECIAL FUNCTIONS Page 4 of,

DEPARTMENT OF PUBLIC WORKS
TRAFFIC AND LIGHTING DIVISION

TRAFFIC SIGNAL TIMING
Intersection:, Date Requested: By:__
T.S. No.: Date Completed: By:__
OVERLAP PHASE FLAGS OVERLAP GREEN OMIT FLAGS RAILROAD PREEMPT OVERLAP FLAGS
Phases — |1]213]a]s[e|7]s Phases — |1]|2]|3]a]5]|6[7]8 Phases — [1]2!3]4|6]6]7
Overisp A F-A-A Overiap A Fb-A A Overlap A F-C-A
Overisp B F-Ab Overlap B F-b-b Overiep B FCb
|Overiap C F-A-C Overlap C F-b-C |Overiap C FC-C
[Overlap D_ F-Ad Overiep D Fb-d Overtap D FCd
[Overiap E_ F-AE [Overtap E Fb-E Overisp E F-CE
Overiap F F-AF Overiap F F-b-F Overiap F FC-F
EMERGENCY VEHICLE PREEMPT LOAD SWITCH ASSIGNMENT Overiap Notes;
OVERLAP FLAGS ‘ - 2-Color Overiap (A - B) 3-Color Overiep (C -
Ped A to Overlap A ** F9-A Unused Right Turn Overiap outputs may be
Phases — [1/2/3lalsle]7]s Ped B 1o Overlep B = Fob assigned as additional Peds.
Overtap A F-d-A - > e _PED A uses J11U tor Ped Pushbutton input.
OveriapB | Ftb ] ——-———!s‘“"o""‘o%"'ém o Shese 0 PED B uses J11L for Ped Pushbutton input.
Send Overlap Phase * Set Vehicle Phases for Ped A/B to ime wh
jQveriap C FoC Send Overlap E Output to Phase | F-9-E
Overiap D _ F-dd Send Overiap F Output to Phase | F-9-F
jOvertap E FdE

USER FLAG OPTIONS

USER FLAG NOTES
Keystrokes: d + E«+F
True Maximum Extension 1 The True Maximum Extension fiag does NOT aliow a maxed out Phase to extenc
| EV Pedestrian Clearance NOT Protected 2 EV Claarance is NOT protected when this flag Is set.
3 Unused.
Mid-Block Pedestrian Crossing 4 Phases 2 & 6 Red Flash during Phase 4 Ped Protaction.
Delay AR Track Clesrance Phase Green [ Delays Track Clesrancs untii Overiaps time out.
Echo Remote Coordination Input to Output 6 SUB-MASTER OPERATION: Echo Slavs Data to Master Output
| Enable Manuai Control 7 Enables Manual Advance Operation. Requires MANUAL Switch.
Delay EV Clearance Phase Green 8 Delays EV Clearance until Overisps tims out.
ASSOCIATED PHASE RECALL PHASE / OVERLAP REASSIGNMENTS Notes:

Phases * Phase / Overiap Yellow Ranging -
=2 111213.4:6.61718 These Flags remove the minimum &
F-A-0 maximum limits on the yellow settin

A Locked Call ie placed on the
Phase when the oclated Recall
is Green.

FA-t

Flagged Phase — [1]2]3]a]s]e]7]s e
Phase 1 £-C-1 Overtape — |A|8 CIDIEIF LS,
 Phase 2 o2 Overiap Driveway Flash F-A-2 b
Phase 3 FC-3 Overiap Yellow Ranging® | F-A-3 i

Ped 2 Load Switch Overlap | F-A4
Ped 4 Load Switch Overiap | F-A-6

Phase 4 F-C4

Phase § FC-6 ;
Phase 6 FC Ped 6 Load Switch Overiap | F-A-6 i
Phase 7 FC-7 Ped 8 Load Switch OMQ FA-7 %
Phass 8 FC8 1

Bemarks:
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LOS ANGELES COUNTY Page
DEPARTMENT OF PUBLIC WORKS LACO-3 EVENT TABLES
TRAFFIC AND LIGHTING DIVISION
TRAFFIC SIGNAL TIMING
intersection: Date Requested: By:__
T.S. No.: Date Completed: By:___
TABLE 0-DEFAULT |smit|w(tit|s TABLE 3 mitiwltit]e SLAVE MODE TABLE |smitiw]t]
[ Code| tour: sm [ men |1]2]314al5]6]7 Code| Hour: n | Pen [112]3]al5[6]7 [ Code | Hour: Min | owet 2{3lals
00 : 30 : 5-0 H

0-1 : 3-1 5-1

0-2 : 3-2 6-2

0-3 : 33 : 5-3

0-4 : 34 : 5-4 :

0-8 : 3-5 5-§ :

0-8 : 36 56 :

0-7 : 37 5-7

0-8 : 3-8 5-8 H

0-9 : 39 5-9 :

0-A : 3-A : 5-A :

o-b : 3-b : . 5-b :

o-C | 3-C | 6-C H

o-d 3d : 5d :
| O-F : | 3-E 6-E

o-F : F 5-F

TABLE 1 mitiw(t{tls] Plan = Pian Number Kays: FLOAYING HOLIDAYS {s|m| t jwit]

Code| Hour: min [ Pen |1]2]3]/4(5]6!7 OD_Dip2D3 0 = NoDa Code | Month / C/ N[ Table 2{3la4i5]
10 : Ot 1 2 3 8 = All Days 60 | 01/0/3 | 1 X

141 : 02= 4 5 & 9 = Week Days 81 | 02/0/3 | 1 X

-2 : | Q3= _7 8 9 62 | os/0/9 | 1 X

1-3 : Eunctions: 63 | 09/0/1 | 1 X

14 R A = Protected/Permissive Arrows (F-F-b) 64 | 11/1/4 | 1 X
15 Disabied. 65 | /1 I

7 : C = Oftest Timing Mode o7 I

e : d = T.0.D. Output (Detector Reset Line) “ON". oo T

19 : E:F"‘ 69 | / /

. |E=ResstFunctions A% d.. /.

- e Al
B3 : C =Continue the Floating Holidsy by C (0-9) days{ [~c" T

° > N'" = The number of the cocurence in the month o IRy

: {1-5, 9 = _Always the last occurence in the month).

| 1-E : .o. Thanksgiving = 11/1/4 [table) flag Thuraday | SE | [/

1-F and continues {1 extra day. 6-F {1

TABLE 2 smitiwitifis TABLE 4 s ﬂrgw tifls EXCEPTION DAYS mitiwitit

Code| Hour: min [ man |1/2]3]a|6]6]7 Code| Hour : min [ men |1]2[3/4[6][6!7 Code [Montn/oey [Tede{1]2[3 4186
| 20 40 70 | ot /701 | 1 xIx|x|{x]|»
21 : 4-1 71 {01702 § 1 X
22 42 72 | 07 /04 | 1 | IX|XIX[X]>
| 2.3 4-3 73 | ors08 | 1 X
[ 24 44 74 1 11710 | 1 X
2.5 s 4-6 76 | 11711 1 1 x[xix|xix
e 48 76 | 11/12 | 1 X
[ 2.7 &7 77 | 12724 | 1 x| x| x| x]|x
2.8 4-8 78 | 12725 | 1 XIXi{X{x|x
e a9 79 | 12728 | 1 X X
2-A 4-A 7-A /
29 4 7 /
(2 aC 1c /
24 ad 74 /
2 m 7€
"2F oF 7 /
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LOS ANGELES COUNTY LA co, 3 AN Page &
DEPARTMENT OF PUBLIC WORKS NUAL TABLES
TRAFFIC AND LIGHTING DIVISION
TRAFFIC SIGNAL TIMING
intersection: Date Requested: By:__
T1.S. No.: Date Completed: ____ By:__
NTS Jsimitiw/t/tls] ANNUA NTS [sim|tjwit|t]se] i -
Cote e /ow {1l 11215 T T6 T 7| [Gode [ amtfom [sui 1 T2 Ta s Ts T 7] | St om th bese capey (AR, ot
|_8-0 L 9-0 l Access Is verified by the flashing of Call
81 / 9-1 1 Light 9. : -
| 82 ! 92 /
Five ke will be required foliowe
83 L 9-3 L [E] to eter the data and open the flag m
84 ! 9-4 / Day of Wesk flags can now be set.
m ! 9-5 /
88 ! 96 /
ADDITIONAL KEY CODES:
:'_: ; :'_: ; A-C = Clock Display
™M ; o0 ; A-d = Date Display
A L 9-A ! d-0-0 = 1 Force Repoll of WWV Receiver
. 8-b ! | .9-b L ¢-0-1 = Hour of Last Repoll
8-C l 9-C { d02=Minute = "
| 8d ! | 9-d ! d0-3=Second *  °
8-E / | 9-E ! do4=Month ° °
8-F ] 9-£ / d-05=Day * "
d08uYoar -
OFFSETS COMMUNICATIONS ASSIGNMENTS OBSERVE ONLY :
E-3-8 = Ring A Max Timer
Keystrokes: F + 9 + CODE Keystrokes: d + 0 + FUNCTION E-4-8 = Ring B Max Timer
E-6-3-4 T.0.D. Output
Dialy | 1 PORT 1 ? E-6-3 - 5 Offset Timing Mode
OFFSET 1 Dia12 | 2 PORT 2 (] E-6-3 - 6 Slave Mode
E-8-3 - 7 Maximum Extension 2 (Coord)
Dial3 | 3 PORT 3 9 E-6-3- 8 Leading LT phases Disabled
Dal1 1 4 PORTA 2 F-0-0 » Phase /Diai C Sourc
= Phase opy - L]
OFFSET 2 Dial2 | & o=of Phase (1-8) Disl (11-13)
Dial3 | & 1 = WWV Radio Receiver F-0-1 = Phase / Dial Copy - Destination
= - Y Phase (1-8) Dial (11-13)
Dial1 | 7 2= ML2 Protocol - Coord OUT only F-0-2= Table/Dial InsertDelete - Target
OFFSET 3 4 = ML2 Protocol - Coord IN & OUT Table (1-8), Table 0 (10) Dial (11-
Dial2 | ® 7 = ML2 Protocol - Coord IN ont F-0-3 = Table/Dial InsertDeiete - Int
= y al ne nterva
Dial3 | 9 8 = Remote Monitoring (Future) Insert 001-015 (16 = interval 0)

12 = Sende Time/Date String Out of Modem

17 = Receives Time/Date SMnj from Modem

Deiete 101-115 (16 = interval 0)
F-0-4 = Program Number.
F-0-5 = Version Number.

F0-A = 071 Save Timing to Prom Modt
FO-A= 170 Download Timing into 170.
F0-A= 777 Reinitialization from NOVR
F-0-A = 888 Reinitialization from EPRO
F-0-A= 999 Clears All Tables and Load
Defauit Holiday Eventa.
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FFFF

Type 170 Controller Memory Mapping under LACO-3

ROM AREA

(LACO-3 PROGRAM CODE)

[7800 - 7BDF]

Copy of Coordination Tables

17000 - 77FF

Copy of Timing Sheet Data

Model 170 ACIA Ports

Model 170 Hardware Buffers

3000

NOT USED

1000h NOVRAM

CPU BASE RAM

[1240- 127F]  Coordination Table 9
1200 - 123F Coordination Table 8
11C0 - 11FF Coordination Table 7
1180 - 11BF Coordination Table 6
1140 - 117 Coordination Table 5
1100 - 113F Coordination Table 4
10CO0 - 10FF Coordination Table 3
1080 - 10BF Coordination Table 2
1040 - 107F Coordination Table 1
1000 - 103F Coordination Table 0
0700 - O7FF
0600 - 06FF *Scratch" RAM
0500 - O5FF
0400 - 04FF
0300 - 03FF "C"Page Data
0200 - 02FF "D"Page Data
0100 - O1FF "F"Page Data
0000 - 00FF "E" Page Data

3-15
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GLOSSARY of TERMS and ACRONYMS

TERMS

@ - see Phase.

Added Green Per Actuation- Typically used for Advance loops where no First Vehi-
cle loops exist. Each actuation of the Advance loops during Phase Red incre-
ments a counter which is used in place of Minimum Green if its value exceeds
that parameter

Advance- Cause immediate termination of a Phase in service at the beginning of a
Railroad preempt. see also Manual Advance.

Advance Loop- Position of loops typically 200 to 250 feet ahead of an intersection.

Allowed Phases- The phases that the Program is currently recognizing as valid.
These may change with a Railroad or EV preempt.

Alternate Phase- see Supplemental Phase

Artery- A primary route with a moderately high traffic volume. A Main street as op-
posed to a Side street.

Associated Phase Recall- A feature that assures that if a particular Phase goes
Green, one or more other flagged phases will receive a locked call.

Asynchronous Communications Input Adapter (ACIA)- Serial data port. Allows
communications between the 170 controller and external hardware. ,

Attribute- One of 9 assignable characteristics specifying a particular Detector opera-
tion.

BADA- An indication on the Function display that shows during reinitializatin or
when the program detects corrupted data in the CPU Base RAM. Toggling the
Front Panel Stop Time switch clears the RAM and restarts the program.

BADE- An indication on the Function display that shows when the program detects
corrupted data on the EPROM chip itself. In this case the EPROM must be re-
placed. .

Barrier- The imaginary line that separates Main street phases/movements from
Side street phases/movements.

Barrier Recall (F-F-C)- BARRIER RECALL places a locked call to the flagged
Phase when service crosses to its side of the Barrier.

Call- see Demand

Call/Active light- One of eleven red LEDs located on the Front Panel of the 170
controller used to indicate various conditions, flags or data.

Caltrans- California Department of Transportation.

Clearance- In the most general sense, any phase or interval intended to empty an
intersection in preparation for another phase or condition (such as flash). Exam-
ples include Railroad clearance, EV clearance, Yellow clearance, Ped clearance
-and Exit clearance. In a more narrow context, the term is often used to denote
those intervals from the beginning of Yellow to the beginning of Green of the
next conflicting phase.

Clearance phases- see Clearance.



Concurrent phases- Phases that may be in service at the same time.

Conﬂi:t- Condition where 2 or more non-concurrent phases erroneously time to-
gether.

Contlict Monitor Unit (CMU)- Safety device whose primary function is to detect a
Contlict condition and set hardware Flash.

Coordination- A system for synchronizing the operation of successive intersections
to assure uninterrupted traffic flow.

Counts- A total of Vehicle actuations for any particular detector input occurring dur-
ing Phase Red.

Cycle- The time allotted for one complete Coordination sequence.

Day of Week (DOW)- Sunday, Monday, Tuesday, Wednesday, Thursday, Friday or
Saturday. Used in Time of Day tables and Real Time Clock displays.

Default- A value set by the Program in the absence of user set data.

Delay- The postponement of program action for a programmable time interval follow-
ing some event such as a Vehicle detector call.

Demand- A request for service by a Ped/Vehicle movement.

Density- A measure of how many vehicles per second are passing a particular point
in a lane street.

Detection- The sensed presence of a vehicle or the equipment assigned to this task..

Detector- The electronic module responsible for sensing the presence of a vehicle
over a loop at a particular position in a lane and placing a call to the controller.

Dial- An imaginary clock (in analogy to older mechanical units) with user- defined
time markers used to toggle on and off Coordination Functions (Call, Hold, Force
Off, Ped Restrict). It runs continuously in the background and makes one revolu-
tion in one cycle before repeating.

Diamond Interchange Program- A program developed by Caltrans for freeway
ramp monitoring. )

Don’t walk- see Ped Clearance

Double Entry (F-F-8)- Guarantees service to selected Ring(s) when crossing the
Barrier. A Phase so flagged will be served when crossing the barrier if no other
calls exist in that ring on that side of the barrier.

Down Time Accumulator (DTA)- A timer inside the 170 controller which keeps
track of the duration of any A. C. power failures up to a total of 255 minutes. It is
used by the program to correct the 170 Real Time clock when power is restored.

Driveway Flash- A phase so flagged will flash its Green output when timing its nor-
mal Green intervals. Other intervals and outputs for that phase are unaffected.

Emergency Vehicle (EV)- A preempt routine intended to clear an intersection and
give right-of-way to certain phases being used by emergency vehicles.

Entrapment- A situation where a vehicle may legally tumn left on a Yellow ball indica-
tion but is prevented from safely completing the turn because the opposite
through Phase remains Green. If the Yellow interval expires, the vehicle may be
trapped in the middle of the intersection facing a Red indication but unable to
tum.



Erasable Programmable Read Only Memory (EPROM)- A data memory device in
the 170 controller which can be read but not written to by the controller.

EV clearance- That portion of an EV preempt where the intersection rests in the
phases devoted to giving right-of-way to emergency vehicles.

EV delay- A timer which postpones the Forcing off of non-EV clearance Phases.

Event- A programmable time marker used to initiate or disable Coordination func-
tions.

Event table- A listing of specific times (Months, Days, Hours, Minutes) defining Co-
ordination events and selecting the action to be taken at that time.

Exception days- Special calendar days which depart from normal Coordination.

Exclusive Phase- A Phase that has no concurrent phases, i. e. can only time by it-
self.

Exit Clearance- A Vehicle Phase or movement devoted to moving vehicles out of
an intersection. Typically used at very wide intersections to extend the Green in
order to clear out the intersection after the normal through Phase terminates.

Exit phases- The first regular Phases served upon leaving a RR1 Flash preempt.

Extension- The amount of time a vehicle actuation (call) prolongs the green time for
a particular Phase.

First Phases After Start Up (F-F-d)- Flagged phases will be first phases to start
Green after Red or Yellow start up. -

Flag- A User settable indication of the ON/OFF status of any of a number of pro-
gram parameters. Generally it indicates one or more of eight items which, when
selected, light up LEDs on the 170 Controlier Front Panel.

Flash- A condition of the signals where the Yellow and Green indications are dark
and all Red indications altemate ON and OFF at approximately 1 Hz.

Flashing Don’t Walk- The interval during which the Pedestrian signals flash Red
("DON'T WALK" or "HAND" symbol).

Floating holidays- Those holidays that fall on different calendar days from year to
year.

Force Off- To cause termination of the Phase presently timing. Effective only if
there is an opposing call and the "Minimum" intervals (Minimum Green, Added
Initial, Walk and Flashing Don’t Walk) have expired.

Free- Not coordinated.

Function 6- A Coordination input which forces the Coordination into a preselected
Dial or Free.

Gap- A space between moving vehicles or the time interval between sequential de-
tector actuations caused by that spacing.

Gap Out- The termination of a phase, in the presence ot a conflicting call, caused
by a gap of sufficient duration.

Gap Reduction- A programmed diminishing of the Gap time required to allow termi-
nation of a Phase.

Gap Termination- Same as "Gap Out"



Green band- An interval of guaranteed Green time on a Time-Space diagram that
progresses from one intersection to the next along with an assumed platoon of
vehicles to assure that they can continue through adjacent intersections uninter-
rupted.

Green Extension- An interval which delays the Green to Yellow transition of an
Overlap beyond the Green to Yellow transition of its parent Phase when the two
would otherwise occur simultaneously.

Green Omit- A flag to omit from an Overlap the Green interval of one or more of its
parent Phases. Typically used with two-coior right turn Overlaps to tum off the
Green arrow during the through phase Ped and Green intervals.

Green Rest (F-F-5)- GREEN REST Places a call to flagged phases in the absence
of any calls. Flagged Phase(s) will "rest® in Green after timing minimums.

Hardware Flash- A flash condition wherein the Red signal indications are removed
from program control by switching them with mechanical relays to be driven by
separate dedicated flasher units. The CMU initiates flash by utilizing this capabil-
ity. (Compare with Software Flash)

Hold-To extend the duration of the Green interval beyond its normal timing con-
straints. Typically implemented by Coordination timing but also used for Queue
timing and preemption.

Holding loop- Typically, a loop in a left turn pocket which extends or "holds" the
through phase.

Holiday Table- A list of special days which depart from normal Coordination.

| file- In a Model 332 controller cabinet, the upper of two racks for plug-in electronic
detector rodules that comprise the Input file. (see also J file)

Initialization- The process of loading CPU RAM with EPROM default timing on in-
itial power up of the 170 running under LACO-3.

In service- Timing some interval (Green, Yellow or Red Clearance) of a Phase.
Interconnect- A means of coordinating adjacent intersections by synchronizing sig-
nals transmitted between them, typically on wires. Sometimes used as a ge-

neric term to refer to any kind of Coordination scheme.

Intersection- The crossing place of two or more streets.

Interval- In general, the time devoted to any particular condition of operation
wherein the signal indications do not change. Specifically, any of 16 defined con-
troller conditions or states of operation such as Minimum Green, Walk, Flashing
Don't Walk, Vehicle Extension, Yellow, etc.

Isolator- A plug-in electronic module which allows the 170 controller to receive a
field input while preventing any electrical continuity between the controller and
field circuits. '

J file- In a Model 332 controller cabinet, the lower of two racks for plug-in electronic
detector modules that comprise the Input file. (see | file)

Lag- To follow in time sequence.



Lag Phase- The phase of a quadrant pair that follows (lags) the Lead Phase. The
last phase of a quadrant pair to be served before crossing the barrier (assuming
both phases calling).

Lead- To precede in a time sequence. ,

Lead Phase- The phase of a quadrant pair that would be served first when crossing
the barrier (assuming both phases calling).

Leading Green Arrow- same as Leading Left Turn

Leading Left Turn (LLT)- A Protected/Permissive left turn or any other left tum
where anti-backup operation is desired. see Protective/Permissive Left Tum.

Leading Left turn Arrow (LLA)- same as Leading Left Turn.

Load switch- A plug-in module that switches A. C. current to the signal lamps at
the command of the 170 controlier. Also referred to as "switch pack”.

Local Cycle Timer (C-0-b)- Timer used by the Local controlier to output its coordi-
nation functions. Lags the Master cycle timer by a programmable offset time.

Lock- To latch and remember a call until it is serviced.

Long power down- A power outage lasting 2 or more seconds.

Loop- Specifically, a coil of wire embedded in the pavement for the purpose of sens-
ing the presence of vehicles. Loosely, the detector or detector channel associ-
ated with a particular loop or set of loops.

Ltd.- Limited, as in Railroad Limited Service

Manual advance- A 170 controller input which, when in Manual Operation, allows a
pushbutton to Force Off the Phase presently timing in order to advance service
to the next phase.

Manual enable- A 170 controller input which must be held "TRUE" in order for the
"Manual Advance” input to be effective.

Master- In a Coordination system, the controller serving as a reference for the rela-
tive oftsets of the other intersections in the system.

Master Cycle Timer (C-0-A)- The main Coordination timer, which all other Coordi-
nation functions are slaved to.

Max- Maximum

Max Added Green (F-0-E)- A limit set on the maximum value of added Green per
actuation.

Max Extension 1- In uncoordinated (Free) operation, the maximum time vehicles
can extend the Green, beginning with the first opposing call after Minimum
Green.

Max Extension 2- In coordinated operation, the maximum time vehicles can extend
the Green, beginning with the first opposing call after Minimum Green.

Maximum Gap- A Phase timing parameter that sets the upper value for a calcu-
lated ramp used in the Gap Reduction routine.

Max Out- see "Max Termination®

Max Termination- The termination of a Phase in the presence of an opposing call
because the Max Extension timer has expired (not because of a gap in traffic).
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Maximum Vehicle Recall (F-F-9)- Places a continuous Vehicle call to the flagged
g?fase(s). Termination of flagged phases must be by Max Termination or Force

Min- Minimum

Minimums- The portions of the Green interval that are guaranteed to time (except
when overridden by a Railroad preempt). Any combination of Walk, Flashing
Don't Walk, Minimum Green and Variable Initial Green.

Minimum Gap- The lowest value the Vehicle Extension may achieve during Gap
Reduction.

Minimum Green- An interval which guarantees the minimum amount of time a Vehi-
cle Phase will be Green under normal (no preempt) conditions. The first vehicle
Green interval to time.

Minimum Vehicle Recall (F-F-3)- Places Vehicle call only during the RED interval
of the flagged Vehicle Phase(s). Guarantees a minimum Green interval only.

Minimums- The portion of the Green interval made up of Walk, Flashing Don't
Walk, Minimum Green and Variable Initial Green.

ML2 format- A type of serial communications protocol used by CaiTrans.

Modem- MOdulator/DEModulator. A plug-in electronic module which enables serial
communication between intersections by means of coded audio tone bursts on
dedicated wires.

Non-Volatile Random Access Memory (NOVRAM)- A read-write memory in the
170 controller not subject to data loss during power failures.

Offset- Amount of time that the local controller lags behind the system master.

Offset Timing- A method of Coordination based on an "event” rather than time-of-
day.

Opposing call- A call to non-concurrent (contlicting) Phase.

Overlap- An auxiliary Vehicle Phase defined to time concurrently with one or more
regular Vehicle Phases designated as "parent” phases. |f one parent phases ter-
minates and the next phase is also a parent phase of that Overlap, then the
Overlap will remain Green during the transition. The Overlap will only terminate
when a parent phase transitions to a non-parent phase.

Overlap Yellow Start Up (F-F-F)- A Phase Function flag that causes flagged Over-
laps to output Yellow on startup after a long power down.

Parent Phase- A Vehicle Phase from which an Overlap is derived. If Overlap A is
defined as "8 + 1", then 8 and 1 are parent Phases.

Ped- Pedestrian

Ped clearance- The time during which the flashing "DON'T WALK" or flashing hand
symbol is displayed.

Ped protection- The total time from the beginning of Flashing Don't Walk to the be-
ginning of a conflicting Phase. Generally, the sum of the Flashing Don’t Walk,
Yellow and Red Clearance intervals for a Phase.

Ped push button (PPB)- Actuating device that causes a Ped Call to be placed.



Ped Recall/Rest in Walk (F-F-4)- Places a Pedestrian and Vehicle call during the
DON'T WALK interval of the flagged Pedestrian Phase. Will "rest” in WALK inter-
val in the absence of an opposing call.

Ped Restrict- A Coordination feature which stores a Ped call but delays its service
until the end of Ped Restriction.

Permitted Phases (F-F-0)- Phases selected for Normal operation.

Phase- 1) A particular traffic movement. 2) The direction associated with a traffic
movement. 3) A time interval associated with a traffic movement.

Phase flag- A flag which selects one of eight possible phases and tums on the as-
sociated Call light.

Phase North- The direction parallel to that leg or approach of an intersection de-
fined to be north for purposes of assigning unambiguous loop designations.

Plan- One of the 9 possible combinations of 3 Dials and 3 Offsets.

Port- A serial port provided in the 170 controller. Same as Comm Port or Communi-
cations Pont.

Preempt- An interruption of normal intersection operation to provide special right-of-
way for emergency vehicles or railroad trains. Same as Preemption.

Presence- A mode of detector operation wherein a constant call is placed to the
170 controller as long as a vehicle is sensed over the loop. Contrasted with

*pulse”.

Programmable Read Only Memory (PROM)- A data memory device in the 170
controller which can be read but not written to by the controller. The data is writ-
ten once by use of special equipment but cannot thereafter be altered or erased.
As a slang term, "PROM"® is often used to refer to any of a whole class of semi-
permanent memory devices including EPROMs.

PROM modaule- An electronic memory module which plugs into 170 controller. It
can accept NOVRAM and EPROM chips which are used in some cases to store,
upload and download programs and data.

Protected/Permissive Left Turn (F-F-b)- A Vehicle movement that allows left turns
on either the through Phase Green ball (permissive) or on a dedicated Green ar-
row (protected).

Quadrant- A Lead/Lag pair of vehicle Phases (including ass.. =d Ped Phases)
comprising one quarter of a standard dual Ring 8-Phase Ph. :diagram. That
is, @1, @2 and 2Ped are in the same quadrant, @5, @6 and 6Ped are in another
qQuadrant, etc.

Queue- Pertaining to a line of vehicles. Often used as an abbreviation for "Queue
Clearing” detector.

Queue Clearing loop- A loop devoted only to clearing out an initial line of vehicles
present when a Phase turns Green. The Phase is held Green until the first gap
or the Queue Max timer expires, then the loop is disconnected until the next
Phase Red.

Queue Maximum- A timer which starts with Phase Green. When the timer expires,
the Queue clearing loops for that Phase are disabled until the next Phase Red



Radio Corrected Time Based (RCTB)- A method of implementing coordination us-
ing a WWV Clock as the time standard.

Railroad 1 (RR1)- A special railroad preempt routine which, following Track Clear-
ance, results in a Red Flash condition until the preempt ends.

Railroad 2 (RR2)- A special railroad preempt routine which, following Track Clear-
ance, resumes Limited Service automatic operation, with selected Phases omit-
ted, until the preempt ends.

Random Access Memory (RAM)- A read-write memory device in the 170 controlier
used to store user entered data as well as other data under program control.

Recall- A recurring demand for a Vehicle or Ped Phase set by program

Red and Yellow lock (F-F-2)- A flag which causes any call to that Phase during
Red or Yellow intervals to be locked (remembered) until that Phase is served.

Red Clearance- A clearance interval, that follows the Yellow interval and prevents
the next right-of-way Phase from going Green.

Red Lock (F-F-1)- A flag which causes any call to that Phase during its Red inter-
val to be locked (remembered) until that Phase is served.

Red Rest (F-F-6)- RED REST causes termination of flagged Phase(s) after it has
Gapped out. The terminated Phase then "rests" in Red (Interval 8 is displayed).

Red Revert- A Red interval timed by individual Vehicle Phases or Overlaps when
they are set to go Green again immediately after terminating. '

Reduce 0.1 sec every ....- A timing parameter which defines how often the Vehicle
extension gap is reduced by a tenth second once Gap Reduction has begun.

Reinitialization- The process of restoring the CPU RAM and/or 1000h NOVRAM to
a known state.

Repoll- To request the current Time and Date from the WWV Clock to update the
Real Time Clock.

Rest in Walk- see Pedestrian Recall/Rest in Walk ,

Restricted phases (F-F-A)- A Phase Function flag which prohibits flagged Phases
from timing concurrently.

Right-of-Way- The right of a particular tratfic movement to take precedence over
others in the use ! the roadway, indicated by a Green or Yellow signal.

Ring- Agroup of ¢ fential conflicting Phases. Typically Phases 1, 2, 3 and 4 com-
prise Ring A ai . Phases 5, 6, 7 and 8 Ring B. .

RR1- see Railroad 1

RR2- see Railroad 2

RR2 Limited Service- A partial, automatic operation during Railroad 2 preempt
where certain designated phases are served and all other phases are omitted.
The portion of RR2 Preempt that allows service of any movement that does not
cross the RR tracks. see also Railroad 2

RR Track Clearance- The portion of RR Preempt that ensures clearance of traffic
from the RR tracks before the train reaches the intersection.

Semi-Traffic Actuated (STA)F-F-7)- Identical to F-F-4, except the Walk interval
can only be terminated by a Coordination Force-Off or Preemption.



Serve (a Phase)- To give right-of-way to a Phase.

Service- To give right-of-way to a Phase in response to a Call to that Phase. A phase
is considered to be in service from the beginning of its Green interval until the end of
its. Red clearance time, if any.

Short power down- A loss of power for less than 2 seconds.

Simuitaneous gap- When crossing the barrier, Phases in both rings must gap out to-
gether in order to terminate the Green interval.

Simultaneous termination- The exactly coincident Green to Yellow transition of a pair
of concurrent Phases. A condition required for barrier crossing.

Slave- A 170 controller running Coordination and receiving its Dial, Offset and sync in-
formation from the Master controller via direct interconnect.

Software Flash- A flash condition in which all outputs to the signals remain under pro-
gram control in contrast to a flash condition caused by activation of the controller
cabinet Flash relays.

Split- A measure of the fraction of a complete cycle devoted to each Phase.

Startup- Controller operation just following initial application of A. C. power after a long
power down.

Stop time- To suspend controller operation in the interval it is presently timing by
means of external input or the 170 Front Panel Stop Time switch.

Supplemental phases- A Lead Phase and Lag Phase pair located in the same quad-
rant, for example 1 and 2.

Sync pulse- The period of time that the Offset line is in a FALSE state.

System- A group of adjacent intersections that run under the same Coordination timing.

System Cycle Timer (C-0-C)- The timer that synchronizes operation of all 170 control-
lers in a system.

Table- Used in Coordination, a list of time-of-day OR calendar events or functions.

Termination- In general, the ending of a particular Phase. More spegcifically, termina-
tion can be thought of as the interval beginning at the transition from Green to Yel-
low and continuing until any Red clearance has timed.

Time based- A system to coordinate intersections not physically interconnected, but
which instead relies on precisely synchronized clocks at each location.

Time space diagram- A special kind of graph showing the relative locations of a string
of intersections and the time needed to traverse the intervening distances at a par-
ticular vehicle speed. It is used in the design of Coordination systems.

Time Of Day (TOD)- Referring to the actual time during the 24 hours in a day.

True Max Termination- The condition for barrier crossing logically described as: [Ring
A Max out or Gap out] and [Ring B Max out or Gap out].

True North- The actual geographic north, which may or may not be parallel with any
street direction. see also Phase north.

Variable initial green- same as Added Green per Actuation.

Vehicle Extension- The continuation of Green time beyond minimum Green (in the
presence of an opposing call) by means of vehicle actuations on the Phase pres-
ently timing.

Walk- Time during which "WALK" or walking person symbol is displayed.
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Watch Dog Timer (WDT)- A software generated pulse stream output of the 170 control-
ler which is monitored by the CMU to detect controller failures. A pulse missing for
a specified time causes a hardware flash condition.

WWYV Clock- An electronic unit containing a radio receiver and a clock which is up-
dated from broadcasts by the National Bureau of Standards. The time is then trans-
mitted to the 170 controller via serial communications port.

Yellow Change- The first interval following the Green right-of-way interval in Wthh the
signal indication for that Phase is Yellow.

Yellow Clearance- same as Yellow Change.

Yellow disconnect- When an entire Phase has been flagged for "Red & Yellow Lock"
at F-F-2, any individual detector flagged for "Yellow Disconnect” will be exempted
from locking calls during Phase Yellow.

Yellow Ranging- A flag which allows the selected Phase to time a Yellow interval
longer or shorter than the minimum and maximum times customarily enforced by the
program for safety reasons.

Yellow Start Up (F-F-E)- YELLOW START UP phases start in Yellow interval after a
long power down and always time for 5.0 seconds.



ACRONYMS
ACIA- Asynchronous Communications Input Adapter
CMU- Conflict Monitor Unit
DOW- Day Of Week
DTA- Down Time Accumulator
EPROM- Erasable Programmable Read Only Memory
EV- Emergency Vehicle
LLA- Leading Left tum Arrow
LLT- Leading Left Tum .
NOVRAM- NOn-Volatile Random Access Memory
PPB- Ped Push Button
PPLT- Protected Permissive Left Tum
PROM- Programmable Read Only Memory
RAM- Random Access Memory
RCTB- Radio Corrected Time Base
STA- Semi-Traffic Actuated
TOD- Time Of Day
WDT- Watch Dog Timer
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KEY STROKES

C-0-0

" C-0-1

C-0-6

C-0-8

C-0-9

C-1-0

C-1-1to C-1-F
C-2-0

C-2-1to C-2-F
C-3-0

C-3-1to C-3-F
C-4-0to C-4-F
C-5-0t0 C-5-F
C-6-0to C-6-F
C-7-0to C-7-F
C-8-1to C-8-F
C-9-1 to C-9-F
C-A-1to C-A-F
C-b-1to C-b-F
C-C-1to C-C-F
C-d-1to C-d-F
C-E-1to C-E-F
C-F-1t0 C-F-F
d-0-7

d-0-8

d-0-9

d-0-A

d-1-0to d-1-d
d-2-0 to d-2-d
d-3-0 to d-3-d
d-4-0 to d-4-d
d-5-0to d-5-d
d-6-0 to d-6-d
d-7-0 to d-7-d
d-8-0to d-8-d
d-9-0 to d-9-d
d-A-0 to d-A-d
d-b-0 to d-b-d

LACO-3 TIMING SHEET CROSS REFERENCE |
KEYSTROKE SEQUENCE TO TIMING SHEET LOCATION

LOCATION

System Manual

Local Manual

Function 6

Minimum Cycle Length
Maximum Cycle Length

Dial 1 Cycle Length

Dial 1 intervals

Dial 2 Cycle Length

Dial 2 Intervals

Dial 3 Cycle Length

Dial 3 intervals

Dial 1 Force Offs

Dial 1 Holds

Dial 1 Ped Restricts

Dial 1 Calls

Dial 2 Force Ofts

Dial 2 Holds

Dial 2 Ped Restricts

Dial 2 Calls

Dial 3 Force Offs

Dial 3 Hold

Dial 3 Ped Restricts

Dial 3 Calis

COMM Port 1 ASSIGNMENT
COMM Port 2 ASSIGNMENT
COMM Port 3 ASSIGNMENT
COMM Port 4 ASSIGNMENT
Detector Delay Times (| File)
Detector Delay Times (J File)

Detector Extension Times (I File)
Detector Extension Times (J File)
Detector Vehicle Counts (I File)
Detector Vehicle Counts (J File)

Detector Delay Timers (| File)
Detector Delay Timers (J File)

Detector Extension Timers (I File)
Detector Extension Timers (J File)

Detector Phases (I File)

KEY STROKES

d-C-0 to d-C-d
d-d-0 to d-d-d
d-0-E
d-d-F
d-E-0 to d-E-d
d-F-0
d-F-1
d-F-2
d-F-3
d-F-4
d-F-5
d-F-6
d-F-7
F-0-7
F-0-8
F-0-E
F-0-F
F-1-0 .
F-1-1
F-1-2
F-1-3
F-14
F-1-5
F-1-6
F-1-7
F-1-8
F-1-9
F-1-A
F-1-b
F-1-C
F-1-d
F-1-E
F-1-F
F-2-0
F-2-1
F-2-2
F-2-3
F-24

" LOCATION

Detector Phases (J File)
Detector Attributes (! File)
Special Delay Option 1
Special Delay Option 2
Detector Attributes (J File)
Lag Phases during FREE
Dial 1 Lag Phases

Dial 2 Lag Phases

Dial 3 Lag Phases

2 Ped Load Switch

4 Ped Load Switch

6 Ped Load Switch

8 Ped Load Switch

Red Rest Delay Time

Green Rest Delay

Max Added Green

Red Revert Time

Walk, @1

Flashing Don't Waik, @1
Minimum Green, O1

Queue Maximum, @1

Added Green per Actuation, (
Vehicle Extension, @1
Maximum Gap, @1

Minimum Gap, @1

Maximum Extension 1, @1
Maximum Extension 2, O1
Overlap A Green Extension
Overiap A Yellow Clearance
Overlap A Red Clearance
Reduce 0.1 Seconds Every, ¢
Yellow Clearance Time, @1
Red Clearance Time, @1
Walk, @2

Flashing Don't Walk,@2
Minimum Green, @2

Queue Maximum, @2
Added Green per Actuation,Z
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KEY STROKES

F-2-5
F-2-6
F-2-7
F-2-8
F-2-9
F-2-A
F2-b
F-2-C
F-2-d
F-2-E
F-2-F
F-3-0
F-3-1

F-3-2
F-3-3
F-34
F-3-5
F-3-6
F-3-7
F-3-8
F-3-9
F-3-A
F-3-b
F-3-C
F-3-d
F-3-E
F-3-F
F-4-0
F-4-1

F-4-2
F-4-3
F-4-4
F-4-5
F-4-6
F4-7
F4-8
F4-9
F4-A
F-4-b
F-4-C

LOCATION

Vehicle Extension, @2
Maximum Gap, @2

Minimum Gap, @2

Maximum Extension 1, @2
Maximum Extension 2, @2
Overlap B Green Extension
Overlap B Yellow Clearance
Overiap B Red Clearance
Reduce 0.1 Seconds Every, @2
Yellow Clearance Time, @2
Red Clearance Time, @2

Walk, @3

Flashing Don’t Walk, @3
Minimum Green, @3

Queue Maximum, &3

Added Green per Actuation, @3
Vehicle Extension, @3
Maximum Gap, @3

Minimum Gap, @3

Maximum Extension 1, @3
Maximum Extension 2, @3
Overlap C Green Extension
Overlap C Yellow Clearance
Overlap C Red Clearance
Reduce 0.1 Seconds Every, @3
Yellow Clearance Time, @3
Red Clearance Time, @3

Walk, @4

Flashing Don't Walk, @4
Minimum Green, @4

Queue Maximum, @4

Added Green per Actuation, @4
Vehicle Extension, @4
Maximum Gap, @4

Minimum Gap, @4

Maximum Extension 1, @4
Maximum Extension 2, @4
Overlap D Green Extension
Overiap D Yellow Clearance
Overiap D Red Clearance

KEY STROKES

F-4-d
F-4-E
F-4-F
F-5-0
F-5-1

F-5-2
F-5-3
F-5-4
F-5-5
F-5-6
F-5-7
F-5-8
F-5-9
F-5-A
F-5-b
F-5-C
F-5-d
F-5-E

F-5-F

F-6-0
F-6-1
F-62
F-6-3
F-6-4
F-65
F-6-6
F-6-7
F-6-8
F-6-9
F-6-A
F-6-b
F-6-C
F-6-d
F-6-E
F-6-F
F-7-0
F-7-1
F-7-2
F-7-3
F-7-4

LOCATION

Reduce 0.1 Seconds Eve
Yellow Clearance Time, €
Red Clearance Time, @4
Walk, @5

Flashing Don’t Walk, @8
Minimum Green, @5
Queue Maximum, @5
Added Green per Actuatic
Vehicle Extension, @5
Maximum Gap, @5
Minimum Gap, @5
Maximum Extension 1, &
Maximum Extension 2, &
Overlap E Green Extensit
Overlap E Yellow Clearan
Overlap E Red Clearance
Reduce 0.1 Seconds Eve
Yellow Clearance Time, @
Red Clearance Time, @5
Walk, @6

Flashing Don’t Walk, @6.
Minimum Green, @6
Queue Maximum, @6
Added Green per Actuatic
Vehicle Extension, @6
Maximum Gap, @6
Minimum Gap, @6
Maximum Extension 1, &
Maximum Extension 2, Ot
Overiap F Green Extensic

~ Overap F Yellow Clearan:

Overlap F Red Clearance
Reduce 0.1 Seconds Eve
Yellow Clearance Time, €
Red Clearance Time, @6
Walk, @7

Flashing Don't Walk, @7
Minimum Green, @7
Queue Maximum, @7
Added Green per Actuatic



KEY STROKES

F-7-5
F-7-6
F-7-7

. F-7-8

F-7-9
F-7-d
F-7-E
F-7-F
F-8-0
F-8-1

F-8-2
F-8-3
F-8-4
F-8-5
F-8-6
F-8-7
F-8-8
F-8-9
F-8-d
F-8-E
F-8-F
F-9-1

F-9-2
F-9-3
F-9-4
F-9-5

F-9-6
F-9-7
F-9-8
F-9-9
F-0-A
F-9-b
F-9-C
F-9-d
F-0-E
F-0-F
F-A-0
F-A-1
F-A-2
F-A-3

LOCATION

Vehicle Extension, @7
Maximum Gap, @7

_ Minimum Gap, @7

Maximum Extension 1, @7
Maximum Extension 2, @7
Reduce 0.1 Seconds Every, @7
Yeliow Clearance Time, @7
Red Clearance Time, @7
Walk, @08

Flashing Don't Walk, @8
Minimum Green, @8
Queue Maximum, @8
Added Green per Actuation, @8
Vehicle Extension, @8
Maximum Gap, O8
Minimum Gap, @8
Maximum Extension 1, @8
Maximum Extension 2, @8
Reduce 0.1 Seconds Every, @8
Yellow Clearance Time, @8
Red Clearance Time, 8
Plan 1 OFFSET VALUE
Plan 2 OFFSET VALUE
Plan 3 OFFSET VALUE
Plan 4 OFFSET VALUE
Plan 5 OFFSET VALUE
Plan 6 OFFSET VALUE
Plan 7 OFFSET VALUE
Plan 8 OFFSET VALUE
Plan 9 OFFSET VALUE
Ped A to Overlap A

Ped B to Overlap B
Overlap C to Load Switch x
Overlap D to Load Switch x
Overlap E to Load Switch x
Overlap F to Load Switch x
Driveway Flash (Phase)
Yellow Ranging (Phase)
Driveway Flash (OverLap)
Yellow Ranging (Overi_ap)

KEY STROKES

F-A-4
F-A-5
F-A-6
F-A-7
F-A-A
F-A-b
F-A-C
F-A-d
F-A-E
F-A-F
F-b-A
F-b-b
F-b-C
F-b-d
F-b-E
F-b-F
F-C-1
F-C-2
F-C-3
F-C-4
F-C-5
F-C-6
F-C-7
F-C-8
F-C-A
F-C-b
F-C-C
F-C-d
F-C-E
F-C-F
F-d-0
F-d-1
F-d-2
F-d-3
F-d-4
F-d-5
F-d-6
F-d-A
F-d-b
F-d-C

LOCATION

Overlap x to Ped 2 Output
Overlap x to Ped 4 Output
Overlap x to Ped 6 Output
Overlap x to Ped 8 Qutput
Normmal Overiap A Parents
Normmal Overlap B Parents
Normnal Overlap C Parents
Normal Overlap D Parents
Normmal Overlap E Parents
Normal Overlap F Parents
Overlap Green Omit A
Overlap Green Omit B
Overlap Green Omit C
Overlap Green Omit D
Overlap Green Omit E
Overlap Green Omit F
Associated Phase Recall, @1
Associated Phase Recall, @z
Associated Phase Recall, @¢
Associated Phase Recall, @4
Associated Phase Recall, @5
Associated Phase Recall, 36
Associated Phase Recall, @7
Associated Phase Recall, @8
Railroad Overlap A Parents
Railroad Overlap B Parents
Railroad Overlap C Parents
Railroad Overlap D Parents
Railroad Overlap E Parents
Railroad Overap F Parents
EV A Clearance Phases

EV B Clearance Phases

EV C Clearance Phases

EV D Clearance Phases

RR Track Clearance Phases
RR Limited Service Phases
RR1 Exit Phases

EV Overiap A Parents

EV Overlap B Parents

EV Overlap C Parents



KEY STROKES

F-d-d
F-d-E
F-d-F
F-E-0
F-E-1

F-E-2
F-E-3
F-E-4
F-E5
F-E-6
F-E-7
F-E-8
F-E-9
F-E-A
F-Eb
F-E-C
F-E-d
F-F-0
F-F-1

F-F-2
F-F-3
F-F-4
F-F-5
F-F-6
F-F-7
F-F-8
F-F-9
F-F-A
F-F-b
F-F-C
F-F-d
F-F-E
F-F-F

LOCATION KEY STROKES

EV Overlap D Parents

EV Overlap E Parents

EV Overiap F Parents

RR Select

RR Track Clearance Time
RR1 All Red Time

RR2 Max Time

FREE time after preempt
EV A Delay Time

EV A Clearance Time

EV B Delay Time

EV B Clearance Time

EV C Delay Time

EV C Clearance Time

EV D Delay Time

EV D Clearance Time

EV Max Time

Phases Permitted

Red Lock Phases

Red & Yellow Lock Phases
Minimum Vehicle Recall Phases
Ped Recall/Rest in Walk
Green Rest Phases

Red Rest Phases

STA Mode Phases

Double Entry Phases

Max Vehicle Recall Phases
Restricted Phases
Prot/Perm Left Tum Phases
Barrier Recall Phases

First Phases after Startup
Yellow Start Up Phases
Overlap Yellow Start Up Phases

LOCATION



LACO-3 TIMING SHEET CROSS REFERENCE Il
TIMING SHEET LOCATION TO KEYSTROKE SEQUENCE

KEY STROKES

LOCATION
2 Ped Load Switch d-F-4

" 4 Ped Load Switch d-F-5
6 Ped Load Switch d-F-6
8 Ped Load Switch d-F-7
Added Green per Actuation, 31 F-1-4
Added Green per Actuation, @2 F-2-4
Added Green per Actuation, @3 F-34
Added Green per Actuation, @4 F-4-4
Added Green per Actuation, @5 F-5-4
Added Green per Actuation, @6 F-6-4
Added Green per Actuation, @7 F-7-4
Added Green per Actuation, @8 F-8-4
Associated Phase Recall, @1 F-C-1
Associated Phase Recall, @2 F-C-2
Associated Phase Recall, @3 F-C-3
Associated Phase Recall, @4 F-C-4
Associated Phase Recall, @5 F-C-5
Associated Phase Recall, @6 F-C-6
Associated Phase Recall, @7 F-C-7
Associated Phase Recall, @8 F-C-8
Barrier Recall Phases F-F-C
COMM Port 1 ASSIGNMENT d-0-7
COMM Port 2 ASSIGNMENT d-0-8
COMM Port 3 ASSIGNMENT d-0-9
COMM Port 4 ASSIGNMENT d-0-A
Detector Attributes (| File) d-d-0 to d-d-d
Detector Attributes (J File) d-E-Otod-E-d
Detector Delay Timers (I File) d-7-0to d-7-d
Detector Delay Timers (J File) d-8-0 to d-8-d
Detector Delay Times (| File) d-1-0to d-1-d
Detector Delay Times (J File) d-2-0to d-2-d
Detector Extension Timers (I File) d-9-0 to d-9-d
Detector Extension Timers (J File) d-A-0 to d-A-d
Detector Extension Times (I File) d-3-0 to d-3-d
Detector Extension Times (J File)  d-4-0 to d-4-d
Detector Phases (| File) d-b-0tod-b-d
Detector Phases (J File) d-C-0 to d-C-d
Detector Vehicle Counts (I File) d-5-0 to d-5-d

LOCATION

Detector Vehicle Counts (J File)

Dial 1 Calls

Dial 1 Cycle Length

Dial 1 Force Offs

Dial 1 Holds

Dial 1 Intervals

Dial 1 Lag Phases

Dial 1 Ped Restricts
Dial 2 Calls

Dial 2 Cycle Length

Dial 2 Force Offs

Dial 2 Holds

Dial 2 Intervals

Dial 2 Lag Phases

Dial 2 Ped Restricts

Dial 3 Calls

Dial 3 Cycle Length

Dial 3 Force Offs

Dial 3 Hold

Dial 3 intervals

Dial 3 Lag Phases

Dial 3 Ped Restricts
Double Entry Phases
Driveway Flash (OverLap)
Driveway Flash (Phase)
EV A Clearance Phases
EV A Clearance Time
EV A Delay Time

EV B Clearance Phases
EV B Clearance Time
EV B Delay Time

EV C Ciearance Phases
EV C Clearance Time
EV C Delay Time

EV D Clearance Phases
EV D Clearance Time
EV D Delay Time

EV Max Time

KEY STROKES

d-6-0 to d-6-d
C-70to C-7-F
C-1-0

C-4-0to C-4-F

-C-5-0to C-5-F

C-1-1to C-1-F
d-F-1

C-6-0to C-6-F
C-b-1to C-b-F
C-2-0

C-81to C-8-F
C-9-1 to C-9-F
C-2-1to C-2-F
d-F-2

C-A-1 to C-A-F
C-F-1to C-F-F
C-3-0
C-C-1toC-C-F
C-d-1 1o C-d-F
C-3-110C-3-F
d-F-3

C-E-1to C-E-F
F-F-8

F-A-2

F-A-0

F-d-0

F-E-6

F-E-5

F-d-1

F-E-8

F-E-7

F-d-2

F-E-A

F-E-9

F-d-3

F-E-C

F-E-b

F-Ed
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LOCATION

EV Overlap A Parents

EV Overlap B Parents

EV Overlap C Parents

EV Overap D Parents

EV Overap E Parents

EV Overlap F Parents
First Phases after Startup
Flashing Don't Walk, O1
Flashing Don’'t Walk, @2
Flashing Don't Walk, 33
Flashing Don’t Walk, @4
Flashing Don't Walk, @5
Flashing Don't Walk, &6
Flashing Don't Walk, @7
Flashing Don't Walk, &8
FREE time after preempt
Function 6

Green Rest Delay

Green Rest Phases

Lag Phases during FREE
Local Manual

Max Added Green

Max Vehicle Recall Phases
Maximum Cycle Length
Maximum Extension 1, O1
Maximum Extension 1, @2
Maximum Extension 1, O3
Maximum Extension 1, @4
Maximum Extension 1, @5
Maximum Extension 1, @6
Maximum Extension 1, @7
Maximum Extension 1, @8
Maximum Extension 2, @1
Maximum Extension 2, @2
Maximum Extension 2, @3
Maximum Extension 2, 04
Maximum Extension 2, @5
Maximum Extension 2, @6
Maximum Extension 2, @7
Maximum Extension 2, @8

KEY STROKES

F-d-A
F-d-b
F-d-C
F-d-d
F-d-E
F-d-F
F-F-d
F-1-1

F-2-1

F-3-1

F-4-1

F-5-1

F-6-1

F-7-1

F-8-1

F-E-4
C-0-6
F-0-8
F-F-5
d-F-0
C-0-1

F-0-E
F-F-9
C-0-9
F-1-8
F-2-8
F-3-8
F-4-8
F-5-8
F-6-8
F-7-8
F-8-8
F-1-9
F-2-9
F-3-9
F-4-9
F-5-9
F-6-9
F-7-9
F-8-9

LOCATION

Maximum Gap, @1
Maximum Gap, @2
Maximum Gap, O3
Maximum Gap, B4
Maximum Gap, @5
Maximum Gap, @6
Maximum Gap, @7
Maximum Gap, @8
Minimum Cycle Length
Minimum Gap, 91
Minimum Gap, @2
Minimum Gap, @3
Minimum Gap, @4
Minimum Gap, @5
Minimum Gap, @6
Minimum Gap, @7
Minimum Gap, @8
Minimum Green, @1
Minimum Green, @2
Minimum Green, @3
Minimum Green, 34
Minimum Green, @5
Minimum Green, @6
Minimum Green, @7
Minimum Green, @8

KEY STROKES

F-1-6
F-2-6
F-3-6

' F-4-6
F-5-6
F-6-6
F-7-6
F-8-6
Cc-0-8
F-1-7
F-2-7
F-3-7
F-4-7
F-5-7
F-6-7
F-7-7
F-8-7
F-1-2

F-2-2
F-3-2
F-4-2
F-5-2
F-6-2
F-7-2
F-8-2

Minimum Vehicle Recall Phases F-F-3

Nomal Overlap A Parents
Nomal Overlap B Parents
Normal Overlap C Parents
Nomal Overiap D Parents
Normal Overlap E Parents
Nomal Overlap F Parents
Overlap A Green Extension
Overlap A Red Clearance
Overlap A Yellow Clearance
Overiap B Green Extension
Overlap B Red Clearance
Overlap B Yellow Clearance
Overlap C Green Extension
Overlap C Red Clearance

F-A-A
F-Ab
F-A-C
F-Ad
F-A-E
F-A-F
F-1-A
F-1-C
F-1-b
F-2-A
F-2-C
F-2-b
F-3-A
F-3-C



LOCATION

Overlap C to Load Switch x
Overlap C Yellow Clearance
Overlap D Green Extension
. Overlap D Red Clearance
Overlap D to Load Switch x
Overlap D Yellow Clearance
Overlap E Green Extension
Overlap E Red Clearance
Overiap E to Load Switch x
Overlap E Yellow Clearance
Overlap F Green Extension
Overlap F Red Clearance
Overlap F to Load Switch x
Overlap F Yellow Clearance
Overlap Green Omit A
Overlap Green Omit B
Overlap Green Omit C
Overlap Green Omit D
Overlap Green Omit E
Overlap Green Omit F
Overlap x to Ped 2 Output
Overlap x to Ped 4 Output

- Overlap x to Ped 6 Output
Overlap x to Ped 8 Output

Overiap Yellow Start Up Phases

Ped A to Overlap A

Ped B to Overlap B
Ped Recall/Rest in Walk
Phases Pemitted

Plan 1 OFFSET VALUE
Plan 2 OFFSET VALUE
Plan 3 OFFSET VALUE
Plan 4 OFFSET VALUE
Plan 5 OFFSET VALUE
Plan 6 OFFSET VALUE
Plan 7 OFFSET VALUE
Plan 8 OFFSET VALUE
Plan 9 OFFSET VALUE
Prot/Pemm Left Tum Phases
Queue Maximum, 91

KEY STROKES

F-9-C
F-3-b
F-4-A
F-4-C
F-9-d
F-4-b
F-5-A
F-5-C
F-9-E
F-5-b
F-6-A
F-6-C
F-O-F
F-6-b
F-b-A
F-b-b
F-bC
F-b-d
F-b-E
F-b-F
F-A-4
F-A5.
F-A-6
F-A-7
F-F-F
F-9-A
F-9-b
F-F-4
F-F-0
F-9-1
F-9-2
F-9-3
F-9-4
F-9-5
F-9-6
F-9-7
F-9-8
F-9-9
F-F-b
F-1-3

LOCATION

Queue Maximum, @2
Queue Maximum, @3
Queue Maximum, @4
Queue Maximum, @5
Queue Maximum, @6
Queue Maximum, @7
Queue Maximum, @8
Railroad Overlap A Parents
Railroad Overiap B Parents
Railroad Overlap C Parents
Railroad Overlap D Parents
Railroad Overlap E Parents
Railroad Overlap F Parents
Red Clearance Time, @1
Red Clearance Time, @2
Red Clearance Time, @3
Red Clearance Time, @4
Red Clearance Time, @5
Red Clearance Time, @6
Red Clearance Time, @7
Red Clearance Time, @8
Red Lock Phases

Red Rest Delay Time

Red Rest Phases

Red Revert Time

Red & Yellow Lock Phases

Reduce 0.1 Seconds Every, @1
Reduce 0.1 Seconds Every, @2
Reduce 0.1 Seconds Every, @3
Reduce 0.1 Seconds Every, @4
Reduce 0.1 Seconds Every, @5
Reduce 0.1 Seconds Every, @6
Reduce 0.1 Seconds Every, @7
Reduce 0.1 Seconds Every, @8

Restricted Phases

RR Limited Service Phases
RR Select

RR Track Clearance Phases
RR Track Clearance Time
RR1 All Red Time

KEY STROKES

F-2-3
F-3-3
F-4-3
F-5-3
F-6-3
F-7-3
F-8-3
F-C-A
F-C-b
F-C-C
F-C-d
F-C-E
F-C-F
F-1-F
F-2-F
F-3-F
F-4-F
F-5-F
F-6-F
F-7-F
F-8F
F-F-1
F-0-7
F-F-6
F-O-F
F-F-2
F-1-d
F-2-d
F-3-d
F-4-d
F-5-d
F-6-d
F-7-d
F-8-d
F-F-A
F-d-5
F-E-0
F-d-4
F-E-1
F-E-2



LOCATION KEY STROKES LOCATION KEY STROKE!

RR1 Exit Phases F-d-6
RR2 Max Time F-E-3
Special Delay Option 1 d-d-E
Special Delay Option 2 d-d-F
STA Mode Phases F-F-7
System Manual C-0-0
Vehicle Extension, @1 F-1-5
Vehicle Extension, @2 F-2-5
Vehicle Extension, @3 _ F-3-5
Vehicle Extension, @4 F-4-5
Vehicle Extension, @5 F-5-5
Vehicle Extension, @6 F-6-5
Vehicle Extension, @7 F-7-5
Vehicle Extension, @8 F-8-5
Yeliow Clearance Time, 91 F-1-E
Yellow Clearance Time, @2 . F-2-E
Yellow Clearance Time, @3 F-3-E
Yellow Clearance Time, @4 F-4-E
Yellow Clearance Time, @5 F-5-E
Yellow Clearance Time, @6 F-6-E
Yellow Clearance Time, @7 F-7-E
Yellow Clearance Time, @8 F-8-E
Yellow Ranging (Overi_ap) F-A-3
Yellow Ranging (Phase) F-A-1
Yellow Start Up Phases F-F-E
Walk, 91 F-1-0
Walk, @2 F-2-0
Walk, @3 F-3-0
Walk, @4 F-4-0
Walk, @5 F-5-0
Walk, @6 F-6-0
Walk, @7 F-7-0
Walk, 08 F-8-0
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INDEX

Acronyms, 3-34
Added green per actuation, 3-24
Advance, 2-39, 3-24
Advance Loop
See Loop, advance
Allowed phases, 3-24
and EV preempt, 2-41, 2-43
and Pemitted phases, 2-39
and RR preempt, 2-39
Artery, 3-24
Associated Phase Recall, 2-59, 3-24
ACIA, 3-24
Aftribute, 3-24
Aftributes
non-counting, 2-8
queue clearing, 2-7
red and yellow lock, 2-6
red calling, 2-7
red lock, 2-6
special delay option 1, 2-8
special delay option 2, 2-8
special delay option 3, 2-8
yellow disconnect, 2-7
Auxiliary output file, 1-9, 1-23

BADA, 2-3, 3-24
BADE, 2-3, 3-24
Barrier, 3-24
Barrier Recall (F-F-C)
See Phase Function Flag
Battery charging light, 1-24

C1 connector, 1-9, 1-11
Call
coordination, 2-12
hard, 2-64
locking, 2-64
opposing, 3-29
recall, 2-65
soft, 2-64
summary, 2-64
Call light, 2-36, 3-24
*0", 2-35
*1* through "8", 1-34
*9", 1-34
general, 1-24, 1-26

interpretation, 1-34, 2-35
Call/active lights
See Call light
Clearance, 3-24
emergency vehicle, 2-61, 3-26
exit, 3-26
Ped, 2-61, 3-29
Red, 2-14, 3-31
track, 2-39, 2-61, 3-31
Yellow, 3-33
Communication Port
and WWV Clock, 2-70
assignment, 2-36
configuration, 2-36
Conflict, 3-25
Conflict Monitor Unit, (CMU), 3-25
Controller, Type 170
and C1 connector, 1-11
controls and indicators, 1-24
display interpretation, 1-26
front panel, 1-25
hardware information, 1-7
hardware requirements, 1-4
Input/Output diagram, 1-9
Inputs chart, 1-13
operation, 1-24
Outputs chart, 1-15
Coordination, 2-10, 3-25
and LLT phases, 2-13
and Manual Control mode, 2-60
and preempts, 2-14, 2-39, 2-40, 2-41
and Real Time Clock, 2-23
and USERFG, 2-61
call, 2-12
cycle, 2-10, 3-25
dial, 2-10, 2-35, 3-25
event, 3-26
event able, 3-26
examples, 2-15, 2-23
exception days, 3-26
floating holidays, 3-26
force off, 2-11, 2-14
free, 2-12, 2-13, 2-35, 3-26
Function 6, 2-12, 2-13, 3-26
functions, 2-11
general, 1-4
general description, 1-5
hold, 2-11, 2-14
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inputs, 2-5
interconnect, 3-27
interval, 2-10

Local Cycle Timer, 2-10, 2-35, 3-28

manual operation, 2-12
master, 3-28

Master Cycle Timer, 2-10, 2-35, 3-28

ofiset, 2-11, 2-35, 3-29
offset timing, 1-5, 2-14, 2-35, 2-36
Ped Restrict, 3-30
phase sequence, 2-12
plan, 2-35, 3-30
slave, 3-32
slave mode, 1-5, 2-10, 2-31, 2-35
sub-master operation, 2-61
sync puise, 2-10, 2-11, 2-13, 3-32
System Cycle Timer, 2-35, 3-32
table, 3-32
time based, 2-23, 2-70
Coordination tables
annual event, 2-32
daily, 2-31
entering data, 1-36, 1-45
exception day, 2-32
floating holiday, 2-32
holiday, 3-27
slave mode, 2-31
Time Of Day, 2-35
translations, 2-34
Counts, detector, 3-25
Cycle, 3-25

Data entry
coordination table, 1-36
phase/flag, 1-36
real time clock, 1-36
timing, 1-36
Data entry examples
date, 1-49
flag data, 1-43
phase data, 141
table data, 145
time, 1-47
timing data, 1-39
Data Transfer procedures, 2-56
Data validation, 2-46
Day of Week (DOW), 3-25
Delay, 3-25
detector, 2-6

3-44

EV, 2-41, 2-61, 3-26
Green Rest, 2-66
Red Rest, 2-67
special, 2-8
track clearance, 2-61
Demand, 3-25
Density, 3-25
Detection, 2-6, 3-25
inputs, 2-5
pedestrian, 2-9
vehicle, 2-6
Detector, 3-25
Detector Attributes
See Attributes
Dial, 2-35, 3-25
Dial Copy procedure, 2-59
Dial Edit procedure, 2-59, 2-62
Diamond Interchange Program, 3-25
Display
base, 1-26
base, example, 1-27
blanking procedure, 1-26
date, 1-26
detailed ring, 1-26
detailed ring, example, 1-27
memory, example, 1-28, 1-29
movement keys, 1-35, 1-38
phase/fiag data, 1-26
real time clock, example, 1-33
table, example, 1-31
time, 1-26
timing data, 1-26
Display modes
memory, 1-26
real time clock, 1-26
ring, 1-26
table, 1-26
Double Entry (F-F-8)
See Phase Function Flag
Down Time Accumulator (DTA), 3-25
Driveway Flash, 1-6, 2-60, 3-25

Echo Coordination Input to Output, 2-61

Emergency Vehicle, 3-25
See aiso EV Preempt

Entrapment, 2-68, 3-25

EPROM, 3-26

EV Clearance

See Clearance, emergency vehicle



EV Delay
See Delay, EV
EV Preempt
and Coordination, 2-41
and Overlaps, 2-41
and ped restrict, 2-41
and Railroad preempts, 2-39
and USERFG, 2-41
clearance phases, 2-41
delay, 2-41
force off, 2-41
hold, 2-41
inputs, 2-41
maximum, 2-41
sequence, 2-41
Event, 3-26
Event Table, 3-26
Exception Days, 3-26
Exclusive Phase, 3-26
Exit Clearance
See Clearance, exit
Exit phases
See Railroad Preempt, exit phases
Extended Memory addressing, 1-37
Extension, 3-26
detector, 2-6
green, 3-27
max, 2-10, 3-28
Overlap green, 2-38
true max, 2-60
vehicle, 2-6, 3-32

First Phases after Startup (F-F-d)
See Phase Function Flag
Flag, 3-26
Flash
general, 3-26
hardware, 3-27
railroad, 2-39
software, 3-32
Flashing Don't Walk, 2-14, 2-61, 3-26
Force off, 3-26
and coordination, 2-11, 2-14
and EV preempt, 2-41
and Manual Control Mode, 2-59
and RR2 Max, 2-39
Free, 2-12, 2-35, 3-26
Free time after preempt, 2-40
Front panel controls, 1-24

G

H

Function 6, 2-12, 2-13, 3-26
Function display, 1-24

Gap, 3-26

simultaneous, 3-32
Gap out, 2-14, 3-26
Gap reduction, 3-26
Gap Termination

See Gap out
Green Band, 2-14, 3-27
Green Extension

See Extension, green
Green Omit

See Overlaps, green omit
Green Rest (F-F-5)

See Phase Function Flag

Hardware Flash
See Flash, hardware
Hold, 3-27
and coordination, 2-14
and EV preempt, 2-41
and RR preempt, 2-39
coordination, 2-11
queue, 2-7,2-14
Holding Loop
See Loop, holding
Holiday Table
See Coordination tables, holiday

I-file, 3-27
Initialization, 2-3, 3-27
Input file
332 cabinet, 1-17
337 cabinet, 1-19
Inputs
coordination, 2-5
detection, 2-5
flash sense, 2-5
manual enable, 2-5
ped, 2-5,2-9
preempt, 2-5
stop time, 2-5
system, 2-5
vehicle, 2-5
Interconnect
See Coordination, interconnect
Intersection, 3-27
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Interval, 3-27
Isolator, 3-27

J-file, 3-27

Keyboard, 1-24
operation, 1-35

Lag. 3-27
Lag phases, 2-10, 2-12, 3-28
Lead, 3-28
Lead Phase, 3-28 _
Leading Left Turn, 3-28
Leading Left Turn disable, 2-13
Load Switch, 3-28
Local Cycle Timer (C-0-b)

See Coordination, Local Cycle Timer
Lock, 3-28
Long power down, 2-4, 3-28

Loop, 3-28
advance, 3-24
holding, 3-27

queue clearing, 3-30

Manual Control Mode, 2-59
and Coordination, 2-60
and force off, 2-59
and Ped A/B, 29
and preempts, 2-39, 2-60
and USERFG, 2-61
inputs, 2-5
manual advance, 2-5, 3-28
manual enable, 2-5, 3-28

Master
See Coordination, master

Master Cycle Timer (C-0-A)
See Coordination, Master Cycle Timer

Max Added Green, 3-28

Max Extension 1, 2-10, 3-28

Max Extension 2, 2-10, 3-28

Max out
See Max Termination

Max Termination, 3-28

Maximum Gap, 3-28

Maximum Recall (F-F-9)

See Phase Function Flag

Memory Map
LACO-3, 3-15

3-46

RAM “C* Page, 3-23

RAM "D" Page, 3-21

RAM "E* Page, 3-17

- RAM "F" Page, 3-19
Mid-Block Ped Crossing, 2-61
Minimum Gap, 3-29 )
Minimum Green, 2-3, 3-29
Minimum Recall (F-F-3)

See Phase Function Flag
Minimums, 3-29
Miscellaneous features, 2-56
ML2 format, 3-29
Modem, 3-29

Offset
See Coordination, offset
Offset Timing, 1-5, 2-14, 2-35, 2-36, 3-29
Output file, 1-21
Overlap Yellow Startup (F-F-F)
See Phase Function Flag
Overlaps, 2-37, 3-29
and Railroad preempt, 2-40
“A"and "B*, 2-9
and Locked calis, 2-38
and program initialization, 2-3
general, 1-4 )
general description, 1-6
green omit, 2-38, 3-27
parent phase, 2-37, 3-29
red revert, 2-38
termination, 2-38
timers, 2-38

Parent Phase
See Overlaps, parent phase
Ped A/B
and Manual control, 2-9
and Overiap A/B, 2-9
and USERFG, 2-61
outputs, 29
Ped assignments, 2-9
Ped Clearance
and EV preempt, 2-61
See Clearance, Ped
Ped inputs, 2-9
Ped protection, 3-29
and EV preempts, 2-41, 2-61
and RR preempts, 2-39



Ped pushbutton, 3-29

Ped Recall/Rest in Walk (F-F-4)
See Phase Function Flag

Ped Restrict
and coordination, 2-11, 2-12, 3-30
and EV preempts, 2-41

Permitted Phases (F-F-0)
See Phase Function Flag

Phase, 3-30

Phase Copy procedure, 2-59

Phase flag, 3-30

Phase Function Flag
Barrier Recall (F-F-C), 2-68, 2-69, 3-24
Double Entry (F-F-8), 2-67, 2-69, 3-25

First Phases (F-F-d), 2-4, 2-68, 2-69, 3-26

general, 2-66
Green Rest (F-F-5), 2-66, 2-69, 3-27

Maximum Recall (F-F-9), 2-64, 2-69, 3-29

Minimum Recall (F-F-3), 2-64, 2-69, 3-29

Overlap Yellow Start (F-F-F), 2-4, 2-68, 2-69, 3-29
Ped Recall (F-F-4), 2-64, 2-66, 2-69, 3-30
Permitted Phases (F-F-0), 2-3, 2-66, 2-69, 3-30

Prot/Perm Left Tum, 3-30

Prov/Pemn Left Tum (F-F-b), 2-68, 2-69
quick reference chart, 2-69

Red Lock (F-F-1), 2-64, 2-69, 3-31
Red Rest (F-F-6), 2-67, 2-69, 3-31

Red/Yellow Lock (F-F-2), 2-64, 2-69, 3-31

Restricted Phases (F-F-A), 2-69, 3-31
STA (F-F-7), 2-67, 2-69, 3-31
Yellow Stant (F-F-E), 2-4, 3-33
Yellow Startup (F-F-E), 2-68, 2-69
Phase North, 3-30
Plan, 2-35, 3-30
Port, 3-30
Power switch, 1-24
Power up sequences, 2-4
Preemption
See Preempis
Preempts, 2-39, 3-30
and coordination, 2-14
and Manual Control mode, 2-60
and Ped Clearance, 2-61
and program initialization, 2-3
Emergency Vehicle, 1-6
Emergency Vehicle, 2-41
EV sequence, 2-43
general, 14
general description, 1-6

inputs, 2-5
Railroad, 1-6, 2-39
RR1 exit phases, 1-6
Presence, 3-30
Program initialization
See Initialization
PROM, 3-30
PROM Module, 3-30
Protected Permissive Left Turn (F-F-b)
See Phase Function Flag

Quadrant, 3-30
Queue, 3-30
Queue maximum, 3-30

Radio Corrected Time Based (RCTB), 3-31
Railroad Preempt
and EV preempts, 2-39
and USERFG, 2-61
exit phases, 3-26
input diagram, 2-40
limited service, 2-39, 3-31
Railroad 1, 3-31
Railroad 2, 3-31
RR SELECT (F-E-0), 2-40
RR1 all Red, 2-39
RR1 exit phases, 2-39
RR1 fiash, 2-39
RR1 sequence, 2-39
RR2 Max, 2-39
RR2 peds, 2-9
RR2 sequence, 2-39
track clearance, 3-31
track clearance phases, 2-39
track clearance sequence, 2-39
track clearance time, 2-39
track clearance timer, 2-39
RAM, 3-31
Real Time Clock
and coordination, 2-23
and WWV, 2-70
setting, 1-36
setting date, 1-49
setting time, 1-47
Recall, 3-31
Recall Summary, 2-65
Red and Yellow Lock (F-F-2)
See Phase Function Flag
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Red Clearance, 3-31
Red Lock (F-F-1)
See Phase Function Flag
Red Rest (F-F-6)
See Phase Function Flag
Red Revert, 2-14, 3-31
Reduce .1 sec every..., 3-31
Reinitialization, 3-31
Reinitialization procedures, 2-57, 2-58
Repoll, 3-31
procedure, 2-70
Rest in Walk, 3-31
Restricted Phases, 2-45
and First Phases after Startup, 2-45
and Overlaps, 2-45
general description, 1-6
See also Phase Function Flag
Right-of-Way, 3-31
Ring, 3-31

Semi-Traffic Actuated (F-F-7)
See Phase Function Flag
Service, 3-32
Short Power Down, 2-4, 3-32
Simultaneous Gap, 3-32
Simultaneous Termination, 3-32
Slave, 3-32
Slave mode, 1-5, 2-35
Software Flash, 3-32
Special Delay Options, 2-8
Split, 3-32
Start up sequences
See Power up sequences
Startup, 3-32
Stop Time, 3-32
Stop Timing switch, 1-24
Sub-Master Operation, 2-61
Supplemental Phase, 3-32
Sync Pulse, 2-13, 3-32
System, 2-35, 3-32
System Cycle Timer (C-0-C)
See Coordination, System Cycle Timer

Table, 3-32
Tabie Edit procedure, 2-59, 2-63
Tables

See Coordination tables
Termination, 3-32
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Time based, 3-32
See also Radio Corrected Time Based
Time of Day (TOD), 3-32
Time Space Diagram, 3-32
Timing sheets
Page 1, 2-17, 2-25, 3-3
Page 2, 2-19, 2-27, 3-5
Page 3, 2-21, 2-29, 3-7
Page 4, 3-9
Page 5, 3-11
Page 6, 3-13
True Max Extension, 2-60
True Max Termination, 3-32
True North, 3-32

USERFG (d-E-F)
and EV preempts, 2-41
and Manual Control Mode, 2-59
and Railroad preempt, 2-40
and True Max Extension, 2-60
echo Coordination input, 2-61
Enable Manual Control mode, 2-61
EV clearance delay, 2-61
example, 143
Manual Control Mode, 2-5
Mid-Block Ped Crossing, 2-61
Ped clearance protection, 2-61
RR Track clearance delay, 2-61

Variable Initial Green
See Added Green per Actuation
Vehicle Extension, 3-32

Walk interval, 2-14, 2-61, 3-32
Watch Dog Timer (WDT), 1-24, 3-33
WWV Clock, 2-70, 3-33
configuration, 2-70
port assignment, 2-36
repoll, 3-31
repoll procedure, 2-70
troubleshooting, 2-70

Yellow Clearance

See Clearance, Yeliow
Yellow disconnect, 3-33
Yellow Ranging, 2-60, 3-33
Yellow Startup (F-F-E)

See Phase Function Flag
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LACO-3 INTERVAL DESCRIPTIONS
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VEHICLE EXTENSION
COORDINATION/PREEMPT HOLD
GAP REDUCTION

RED REST (OUT OF SERVICE)
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FORCE OFF YELLOW

RED CLEARANCE
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