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[57] ABSTRACT 

A system and method [of] for automatically starting and 
stopping an engine of a [truck] vehicle to conserve fuel While 
maintaining the engine in a ready-to-start condition, and 
While controlling the temperature of [a truck sleeper unit] an 
interior portion of the vehicle. The method includes the steps 
of selecting predetermined system parameters [via a pass 
Word accessible interactive program, providing a ?rst sWitch 
for selecting an automatic engine start-stop operating mode, 
providing a second sWitch for selecting an automatic tem 
perature control mode for the truck sleeper unit, and pro 
viding safety apparatus Which indicates When the truck 
engine may be safely operated in the automatic engine 
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[58] Field of Search ............................ .. 123/1794, 179.3; operated in the automatic operating mode. The engine is 
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62/243, 244, 157, 158 control of the engine is being overridden by the overriding 

step, to maintain the engine in a ready-to-start condition, 
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SYSTEM AND METHOD OF MONITORING A 
VEHICLE AND/OR FOR CONTROLLING 
THE TEMPERATURE OF AN INTERIOR 

PORTION OF THE VEHICLE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of reissue application 
No. 08/405,749 ?led Mar. 20, 1995, now abandoned. 

TECHNICAL FIELD 

The invention relates in general to [truck] engine control, 
and more speci?cally to systems and methods for automati 
cally starting and stopping a [truck] vehicle engine to 
conserve fuel while providing temperature control of [a 
truck sleeper unit,] an operator occupied interior portion of 
the vehicle and or maintaining the engine in a ready-to-start 
condition. 

BACKGROUND ART 

US. Pat. No. 5,072,703 teaches apparatus for automati 
cally starting and stopping a truck engine to conserve fuel 
while providing temperature control of a truck sleeper unit, 
and maintaining the engine in a ready-to-start condition. The 
apparatus of this patent works well in carrying out the 
required functions, but requires the expense of tailoring each 
such apparatus for the speci?c truck it is to be used with, and 
for accommodating the different needs and desires of dif 
ferent truck owners. For example, some truck engines are 
electronically controlled fuel injected engines, and some are 
not; and different truck engines have different numbers of 
teeth in the ring gear used for engine speed (RPM) detection, 
requiring each apparatus to be calibrated for the number of 
teeth in the ring gear of the truck it is to be used with. Some 
truck owners have different desires related to how an auto 
matic engine control should operate relative to the position 
of the ignition switch, requiring the apparatus to be built in 
different models for different owners to accommodate the 
different options which are available. Some drivers do not 
like the engine starting and stopping during the sleeper unit 
temperature control mode, and will try to “fool” an engine 
start-stop system into operating all of the time, which thus 
defeats the fuel saving purpose of the apparatus. Further, the 
apparatus cannot detect and interpret different operating 
conditions and adapt to certain changing conditions in a way 
to more effectively carry out the purposes and functions of 
the apparatus. 

Thus, it is an object of the present invention to provide 
new and improved methods for operating [a truck] an engine 
in an automatic start-stop mode, when it is safe to do so, to 
conserve fuel while maintaining the [truck] engine in a 
ready-to-start condition, [and] and/or while controlling the 
temperature of [a truck sleeper unit] an interior portion of 
the vehicle when such temperature control is desired. The 
new systems and methods should improve the ?exibility of 
apparatus constructed according to the methods, accommo 
dating different truck engine designs as well as different 
control options which may be desired by [truck] engine 
owners. The new methods should further sense when the 
system is being “fooled” into continuous operation, and 
should take appropriate action to maintain the desired start 
stop fuel saving operation. Finally, the new methods and 
apparatus should sense when different operating conditions 
make the parameters being used inef?cient, and should 
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2 
further be able to change or modify the parameters, at least 
until the operating conditions change back to where the 
parameters being used are effective. 

SUMMARY OF THE INVENTION 

Brie?y, the present invention relates to systems and meth 
ods for automatically starting and stopping an engine of a 
[truck] vehicle having an ignition switch which includes on 
and off positions for controlling starting [a] and stopping of 
the engine, a battery having ignition switch controlled 
electrical loads, and a sleeper unit, to conserve fuel while 
providing temperature control of the sleeper unit, and main 
taining the truck engine in a ready-to-start condition. The 
methods include steps for: selecting predetermined system 
parameters [via a password accessible interactive program, 
providing ?rst switch means for selecting an automatic 
engine start-stop operating mode, providing second switch 
means for selecting an automatic temperature control mode 
for the truck sleeper unit, providing safety means which 
indicates when the truck engine may be safely operated in 
the automatic engine start-stop operating mode,] overriding 
the ignition switch control of the engine in response to a 
predetermined condition when [the] a ?rst switch means 
selects [the] an automatic operating mode and [the] a safety 
means indicates the [truck] engine may be safely operated in 
the automatic operating mode, starting and stopping the 
engine automatically while the [ignition switch] operator 
control of the engine is being overridden by the overriding 
step, to maintain the engine in a ready-to-start condition, 
[regardless of the selection of the second switch means,] 
starting and stopping the engine automatically while the 
[ignition switch] operator control of the engine is being 
overridden by the overriding step, to maintain the engine in 
a ready-to-start condition, [and] and/or to control the tem 
perature of the [sleeper unit] vehicle interior, when [the] a 
second switching means selects automatic temperature 
control, terminating the overriding step in response to a 
predetermined condition, restoring [ignition switch] opera 
tor control of the engine, and preventing automatic restart 
ing of the engine while the [ignition switch] operator is in 
control of the engine. 

Desirable embodiments of the invention relate to methods 
for accommodating electronically controlled fuel injected 
engines, as well as [non fuel] non-fuel injected engines; 
calibration methods related to engine speed detection; meth 
ods for changing all battery voltage references by a single 
battery voltage offset selection; selection of a predetermined 
one of several dead band ranges about the set point tem 
perature of the [sleeper unit] vehicle interior; [automatic] 
automatically changing a selected dead band range to 
improve system operating conditions; methods and appara 
tus for detecting when the system is being fooled into 
operating continuously, with steps for retaining automatic 
start-stop operation; methods for option selection which 
enable different truck owners to operate the same start-stop 
apparatus in different operating modes; and methods and 
apparatus for automatically changing the operation of the 
apparatus to insure that the engine is in a ready-to-start 
condition before the engine is stopped. 

Throughout this application, reference to “predeter 
mined ” paramters, conditions, etc. includes any manner of 
determination, including adaptive determination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more apparent by reading the 
following detailed description in conjunction with the 
drawings, which are shown by way of example only, 
wherein: 
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FIG. 1 is a partially schematic and partially block diagram 
of engine control apparatus Which may be constructed and 
operated according to the teachings of the invention; 

FIG. 2 is a How diagram of an [interactive guarded] access 
program Which enables authoriZed personnel to initialiZe the 
system according to the engine the apparatus is to be used 
With, and to select or reject different options Which are 
available in the operation of the apparatus; 

FIGS. 3A and 3B may be combined to provide a How 
diagram of a main operating program Which is run periodi 
cally to enable and disable automatic engine operation, to 
enable and disable automatic temperature control of a [truck 
sleeper unit] vehicle interior, and to execute different oper 
ating programs Which are required to operate at any given 
time; 

FIG. 4 is a ROM (read-only-memory) map of different 
program constants and default values used by the programs 
of FIGS. 3A, 3B, and the other programs of the system; 

FIG. 5 is a RAM (random-access-memory) map Which 
illustrates different timers, ?ags, counters, and variables 
Which are generated and stored by the programs of FIGS. 
3A, 3B, and the other programs of the system; 

FIG. 6 is a How diagram of a program RUN Which 
implements the operation of the system While the [truck] 
vehicle engine is running; 

FIG. 7 is a How diagram of a program RUN CHECK 
Which is called by the program RUN shoWn in FIG. 6 to 
check on the running condition of the [truck] vehicle engine; 

FIG. 8 is a ?oW diagram of a program STOP 
DETERMINATION, Which is called by the program RUN 
shoWn in FIG. 6; 

FIG. 9 is a How diagram of a program SHUTDOWN, 
Which is called by the program STOP DETERMINATION 
shoWn in FIG. 8; 

FIG. 10 is a How diagram of a program TAS START 
DETERMINATION, Which is called by the program SHUT 
DOWN shoWn in FIG. 9; 

FIG. 11 is a How diagram of a program START, Which is 
called by the program TAS START DETERMINATION, 
shoWn in FIG. 10; 

FIG. 12 is a How diagram of a program BT CONTROL 
Which implements the temperature control of [the “bunk” or 
sleeper unit] an interior portion of the associated [truck] 
vehicle, and Which is called by the program RUN shoWn in 
FIG. 6; 

FIG. 13 is an algorithm used by the program BT CON 
TROL shoWn in FIG. 12 during a cooling mode; 

FIG. 14 is an algorithm used by the program BT CON 
TROL shoWn in FIG. 12 during a heating mode; 

FIG. 15 is a How diagram of a program Which illustrates 
a bunk or sleeper unit fan option Which may be selected, or 
rejected, during the [operation of the guarded access pro 
gram] parameter selection shoWn in FIG. 2, Which, When 
selected, runs a sleeper unit fan off the truck battery When 
the truck engine is off; and 

FIG. 16 is a How diagram of a program Which illustrates 
an option relative to the temperature sensor used to measure 
the temperature of the sleeper unit, Which is useful When the 
temperature sensor may be placed outside the [sleeper] 
vehicle in ambient air, to “fool” the system into operating the 
[truck] engine continuously. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring noW to the draWings, and to FIG. 1 in particular, 
there is shoWn a truck 20 having an engine 22, a battery 24, 
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4 
an ignition sWitch 26 Which controls the connection of a 
plurality of electrical loads 28 to battery 24, and a bunk or 
sleeper unit 30 having a fan 31. Sleeper unit 30 includes 
heating and cooling accessories 32, Which are part of the 
“keyed” electrical loads shoWn generally at 28. 

Engine monitoring and control apparatus 34 constructed 
according to the teachings of the invention includes a 
controller 36 having a main control board 38, a read-only 
memory (ROM) 40, and a random-access memory (RAM) 
42. Monitoring and control apparatus 34 further includes a 
display board 44, an interface board 46, a master relay 48, 
a sleeper control unit 50 disposed in sleeper unit 30, engine 
control 52 Which includes a fast idle control servo, and a 
poWer supply 54. PoWer supply 54 includes the truck battery 
24, a 10 volt regulator 56, a diode 58, and a 5 volt regulator 
60. Regulator 60 includes a capacitor to sustain the input 
voltage during engine cranking. 

Outputs from controller board 38 to interface board 46 
include an output SRY to a start relay, an output FUEL to a 
fuel relay, and an output STBZ to a buZZer in the engine 
compartment Which Warns When an automatic engine start is 
going to be made to maintain engine 22 in a ready-to-start 
condition. 

Inputs to controller board 38 via interface board include 
oil pressure OP, Water (engine coolant) temperature WT, oil 
temperature OT, ambient temperature AA, engine speed 
RPM, and inputs from a string of safety related sWitches, 
such as a tilt sWitch Which indicates When the engine hood 
is closed, a parking brake sWitch, Which indicates When the 
parking brake is engaged, and a neutral sWitch, Which 
indicates When the truck transmission is in neutral or park. 

Display board 44 includes a sWitch or push button 62, 
hereinafter called TAS sWitch 62, Which selectively turns the 
automatic control system 34 on and off, and a plurality of 
additional sWitches or push buttons 64 associated With 
functions such as scrolling the display to select items on a 
menu, incrementing and decrementing control parameters, 
an “enter” button for storing control parameters, a display 
“freeze” button, and the like. A display 65, such as a 16 
character dot matriX LCD display, and indicating lamps 67 
are also provided. 

Sleeper control 50 includes a sWitch 66, hereinafter called 
HA sWitch 66, Which has positions to turn sleeper tempera 
ture control off, and to turn sleeper temperature control on, 
to either a heating mode or a cooling mode. Sleeper control 
50 further includes a set point temperature selector 68 and 
indicating lamps 69. 

Sleeper unit 30 includes a temperature sensor 70 Which 
provides a signal BT to sleeper control 50. 

Master relay 48, When energized, disables normal control 
of engine 22 by ignition sWitch 26, overriding ignition 
sWitch 26 and controlling the operation of engine 22 accord 
ing to the operating programs of control 34. Inputs to master 
relay 48 include a 12 volt ignition input, an accessory input, 
and a current source for ignition key sense. 

FIG. 2 is a How diagram of an interactive guarded access 
program 72 Which enables authoriZed personnel to select 
program options, and to initialiZe the engine monitoring and 
control apparatus 34 to the speci?c truck it is to be used With. 
Program 72 is entered at 74 and step 76 prompts the user to 
enter a passWord. Step 78 determines if the passWord entered 
is correct, and if it is not, the program exits at 80. If the 
entered passWord is correct, program 72 then proceeds 
through a menu of program options and initialiZation pro 
cedures Which enable the user to tailor the engine monitor 
ing and control apparatus 34 to the speci?c truck and speci?c 
requirements of the user. 
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For example, step 82 asks if the user desires to activate a 
mandatory shutdown option. When the ignition sWitch 26 is 
“on” and TAS sWitch 62 is switched from the “on” to the 
“off” position, control of engine 22 Will normally be 
returned immediately to ignition sWitch 26. When the man 
datory shutdoWn option is selected, indicating by setting a 
?ag MSOF in step 84, override control Will be continued for 
a predetermined period of time. For example, When the 
items in the safety chain of sWitches indicate that the 
transmission is in neutral, the parking brake is set, and the 
engine hood is doWn, engine 22 Will be stopped after a 
predetermined period of time, such as 15 minutes. When the 
mandatory shutdoWn option is not selected, indicated by 
resetting ?ag MSOF in step 86, engine monitoring and 
control apparatus 34 does nothing to keep engine 22 run 
ning. 

Step 88 asks if the user desires to activate an IGNOFF= 
TASOFF option, Which option is concerned With the posi 
tion of ignition sWitch 26 and its effect on operation of 
control apparatus 34. When this option is selected, indicated 
by setting a ?ag IGTASF in step 90, When ignition sWitch 26 
is off, control apparatus 34 is also off, regardless of the 
position of TAS sWitch 62. 
When option IGNOFF=TASOFF is not selected, indi 

cated by resetting ?ag IGTASF in step 92, When ignition 
sWitch 26 is off, TAS sWitch 64 is enabled and HA sWitch 66 
is disabled. Thus, control apparatus 34 Will operate in the 
engine readiness mode only, maintaining engine 22 in a 
ready-to-start condition, as controlled by TAS sWitch 62. 
Environmental control of sleeper unit 30, controlled by HA 
sWitch 66, Will not be operational. 
When option IGNOFF=TASOFF is not selected and igni 

tion sWitch 26 is on, then both the TAS sWitch 62 and the HA 
sWitch 66 are enabled, activating the engine readiness mode 
When TAS sWitch 62 is sWitched on, and adding sleeper unit 
temperature control When HA sWitch 66 is sWitched on. TAS 
sWitch 62 must be on in order for HA sWitch 66 to be 
effective. In other Words, TAS sWitch 62 is the master sWitch 
for control apparatus 34, and it must be on in order for any 
automatic overriding control functions to occur. 

Step 94 asks if a bunk or sleeper fan option is selected. 
When selected, indicated by setting a ?ag BFOF in step 96, 
When sleeper environmental control is active, the sleeper fan 
31 Will be operated during both engine on and engine off 
cycles. A program shoWn in FIG. 15 monitors battery 
voltage and the drain on battery 24 by sleeper fan 31 during 
engine off cycles, taking appropriate action to maintain 
engine 22 in a ready-to-start condition. When the sleeper fan 
option is not selected, indicated by resetting ?ag BFOF in 
step 98, sleeper unit fan 31 is operated only during engine 
on cycles. 

Step 100 asks if a sensor option, related to sleeper unit 
temperature sensor 70, is to be activated. When activated, 
indicated by setting a ?ag SOF in step 102, a program shoWn 
in FIG. 16 is run periodically during sleeper unit temperature 
control to determine if sensor 70 has been placed in the 
ambient air in an effort to keep engine 22 running 
continuously, defeating the fuel saving purpose of control 
apparatus 34. When this unauthorized operation is detected, 
appropriate action is taken to retain the fuel saving start-stop 
operation of engine 22. When this sensor option is not 
selected, indicated by resetting ?ag SOF in step 104, the 
program shoWn in FIG. 16 is not run. 

Step 106 asks if the user desires to enter a battery voltage 
offset. The programs to be hereinafter described include 
comparisons of battery voltage With several different battery 
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voltage references. This option, in effect, enables all such 
battery voltage references to be changed by adding or 
subtracting a voltage offset to the measured battery voltage. 
When this option is selected, the algebraic sign and magni 
tude of the battery voltage offset is entered at set 108, using 
predetermined sWitches 64 on display 44. A ?ag BVOSF is 
set in step 110 to indicate that the option is active. When this 
option is not selected, indicated by resetting ?ag BVOSF in 
step 112, the measured battery voltage Will be used in the 
comparisons, Without modi?cation. 
When sleeper temperature control is active, engine 22 is 

turned off When the bunk temperature is Within a predeter 
mined temperature range above and beloW the set point 
temperature selected on set point temperature selector 68, 
With this temperature range being hereinafter called a “dead 
band”. The dead band has a default value of 10° F., 5° above 
and 5° beloW the set point temperature, ie., :5. Step 114 asks 
the user if the dead band should be changed to some other 
value, such as :4, :6, :7, or :10, for example. If the user 
desires to change the default value, as indicated in step 116, 
the user scrolls to “dead band” on the menu, using a scroll 
sWitch among sWitches 64. The displayed value is incre 
mented or decremented to the desired dead band, using an 
appropriate sWitch, and then an “enter” key or sWitch is 
depressed, to store the neW value in RAM 42. 

The “no” branch of step 114, and step 116, both advance 
to step 118 Which asks if upper and loWer ambient tempera 
ture limits should be changed. The upper and loWer ambient 
temperature limits are used to initiate continuous engine 
operation When engine 22 is under automatic control of 
control apparatus 34. Upper and loWer limit default values, 
for example, may be 90° F. and 0° F., respectively. The upper 
and loWer temperature limits are programmable by the user 
to other values. As indicated by steps 118 and 120, When the 
user indicates that the limits are to be changed, step 120 
directs the user to scroll to “upper limit”, or “loWer limit” on 
display 65, and then enter the desired limit value, such as 
upper limits of 100° F., 95° F., 85° F. or 80° F., and such as 
loWer limits of 10° F., 5° F., —5° F., or —10°F. 

Engine control apparatus 34 is for use on different trucks 
made by different manufacturers. Steps 122, 124, 126 and 
128 permit the user to calibrate the engine speed measure 
ments (RPM) to the speci?c truck. Step 122 asks if the user 
desires to calibrate engine RPM measurements, and if so, 
step 124 directs the user to operate the truck engine at 1000 
RPM as indicated on the truck’s tachometer. Step 126 directs 
the user to scroll the display 65 to “RpM Calibrate”, and 
When the truck engine is running at 1000 RPM, the “enter” 
button is depressed, as indicated in step 128. With this bench 
mark, all engine speed measurements Will thereafter be 
accurately interpreted by engine control 34. 

Engine control apparatus 34 may be used With electronic 
fuel injected engines, and With non-electronic engines. Elec 
tronic engines normally have either tWo control relays or 
three control relays, depending upon the manufacturer. Step 
130 asks if engine 22 is an electronic engine. If it is, step 132 
asks if the electronic engine has three control relays. If the 
electronic control has three relays, step 134 asks the user to 
scroll display 65 to Relay 3, and if the electronic control has 
tWo relays, step 136 asks the user to scroll to Relay 2. Step 
138 then asks the user to enter the time in seconds from base 
idle RPM to 1000 RPM, as stated in the engine speci?ca 
tions. Fast idle control is initiated immediately after fuel is 
turned on for non-electronic engines, and a time delay is 
utiliZed for electronic engines. Steps 130 through 138 enable 
engine control 34 to coordinate correctly With the speci?c 
electronic engine utiliZed. Fast idle control is terminated a 
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predetermined period of time before shutdown for all types 
of engines, such as 30 seconds. Program 72 then exits at 140, 
and the options selected and values entered cannot thereafter 
be changed, except by authorized personnel in possession of 
the correct passWord. Certain of the values, however, may be 
automatically changed by certain of the operating programs 
to be hereinafter described, to improve operation of engine 
control 34. 

FIGS. 3A and 3B may be combined to provide a How 
diagram of a main program 142 Which is run periodically, 
such as With time interrupts, and Which may thus maintain 
all of the softWare timers of the various programs. The main 
purpose of program 142 is to determine When the engine 
control 34 should be active, When engine control by ignition 
sWitch 26 should be overridden, and When to run the 
different operating programs. For convenience, the various 
signals, timers, counters, ?ags, and the like, referred to in 
FIGS. 3A and 3B, as Well as those used in the remaining 
operating programs, are listed in a ROM map 141 in FIG. 4, 
or in a RAM map 143 in FIG. 5, depending upon Where the 
various signals, etc., are stored. 

Program 142 is entered at 144, and step 146 checks a 
poWer-up initiation ?ag PUIF to determine if program 142 
has been initialized. If ?ag PUIF is found to be reset, step 
148 initializes control apparatus 34 to an inactive condition 
by resetting a ?ag TAS, ignition sWitch control of engine 22 
is enabled by resetting an override ?ag OVD, and all ?ags, 
timers and counters are cleared. Step 150 then sets ?ag 
PUIF, so that When step 146 is encountered on the next 
running of program 142, step 148 Will be skipped. 

Step 152 scans the various analog and digital sensor 
inputs and stores the values for later use. Step 154 then 
checks a ?ag KEY, Which is set, or a logic one, When ignition 
sWitch 26 is “on”, and reset, or a logic zero, When ignition 
sWitch 26 is “off” When ignition sWitch 156 is off the 
override ?ag OVD is reset, an enable ?ag HAM for sleeper 
environmental control is reset, preventing any sleeper tem 
perature control While ignition sWitch 26 is off. Once one of 
the safety string sWitches is no longer safe for automatic 
operation, engine control 34 terminates override of ignition 
sWitch 26, returning control of engine 22 to ignition sWitch 
26. 

Step 154 advances to step 160 Which checks the condition 
of option ?ag IGTASF, Which Was either set in step 90 or 
reset in step 92 of FIG. 2. When step 160 ?nds ?ag IGTASF 
set, it indicates that When ignition sWitch 26 is off, no 
automatic control of engine 22 is permitted, and step 160 
advances to step 162 Which resets ?ag TAS, preventing 
operation of automatic engine control 34 regardless of the 
position of TAS sWitch 62. 
When step 154 ?nds that ignition sWitch 26 is “on”, step 

158 sets a ?ag HAM, Which enables temperature control of 
sleeper unit 30 When other conditions are met, such as ?ag 
TAS being subsequently set, and HA sWitch 66 being in an 
“on” position. 

Steps 158, the “no” branch of step 160, and step all 
advance to a series 163 of steps Which form a “safety string”, 
checking various conditions to determine if it is safe to place 
engine 22 under the automatic start-stop control of engine 
control 34. For example, step 164 may check a signal Which 
indicates Whether the truck parking brakes are engaged or 
released, step 166 may check a signal Which indicates 
Whether a truck engine hood is open or closed, and step 168 
may check a sWitch Which indicates Whether the truck 
transmission is safe, ie., in park or neutral, or unsafe,. ie., not 
in park or neutral. 
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If any item in the safety string 163 is not safe for 

automatic start-stop operation of truck engine 22, the safety 
string branches to step 170, Which checks the condition of a 
delay ?ag DF. If delay ?ag DF is reset, it indicates that a time 
delay, initiated to provide a reasonable time for the safety 
string 163 to become “safe”, has not been activated. Step 
172 then clears a delay timer DT and sets delay ?ag DF. Step 
174 updates delay timer DT, and step 176 compares the 
value of delay timer DT With a value DT1 stored in ROM 40. 
If the delay time has not reached DT1, step 176 exits 
program 142 at 182. The next time program 142 is run, step 
170 proceeds directly to step 174, to update delay timer DT. 
If the safety string 163 ?nds safe operation before delay 
timer DT reaches DT1, the safety string 163 branches to step 
184. If step 176 ?nds that delay timer DT has reached DT1, 
it indicates that safe operation has not been achieved during 
the delay time, and steps 178 and 180 reset the override ?ag 
OVD and the enable ?ag TAS, de-activating control appa 
ratus 34. 

When the safety string 163 ?nds safe operation, step 168 
advances to step 184 Which checks the position of TAS 
sWitch 62. If TAS sWitch 62 is off, step 186 resets enable ?ag 
TAS, and step 188 checks the condition of the mandatory 
shutdoWn option ?ag MSOF, Which Was either set or reset in 
steps 84 and 86, respectively. If the mandatory shutdoWn 
option is found to be reset, control 34 does nothing to keep 
engine 22 running, and step 188 exits program 142 at 190. 
If step 188 ?nds ?ag MSOF set, then override control is still 
active for a predetermined period of time, if engine 22 is 
running, even With TAS sWitch 62 “off”. 
When step 184 ?nds TAS sWitch 62 “on”, and also When 

TAS sWitch 62 is “off” and ?ag MSOF is set, steps 184 and 
188 both advance to step 192. Step 192 determines if 
automatic operation has been initialized by checking the 
condition of an initialization ?ag TASIF. If ?ag TASIF is 
found to be reset, step 194 initializes the system by setting 
a digital value MODE to RUN (e., 01), as engine 22 must be 
running before automatic control apparatus 34 Will be ini 
tially activated. Step 194 also clears the various softWare 
timers, it resets a trouble ?ag TRB, and it sets initialization 
?ag TASIF, so step 194 Will be skipped on the next running 
of program 72. 

Step 194 and the “yes” branch of step 192 both advance 
to step 196 Which checks the engine oil pressure OP relative 
to a minimum value PMIN stored in ROM 40. If the engine 
oil pressure OP is not greater than the minimum value 
PMIN, engine 22 is off, or should not be operated 
automatically, and step 198 resets ?ag TAS, preventing 
automatic operation of engine 22, and program 72 exits at 
200. If engine oil pressure is OK, step 202 compares engine 
RPM With a predetermined minimum value, such as 450 
RPM. If the engine speed does not exceed this minimum 
value, engine 22 should not be placed under automatic 
operation, and step 202 goes to step 198. 
When steps 196 and 202 ?nd engine 22 to be operating at 

a level Which permits automatic operation, certain engine 
sensors are checked for failure. When a sensor is returning 
an implausible value, a ?ag associated With this sensor is set 
in a diagnostics program. Step 204 checks an engine tem 
perature sensor failure ?ag ETSF. If this ?ag is found to be 
set, step 204 goes to step 198. When step 204 ?nds the 
engine temperature sensor to be operative, step 206 checks 
an ambient temperature sensor failure ?ag ATSF. When step 
206 ?nds ?ag AT SF set, step 208 stores an alarm code in 
RAM 42 and it also illuminates an alarm lamp on display 44, 
but the setting of ?ag ATSF does not prevent automatic 
operation. The “no” branch of step 206 and step 208 both 






























