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1. INTRODUCTION

In order to fit with more severe emission norms and to minimize fuel consumption without lowering
the engine horse power, engine control systems need to be increasingly sophisticated. The in-
crease of engine control functions such as static ignition, sequential fuel injection, exhaust gas
recirculation, knock control..., implies the use of very powerful microcontrollers to process the
timing functions. In engine control, most of the signals such as dwell time, spark time, fuel in-
jection time must be synchronous with the engine cycle and must be generated by the microcon-
troller to a very precise time or a very precise engine angle. The TMS370 PACT module with its
capabilities to combine external events with internal timers, to synchronize output to external
events, to generate interrupt on event or event and time, allows the execution of software tasks
(advance angle computation, fuel injection time computation) and output actions in perfect syn-
chronization and at the optimum time of the engine cycle. This application note describes a high
end 4 cylinder engine control system using the TMS370 PACT module.

Nota: A good understanding of this application note requires a minimum knowledge of the
TMS370 family and PACT module.

2. ENGINE CONTROL SYSTEM DESCRIPTION

Basically, Engine Control Systems consist of two main functions, namely, ignition Control and

injection Control.

At present, most ignition systems use a mechanical distributor to supply the high voltage cur-

rent to the Spark plugs in a specific sequence. This ignition sytem is usually called dynamic

ignition. Dynamic ignition will be increasingly replaced by semi-static or static ignition in which

the distributor is replaced by two or four ignition coils driven by two or four power transistors.

A semi- static ignition has two Spark plugs per coil. A static ignition has one Spark plug per coil.

In a fuel injection system, there are also two types of systems:

- The mono-point injection which requires one injector to supply all the cylinders. The gasoline
is injected upstream of the throttle.

- The multi-point injection which requires one injector per cylinder. In this case, the gasoline is
directly injected into the intake manifold near the intake valves by either all injectors at the same
time (called full group injection), or by each injector sequentially (called sequential injection).

To meet emission control, fuel economy, and engine performance requirements, other sub-
systems in engine control are necessary, such as: exhaust gas recirculation (EGR) to reduce
the peak combustion temperature in order to minimize the nitro-oxyde content of exhaust gas,
idle speed control to keep a steady idle speed, knock control to eliminate knocking under
all operating conditions, purge canister to suppress tank hydro-carbon vapors, adaptive strate-
gies etc.
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Figure 1shows atypical architecture of a 4-cylinder semi-static ignition, sequential fuel injection.

( )
FIGURE 1 : ENGINE CONTROL BLOCK DIAGRAM
COIL
ENGINE SPEED ——— SIGNAL DRIVERS CoIL 1
REFERENCE-MARK —————3CONDITION,
— DIAG. » COIL 2
MANIFOLD PRESSURE I TMS370
ENGINE TEMPERATURE N INJECTOR |——>
AIR TEMPERATURE T DRIVERS
LAMBDA SENSOR B > INJECTORS
THROTTLE POSITION R DIAG. >
AIR-FLOW SENSOR F ROM —
BATTERY VOLTAGE A RAM I > ILDE SPEED
OTHERS \_C— EEPROM N > EGR
£ T > FUEL PUMP
ADC £ PURGE CANISTER
R 5> AIR CONDITIONER
KNOCK SENSOR ——( INTERFACE PACT 3
A
¢ > ENGINE SPEED (DASHROARD)
B 5 DIAGNOSIS SERIAL LINE
AND/OR ANTI-THEFT CDE.
\ _J

The ignition timing and injection time values are mainly calculated from the two basic input signals
which are the engine speed and the intake manifold pressure (engine load) described later. Other
inputs, such as air temperature, coolant temperature, air flow, throttle position etc., with the help
of system maps and computation, allow some correction of the calculated values. This applica-
tion report describes in detail how the TMS370 PACT module can automatically drive all the above
mentioned functions, such as ignition coil outputs, injector outputs, knock window generation,
pwm signals etc. All the examples will help the reader to get familiar with the TMS370 PACT
module and to better understand how to use and program the different PACT commands.

3- ENGINE CONTROL APPLICATION ARCHITECTURE

3.1 TMS370 CONFIGURATION

The engine control system described in this application report is a semi-static ignition, multi-
points sequential fuel injection system for a four cylinder engine (Figure 2). The TMS370 micro-
controller used is the TMS370C732 with the following configuration:

8K Bytes EPROM program PACT
256 Bytes EEPROM Data A/D Converter 8 channels
256 Bytes RAM 44-pins PLCC packaging




USING THE TMS370 PACT MODULE

IN ENGINE CONTROL APPLICATION

OCTOBER 1989

Fiqure 2 : TMS370 CONFIGURATION IN ENGINE CONTROL
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As the continuation of the engine control system application report often refers to the PACT
peripheral registers to configure the different PACT functions, the PACT peripheral control register
table is shown below. Appendix A describes the function of each bit of each PACT control register.

GLOBAL
WDKEY
INPUTCTL
CP65

CP43

CcP21
CTLFLG
OP10P8
SCITXDT
SCIRXD
SCICTL
BUFPT
ENDCONT
STARTCONT
RESOL

TABLE 3-1: PACT PERIPHERAL FRAME DEFINITION

.equ PO4F
.equ PO4E
.equ P04D
.equ P04C
.equ P04B
.equ PO4A
.equ P049
.equ P048
.equ P047
.equ P046
.equ P045
.equ P043
.equ P042
.equ P041
.equ P040

;Global function control register

;Watchdog Key register

;Event/interrupt control register

;Setup pins CP6 and CP5 register
;Setup pins CP4 and CP3 register
;Setup pins CP2 and CP1 register

;Command/Definition entry flags register

;Output pin 1-8 state register

;SCI TX data register

;SCI RX data register

;SCI control register
;Buffer pointer register
;Command/Definition area end register
;Command/Definition area start register
;Setup control register
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3.2 REGISTER FILE ORGANIZATION

The size of the register file used in this application is 256 bytes and the PACT access is limited
to the 128 upper bytes. This RAM is primarily divided into three parts:

- General purpose register file accessed only by the CPU.

- Stack register file.

- Register file accessed by the PACT and the CPU.

In this engine control application, the PACT has been configured in mode A by clearing bit2 “GLO-
BAL peripheral register -PO4F- (two dedicated input capture registers CP1, CP2) and the circular
buffer length has been limited to one 32-bit word. The remaining 128 upper bytes are reserved
for the COMMANDI/DEFINITION area. Figure 3 shows the PACT mode A and mode B.

Fiqure 3 : INPUT FUNCTIONS

MODE B MODE A
¢— 32 Bits——> ¢— 32 Bits—>
cp1 cpl
CP2 CP2
CP3 {prescaleA—— Dedicated 3| Ce3

CP4 prescaie Dedicated 4 CP4
CPS rescale CP5

Circular Buffer

CP6 rescalen Circular Buffer CP6

3 bit prog. 3 bit prog.
prescaler prescaler

EVENT COUNTKR EVENT COUNTER

The start address which also fixes the circular buffer length is defined by programming the start
address controi register in the PACT peripheral frame (“STARTCNT”: PO41). The stop address
which defines the end of the COMMANDS/DEFINITIONS areais programmed in the stop address
control register (‘ENDCNT": PO42). In this application, “STARTCNT" is programmed to “EFH"
and “ENDCNT” to “98H". In this case, the size of the COMMAND/DEFINITION area allows 22
commands or definitions to be programmed.
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3.3 COMMANDI/DEFINITION FILE FORMAT
As discussed below, this application uses two different contexts for the COMMAND/DEFINI-
TION area. The first one uses only two commands and works only during the initialization phase
of the program (missing teeth research) to get the engine synchronization. The second can accept
up to 28 available commands and works during the normal running of the engine control pro-
grams. The following Figure 4 shows these two COMMAND/DEFINITION areas:

During synchronisation

32-bits

Default Timer

CP1 Capt. Reg

During normal running

32-bits

CP2 Capt. Reg

Circular Buffer

D.E.C. CMD

Offset Timer

Missing Teeth Found Default Timer

> CP1 Capt. Reg

Missing Teeth Lost CP2 Capt. Reg

Circular Buffer
~—Start Area Start area— CMDO
-—End area CMD1

cMD2

End area— CMD27

Figure 4: COMMANDI/DEFINITION AREAS

CID
Area
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Figure 5 shows the complete COMMAND/DEFINITION area programmed in this engine control

system application.

TIMELSW
TIMEMSW
CP1RLSW
CP1RLSW
CP2RLSW
CP2RMSW
BUFLSW
BUFMSW
COM@LSW
COM@MSW
COM1LSW
COM1MSW
COM2LSW
COM2MSW
COM3LSW
COM3MSW
COMALSW
COM4MSW
COMSLSW
COMSMSW
COM6LSW
COMBMSW
COM7LSW
COM7MSW
COMBLSW
COMBMSW
COMILSW
COMIMSW
COM10LSW
COM1OMSW
COM11LSW
COM11MSW
COM12LSW
COM12MSW
COM13LSW
COM13MSW
COM14LSW
COM14MSW
COM15LSW
COM15MSW
COM1BLSW
COM16MSW

>FF
>FD

>FB
>F9
>F7
>F5
>F3
>F1

>EF
>ED
>EB
>E9

>E7
>E5

>E3
>E1
>DF
>DD

>DB
>Da

>D7
>D5
>D3
>D1
>CF
>CD
>CB
>C9
>C7
>C5
>C3
>C1
>BF
>BD
>BB
>B9
>B7
>B5
>B3
>B1
>AF
>AD

Event counter | 20-bit Default Timer

Storage | CP1 Capture Dedicated Register
| Event Counter 20-bit Default Timer

Storage CP2 Capture Dedicated Register |

Event Counter 20-bit Default Timer

Circular Buffer

~ Dummy Command

End Injection 1 Comméhdi(S.C.) )
- ResetOP3
End Injection 2 Command (S.C.)
Reset OP4

End iﬁjection 3 Command (S.C.)
Reset OP5 o

End Injection 4 Command (S.C.)
Reset OP6

Dwell Time 1 & 4 Command (S.C.)

Set OP1

Set OP2
-

Dwell Time 3 & 2 Command (§C)

Offset Timer Definition
- EventMax. = 115
Missing Tooth 57, 115 Command (D.E.C.)
- Interrupt
Start Injector 1 Command (D.E.C.)
~Set OP3. Interrupt

Start lhjector 2 Command (D.E.C)
Set OP4. Interrupt

Start Injector 3 Command (D.E.C))
Set OPS. Interrupt

Start Injector 4 Command (D.E.C)

L Set OP6. Interrupt

RPM IT 3,33 (D.EC)
Interrupt

~ Pre-Spark Coil 1, 3, 4, 2 Command (D.EC)

__Interrupt
1,2,3 & 4 Spark Time (C.C))
____Reset OP, OP2 7
TDC 18, 48, 76, 106 (D.E.C))

Set/Reset OP7

>FF

>FB

>F7

>F3

>EF

>EB

>E7

>E3

>DF

>DB

>D7

>D3

>CF

>CB

>C7

>C3

>BF

>BB

>B7

>B3

>AF

—Start Address

Entry Interrupt
Flag
2

1
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COMI7LSW >AB [ Knock Window 1,4, 3 & 2 (C.C) >AB
COM1I7TMSW  >A9 ~ Set OP8 2
COM18LSW  >A7 Knock Window 1,4,3 & 2 (C.C.) >A7
coMisBMSW >A5 |  ResetOP8 N 1
COM19LSW  >A3 Baud Rate Definition >A3
COMIOMSW >A1 |  Not Programmed 0
COM20LSW  >9F Dummy Command >9F
COM20MSW  >9D | ] 7
COM21LSW  >9B RPM IT 61,91 (D.E.C) >9B
COM21IMSW  >99 - Interrupt ) 7
COM22LSW  >97 Not Used >g97  —End Address
COM2MSW >95 |

COM23LSW  >93 Not Used >93
COM23MSW  >91 o

COM24LSW  >8F Not Used >8F
COM24MSW  >8D o -

COM25LSW  >8B Not Used >8B
COM25MSW >89 - -

COM26LSW  >87 Not Used >87
COM26MSW  >85 B

COM27LSW >83 Not Used >83
COM27MSW  >81

Figure 5: Engine control COMMAND/DEFINITION area

Noting the position of the “Offset Timer/Event Counter” definition in this engine control COM-
MAND/DEFINITION area, the different commands refer to Timers in the following way:

- referenced to the Default Timer: Command 1 to Command 6
- referenced to the Offset Timer: Commands 15, 17, 18

3.4 TIME SLOT AVAILABILITY AND PACT RESOLUTION

As it is explained in the PACT specifications, the number of definitions/ commands allowed, is gover-
ned by the crystal frequency and the resolution required by the application. These two parameters
allow the definition of the number of time slots available and hence the number of definitions/
commands. For this engine control application, a 20 MHZ crystal frequency is used and a resolu-
tion of 2 S has been chosen.

To get this 2 uS resolution, the fast mode must be programmed, thus the prescaler rate:

- Fast mode — bit 4 =1 “RESOL” peripheral register (P040).
- Prescaler = 9 — bit 0-3 = 1001 “RESOL" peripheral register (P040).

This prescaler programming provides a system clock divided by 10, which means:

Sysclk 200 ns .
0 - 10 - 2uS of resolution
Atable in the PACT specification (“number of Time slots available for each prescale setting table”)
gives for a divide rate of ten, anumber of time slots (T.S) of 29. So, a 20 MHZ crystal frequency and
a 2 uS resolution gives 29 T.S.
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The commands/definitions need from 1to 3 T.S., so the number of COMMANDS/DEFINITIONS
available is included between 15 and 29 commands. This application uses only a part of these
available commands/definitions.

3.5 Inputs Descriptions (Figure 2)

The Engine speed signal, which is described below, drives the input captures CP1 and CP6 of

the PACT, on the one hand (CP1) for the average engine speed computation, and on the other

hand (CP®) for the 16-bits offset timer capture into the circular buffer and the incrementation

of the event counter (E.C.).

- Dwell feedback (coil current) drives the input captures CP2 (not programmed).

- The reference mark, which gives a pulse every engine cycle (every two engine rounds)
drives the external interrupts pin INT3.

- Intake manifold pressure (engine load) drives the analog input ANO.

- Air temperature drives the analog input AN1.

3.6 Output Description (Figure 2)

The outputs OP1 and OP2 from the PACT module drive the two ignition coils, coil1 and coil2,
which reciprocally drive the Spark plugs from cylinder 1 and 4 and the Spark plugs from cylinder
3and 2.

The PACT outputs OP3 to OP6 drive the four injectors.

The PACT output OP7 supplies the Top Dead Center (TDC) synchronization signal (explained later).
The PACT output OP8 supplies the knock window signal.

Other TMS370 Standard I/Os drive the engine control ON/OFF or PWM outputs.

. ENGINE CONTROL FUNCTIONS DESCRIPTION

4.1 Engine speed signal

The Engine speed signal is delivered by a variable reluctance sensor. This sensor supplies asignal
whose range varies from ten millivolts to more than one hundred volts according to the signal
frequency. This means that signal conditioning is necessary between the sensor and the micro-
controller. This sensor is set in front of a toothed wheel having 60 teeth minus two (Figure 6).
This wheel is fixed on the crankshaft. A turn of the wheel corresponds to an engine turn and
an engine cycle corresponds to two engine turns (four stroke engine). The two missing teeth
allow for locating the top dead center (TDC) of the cylinders. Generally, these two missing teeth
are around 108 degrees before the TDC of cylinders 1 and 4 (corresponding to the bottom dead
center (BDC) of cylinders 3 and 2). The 60-2 teeth target wheel chosen in this application report
is a toothed wheel used by some car manufacturers. Other models are also used.
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FIGURE 6 : ENGINE SPEED TARGET (TOOTHED WHEEL)
Top Dead Center
;2 19
n
60-2 TEETH TARGET
X
- First round : Event counter = 0 to 57 y
- Second round : Event counter = 58 to 115 3 1
Reset Event Counter on Event max.= 115 6517 o
Missing Teeth
- 2 rounds Top synchronisation (reference mark) 15 M
¥

- M1ssing teeth between :

.56 and 57 events y

. 114 and 115 events 109 ]4038

Bottom Dead Center
F Fo
Fiest round —y 51 52 53 54 85 b6 5T 58 %9
cccond round —y 1069 110 111 112 113 104 15 0 1
_ J

As described in the inputs description, the engine speed signal is input on the PACT CP1 and
CP6 inputs (figure 2).

So, the CP1 and CP6 inputs are configured as follows:

- CP1 falling edge detect selected = — set bit0 “CP21" peripheral register(PO4A).

This enables the Default Timer capture in the CP1 dedicated capture register, with each falling
edge of the engine speed signal.

- CPS falling edge detect selected = — set bit4 “CP65" peripheral register(P04C).

- Event only is selected (no Default Timer capture in the circular buffer) — set bit 2 “INPUTCTL"
peripheral register (P04D).

Therefore, each falling edge of the engine speed signal increments the event counter, which
numbers each tooth of the toothed wheel. As this toothed wheel has 60 teeth minus 2 teeth,
the first engine round of the engine cycle has teeth numbered from 0 to 57, and the second round
has teeth numbered from 58 to 115 (Figure 6).

Engine 0 Clp1 o Storage of 20-Bits Default Timer
Speed 7} if‘, D ?d@?‘?ﬂ'ﬂﬂ&pﬁL_ﬁ, |
l CP6 | i \ T T
B - ’ Prescaler=0 J - > ‘ Event Counter Only ‘

S | R —

Figure 7: CP1, CP6 inputs configuration
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As the CP6 input increments the 8-bit event counter on each falling edge of the engine speed
signal, the input prescaler has to be programmed to zero (no prescale): bit 3,4,5 = 0“INPUTCTL”
peripheral register (P04D).

4.2 Engine synchronization (Initialization phase)

4.2.1 Offset Timer/Event Counter definition

In orderto process tooth interpolation (to output events on very precise engine angles), the tooth
signal period is captured in the circular buffer with an “Offset Timer/Event Counter'’’ definition
(Figure 8). This “Offset Timer/Event Counter” definition is programmed in the COMMAND/
DEFINITION area with the following features:

- Reset to zero the offset timer when an event (CP6) occurs. (This allows automatic capture
of the tooth signal period in the circular buffer).

- Capture the 16-bit virtual offset timer (defined by the definition) in the circular buffer on
every event on CP6 before it is cleared.

- Reset the event counter to zero on reaching the maximum event counter value of 115 (each
engine cycle).

EVENT/OFFSET TIMER definition:

( 73H ‘—[ 34H I 16-bits Offset Timer ! 1 ! Command 1

L — I L - . L. i

D31 DO

DO = 1 — required for the offset timer definition.

D16 = 0 — no step mode.

D17 = 0 — no interrupt when Event Counter reaches the maximum value.

D18 = 1 — start timer.

D19 = 0 — offset timer automatically reset to zero by every event on CP6.

D20 = 1 — reset Default Timer when the event reaches the maximum value.
(Only during the initialization phase)

D21 = 1 — Store the 16-bit offset timer (defined by this definition) in the circular buffer
on every event on CP6 before it is cleared.

D22 = 0 — no 32-bit data capture into the circular buffer.

D23 = 0 — no interrupt when an event on pin CP6 occurs.

(During the initialization phase, The CP6 interrupt is programmed by “CP65”
peripheral register).
D24 = 73h — event max = 115 (engine cycle).
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FIGURE 8 : OFFSET TIMER DEFINITION

EVENT MAX = 115 CTRL BITS OFFSET TIMER VALUE
/
CAPTURE PIN 6
(EVENT PIN) L——I L———t ‘-—l l——
[P— ~l< T2 Sl T3
| |
CFFSET TIMER VALUE
BUFFER CAPTURES X[T1 T2]T1 T2[ T3
€32 BITS ! !
tveat Cosater Reset 0
Interrupt 1
114
EUFFER [ T57 l 156
N J

In this application, the “Offset Timer/Event counter” definition is the first command (COM1) during
the initialization phase, and becomes the seventh command (COM?7) once the engine synchro-
nization has been done.

4.2.2 Command/Definition area definition during synchronization

Numbering the teeth of the toothed wheel permits the synchronization of software tasks with
the engine cycle to a precise engine angle (missing teeth checking, ignition advance angle com-
putation, dwell time computation, fuel injection time computation, intake manifold pressure mea-
sure etc.). This can be done by enabling an interrupt on a precise event by using the “Double
Event Compare” command.

In engine control management, at the start of the engine, the first thing that the software has
to do, is to find the missing teeth before taking any action like ignition command, injection com-
mands etc., in order to get the synchronization with the engine cycle.

This missing teeth research is done at the initialization phase of the engine start or after aloss
of the missing teeth synchro. During this missing teeth research, the event counter is always
cleared (bit 1 =1 “INPUTCTL" peripheral register (P04D)). Once the missing teeth are found, the
event counter starts and is incremented every tooth, then cleared every engine cycle (event max
= 115 programmed in the Offset Timer definition). During this initialization phase, the PACT
works with a reduced COMMAND/DEFINITION area (Figure 4).
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The PACT module configuration during the initialization phase is as below:

- Event Counter continuously cleared: bit1 = 1 “INPUTCTL” peripheral register (P04D).
- Interrupt on event (CP6) enable: bit7 = 1 “CP65" peripheral register(P04C)
- 16-bit virtual offset timer is captured into the circular buffer.

*The first “Double Event Compare” command in the reduced COMMAND/DEFINITION area, is
used only to set the bit NEXDEF to indicate to the PACT that the next entry is a definition.

As this command is not used (it is only necessary to set the bit NEXDEF), the lower 16-bits of
the 32-bits word are free and are used as a standard register file word to store the “Ti-2" tooth
period as is described later.

*The second entry is an “Offset Timer/Event Counter” definition programmed as defined above.
So, at each falling edge of the Input CP8, the virtual offset timer is captured in the circular buffer
and an interrupt is generated. The value captured in the circular buffer corresponds to the period
of the tooth signal acting for the engine speed. The role of the CP6 interrupt subroutine is to
find the missing teeth, in order to catch the engine synchronization.

The TMS370 source code to initialize the control registers and the COMMAND/DEFINITION area
(during missing teeth research) is as follows:

;Control registers initialization

MOV #0FFH,0OP10P8 ;OP1-OP8 = FF

MOV #19H,RESOL ;Resolution = 2uS. Disable cmdzone
MOV #03H,GLOBAL ;Disable Watchdog. ITs level 1

MoV #0H,BUFPT ;Circular Buffer Pointer Init

MOV #0EFH,STARTCONT ;Start Control Address

MOV #0E8H,ENDCONT ;End Control Address

MOV #06H,INPUTCTL ;CP6 event only,evt count = 0,int cmdzone enable
MOV #01H,CP21 ;CP1 falling edge & interruption disable
MOV #90H,CP65 ;CP6 falling edge & interruption enable
MOV #002H,INT3CTL ;INT3 falling edge enable Level 2.

MOV #000H,ADSTAT ;A to D Interrupt disable.

MOVW #0H,BUFLSW ;Clear Circular Buffer

MOVW #0H,BUFMSW ;1*32-bit Word

J Command/Definition Area Initialisation

DEC — “Double Event Compare” command
CC — “Conditional Compare”” command
SC - “Standard Compare” command
L S S - — S
MOVW # 00000H,COMOLSW ;Next def cmd.(DEC)
MOVW #01101H,COMOMSW ;Reset DT on event =0.
MOVW #00001H,COM1LSW ;Offset Timer. 16-b capture.
MOvw #07334H,COM1MSW ;Reset DT on 115. Evt max =115
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4.2.3 Missing Teeth Detection

As described just below, during the missing teeth research, the tooth period is captured every
falling edge of the engine speed signal in the circular buffer. To detect the missing teeth, it is
necessary to compare the last three captured values and to verify the following equation:

Ti—1>Ti+ Ti-2

where Ti -2, Ti— 1, Ti are the last three captured values of the tooth signal period
(see Figure 9 below).
Engine

oheed e S U e S e N e B
| > | «—>

T| 2 Ti1 Ti
Event

Counter = 0 -0 0 0 0 P S
<« Research Missing Teeth—————— =—Missing Teeth Found—~

Figure 9: Missing teeth research

The verification of the relation Ti—1 > Ti + Ti—2 is done during each interrupt generated by
the detection of the falling edge of the Input CP6 (enabled during this phase of the program).
So on each falling edge on CP6 the following actions are taken:

- capture the 16-bit offset timer on the top of the circular buffer
- generate an interrupt (The interrupt subroutine algorithm is shown later in figure 10).

As the buffer pointer BUFPT (P043) is reset each interrupt, the 16-bit offset timer is always cap-
tured in the top of the circular buffer. That means at the beginning of the CP6 interrupt subrou-
tine, the content of the circular buffer is the following:
BUFPT
|
Address FO-F3 | Ti—1 | Ti 4! One 32-bits Word Circular Buffer

Address EC-EF J Ti—2 | Start Command/Definition Area
I Command @ (COMQ)

and at the end of the subroutine the content of the circular buffer is:

BUFPT
|
Address FO-F3 F Ti Wait Next Capt. One 32-bits Word Circular Buffer
Address EC-EF l Ti-1 Start Command/Definition Area

i - —— Command @ (COM®Q)

The 16-bit register which stores the value Ti-2 can be the 16-bit LSB of the first command word
(COMO)in the COMMAND/DEFINITION area because this first command word during the initia-
lization phase is only used to set on the NEXTDEF bit (bit16 = 1 “COMO0”").This is to indicate that
the next entry in the COMMAND/DEFINITION area is the 16-bit “Offset Timer/Event Counter”

definition.

15
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The TMS370 source code for the missing teeth detection is as follows:

First Missing Teeth Research

Research Missing Tooth : T(i—2)+ T(i) < T(i—1)
. Set Flag in Status if Synchro found

ﬁ Ti—1 Ti Circular Buffer (BUFMSW — BUFLSW)
{ Ti-2 COMOMSW — COMOLSW
LOOKSYNC:
MOV #0H,BUFPT ;Reset circular buffer pointer
ADD BUFLSW,COMOLSW ‘COMOLSW = T(i) + T(i-2)
ADC BUFLSW — 1,COMOLSW — 1 ;
CMP BUFMSW — 1,COMOLSW -1 :T(i—2)+ T(i) < T(i - 1)?
JLO SYNCOK
INE NOSYNC
CMP BUFMSW,COMOLSW
JLO SYNCOK:
NOSYNC:
MOVW  BUFMSW,COMOLSW Ti—2 = Ti—1
MOVW  BUFLSW,BUFMSW Ti-1=Ti
RTS
SYNCOK: OR #01H,STATUS ;Missing Teeth Recognized
RTS

4.2.4 TOOTH INTERRUPT (CP6) (Enabled during the initialization phase)

The tooth interrupt subroutine is enabled only during the initialization phase until the missing
teeth have been found. As this application is a multi-point sequential fuel injection, a reference
mark signal is needed to indicate the number of the engine revolution in the engine cycle. (drive
injector 1 or injector 4)

In the 4 cylinder engine cycle, the normal firing order, and therefore the normal fuel injection
order, is the following:

1) Cylinder 1 first engine revolution

2) Cylinder 3 (from 0 to 57) .
3) Cylinder 4 second engine revolution one engine cycle
4) Cylinder 2 (from 58 to 115)

That is why, before the missing teeth research, the tooth interrupt subroutine must check the
reference mark signal (Camshaft mark) by polling the input INT3. (The INT3 input is program-
med in disabled interrupt mode.) This INT3 input gives a “top synchro” each engine cycle.
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The flowchart of the tooth interrupt subroutine is shown in figure 10 below: (this interrupt is ena-
bled only during the initialization phase):

IT CP6 Start
Start IT CP6 on the Falling
Edge of Each Tooth

No

< Synchro Camshaft Found? —

Yes

o Y
Missing Teeth Found? e )

< Ti-1>Ti+Ti-2 > 7

Yes

' - Exit Initialization Phase
Enable entire Command/Definition Area
le L R
RTI

Figure 10: Flowchart of Missing teeth research (IT. CP6)

4.2.6 PACT context switch

When the missing teeth have been found, the engine control program can start (ignition, injec-
tion... enabled), so the COMMAND/DEFINITION area must be modified. To perform this, the fol-
lowing actions are taken during the last CP6 interrupt (PACT context switching):

1. Disable COMMANDI/DEFINITION area.
— Reset bit 5 “RESOL” peripheral register (P@4Q)
. Disable interrupt on each tooth.
— Reset bit 7 “CP65" peripheral register (P@4C)
. Enable the event counter to operate.
— Reset bit 1 “INPUTCTL"” peripheral register (P@4D).
. Change end address COMMANDS/DEFINITIONS area.
— Store 98H in “ENDCONT” peripheral register (P@42).
— x Commands and Definitions words available.
. Replace the two first commands.
. Clear interrupt control flags.
— Reset “CTLFFG” peripheral register (P@49).
7. Enable COMMANDS/DEFINITIONS area
— Set bit 5 “RESOL" peripheral register (P@40).

HOWON

oo m
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The TMS370 source code for the PACT context switching is as follows:

AND #0DFH,RESOL ;Stop cmdzone.

MOV #010H,CP65 ;CP6 Interrupt Disable.

MOV #005H,INPUTCTL ;Event Counter Start.

MOV #098H,ENDCONT ;End Control Address(+ 20 commands).
MOV #00H,BUFPT ;Reset Circular Buffer Pointer
MOVW # 00000H,COMOLSW ;Reset 1st command word
MOVW  #00000H,COMOMSW ;Not used

MOVW  #00000H,COM1LSW ;End Injection 1.(SCYOP3).
MOVW  #00808H,COM1MSW ;Reset OP3.Init 0.

MOV #00H,CTLFLG ;Clear Interrupt Control Flags.
OR #20H,RESOL ;Enable Control Zone Area

To stop the COMMAND/DEFINITION area during this PACT, context switching is not mandato-
ry, but the programmer has to take care during this exchange to avoid some bad command in-
terpretations during the switching.

4.3 Engine control program (Synchronized phase)

4.3.1 Interrupt tasks

Once the missing teeth have been found, the tooth signal (engine speed) increments the event
counter from:

- 0 to 57 for the first engine revolution
- 58 to 115 for the second engine revolution.

When the event counter reaches the maximum value (115) programmed in the “Offset Timer/
Event Counter” definition (COM7, cf above), it is cleared. So each tooth has a number and cor-
responds to an engine angle (6 degrees per tooth), the software tasks can be executed in syn-
chronization with the engine cycle to avery precise angle. The “Conditional Compare” command
and the “Double Event Compare” command make this possible by generating interrupts and/or
actions (set/reset an output...)on an event and time (interpolation between two teeth) or an event.

Figure 11 shows the different interrupt tasks executed in this application. For example, the fuel
injection of cylinder 1 starts at event 19 which corresponds to 6 degrees after the Top Dead Center
(TDC) of this cylinder. The fuel injection of cylinder 3 starts at event 49, for cylinder 4 it starts
at event 77 and for cylinder 2 it starts at event 109. Then, the event counter is cleared when it
reaches the maximum value 115 and the fuel injection cycle restarts. The rest of this application
note describes the different interrupt tasks as:

- synchronization check

- RPM calculation

- Pre-Spark interrupt (ignition)
- Injection interrupt

- etc.
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( FIGURE 11 : INTERRUPT TASKS DIAGRAM
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As shown in figure 11, all the interrupt subroutines are perfectly synchronized to the engine angle
which allows them to execute a task at the most appropriate time.

4.3.2 Missing teeth checking interrupt

In order to stay perfectly synchronized to the engine cycle (TDC), the missing teeth must be chec-
ked every engine round. This is mandatory to avoid a possible desynchronization which could
be destructive for the engine (for example an ignition at a bad engine angle). As the falling edge
following the missing teeth corresponds to event 57" for the first round and *115" for the second
round, a “Double Event Compare’ command is programmed in the COMMAND/DEFINITION area
and generates an interrupt when the event counter matches the compared values 57 or 115
(figure 12).

|

o5 | 02 | 115 | 57 | Command8(COMS)
D31 ) "~ Event2  Event! DO

Where:

Do-7 = 57 First engine revolution missing teeth check value

D8-15 = 115 Second engine revolution missing teeth check value

D17 = 1 Interrupt enable when E.C. matches “57” (Event1)

D23 = 0 Must be zero for this command to be valid

D24 = 1 Must be one for this command to be valid

D26 = 1 Interrupt enable when E.C. matches 115" (Event2)
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After each engine revolution, the circular buffer pointer “BUFPT” is cleared (at the end of this
interrupt), so the last two 16-bit virtual timer values captured in the circular buffer are stored in
the following way:

BUFPT
|
Address FO-F3 [_ Ti [ Ti - ] 7 _,J Circular Buffer
BUFMSW BUFLSW

So, the missing teeth checking interrupt subroutine only has to verify the equation Ti — 1 > 2*Ti.
If the relation is true, the synchronization to the engine cycle is good, the program continues.
If the relation is false, the program is immediately reset and restarts in the initialization phase
to find the missing teeth again.

Engine
oed Ll L L T T
|[—— | — |
Ti-1 Ti
Event
Counter =  112— 113 — 114—-—— 15— 0 —— 1—— 2—
Event
Counter = 54 55 56 - 57 — 58— 59—-60

Figure 12: Missing teeth checking

The missing teeth checking interrupt flowchart is shown in figure 13:

Start

| Clear Entry Flag
No
< TJTi-1>2'Ti
Yes
"
I Clear Circular Buffer Pointer | Lost Synchro.
RTI Go to RESET

Figure 13: Missing teeth checking interrupt Flowchart
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The TMS370 source code for the missing teeth checking interrupt subroutine is as follows:
Missing Teeth Checking Interrupt
;Synchro check : T57 > 2* T56

; T115 > 2* T114 if fail reset
SYNCHRO:
MOV #0F7H,CTLFLG ;Clear Entry 3 Flag.
CLRC ;2* BUFLSW — BUFLSW
RLC BUFLSW ;
RLC BUFLSW -1 ;
CMP BUFMSW — 1,BUFLSW -1 ;Compare T(i) with 2* T(i-1)
JLo ENDSYNC ;
JNE ERROR ;
LSBTEST: CMP BUFMSW,BUFLSW ;
JLO ENDSYNC ;
ERROR:
BR START1 ;Synchronization lost: RESET
ENDSYNC:
RTI

4.3.3 Ignition control

There are several ways to control the ignition in the engine control system. The one discussed
in this application report describes a semi-static ignition, where one PACT output drives the spark
plugs for cylinders 1 and 4 and another drives the spark plugs for cylinders 3 and 2.

In ignition control, two timings must be very precise: the spark point and the dwell time. The
spark time must be very exact to generate the spark at the right engine advance angle, and the
dwell time to avoid either an under-charging of the ignition coil, or an over-heating of the ignition
coil.

As shown in figure 13, the spark point area may vary from + 10 degrees to — 60 degrees from
the Top Dead Center (TDC) of the referenced cylinder. That means that the spark time takes place
between:

Tooth # 8to 19 for cylinder 1
Tooth # 38 to 49 for cylinder 3
Tooth # 66 to 77 for cylinder 4
Tooth # 98 to 109 for cylinder 2

21
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Fiqure 14 : SEMI-STATIC IGNITION TIMING

Top Dead Center (1,4)

Spark Point 1,4 Area

Dweel Time 1,4 Area

Spark Point 3,2 Area
Dwell Time 3,2 Area

Bottom Dead Center (1,4)

_ )

The sparks for the cylinders arrive sequentially. In order to optimize the size of the COM-
MAND/DEFINITION area, only one command is used to generate the spark point for each cylin-
der. The content of this command is updated each half engine turn at the moment of the engine
advance angle computation. This computation takes place every half engine turn during the RPM
interrupt subroutine described below.

The angle covered by the dwell time depends on the engine speed. The dwell time is a constant
time depending on the ignition coil features. However, this constant time may be adjusted (accor-
ding to the engine control system) to take into account variations of battery voltage and to have
better control of the saturation current in the ignition coil. In this application the dwell time is
a constant of 5 ms. As an overlapping of the dwells of cylinders 1, 4 and cylinders 3, 2 (during
high engine speed)is possible, it is easier, for the Dwell control, to use two different commands
to drive the two ignition coil outputs (OP1,0P2).

As shown in figures 14 and 16, the start of the dwell is done by a *‘Standard Compare” command
which sets the ignition coil output (OP1 PACT output for cylinders 1 and 4, OP2 PACT output
for cylinders 3 and 2) and the spark is generated by a “Conditional Compare” command which
resets the same PACT outputs.

22
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To determine the spark time and hence the dwell start which is 5 ms before the spark time, the
engine advance angle must be computed previously. This advance computation must be done
as near as possible to the referred cylinder spark. In this application, this advance computation
takes place during the RPM 1 or RPM 2 interrupt subroutine generated at the beginning of the
quarter engine revolution in which the spark is located (figure 11).

4.3.4 RPM interrupt subroutine
The RPM subroutine has three main tasks to execute (figure 11):

- RPM computation needed for the advance every half revolution.

- Ignition advance computation.

- Tooth pre-spark time and spark time computation and load commands in the
COMMANDI/DEFINITION area.

The interrupt of the RPM subroutine is programmed by two “Double Event Compare”” commands
inthe COMMAND/DEFINITION area. These two commands allow the event counter to be com-
pared to four different values namely 3, 33,61, 91. The content of these commands is described
below:

s | 2 | 3 | 3 | Command 13(COM13)
D31 Event 2 Event1 DO

s | 2 | 9 [ & | Command21(COM21)
D31 Event 2 Event1 DO

Where:

- The values 3, 33, 61, 91 permit generation of an interrupt when the event counter (E.C.)
matches these values.

- D17 = 1 Interrupt enable when E.C. matches event 1

- D23 = 0 Must be zero for this command to be valid

- D24 = 0 Must be one for this command to be valid

- D26 = 1 Interrupt enable when E.C matches event 2

The addresses of these two commands in the COMMAND/DEFINITION area are equivalent
modulo 8. This causes both commands to generate the same interrupt vector and branch at the
same interrupt subroutine as explained in the PACT specification.

The different tasks executed by the RPM interrupt subroutine are listed below:

A. Average engine speed computation
The average is processed every half engine revolution. This is done by capturing the 20-bit Default
Timer (using CP1) every half revolution and then computing the difference since the last capture.

B. Ignition advance computation

The ignition advance computation is made using a table lookup. The table correlates advance
angle according to the engine speed and the intake manifold pressure. The subroutine descri-
bed in the listing (ADVCAL) performs a triple interpolation. The result supplied by this routine
is the advance angle given by a byte which has an accuracy of 1/16 of tooth (0,375 degrees).

23
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The format of the advance angle is:

| #Tooth | #16tooth |  ADVANCE
<— msnibble — <— Isnibble —

The intake manifold pressure is obtained from the Analog/digital converter, and the conversion
is done during the RPM interrupt subroutine. So, this convertion is synchronized to the engine
cycle (90 degrees before TDC). This allows for possible intake manifold pressure disturbances.

C. Pre-spark tooth and spark time computation

The advance value is represented in sixteenths of a tooth. To drive an ignition output with this
accuracy, it is necessary to convert the engine angle into time by making an interpolation using
the number of fractional teeth and the period of a single tooth signal. Since the advance is cal-
culated at the RPM point (figure 11), which is 30 to 100 degrees before the spark time, the tooth
period may vary and thus alter the result of the interpolation. This is why a pre-spark interrupt
is programmed in order to compute this interpolation just before the spark time (figure 15).

4 )
Figure 15 : SPARK TIME GENERATION

Event=Spark : )
comM15 T:oth Reset OP1/0P2 Spark time compare >EVI&NT & TIME COMPARE COMMAND
Event2 Eventl=
CoM14 Interrupt on Eventl Pre-Spack Tooth DOUBLE EVENT COMPARE COMMAND

Eventl

/I S E SR N SR

Capture Pin 6

Pre-spark Spark Toolh
interrupt ! >!
Spark Timc !

OJTPUT P1¥ OP1 or OP2 ?___

Event & Time
Compare Action

- J

A “Double Event Compare” command (COM14) is used to program the pre-spark interrupt where
the value of the event 1 of the command corresponds to the integer value of the ignition advance
minus one (spark tooth minus one). This command is updated during each RPM interrupt sub-
routine.
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Figure 16 shows the flowchart of the RPM subroutine:

RPMIT
v
Clear Entry Flag
|

Y .,
| Process RPM for Last Half Revolution
Pressure A/D Conversion i

|

|

\

Advance Calculation
ADVANCE = FCT /RPM, Pressure)

|

Y
Load Pre-Spark Interrupt Command
D.E.C. Command

v
1.4 ' Ignitior Cylinder 1,4 3.2
or Cyhinders 3.27 ’

A\ \/
Load Spark Cemmand Load Spark Command
Driving OP1 Driving OP2
SR

Figure 16: RPM interrupt subroutine fiowchart.

4.3.5 Spark time command

Asisshowninfigure 15 a "Conditional Compare” command (COM15), combining Event + Time
drives the ignition outputs OP1 or OF2 The number of the spark tooth event is loaded during
the RPM interrupt and the spark time compare value during the pre-spark interrupt subroutine
(result of the conversion angle/time) This value is compared to the Offset Timer (COM7) defined
above in the COMMAND/DEFINITION area. The same command drives both outputs OP1 and
OP2. The output selected is updated during each RPM interrupt
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4.3.6 Dwell command

The dwell time, in this application, is a5 ms constant time. Two “Standard Compare” commands
(COMS5, COMB) which refer to the free running Default Timer, set the ignition outputs OP1 and
OP2 (figure 17). Since the dwell time occurs before the spark time, the dwell time command has
to be previously programmed. This is done during the pre-spark interrupt subroutine.

Depending on the engine speed, in order to take care of the fast engine speed variation, the Dwell
command can be programmed either a half engine revolution or a whole revolution before the
spark time of the referred cylinder.

- For an engine speed greater than 2000 rpm, the command is loaded one engine round before.
Forexample, the dwell command of cylinder 4 is loaded during the pre-spark interrupt subrou-
tine of cylinder 1 and reciprocally. In this case, the equation and computation to get the com-
pare value to load in the “Standard Compare” command is the following:

Dwell time compare value = Default timer
+ one engine round period
+ one tooth period
+ time interpolation spark time 4
—5 msec.

- Foran engine speed lower than 2000 rpm, the command is loaded a half engine revolution before.
In this case, the Dwell command for cylinder 4 is loaded during the pre-spark subroutine of cylin-
der 3. The equation to compute and get the compare value from is the following:

Dwell time compare value = Default timer
+ half engine round period
+ one tooth period
+ time interpolation spark time 4
— 5 msec.

The TMS370 source code for this last case is as follows:

Dwell time computation

- if engine speed > 2000 rpm :
Dwell time = DT + 2 RPM + tooth + spark time —5 msec
Load Dwell time one turn before

- if engine speed < 2000 rpm
Dwell time = DT + RPM + tooth + spark time —5 msec
Load Dwell time 1/2 turn before

DWEL
MOVW  CP1RLSW,TEMP ;Read Last capture D.T.
ADD RPM,TEMP ;Time = D.T. + RPM
ADC RPM — 1, TEMP -1
SUB #0C4H,TEMP
SBB #09H,TEMP —1 ;Time = RPM + D.T. —9C4H (5 msec.)
ADD COM15LSW, TEMP ;Time = time + tooth inter.
ADC COM15LSW - 1, TEMP -1
ADD CAPT16,TEMP ;Time = time + tooth period

ADC CAPT16 - 1,TEMP — 1
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Fiqure 17 : DWELL TIME GENERATION
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4.3.7 Injection control

A four cylinder sequential fuel injection system requires four distinct injectors and four inde-
pendent PACT outputs as opposed to a full group fuel injection system where only ne output
drives the 4 injectors). A lot of different solutions can be used to drive the injectors ana e
depend on the chosen engine control strategy.

In this application, the start of the fuel injection pulse is synchronized to an engine angle (6 deyre
afterthe TDC). Figure 18 shows which engine angle (the tooth number) has been chosen for ths
different cylinders:

-Tooth # 19 — Startinjection cylinder 1 (6 degrees after cylinder 4 TDC)
-Tooth # 109 — Start injection cylinder 2 (6 degrees after cylinder 3 TDC)
-Tooth # 49 — Startinjection cylinder 3 (6 degrees after cylinder 2 TDC)
-Tooth # 77 — Startinjection cylinder 4 (6 degrees after cylinder 1 TDC)
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Fiqure 18 : INJECTION COMMANDS
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Four “Double Event Compare” commands are used to start the fuel injection (one per cylinder).
These commands execute the following functions (figure 18):

- Set the dedicated injector output.
- Generate an interrupt to execute the injection subroutine.

So fourdifferent injection interrupts are generated. The tasks of these interrupt subroutines are
to compute the injection time and to load the result in the “Standard Compare” commands (COM1,
COM2,COM3, COMA4)(figure 18). The injection time compare value is equal to the computed injec-
tion time added to the Default timer value (obtained by the CP1input capture dedicated register
at the start of the injection pulse). So, when the Default Timer matches this injection Time Com-
pare value, the “Standard Compare”” command resets the dedicated injector output.

As said before, in this application, four “Double Event Compare”” commands are used to start
the fuel injection of the four cylinders. In the case where the COMMAND/DEFINITION area must
be optimized, only one “Double Event Compare” command can be programmed. Then, during
the injection interrupt subroutine the start injection event for the next cylinder has to be upda-
ted (this each half engine revolution). On the other hand, for high engine speed and strong engine
load, an overlap of the different fuel injection times for the four cylinders is possible. So four
“Standard Compare” commands are necessary to close the injectors.
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Figure 19 gives the flowchart of an injection interrupt subroutine:

f Injection IT
' 1

v

Clé’é{r'E’ntry Fiég
;’ Injectibn Time Computation

| Compare Value = D.T. + Injection Time |

| Load “Standard Compare” Command -

Figure 19: Injection interrupt subroutine flowchart

Bl

The TMS370 source code for the injector 1 interrupt subroutine is as follows:

INJ1
MOV #0,COMTMSW - 1 ;Disable end injection cmd
MOV #0FBH,CTLFLG ;Clear Entry 2 Flag.
CALL TINJEC ;Time Injection computation
ADD TINJ,CP1RLSW
ADC TINJ-1,CP1RLSW-1 ;COM1LSW = CP1LSW + TINJ
MOVW  CP1RLSW,COM1LSW ;Load command
MOV #8,COM1MSW-1 ;Re-enable command
RTI

The disabling of the end injection command (COM1) avoids this command resetting the injector
output before being updated with the new compare value computed in this interrupt subroutine.

4.3.8 “Knock window” generation
In order to extract the knocking information from the signal provided by the knock sensor, a

dow is generally angularly constant (9 to 33 degrees after the Top Dead Center in this applica-
tion) but can be modified according to the Engine Control strategy.

As is shown in figure 20, the knock window appears after each Top Dead Center of each cylin-
der, so each half engine round.
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Fiqure 20 : KNOCK WINDOW COMMANDS
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Two “Conditional Compare”” commands (COM17, COM18) are used to generate the knock win-
dow. The first one sets the PACT output OP7, the second one resets this same output. These
commands refer to the offset timer defined previously in the COMMAND/DEFINITION area. In
this application the values of the “Conditional Compare” commands are updated every half engine
round during the RPM and the pre-spark interrupt subroutines. In this application the constant
angular knock window goes from 9 to 33 degrees after the Top Dead Center of the referred cylinder.

4.3.9 Top Dead Center (TDC) signal generation

Fordiagnosis and adjustment, or to drive the engine speedometer of adashboard, it is very use-
ful to output a signal synchronized with the Top Dead Center (TDC) and the Bottom Dead Center
of cylinders. This makes available the engine speed signal synchronized to the TDC. A “Double
Event Compare” command (COM16) is used to set the PACT output OP8at the cylinder 1,4 TDC

(event 1 = 18 or 76) and to reset the same output at cylinder 1,4 BDC (event 2 = 48, 108). The
event compare values are updated each engine revolution during the RPM interrupt subroutine.
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Figure 21 shows the Top Dead Center signal generation.

- A

Fiqure 21 : TDC SIGNAL OUTPUT GENERATION

COMI6 | Set on Eventl/Reset on Event2 Event2=48 Event1=18 DOUBLE EVENT COMPARE COMMAND

COM16 | Set on Eventl/Reset on Event2 Event2=106 Event1=76 DOUBLE EVENT COMPARE COMMAND

T0C signal output (OP8)

N

The programming of the “Double Event Compare” command is the following:

(7 66?1"’0! bits event2 ] event 1 1 Command 16
PE— COM16

D31

DO-7 = Event1 = TDC1 = 18 during first engine revolution

(]

Event1 = TDC4 = 76 during second engine revolution

D8-15 = Event2 = BDC1 = 48 during first engine revolution
Event2 = BDC4 = 108 during second engine revolution

D18-20 = 111 — OP8 output selected

D21 = 1 — Set output when Event Counter matches EVENT 1

D23 = 0 Must be zero for this command to be valid

D24 = 1 Must be one for this command to be valid

D25 = 1lInvert action on selected output pin when event counter

matches EVENT 2
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4.3.10 PWM signal generation

In engine control systems, some actuators for functions like EGR, Idle speed, fuel pump, throttle...
need to be driven by PWM signals. As the features of these actuators differ most of the time,
the PWM signal frequencies need to be specific to each actuator. The number of the 16-bit vir-
tual timer being programmable, the PACT module can provide as many PWM signals with inde-
pendent frequencies as the engine control system requires.

The PWM signal generations are not used in this application, but the description of their pro-
gramming in the COMMAND/DEFINITION area is described just below and shows in figure 22.

Fiqure 22 : PWM GENERATION

32-BIT >

Time out Value Current Timer Value VIRTUAL TIKER DEFINITION

n

Set/Reset OPX on 0/Comparf Duly Cycle Comparc Value | STANDARD TIMER COMPARE

Time out value| — - —_— o — = — — = — — —
I !Wyﬂdlﬂc‘/

! ——

' ' - -
! i

l

1

:
'
.
)
Pt CUTPUT l

TIRER VELUE

]

To generate a PWM signal, two commands are necessary: a 16-bit “virtual timer” definition and
a “Standard Compare” command (figure 22).

- The “Virtual Timer” incremented every resolution, defines the PWM signal frequency. This fre-
quency is fixed by the value loaded in the maximum virtual timer value.

- The “Standard Compare” command, which refers to the previous virtual timer defined, con-
trols the duty cycle of the PWM signal and drives the selected output. This duty cycle is pro-
grammed by loading its value in the duty cycle compare value.
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The control bits in this command allow:

* To select an output pin whose state will be modified when the compare value is matched by
the referred virtual timer.

¢ To set (or reset) the pin defined when the compare value is matched by the referred timer.

* Toreset (or set) the same pin defined when the referred timer is reset to zero (when it reaches
its maximum virtual timer value).

The programming of the “Virtual Timer” to obtain 50 Hz is as follows:
- The previous command must have D16 = NexDef = 1
- DO must be zero for this command to be valid
- PWM frequency 50 HZ — period = max value* resolution
- 20000uS = 2710H* 2,S

— max value = 0010 0111 0001 0000b = 2710H

— D19=Prec =1
D22-21-20 = 001
D31-23 = 001110001
D18=ENable = 1 —-D31-16 = 0011 1000 1001 1100
D17 =10 =0
D16 =0 = 389Ch

The programming of the “Standard Compare” command associated with the above “Virtual Timer”
is as follows:

- To have a 75% PWM, the compare value must be 15000y = 1D4Ch* 2,S
—~compare value = 0001 1101 0100 1100b

- The progamming of the other bits are:

D16 = NexDef =0
D17 =Int Comp =
select OP4 D18-20 =011
D21 =Comp act =0
D22 = step mode = D31-16 = 0000 1010 0000 1100
D23-24 =
D25 = Reset act =1 =0A0Ch
D26=Int 0 =0
D27 = Ena Pin =
D28-31 =0000
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The TMS370 source code to program a 100HZ PWM signal and the previous example (50HZ PWM
signal) in the COMMAND/DEFINITION area is as follow:

MOVW
Movw

Movw
MOvwW

MOvw
Movw

Movw
MOVW

# 00000H,COM22LSW
#09C34H,COM22MSW

#09C4H,COM23LSW
#00A09H,COM23MSW

# 00000H,COM24LSW
#0389CH,COM24MSW

#01D4CH,COM25LSW
#00A0CH,COM25MSW

;Virtual Timer Definition (100HZ).
;PACT resolution is 2uS)

;Standard Compare
;OP3 Duty Cycle =50% Next is Definition

;Virtual Timer Definition (50HZ)

;Standard Compare
;OP4 Duty Cycle =75%

This source code provides two PMW signals with two different frequencies 100HZ and 50HZ
on the OP3, OP4 outputs.

5. Engine control program listing
5.1 Engine control program listing contents

A. Definition

- variable definition

- constant definition
- COMMAND/DEFINITION area definition
- PACT peripheral Frame definition
- TMS370 control register definition

B. Program

- Initialization
e Control register
o COMMAND/DEFINITION area
¢ Enable control zone area

- Background program
o A/D conversion of AN1 (temperature), AN2, AN3

- Interrupt subroutines
¢ Missing teeth research
» Tooth interrupt for synchro research (only after reset)
* RPM interrupt
- RPM computation

- Tooth pre-spark time computation and load command.
e Advance calculation (triple interpolation)
® Pre-spark interrupt
- interpolation computation for spark time, load command
- Dwell time computation, load command
- Knock window computation, load command
* Spark interrupt

* Missing teeth checking interrupt

* Injection interrupt
* Ignition advance law table
¢ Interrupt vector table
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5.2 Engine control program listing

B O R L T T LS S R S T T T ey

+

+

+

* 4-¢cylinders semi-static ignition, sequential fuel i1njection program *
y E ] 1 ]

+ *

+

B O T T T L L L L L L R T T T T T LT 2 T T P RO S P s

jHEEEEELAL S LELREGISTER FILE VARIAKLE DEFINITION*## 4% bbidbstsbbsvsbsbbbisthtiss

TEMPER .equ RO2& ;5 Alr temperatmre value

STATUS .equ RO27 ; Status @ bato=]l ==: Missing tooth find
AN2DATA .equ RO2E 3 AN2 ADC result

AN32DATA .equ RO29 3 AN2 ADC result

EVENTC Lequ RO2E 3 Event Comnter value

ADVANC .equ RO2C ;5 Advance value

PRESE .equ RO2E 3 Pressure valne

CAPT16 .equ RO20 3 16-bit tooth period

REM .eqn RO22 5 lé-bit 1/2 engine round period

oLDCP1 .equ RO24 ; 16-bit last CPl capture during RPM IT.
TEMP .equ RO2S ;5 l6-bit Dwell time value

TINJ .equ RO22 3 lé6-bit 1njecticn time value

jrasssbddadds REGISTER FILE VARIABLE FOR TRIFLE INTERPOLATION +##+#dddddddiddsd

DpP .equ RO2® ; Delta pressure Pi+l-P1

DEX .equ ROSA ; Delta pressure Px-P1

P .equ RO2R 3 Advance table pressure mark

AVl Lequ RO3C 3 Advance Px+l,Rx + temporary Reg. DR mst
DR .equ RO2D ; Delta Engine speed Ri+l-Ri

AV3 .eqn RO2E 3 Advance Pu+l,Rx+l + temporary Reg. DRX mshb
DRX .equ RO2K ; Delta Engine speed Rx-Ri

N Leqn RO40 3 Advance tatle engine speed mark

AV2 .equ RO41 3 Advance Px,Ru+l +temporary Reg. Pi msh
AVO Lequ RO42 3 Advance P, Rt +temporary Reg. Pi lshb

jeaedEktd Copstants definition Hdakkddtdddidsbdddbbbbbbibbttbbbbbbbbbbbbhibhd

cl2 .equ  OCH ; Number of engine speed rows (advance law table)

ce .equ  OC8H ; Number of prassure lines (advance Law table)
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gedddbdddt Command/Definiticn area Definltjon *ddddddsdiddddddddddiddsdddbdidiid

COM27MSW .equ ROZL 3} Command 27
COM27LEW Leqn ROGZ
COM25MEW .equ ROSBS 31 Command 25
COMZELEW Leqn Ro&Y
COM25M5W Laiqu RO2Y 3} Command 25

COM2SLSW Leqn ROSE

.equ ROSD s Command 24
Lequ ROSE
Laqu ROPL 31 Command 22
Leqn ROYS
COM22MSW .equ ROFE 3} Command 22
COM22LSW .equ ROS7
COM21IMEW .equ ROFF i) Command 21
COM21ILSW .equ  ROQE
g .equ ROYD i) Command 20
COM2OLSW .equ ROYF
COM1MSW .equ ROAL i) Command 19
COMI9LEW .equ ROAZ
COM18MSW .equ ROAS ;) Commaind L&
COMIELEW .equ ROA7
COM17MSW .eqn ROA? $1 Commardd L7
COM17LEW .equ ROAR
COM16MSW .equ ROAD ;) Commmand L6
COMI&LSW .equ ROAF
COM1SMEW .equ ROEL ;) Command L5
COMISLEW Lequ RORS
COMI4MSW .equ ROES ;) Command L4
COM14LEW .equ  ROE?
COM12MSH .eqnu ROBO? 3} Command 132
COMIZLSW Lequ ROEE
COM12MSW .equ ROBD 33 Command 12
COMI2ZLSW .equ
COM11IMEW .equ 51 Command L1
COMLI1LEW .eqnu
COMIOMSW .equ 1) Command L0
COMICQLEW .equ 7
COMIMSH Lequ ROCY 1+ Command 9
COMSPLEW Leqn ROCE
COMEMSH Lequ ROCD 31 Command &
COMEL.SW Lequ ROCK
COM7MSW .equ ROD1 31 Command 7
COM7LEW Leqn RODZ
COM&MSW Lequ RODE 55 Command &
COM&L.SW Lenqn ROD?
COMSMSW Lequ ROD? i Command §
COoMSLEW Lequ RODE




COM4MSW
COM4ALSW
COMIMSW
COMRLSW
COM2MSW
COM2LSW
COMIMSW
COMILSW
COMOMSW
COMOLSW
BUFMSW

BUFLSW

CP2RMSW
CP2RLSW
CP1RMSW
CP1RLSW
TIMEMSW
TIMELSW

.equ
.equ
.equ
Lequ
.equ
.equ
.equ
.equ
.equ
.eqnu
Leqnu
.equ
Lequ
.equ
.equ
.equ
Leqn
Lequ

RODD
RODF
ROEL
ROE2
ROES
ROE7
ROE?
ROER
ROED
ROEF
ROF1
ROF2
ROFS
ROF7
ROFS
ROFE
ROFD
ROFF
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3} Command 4
31 Command 2
;) Command 2
i1 Comimand 1
31 Command O

3] Circnlar tuffer

;5] one*22-bits word

sl

;[ CP2 capture register

3]

3] CP1 capture register

H

Al

;[ Event Counter (E.C.) & Default Timer (D.T.) Reg.

jeresstatss HSCA PERIPHERAL FRAME DEFLNITION *##dtitibbbibsbsbibibsbstssbbtss

GLORAL .eqn
WDEEY .equ
INPUTCTL Lequ
CPas .equ
Cr43 Leqi
cr21 .equ
CTLFLG Lequ
oP10or2 .equ
SCITXDY Lo
SCIRXD Laqu
SCICTL Leqn
BULPT .equ
EHDCONT LEqu
STARTCONT Lequ
RESOL, Lequ

PO4F
PO4E
PO4D
PO4C
PO4E
PO4A
PO4S
LO4S
Pog?
Po4s
PO4S
PO43
ro4r
P4l
FO40

; Global function control register
Watchdog Fey register

Event/Interrupt control register

Setup pins CP& and CPS register

Setup pine CF4 and CP3 register

Setup pins CP2 and CPl register
Command/Definition entry flags register
Output pin 1-8 state register

; SCI TX data register

SCL RX data cegister

61 centrel registex

Buffer pointer register

Commaid ‘Definiticn area end register
Command,/Definition area start register '
3 Setup control register

j4bestediss GENERAL PERIPHERAL FRAME DEFTNITLON $+++dstsstsditisbitibistisists

PORTADATA .equ

ADGTAT
AUDATA

Lequ
Leqn
.equ
.equ
Laqu
.equ

st

P22
o2z
Pol18
PO1Y
PO/0O
Pu7l
PO/2

Ltext  /EOOH

Fert A data vegister

Port A direction tegister
IHT? contiol register
INT2 contrel register

ADC control register

;5 ADC status register

ADC data registel
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jHedabstads TNITIALIZATION ###+4+ss

START:

MOV
MOV
DIRNT
MOV
MOV
LDSP

START1

jControl registers

MOV
MoV
MoV
MOV
MOV
MoV
MOV
MoV
MOV
MoV
MOV
Mov

MOVW
MOVW

#OOFH,PORTADIR
#OOOH, PORTADATA

#OOH , STATUS
HOL0H B

initialization

#OFFH,0P10P8
#19H, RESOL
#02H, GLOEAL
#0OH, BUFPT
#OEFH, STARTCONT
#OESH ,ENDCONT
#06H, INPUTCTL
#01H,CP21
#90H,CP65
#002H, INT2CTL
#002H, INT3CTL
#0OOOH ,ADSTAT

##OH , BUFLSW
#OH, BUFMSW

e ek kT R R R e o o SR e

jPort A bit O to 3 output
sPort A =0

3STATUS Initialization
;Stack Pointer Initialization

;0P1-0P8 = FF

jResolution = 2us., Disable cmizone
jDisable Watchdog. ITs level 1
jCireular Buffer Pointer Init
;Start Control Address

3End Control Address

;CP6 event only,evt count=0,int cmizone enable

;CP1 falling edge & interruption disable
;CP4 falling edge & interruption enatle
yINT2 falling edge disable Level 2.
INT2 falling edge enable Level 2.

3A to D Interrupt disable.

jClear Circular Buffer
7 1 * 232-bit Word

jraEbbkbbbbess COMMAND/DEFINITION AREA INITIALISATION #*#dsddissddsbidobbbbbbitsst
i
3 DEC "Doyble Event Compare" command '
7 CC "Conditional Compare" command
3 SC "Standart Compave" command
;#**.‘:*.‘:*****&&&+**.‘***,le**1‘:#*:‘!.‘:*:4:.‘:."*+**:ﬁ..*.*.‘.*1&.:&&-*‘:.*_45_4:'."4'*:"*.‘t*:‘,***“‘.**#***#***.‘:***‘.**
MOvW #O0000H ,, COMOLSW ; Next def cmd.(DEC)
MOVW #0OY101H, COMOMSW ; Reset DT on event=0.
MOVW #1O0001H, COMILSY ; Offset Timer. 16-b capture.
MOVW #07224H, COMIMEW ; Reset DT on 115.evt max=115
MOVH #HOOO00H , COM2LSW 5 End Injection 2.(SC)(0P4).
MOVW #HOOBOCH , COMZMSW ; Reset OP4.lnit 0.
MOVW #OO0O0O0OH , COM2LSH i End Injection 3.(5C)(OPS).
MOVW #OOS10H, COMAMSH ; Reset OPS5.Init 0.
MOVW #HO0000H , COM4LSYW 7 End Injection 4.(SC)(OP&).
MOVW #0081 4H, COMAMSH ; Reset OP6.Init O.Nextdef.
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MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOvwW
MOVW

1Movw
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVW

MOVW
MOVYW

MOVW
HMOVW

MOVW
MOYVW

JHOOGOOH , COMSLEW
#O0OS20OH, COMSMEW

#0082 5H, COMEMEW
#OO0O0LH, COM7LSH
#07224H, COMIMSH

#07229H, COMELGW
#OO502H,, COMSMSW

#0001 2H, COMSLSW
#OO92AH, COMTMEW

#0O00&EH, COMIOLSW
#OOEH ,COMLOMSEW

#OO0ZTH, COMLILSW
#HOGI22H, COMT LMEW

#0O004DH, COMI ZLSW
HOOF2EH , COML2MEW

#O2TOZH, COMLEZLEW
#OOSO2H,,COML2MSW

H#OOOFFHR, COML4LSW
#OOLTO2H, COML4MSW

H#OOOODH  COMLSLSW
Holoony , COMSHLY

#OODOOH , COMLA1LSW
HOOBZCH , COML MW

HHOOOBSH, COML 7MSW

#EOOOOH , COMIELSW
HOOO25H  COMLZMSW

#OO000H ; COMISLSW
HOOOOOH, COMLMSW

#OOVOOH  COM2OLGW
#OGOOOH JCOM2OMGW

#fOSEEDHLOM2TLSW
#OOSO2H COMY LIMSW

;

Dwell time 1,4 (SC) OP1
Set OP1

Dwell time 2,3 (S5C) QP2
Set OP2.Hext def.

Offset Timer. 16-b capture.
keset eve un 115,

Missing Teeth 57, 115 (DEC)
Start lujection 1 (DEC)(OP3Z)
Set OP2. IT. [mt 19.

Start lujectisn 2 (DEC)(OP4)
at OP4. [T. Init 49.

)]

Start Injecticn 2 (DEC)(OPSH)
Set OPS5. IT. [mt 77.

Stact lnjection 4 (DEC)(OP&)
Set OP&. IT. Init 107,

RPM 171 2, 22 (DEC)
Tnat 2100

Pre zpak 1,04, (bhe) IT
[T compaie |

patk tame 100
lezat OPL » OP? . Reset on evtl.

TDudy Al Ze g o (DEC)Y (OUG)
Get oo Iy and reset on U, 108

I'nzob wiadow (007) Set O/
Lt 17

Foocl window (L) Razet OF,
Lot ol

Baud vate defrntien
(not poogrammed)

Doviaray  Command

EPMOLT o1, 91 (DECY
Same 1T a3 COML?Y
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MOVW #0O0000H, COM22LEW 3 Dummy Command
MOVW #HOOOO0H , COM2 2MSW 3
MOVW #1OO000H,, COM22LSW 3 Dummy Command
MOVW #O0000H , COM22MSW 5
MOVW #0O0O00O0H, COM24LSW 3 Dumy Command
MOVW #O0000H , COM24MSH 3
MOVW #OO000H, COM25LSW 5 Dummy Command
MOVW #O0O000H , COM25MSW H
MOVW #O0000H , COM26LSW 3 Dummy Command
MOVW #0O0000H , COM26MSW 3
MOVW #OO00O0OH , COM27LSW 3 Dummy Command
MOVW #O0000H, COM27MSH H
OR #20H,RESOL 3 Enable Control Zone Area
MOV #0O0H, CTLFLG 3 Clear Interrupt Control Flags.
EINT ; Enable Interruptions
MAIN PROGRAM Y R T T TR EEEE
EACKGROUND

MOV
MOV
EBTJZ
MOV

MOV
MoV
BTJZ
MOV

MOV
MOV
BTJZ
MOV

#041H,ADCTL
#0OC1H, ADCTL
#04H,ADSTAT, &
ADDATA, TEMPER

#042H,ADCTL
#0C2H,ADCTL
#04H, ADSTAT, §
ADDATA, AN2DATA

#043H,ADCTL
#0C3H,ADCTL
#04H,ADSTAT, $
ADDATA,AN2DATA
MLOOP

;Start sampling ANl
;Start Convert ANl
;Wait end convertion
;Read converter

;Start sampling AN2
;Start Convert AN2
;Wait end convertion
;Read converter

;Start sampling AN3
;Start Convert AN3
;Wait end convertion
;Read converter
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i
k)
i
H
i
i
l
3
i
3
i

Research missing tooth

T(1-2)+T(1) < T(1-1)
Set flag in status if synchro found

Ti ' Circular Buffer (BUFMSW-RBUFLSW)

Ti-2 ' COMOMSW-COMOLSW

P T . Tk b R b b ok o ok O S S b S S S S R S O S S T S A T AR 0 0 o o0 o % TR R R A T S N SNt

LOOKSYNC:

NOSYHC:

SYNCOE :

MoV
ADD
ADC
cmp
JLO
JNE
crp
JLO

MOVW
MOVW
RTS
OR
RTS

#OH, BUFPT
BUFLSW, CO!

; Reset circular tuffer pointer
MOLSW 7 COMOLSW = T(1) + T(1-2)

BUFLSW--1,COMOLEW-1

BUFMSW-1,COMOLSW-1 5 T(i-2)+T(1) < T(i-1) ?
SYNCOE.

NOSYNC

EUFMSW, COMOLSW

SYNCOR H

RUFMS#W, COMOLSW 3 T1-2 = Ti-1

BUFLSW, BUFMSW y Ti-1 = Ti

#01H,STATUS 3 Missing Teeth Recognized

jessrassssviisstrisis TOOTH INTERRUET (Before Synchronlsation) s+esssdsssstsssss

TOOTH:

PUSH
PUSH
AND

BTJZ
CALL
BTJZ

AND
Moy
MoV
MoV
MoV

MOVW
MOVW

A
B
#OEFH,CP6

) ;5 Clear CP& Interrupt Flag.

#20OH, INT2CTL ,ENDTOOTH jCheck synchrc 2 engine cycle.

LOOKSYNC
#O1H,5TAT

#0DFH , RES
#O10H,CP6
#OOSH, THP
#O98H , END
#OOH , BUFP

H#OOGOOH , C
#OOOO0H, C

5 Missing teeth Research
US,ENDTOOTH ; Missing teeth found ?

OL ; Stop cmdzone.

5 i CPS [nterrupt Disable.

UTCTL ; Event Counter Start.

CONT ;7 End Control Address(+20 commands).
T ; Reset Circular Buffer Pointer

OMOLSW ; Reset lst comnand word
OMOMSW 3 Net used
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MOVW #O0000OH, COMILSW 5 End Injection 1.(SC)(OP2).

MOVW #0OOZOEH , COMIMSW 3 Reset OP23.Init O,

MoV #0O0H, CTLFLG ; Clear Interrwupt Control Flags.

OR #20H,RESOL 3 Enable Control Zone Area
ENDTOOTH:

pPoP B

pop A

RTI
;*".9:4::‘::""':"4:&.‘#‘.:****#4*,4.*-‘:*1‘4-*# RPM INTERRUPT B e L
H
3 1= 1/2 RPM computation : RP# = CP1RLSW - OLDCPl = 1/2 Engine round period
H OLDCP1 = CP1RLSW
3 2- Tooth spark time computation and load command
;3 2- Tooth pre-spark time computation and load command
;:‘-*."**-6:44-*.6‘*":*‘-.******_4}***4-**-‘:."‘,"z"*.‘-.‘..4:***.‘:!tt‘:!.‘-****s‘t*—*.‘*&.ﬁi!*:‘:***.‘:.‘:ﬁ*.‘r**ﬁ*#*;&
ITRPM

PUSH A

PUSH B

MOV #OBFH,CTLFLG jClear entry 6 flag

MOV #040H,ADCTL ;Start sampling ANO

1OV #fOCOH,ADCTL ;Start Convert ANO

BTJZ #O4H,ADSTAT, § jWait end convertion

MOV ADDATA,PRESS ;Read converter

Mov #0,BUFPT jInit tuffer pointer

MOVW BUFLSW,CAPT1& ;Store tooth period

MOV TIMEMSW-1,EVENTC ;Store event counter

MOVW CPIRLSW,RFM sCompute RPM period

501 OLDCP1,RPM

SEE OLDCP1-1,RPM-1

MOVW CP1RLSW,0LDCP1 sRPM=CP1RLSW--OLDCP 1

jRedEEsst Pre-spark & Spark tooth number computation #dddddssddiidiiiibddiibis

CALL ADVCAL 5Call advance calculation

MOV ADVANC, A ;Read ignition advance

SWAP A

AND #OFH, A ;Read nunmter of teeth

ADD A,EVENTC jCompute spark tooth

MOV EVENTC, COM1SMSR- 1 jLoad spark tooth

SUR #O1H,EVENTC spre-spark tooth = spark tooth -1
1oV EVENTC,COM14LSW sLoad pre-szpark tooth

cHp #57 ,EVENTC ;test engine revolution (lst or 2nd)
JHS TDCI H

MOVW #2012H,COML6LSW ;Load set & creset TDC command

JMp TDC2
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TDC1 MOVW #5A4CH, COM16LSW ;Load set & reset TDC command
TDC2 SUR #18,EVENTC ;Test which 1/2 round
JLO IGN14 jiump to ignition cylinder 1-4
SUR #20 ,EVENTC
JLO IGN22 jaump to ignition cylinder 2-2
SUE #20,EVENTC
JLO IGN14 jiump to ignition cylinder 1-4
IGN32
MOV #OCEH ,COML SMSW ;Load spark cde.
MOV #0O08H , COMEMSW-1 jEnable Dwell cde
JHP ENDRFM
IGN14 MoV #OC2H,COM1SMSW jLoad spark cie.
MOV #tOOSH , COMSMSH-1 jEnable Dwell cde
ENDRPM:
POP E
ror A
RTI

jEAESEES S S LA bbb hts ADVANCE CALCULATION SUBROUTINE +###sbdbbdddbdsdsbdbbbbbsts
P o o e

g Triple interpolation +
[ R O T L L L R R R R B o G o e ey

Ri1 Ri+l
P1 ' AvO ! AVE !
P b ADVANC = FCT(Engine Speed, pressure)
Pi+l' Avl ! Av2 !

i
’
3
3
3
3

1) AvO = AvO 4+ (Pi-P1)/(P1+]l - P1)(Av]1-Av0)

2) Av2 = Av2 + (Px-P1)/(P1+1 - P1)(Av2-Av2)

3) AvO = Av0O + (Rx-R1)/(R1+1 - Ri)(Av2-Av0Q)

)
{
l
i
i
l
3
H

P S T T R T b R R R R R Ty R e e R T L T R R R
1

jEdedesss DP, DPX, P computation s¥&ssddesiididiids

ADVCAL MOV #C9, R
MOV PRESS,A
cHp FRES(E),A
JRE PRESNI sJump 1f P oend of table
DEC E
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PRESL onr
JHs jJump 1f PxiPa
DINL

PRECY 1oV
MOV sRead i+l
MOY .
MOV PRES{L),A sRead Iy
GUB - RO,DP ibP=F1+l-P1
SUR RO,DEX JDE X=Xl
JMP  PRESF

PRESHI ~ CLR  DPX
MoY #i,00

PRESI MoV E,P

jEakadd et DROODRX, H Computalicn #Hs++isdssddvdosad

cMe #a4 CAPTLE-1 HS ] 40 cpin
JLO REG1
Imp QEGNI

REG1 MOV #C12, 1
MOV RPM-1,A
crp REG(E),A
L0 REGHI saump 1f K oend or table
JEQ REGH L
Dlse I:

REGD cMp REG(B) ,A

" JLO  REG2 yJump 1t RsciRa

JEQ REGLSE zed leb analyszis
DJINZ  E,REGD
jne R1G2

REGLEE MOV RPM, A
cHe I+CIZ2(E) A (RPN tsb analysis
JLO
JEQ  REG2
DEC B

REG? MOV FEGA1(E),A tBead Ki+l mst
MoV A AVO-]
MOV REG+I4CI2+1(E),4 jBead Ri+l =t
MOY A, AVO
MOV REG(E) & shzad K e b
MOoY A,DE -1
MOV A,DEX-1
MOV FEGHI+CIEIE) A sBead K Izt
MOV A, R
1MoV A,DLX
cur LLEM, DEX JDEX=R1-RrX it
SER REM-1, 00X -1 ; 1 b
SUE AV, DR ;DU=R1-Ri4d 1=t
She AVO-1,0R -1 H s b
RRC DR-1
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RRC DR
RRC  DR-1
RRC DR
RRC  DR-1
RRC DR
RRC  DR-1
RRC DR 5 4 right shifts
RRC  DRX-1
RRC  DRX
RRC  DRX-1
RRC  DRX
RRC  DRX-1
RRC  DRX
RRC  DRX-1
RRC  DRX

Jue REGF

REGN 1. CLE  DRX
MOV #1,DR
REGF MOV E,N

jrEdddsdd 4 oadvance values read FHRdsdbbiddd

AVANCE  CLRC
MPY  #C13+1,F $BAVO=TAVANC+C12*P+N
ADD  N,E
MOV TAVANC(E),A
MOV A,AVO
INC  E
MOV TAVANC(E),A ;BAVZ=TAVANC+C13*F+N+1
MOV A,AV?
ADD  #C13,
MOV TAVANC(E),A ;@AVI=TAVARC+C12*(P+1)+N
MOV A,AVL
NG E
MOV TAVANC(E) A ;@AV2=TAVANC+HC12#(P+1)+N+1
MOV A, AV2

prEsEe by Advance computation FdFEEEEEELbLdb

SUE  AVO,AV] i AO=AO+DPX/DP (AL-AQ)
CLEC

MPY  AVL,DPX

DIV DP,A

ADD  RO,AVO

SUE  AVZ,AV2 i A2=2+DPX/DP (A2-A2)
CLRC

MY AV2,DPX

DIV DP,A

ADD RO, AVY
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SUB  AVO,AV2 3 AO=AO+DRX/DR(A2-AQ)

CLRC

MPY  AV2,DRX

CLRC

DIV DR,A

ADD  RO,AVO

INV AVO 3 Complement advance

MOV AVO,ADVANC

RS
;+****#**#&&+***#**#* PRE-SPARFE INTERRUPT s R R R LR R e g
v
3 1- Interpollation computation for spark time and load command
3 2- Dwell time computation and load command
3 2- Knock window computation and leoad command
;*#{++*t*{¢&+*****++**+t*++*++t+t¢*¢##+#‘*++ﬁ*6i+****..
PRESPARK.:

PUSH A

PUSH B

MOV #ODFH,CTLFLG jClear Entry

MoV TIMEMSW-1,EVENTC j5tore event counter

COMLS = (tooth pericd) * (number of 1/16 of tooth)

shdbddbb bbb bdt Tooth Lnterpollation (205 :ycles) R e R e e e L

MOVW BUFLEW,CAPT1& ;Gtore tooth period
AND #OFH,ADVANC
MPY ADVANC,BUFLSW
MOVW R1,COMISLSH 3COM1S = captlé*((Advance AND OFh)/16)
MPY ADVANC,BUFL5W-1 '
ADD R1,COMLISLEW-1
RRC COMLSLSH-1
RRC COMISLSW
RRC COM1SLSH-1
RRC COMISLEW
RRiZ COM1ISLSW-1
ERC COMISLEW
RRC COM1SLEW-1
COMISLSEW
#OFH, COMISLSH-1
#OH, COMLISLEW-1 ;Compare value in cde must be = (8]
DWEL
#OH,COM15LEW
DWEL
#1H,COM1SLS
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dbhbbddhhittd Duell time computation
- if engine speed 2000
Dwell time = DT + 2
Load Dwell time one turn before
- if engine speed < 2000 ypm
Dwell time = DT + RPM + tooth +
Load Dwell time 1/2 turn before

P
RPH + tooth

DWEL
MOVR CP1RLSW, TEMP
ADD RPM, TEMP
ADC REM-1,TEMP- 1
SUR #OCAH , TEMP
SEE #O9H, TEMP- 1
ADD COM1SLSW, TEMP
ADC COM1SLSW-1, TEMP-1
ADD CAPT16, TEMP
ADC CAPT16-1, TEMP-1

jhrEkdb s aa bttt ek window computation (9-33degrees)

MOV CAPT16,COM17LGW
CLRC

RRC COM17LSW-1

RRC COM17LSW

MOVW CAPT16,COM18LSW
CLRC

RRC . COMISLSW-1

RRC COM18LSW

R R T e e s f it s E

4

spark time - 5

spark time - & msec

S5 msec

Read Last capture D.7.
Time = D.T. + RPM
14
Time = RPM + D.T. - 9C4H (5 msec.)
Time = time + tooth inter.
Time = time + tooth periode

Load 1/2 period tooth cmd

9=6+23

32 = 20 + 3

Load 1/2 period tooth cmd
Q=&+ 3

32 =230+ 3

jEassabsbsbsbstt [oad Dwell time and knock window cmd *##¥#sdsssidittstssbidts

cMp #1,CAPT16-1
JLO LDWELL
jEekEsias if RPM > 2000
SUE #19,EVENTC
JLO DWELL1L
SUR #20,EVENTC
JLO DWELL2L
SUB #30,EVENTC
JLO DWELLA4L
DWELL2L MOVW TEMP , COMSLSW
MoV #107 ,COM17MSW-1
MOV #111,COM18MSW-1
JHp ENDPSP

sRpin <

2000 r/mn

jCheck cylinder number

HREAT) ¢
i Junp

§ump
jLoad
;Load
jLoad

to dwell cylinder 1
to dwell cylinder 2

to dwell cylinder 4
dwell time 1,4
start Knock window
end Knock window
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DWELL4L  MOVW TEMP , COM&LSW ;Load dwell time 2,2
MOV #77,COM17MSW-1 ;Load start Knock window
MoV #81,COML1EMEW-1 yLoad end Knock window
JHp ENDPSP

DWELL2L HMOVW TEMP, COMSLSW ;Load dwell time 1,4
MOV #49,COM17MSW-1 jLoad start EKnock window
MOV #53,C0M18MEW- 1 jLoad end Enock window
Jue ENDPSP

DWELL1L.  MOVW TEMP , COM&LSW jLoad dwell time 3,2
MOV #19,C0M17MSW-1 jLoad start Enock window
MOV #22,COM1EMSW- 1 ;Load end KEnock window
JHp ENDPSP

jrEEdsdas Gt BP0 2000

LDWELL ADD RPM, TEMP ;Check cylinder number
ADC RPM-1,TEMP-1
SUE #19,EVENTC
JLO DWELL1 siunp to dwell cylinder 1
SUR #230,EVENTC
JLO DWELL?2 siunp to dwell cylinder 3
SUR #20 ,EVENTC
JLO DWELL4 saump to dwell cylinder 4

DWELL?2 MOVW TEMP , COMALSW jLoad dwell time 2,2
1MoV #107,COM17MEW-1 jLoad start Fnock window
MOV #111,COMLIOMSW-1 ;Load end Fnock window
Jrp ENDPEP

DWELL4  MOVW TEMP , COMSLSW sLoad dwell time 1,4
MoV #77,COM17MSW~-1 jLoad start Fnock window
MOV #8),COM18MEW-1 ;Load end Enock window
Jme ENDPSP

DWELL2  MOVW TEMP , COMELEW jLoad dwell time 2,2
MoV #49,COM17MSW~-1 ;Load start dnock window
MoV #52,COM1EMSH-1 yLead end Enock window
Jmp ENDPSP

DWELL1 MOVW TEMP , COMSLSW yLoad dwell time 1,4
MOV #19,C0M17MSW-1 jLecad start Knock window
1MoV #23,COM18MSH- ) jLoad end KEnock wirdow

ENDPSP
Por E
pop A
RTI

A E L AL TR AT o T o S ARG SPARE INTERRUPT R R B e R R R e L R O Ay

SPARF.
MoV #OEFH,CTLFLG ;Clear Entry 4 Flag.
RTI
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jrrdabedbebittitss MISSING TEETH CHECKING INTERRUPT ##+##3sdssdsdsbbsdibsibitis

Synchro check : TS7 = 2 * T&6

T115 = 2 * Tll4 1f fail reset
SYNCHRO:
MOV #OF7H,CTLFLG ;Clear Entry 2 Flag.
CLRC 3 2 % BUFLSW --: BUFLSW
RLC BUFLSW 3
RLC BUFLSW-1 H
CHP BUFMSW-1,EUFLSW-1 sCompare T(1) with 2 * T(1-1)
JLO ENDSYNC H
JNE ERROR H
LSETEST: CMP BUFMSEW, RUFLSW H
JLO ENDSYRC i
ERROR:
LR START] ;Synchronisation lost : RESET
ENDSYNC:
RTI

;4.4;.;44' tarbbitbtisrss TNIECTION INTERRUPT  #++4ddsddsssddbddidddbdbdbddbdbsdbdd

INJL MOV #0O ,COMIMEN--1 iDisable end injection cid
MOV #OFEH,CTLFLG jClear Entry 2 Flag.
CALL TINJEC ;Tine Injection computation
ADD TINJ,CP1RLSW
ADC TINJ-1,CP1RLSW-1 sCOMILEW = CP1LSW + TINJ
MOVW CPIRLSW,COMILEW jLoad cominand
MOV #2,COMIMSW-1 jRe-enatle command
RTI

INJ2 MoV #0O,COM2MEW-1 ;Disable end 1njection cmd
MOV #OFDH,,CTLFLG jClear Entry 1 Flag.
calLl TIRJEC sTime Injection computation
ADD TINJ,CP1RLSW
ADC TINJ-1,CF1RLSEW-1 ;COMZLEW = CPILSW + TINJ
MOVYW CPIRLSW,COM2LSW jLoad command
MOV #E ,COM2MEW-1 ;Re~enable command
RTI

IHJ2 oV #0 ,COM2MSW-1 ;Disable end injection cmd
MOV #OFEH,CTLFLG jClear Entry © Flag.
CALL TINJEC ;Time Injection computation
ADD TINS,CPIRLSW
ADC TINJ- 1,CP1RLSW-1 ;COM2LEW = CP1LEW + TINJ
MOVW CP1RLEW,COMALEW ;Load command
MoV &,C0OM2MEW-1 ;Re-enable command
RTI
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INJ4 MoV #0O,COM4MSW-1 ;Disabtle end injection cmd
MOV #07FH,CTLFLG ;Clear Entry 7 Flag.
CALL TINJEC ;Time Injection computation
ADD TINJ,CP1RLSW
ADC TINJ-1,CP1RLEW-1 COM4LEW = CPILSW + TINJ
MOVW CP1RLSW,COMALSW ;Load commnand
MOV #8 ,COM4MER--1 ;Re-enable command
RTI
prEddEbEdsbiss Injection time computation **#sdsiddddididddssdddddddiid
§
H The injection time formula is defined just for the software
H demonstration and docesn’t correspond to a physical phenomenon.
i

TINJEC
PUSH A
PUSH B
MPY TEMPER,PRESS ;TINJ = TEMPER*PRESS
MOVW R1,TINJ
CHP #2,TINJ-1 sininimun TINJ = 200h = 1 ms
JHS TIl
MOVW #20H, TINJ 1f TINJ<lms =: TINJ=20h = cut off
TI1 por B
POP A
RTS
H hdd bbb d b d bbbkt IGNlTION ADVANCE LAW TABLE #*##®sdddddddbddddbddbdbbtbddst
H
H 4 msht of advance value = number of teeth = x * & degrees
; 4 lsb of advance value = number of 1/16 of tooth = x * 0.37 degree
1
H == Advance value = number of 1/1& of tcoth
5
PRES OOH,1EH,3CH,5AH, 78H,96H, OB4H, OD2H, OFOH jPression
REG y27H,1DH, 17H,13H,010H,00EH, O0BH ,009H,08H,07H,06H,005H ;RPM mst

20H,10H,4CH,70H, 88H,OEDH, OA&H,, OBSH, 0C4H, SEH, 53H, 82H,0DCH ;1st
H H H H H H H H 5 H 3 H i
§ i § H 3 H i i H i i H H
TAVANC .BYTE OOH,07H,0EH,15H,1CH,0232H,02AH,021H,028H, 2FH, 46H,4BH,50H  ;00H
.BYTE OAH,11H,18H,1FH,26H,020H,034H,02EH,042H,49H,50H,55H,5AH  ; 1EH
.BYTE 14H,1EH,22H,29H,20H,037H,03EH,045H,04CH, 530, 5AH,5FH,64H  ;2CH
EYTE 1EH,25H,2CH,32H,24H,041H,048H,04FH,056H,5DH, 641, 69H,6EH  ; SAH
.BYTE 28H,2FH,26H,2DH, 44H,04EH, 052H,059H,060H,57H,6EH,73H,78H  ;78H
.BYTE 22H,39H,40H,47H,4EH,055H, 05CH,063H, 06AH, 71H, 784, 7DH, 82 3 96H
.BYTE 2CH,43H,4AH,51H,58H,05FH, 066H,06DH,074H, 7BH,82H,87H,8CH  ;B4H
.BYTE 47H,4DH,54H,56H,62H,06%H,070H,077H,07EH,85H,8CH,91H,96H  ;D2H
.BYTE 50H,57H,SEH,65H,6CH,073H,07AH,081H,088H,8FH, 96H,94H,0AOH FOH
jAvance allant de O a &0 degres: O a 160 "1/16 de dent”




jEeebbdsedd Interrupt vector table

.sect
.wordl

.sect
.word
word
.worid
word
~werd
.word
word
word

.sect
.WORD
.WORD
.WORD
. WORD
.end

USING THE TMS370 PACT MODULE
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inphsca, FE2H
TOOTH

inthsca,”FAOH
INJ2
INJ2
INJ1
SYNCHRO
SPARKE
PRESPARK
ITRFM
INJ4

RESET, 7FFEH
#OFFEEH
#OFFFFH
WHOFFFEFH
START

OCTOBER 1989

T O R R L T = T R e e

IT CP& (ducing initialization phase)

IT 1njector
IT 1njector
IT injector 1

IT Missing teeth checking
1T spark time

IT pre-spack tlme

11T RPM

IT 1njector 4

[ )

IT start progeam
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APPENDIX A
PACT Peripheral Frame

ADDR

1040h

1041h

1042h

1043h

1044h

1045h

1046h

1047h

1048h

1049h

104AN

104Bh

104Ch

104Dh

104Eh

104Fh

PF

P040

PO41

P042

P043

PO44

P045

P046

P048

P049

PO4A

PO4B

P04C

P04D

PO4E

PO4F |

BIT7 BIT 6 BITS | BIT2 BIT1 BIT 0
DEFTIM | DEFTIM | CMD/DEF PBACT R | PAGT T | REPACT | CRPACT®
OVRFL | OVRFL AREA '| PRESCALE | PRESCALE, | PRESCALE".
INTENA | INTFLAG ENA ks SEL -}SELECT, 2 J|{SELECT 1] SELECT 03

CMD/DEF CMD/DEF | CMD/DEF | CMD/DEF | CMDDEF
AREA - AREA AREA AREA AREA -— —-—
INT ENA START BIT 5| START BIT 4|START BIT 3| START BIT 2
CMD/OEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF
-——- AREA END | AREA END | AREA END | AREA END | AREA END -—— -
BIT6 BITS BIT4 BIT3 BIT2
BUFFER BUFFER BUFFER BUFFER BUFFER
-—- -—- | POINTER | POINTER | POINTER | POINTER | POINTER —
BITS BIT4 BIT3 BIT2 BIT1
RESERVED

PACT PACT PACT

PACT PACT PACT PACT SCI RX SCITX _— SCISW
RXRDY | TXRDY | PARITY FE INTENA | INTENA RESET
PACT PACT PACT PACT PACT PACT PACT PACT
RXDT7 | RXDT6 RXDTS RXDT4 RXDT3 RXDT2 RXDT1 RXDTO
PACT PACT PACT PACT PACT PACT PACT PACT
TXOT7 | TXDT6 TXDTS TXDT4 TXDT3 TXDT2 TXDT1 TXDTO
PACT PACT PACT PACT PACT PACT PACT PACT

OP8 oP7 OP6 OPS OP4 OP3 OP2 OP1
STATE STATE STATE STATE STATE STATE STATE STATE

CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF
INT7 INT 6 INT 5 INT 4 INT 3 INT 2 INT 1 INTO
FLAG FLAG FLAG FLAG FLAG FLAG FLAG FLAG
CP2 CAPT | CP2 CAPT CP1CAPT | CP1CAPT
cP2 cP2 RISING | FALLING CP1 cP1 RISING | FALLING
INTENA | INTFLAG | EDGE EDGE INTENA | INTFLAG | EDGE EDGE
CP4 CAPT | CP4 CAPT CP3 CAPT | CP3CAPT
cP4 CP4 RISING | FALLING CP3 cP3 RISING | FALLING
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE
CPB CAPT | CP6 CAPT CP5 CAPT | CP5CAPT
cPs cP6 RISING | FALLING CPs CcPs RISING | FALLING
INTENA | INTFLAG | EDGE EDGE INTENA | INTFLAG | EDGE EDGE
BUFFER | BUFFER | INPUT INPUT INPUT EVENT
HALF/ HALF/ CAPT CAPT cPs COUNTER oP
FULL FULL |PRESCALE | PRESCALE | PRESCALE | EVENT SwW SET/CLR
INTENA | INTFLAG | SELECT3 | SELECT2 | SELECT1 | ONLY RESET | SELECT
WATCHDOG RESET KEY
CHRENE .- PACT .| <« PACT “ <[ *"PACT: /| . PACT..iT[.PACTWD:'| 'PACT WD.*
PACT | --- [E'GROUP.1 | GROUP2 | GROUP3 | .MODE |PRESCALE | PRESCALE
* STEST: F-PRIORITY |  PAIORITY--| PRIORMY | SELECT * | SELECT1: |- SELECT.0"}

PACTSCR

CDSTART

CDEND

BUFPTR

SCICTLP

RXBUFP

TXBUFP

OPSTATE

CDFLAGS

CPCTL1

CPCTL2

CPCTL3

CPPRE

WDRST

PACTPRI
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PIN
NAME NO. vo DESCRIPTION
A0 20 ro Port A is a general purpose bidirectional port.
A1 19 o
A2 18 o
A3 17 o
M 16 [/}
AS 15 o
A6 13 [0}
A7 12 vo
Port D is a general purpose bidirectional port.
D3 23 vo Also configurable as CLKOUT (see Note 1).
D4/CP3 2 o PACT input capture 3 (see Note 2).
D8/CP4 24 o PACT input capture 4 (see Note 2).
D7/CPS 21 Vo PACT input capture 5 (see Note 2).
INT1 7 | External upt ( or ‘ input pin.
INT2 8 o E [ Pt input/g | p i pin.
INT3 9 vo Externable Interrupt input/g p | pin.
CP1 40 | PACT input capture pin 1.
cP2 38 1 PACT input capture pin 2.
CP6 34 | PACT input capture pin 6. External Event input pin (for event counter).
XD 41 o PACT SCI transmit output pin.
RXD 35 i PACT SCI receive input pin.
OP1 @ o PACT output pin 1.
opP2 a3 0 PACT output pin 2.
oP3 “ o] PACT output pin 3.
OP4 1 o PACT output pin 4.
OPS 2 (o} PACT output pin 5.
OP§ 3 o] PACT output pin 6.
oP7 4 o PACT output pin 7.
oP8 5 o PACT output pin 8.
ANO 25 | A/D analog input (ANO—AN?) or positive reference pins (AN1—AN7).
AN1 26 I
AN2 27 |
AN3 28 | The analog port may be individualh as general purpose input pins if not used as AD
AN4 30 | converter analog input or positive Morom input.
ANS 31 1
AN6 32 1
AN7 33 |
RESET System reset bidirectional pin. As input it mallzol microcontroller, as open-drain output it indicates
6 Vo an internal failure was d by the 9 il fault circuit.
MC 39 | Mi d inputpin; al bles EEPROM write p i ide (WPO) mode.
XTAL2/ CLKIN 38 | internal osciliator crystal input/Extemal clock source input. '
XTAL1 37 ] Intemal oscil output for crystal.
Vees 10 Positive supply voltage for digital logic and digital VO pins.
Vss1 14 Ground reference for digital logic and digital 'O pins.
Vees 1 A/D converter positive supply voltage and optional positive reference input.
V§§, 29 A/D converter ground supply and low reference input pin.
NOTES: 1. D3 may be configured as CLKOUT by appropriately programming the DPORT1 and DPORTZ2 registers.

2.

These digital VO buffers are internally connected to some of the PACT module’s input capture pins. This allows the microcontroller
1o read the level on the input capture pin, or if the Port D pin is configured as an output, to generate a capture. Be careful to leave the
Port D pin configured as an input if the corresponding input capture pin is being driven by external circuitry.
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APPENDIX C
Glossary

BDC

C.C.

D.E.C.

D.T

DWELL
DWELL TIME
E.C
NEXTDEF

RF
RPM
S.C.
PACT
TDC
TS

: BOTTOM DEAD CENTER

: “CONDITIONAL COMPARE” COMMAND

: “DOUBLE EVENT COMPARE” COMMAND

: DEFAULT TIMER ON THE TOP OF THE REGISTER FILE

: TIME DURING WHICH CURRENT iS SUPPLIED TO IGNITION COIL
: START TIME FOR THE DWELL

: EVENT COUNTER (INCREMENTED BY INPUT CP6)

: BIT16 IN COMMAND TO INDICATE THAT NEXT COMMAND IS A

DEFINITION

: REGISTER FILE: DATA RAM FROM O TO FF

: ROUND PER MINUTE

: “STANDARD COMPARE" COMMAND

: TIME AND ACQUISITION SPECIFIC COPROCESSOR

: TOP DEAD CENTER

: TIME SLOTS: TIME NEEDED BY THE PACT TO READ OR WRITE IN

THE COMMAND/DEFINITION AREA
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APPENDIX D

REFERENCES

- “COMMANDE ELECTRONIQUE DES MOTEURS A ALLUMAGE” PAR M. LE DR HELMUT
SCHWARZ (ROBERT BOSCH GMBH) SIA OCT.84

- “UNE NOUVELLE GENERATION D’INJECTION ELECTRONIQUE” PAR MM. LEMONNIER
ET HOONHORST (SBAE) SIA OCT.84

- AUTOMOTIVE HANDBOOK SAE (BOSCH)

- MOTRONIC TECHNICAL BOOK (BOSCH)

- TMS370 FAMILY DATA MANUAL (1988)

- TMS370 PACT MODULE SPECIFICATIONS (1989)
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