GEMS Engine Management System EM20 LOTUS RK G0.30 

SYSTEM OPERATION

The GEMS EM20 is a plug replacement engine control unit (ECU) for the  Rover K series engine as fitted on the Rover MGF  and  Lotus Elise.  The system functions with all the existing sensors, since not  all  the pins on the 36 way connector  are  used  additional features could be included.

NOTE “c” is required to preserve any altered calibration data! If Auto_EE_wrt is not set to ON, however this will slow the writing of calibration data to the ECU.

VARIANTS

LOTUS RK P

Is the production version of firmware that runs the calibration from ROM at $8000, and used S4RELOAD.exe and a Dataman S4 programmer. 

ROVERK-D

This ECU is a variant that will drive a distributorless ignition coil pack, note Coil_fact  is typically 25 for twin coil packs. The second coil LT signal is provided on pin 13, Rover numbering and displaces the immobiliser signal. All other features are retained. This variant must be specified at ordering.

Most Rover ECUs can be substituted with little modification, including VVT.

ASERIES

For Siamese ported 2 injector engine for beloved Mini.

GENERIC

General purpose high or low data rate timing signals up to six cylinder sequential fuel injection.

HARDWARE

An additional non-volatile memory is required for the throttle auto-zero and fault logging.

SENSORS

Timing Sensors Hall / Optical

Engine  speed and timing are measured using  a crank shaft  mounted Hall  Effect Sensor.  The sensor generates a signal from  cut-outs on  the timing disk.  The disk should be adjusted such  that  the missing teeth are at T.D.C. for a cylinder ignition.  In the standard rover configuration teeth numbers 2 and 18 are used as the trigger points.

N.B.   a pull-up resistor must be fitted in the ECU  for  this configuration. See Options.

Magnetic/Variable reluctance

Engine  speed  and position are sensed with a crank  shaft  mounted magnetic  reluctance  sensor.   N.B. a pull-up  resistor  is  not required  in  this configuration, but a load  resistor  is. The standard engine sensor is a variable reluctance type.   See options.

Load sensing

An  engine load sensing input  Throttle pot or Absolute  pressure sensor may be connected to provide an input for 3D maps having 14  load sites including the full load line used  in  2D  map configurations. 

Throttle  input  is  used while  cranking  and  for  acceleration enrichment  and  for  deceleration  fuel  cut  off.   The  M.A.P. (manifold  absolute  pressure)  sensor is  used  for  the  normal running maps.  Alternatively the absolute pressure may be used for Barometric compensation see Bar option. 

Coolant sensing

An isolated thermistor conforming to Lucas type 3TT 73198A may be used to measure engine fluid temperature. 

Air Temperature

An isolated thermistor conforming to Lucas Type 3TT 73197A may be used to measure air intake temperature. 

Manifold or Barometric pressure

An  external  three wire 0 to 5 volt output sensor  with  a  full scale  of 105 kilo Pascal absolute may be feed  into  configured AUX  input,  if  not being used for  M.A.P.  load  sensing.   See options for dual use. Sensor with a greater range may be used for boosted engine. There is provision for an internal 105kPa pressure sensor, this must be specified at order time or the ECU returned for fitting. 

Battery Voltage

This parameter is sensed internally and is used to compensate for variable opening closing times of injectors Battery_comp_K and  saturation of the ignition coil  Charge_time. 

Exhaust excess Oxygen Sensor

A switching type lean or rich sensor may be used to give a  feedback signal for correcting the engine fuelling. 

Additional sensors

The MGF installation uses a second air temperature sensor to detect engine bay temperature, this is not used in the Elise, this input could be used for other analogue sensors, such as a post inter-cooler temperature. There is a second input that can be configured as a knock input that can compensate for excessive ignition advance. Note this input is normally configured as a 0-5 volt input and may be read with KNKRAW parameter. LOTUSRK can use a road speed sensor to improve idle transition detection.

FUEL METERING

The  basic  fuelling is obtained from a table FUEL MAP  with  the same  structure as the ignition maps.  The base fuel pulse  width is Fuel_(map) the product of the currently interpolated fuel  map value and MicroSec/Bit.

Fuel_(map) = MicroSec/bit  VE(MAP)

Then  various  compensations are applied these are  derived  from Air_Temp  and  Coolant temperature, Air_pressure and  the  Oxygen sensors,  with  oxygen feedback derived from the  exhaust  oxygen sensor.   The injection is timed from the specified tooth with an angular delay derived from the injection angle map with the  same structure as the ignition and fuel maps. 

The  amount of fuel injected each cycle is dependent on the  time the  injector  is  open.  This time period  (or  Pulse_width)  is calculated  by the ECU using factors for  volumetric  efficiency, air  temperature, air pressure, cold start  enrichment,  injector flow rate and battery voltage.  

Volumetric  efficiency V.E., the major factor, is  determined  by the  value of Load calculated from the M.A.P. or   TPS  (throttle position  sensor),  and Engine_speed using  a  three  dimensional look-up table. This 3D table is a simple grid with Load along one axis  and engine speed along the other. 

The  throttle  and  M.A.P. range from closed  to  fully  open  is scaled to 130 points.  The throttle axis has 14 sites, one every 10  points from 0 (idle) to 130   (full load).  The engine  speed axis  is divided into 30 sites, one every 200 r.p.m. from   0  to 3000 r.p.m. and 400 r.p.m. from 3000 to 9000 r.p.m..  

At each intersection of an engine speed site and a load  position site  there is a grid value.  This is the  volumetric  efficiency value  or  V.E. and is directly proportional to the  pulse  width  and therefore the amount of fuel injected.

These   values  are  determined  by  running  the  engine  on   a dynamometer  at  each  obtainable point and  adjusting  the  V.E. values  to  obtain optimum performance. Values  for  unobtainable points, such as high speed low load and low speed high load,  are normally selected to blend in with the obtainable values. If  the  engine is running at an exact engine speed site  and  an exact load position site then the VE value at the intersection of these two sites will determine the amount of fuel injected.

  Load

speed
100
110
120
130

5200
135
135
135
135

5600
142
143
144
145

6000
150
152
155
160

6400
165
170
175
180

If  the engine speed is 5600 rpm and the load is 110 then the  VE value  will be 143. If the engine is running at a speed and  load  position  between sites, then the VE  value  is  determined  by interpolating  the  four grid values around  the  engine  running conditions. So using sample fuel map; if the engine speed is 5850 rpm and the load position is 118 then the four grid values  are:

143 @ 5600 rpm 110  LOAD

144 @ 5600 rpm 120  LOAD

152 @ 6000 rpm 110  LOAD

155 @ 6000 rpm 120  LOAD

So the interpolated value is 149.

When  starting the VE value is obtained from the  cranking  table that uses throttle position only. There is an additional start fuel  amount that is decayed typically over the start decay value in seconds,  see tables.

The  VE  value obtained from the grid is first  modified  by  the operator variable factor Microsec/bit, so that:
Fuel_(map) = VE(MAP)  MicroSec/bit

Fuel_mod is set by the operator using the monitoring and  display system  and is used to determine  the  optimum  VE values.  Under normal conditions Fuel_mod = 0%.

Fuel_(map)  is  then  modified  with  factors  for  Air_pressure, Baro_Fact;  Air_Temp, Air_Temp_F air temperature  factor;  engine coolant temperature factor Cool_Tmp_F, an optional exhaust oxygen factor  OX_F.B.  and user settable overall factor  option  called Fuel_offset that is loaded into Fuel_mod at power on;  LD0M% fuel map compression; and while starting Crank_Fuel. 

Fuel_(map) = VE(MAP)  MicroSec/bit

Fuel_comp = Fuel_(map)  Fuel_mod, 50%, LD0M% is also  applied here.

Fuel_Air = Fuel_comp  Air_Temp_F ,50% 10% typical.

Fuel_Warm_up = Fuel_Air  Cool_Tmp_F, +0 to +250%, zero with warm engine.

Fuel_OX_FB = Fuel_Warm_up  OX_F.B., 50%, see optional limits, 20% typical.

Fuel_Baro = Fuel_OX_FB  Baro_Fact, 50%, 10% typical.

Fuel_Start = Fuel_Baro  Crank_Fuel, +0 to +100% start fuel.

Fuel_Throt = Fuel_Start  Throttle_mod, 50%, 10% typical non-turbo.

Fuel_Pulse  =  Fuel_Start  Fulload_Fuel,  additional  full  load fuel.

Then two individual pulse-widths are calculated: INJxPW = Fuel_Pulse  Inj_#x_mod 

Inj_#x_mod are the two individual offsets for the two injection pulses they are scaled  50% .If there is  no difference  then  the INJ_#x_mod option may be set to  zero. The  x in the INJx and INJ_#x_mod is related  to  the  two injector outputs.

The final fuel pulse width is then calculated by adding a  factor determined by battery voltage Bat_Comp_F and Accel_Fuel.  Battery voltage compensation ensures the accuracy of the fuel metering at all battery voltages, as it compensates for the variable  opening times  of  different  16  ohm  injectors  for  different  battery voltages. Accel_Fuel helps to compensate for transient and  large demands found while accelerating and decelerating.

Fuel_PW_#x = Inj_#x_PW + Accel_Fuel + Bat_Comp_F 

However if D.F.C.O. (deceleration fuel cut off) is active then  a minimum amount of fuel is delivered: Fuel_PW_1&2 = Fuel_1&2 + Bat_Comp_F  & Fuel_PW_3&4 = Fuel_3&4 + Bat_Comp_F

TRANSIENT FUEL

The  fuel map contains the fuel for steady state fuel  transients such as acceleration and deceleration of the engine especially at gear changes can require different fuel.  To prevent  excessively lean  or rich stumbles and emission control problems  the  ECU has   four  functions:  Deceleration  fuel  cut-off   (D.F.C.O.), throttle   triggered  acceleration  fuel   enrichment,   throttle triggered  deceleration  enleanment, manifold  absolute  pressure triggered acceleration enrichment.

D.F.C.O.

Deceleration fuel cut off, improves engine braking and fuel economy. When  this  function is active the engine fuel is  dropped  to  a minimum. The trigger conditions for this function are:


Load   < DFCO load option

and
Engine_Speed > DFCO speed option

and
Coolant > Coolant OK option

and
Throttle < 2 , throttle closed, or DFCO TPS ON 

The  closed  loop oxygen control is inhibited while  D.F.C.O.  is active.

ACCELERATION FUEL

When there is a large change in throttle position measured  every 4  milliseconds, then some additional time is added to  the  base fuel pulse width. 

when +dThrottle  >  TPS_Trip option

(+dThrottle ×Acell_M)+Accel_C)TPS_Accel_mod ×TPS_Accel_Amount×Fuel_Pulse

 when -dThrottle >  TPS_Trip option 

(-dThrottle × Acell_M)+Accel_C)TPS_Accel_mod ×TPS_Decel_Amount×Fuel_Pulse

when  MAP > + MAP_Trip option

dMAP×MAP_Accel_mod × MAP_Ammount × Fuel_Pulse

These three potential sources of transient fuel are summed together with any Accel_Fuel from the previous calculation. Accel_Fuel is decayed every injection event or 8 milliseconds  back-ground event thus, or if Fast Accel option is on then every 4 milliseconds.

Accel_Fuel = Accel_Fuel × Accel_Decay, ( or Decel_Decay if Accel_Fuel is negative)

The  decay  action is applied  every  injection event. The  filter  for  TPS allows  for  detection  of  smaller throttle changes; the minimum filter value is 0% with 93% giving maximum filter.

OXYGEN FEEDBACK

The oxygen sensor signal when functioning is allowed to  modulate the  fuel pulse width within the limits of options OX_FB_+ve  and OX_FB_-ve.   The proportional and integral  controller  iteration rate  and  error  scaling  are  set  by  options  OX_FB_Gain  and OX_FB_Rate. 

The error signal OX_error is derived from the  oxygen switching  history  OX_History and the Ox_Error table.  The  most significant bit is the most recent condition of the oxygen sensor Oxygen_raw, compared with the nominal stoichiometric point option called OX_switch. The four most significant bits are presented to the  table and a raw error returned. 

The raw error is  scaled  by OX_FB_Gain.  The error is then processed by the proportional  and integral   controller,  using  the  proportional   and   integral coefficients OX_FB_pro and OX_FB_int respectfully. If the coolant temperature exceeds Coolant_OK then the feedback signal modulates the fuel pulse width. To disable oxygen feedback set rate to zero.    

Oxygen feedback is only active when engine speed is less than OX_Speed and Load is less than OX_Load, and the oxygen delay time has expired, obtained  from the OX_FB_Delay table. 

IGNITION TIMING

Ignition  timing  is controlled by a  three  dimensional  look-up table addressed by engine speed and load.  The speed axis has  22 sites  1  every 400 rpm from 800 to 9200.  The load axis  has  14 sites  one  every  10 points from 0 to 130.  At  each  site   the timing  can be set from 0 to 60 degrees BTDC.  Interpolation   is used to ensure a smooth curves. 

There  are no compensation factors for ignition timing but  there is  a  user  controlled  factor  Spark_Mod   which  is  used  for reprogramming the ignition curves.  

Spark_(mod) = Spark(map) + Spark_mod

While  cranking  the  ignition is determined  by  the  Start_ADV option. 

When the idle condition is met, throttle is less than the TPS_Idle_On, and Engine_speed is less than RPM_Idle_On options, then the Idle Spark table is active and the Spark_out parameter shows the effect of the high speed idle stabilisation attempting to control engine speed to Idle_set.

Spark_out = Spark_(mod) + Spark_Idle + Spark_Start  

Each trigger tooth has its own offset to allow for fine adjustment the difference should be kept to 2 degrees, although the range may be 0 to 30 degrees to span a tooth gap. 

Pickup_F is used to compensate for the small delays associated with sensors and ignition coils, if there is insufficient range then the Edge option should be changed as a slow edge has been selected. If required ignition retards for air inlet temperature, coolant temperature, and barometric pressure could be added. Also retards to ease gear changes and pull-away might be added, contact GEMS if required.  

IDLE CONTROL

The idle control is a compensation for engine temperature as measured by the coolant sensor, and Engine_speed, and the two optional factors A/C_Idle and >12volt_Idle. Two types of idle by-pass valves are supported; 5/6 wire stepper motor and 2 wire spring return, a 3 wire push/pull valve could be supported by arrangement. An additional high speed control using Idle spark is also used to stabilise the idle speed.

Idle entry conditions = Throttle < TPS_Idle_On and Engine_Speed < RPM_Idle_On

Idle exit conditions = Throttle > TPS_Idle_Off or Engine_Speed > RPM_Idle_Off

STEPPER MOTOR

When the option Idle_PW is zero then the standard stepper motor outputs are active. The five or six wire stepper motor, is driven closed at power on this is given the nominal step position of 255 and then the stepper opens the by-pass to the value specified in the Idle_step table and Idle_speed table. Idle_set is a slow proportional control parameter that is activated when Throttle < Idle_Throttle option, and constrained not to exceed Idle_set+ and Idle_set- options, when engine speed is not equal to Idle_set speed option. Idle_MOD the user variable may be adjusted to optimise the table. A/C_Idle is a response to an air conditioning request for an elevated idle. >12volt_Idle is the response due to a low battery voltage.

IDLE = [Idle_Coolant] + Idle_mod + [Idle_set_TP] +[ Idle start O] + Idle_set + {A/C_Idle} + {>12volt_idle}

>12volt_Idle  is added to the current IDLE value when the battery supply voltage is less than 12.5volts.

A/C_Idle is added if the air conditioning request is pulled low.

Idle rate is the time between re-calculation of Idle when it has reached target. Note when Idle is greater than 248 the ECU  will continuously close the valve. Additionally a dither cycle is added to help prevent sticking of the valve. Beware values of Idle_rate less than 20mS as this may cause overheating, not necessarily a problem for issue c ROVERK ECUs.

PUSH VALVE

When the option Idle_PW is not zero then a push valve is used for bypass control, where Idle1&2 (Idle 3&4 by arrangement for more drive current) outputs produce a pulse width modulated output. The rate is determined by the Idle_PW option. This positions the valve to the value specified in the Idle_step table and Idle_speed table. Idle_MOD the user variable may be adjusted to optimise the table. A/C_Idle is a response to an air conditioning request for an elevated idle. >12volt_Idle is the response due to a low battery voltage.

IDLE = [Idle_coolant] + Idle_mod + [Idle_Set_TP] +Idle_set + {A/C_Idle} + {>12volt_idle}

>12volt_Idle  is added to the current IDLE value when the battery supply voltage is less than 12.5volts.

A/C_Idle is added if the air conditioning request is pulled low.

Idle rate is the time between re-calculation of Idle when it has reached target.

If Push/Pull is set on then an antagonistic pair of out of phase drives are available, when off they are driven in phase.

IDLE SPEED CONTROL

When Throttle is first less than TPS_Idle_On option, on entering the idle condition, then the Hi_Idle_Set option is used to derive d_Idle_speed until the Hi_Idle time option has expired, when the Idle_set is used. The d_Idle_speed is used to access the Idle_Spark table to find Spark_Idle to modify the ignition angle. Meanwhile a slower process is moving the idle motor towards a condition suitable for the target Idle_Set options using the Idle_set parameter constrained by the Idle_set+ and Idle_set- options. There is a Hi_Idle option that will open the idle by-pass valve for the high idle condition, while Hi_Idle_count counts down.

The engine coolant temperature is used to add an offset from the Idle Offset table to the Idlespeed TP table to make the Idle_Target speed. Additionally a higher idle speed is available when Idle is first entered or road speed is higher than the Rolling option if available. Additionally to aid starting an idle speed offset is added for the first 30 seconds of running, obtained from user Idle Start table.

Idle_Target = [Idlespeed_TP] +  [Idle Start] + [Idle_Offset] + Hi_Idle_Offset

Hi_Idle_Offset is active for Hi_Idle_Time or if Road_Speed > Rolling

d_Idle_Speed = Idle_Target – Engine_speed

To speed the response of the system each idle speed control has an equivalent idle step movement.

Steps
rpm


Idlespeed_TP
Idle_set_TP
Table vs. Engine speed

Idle_Offset
Idle_coolant
Table vs. Coolant

Idle_Start_Offset
Idle_Start
Table vs. Time

Hi_Idle_Offset
Hi_Idle_Step
Option

IDLE REFERENCING

The idle motor may be referenced at key on (I_R/S_key_on), if throttle exceeds some limit (I_R/S_TP), or at engine stop (I_R/S_stop). This last option would require a hardware mod so that the PERM supply only is sensed as the battery, and not the higher of PERM or PWR. The Idle_Park value is used to position the stepper, and then pre-loaded at power on to speed action.

If Brown_save is active then if Battery is less than Low_Battery option the Idle motor is stopped and the position saved in the non-volatile memory (Last_Step_n). The preserved value (Last_Step_o) is used to pre-load the stepper motor controller at power on.

Note if IDLE should reach 255 then the motor is continuously stepped close to force a reference.

THROTTLE AUTO-ZERO

To ease fitting of the ECU for production use an auto-zero facility for the throttle setting is available. Note the code is based on a Lotus algorithm.

At power on TPS_min_o is retrieved from non-volatile memory, if it is less than 64 it is considered valid, if not then TPS_min option is used.

The option TP_AZ_c is added to make TPS_min_n, then every second the following is performed if TPS_RAW is less than TPS_min_n:

TPS_min_n = TPS_min_n – (TPS_min_n - TPS_raw) × TP_AZ_m 

This value is written to the non-volatile memory after 256 seconds. TPS_min_n is used to calculate Throttle in usual way, the error detected in bit0 of Error_1 will not be recorded in Fault_Log_1 for ten seconds. 

MONITORING AND DISPLAY SYSTEM  (IBM PC  configuration)

To  allow  the  user  to monitor  the  operation  of  the  engine management  system  and to reprogram the user  data,  the  system interfaces   with  any  IBM  PC  or  compatible  computer   using GEMSCOM.EXE.

JP2 is numbered clockwise from the key: 9 way
25 way

1 ECU TX

(5C)

PC RX
PIN 2
PIN 2

2 ECU GROUND
(8A)

PC GND
PIN 5
PIN 7

3 ECU RX

(11B)

PC TX
PIN 3
PIN 3

Or in parenthesis the pins in the 36 way connector may be used.

Setting up the IBM PC.

Place the GEMS floppy disc in drive A: and copy the contents to a directory and sub-directory on your hard disc. Then type  GEMSCOM to run the application. Note the gems directory should be pathed.  A windows 95 version of software is available contact GEMS for more information.

The Directory structure should be:

C:/GEMS


This contains GEMSCOM.EXE and GEMS.EXE.

With at least one sub-directory:

C:/GEMS/ROVERK

This contains


GEMSCOM.CFG
Configuration file lists files use. 

LOTUSRK.INI

Initialisation list Parameters, Maps, Tables.


LOTUSRK.KEY
User key files keyboard functions.


????????.HEX
Calibration file.


????????.SCR
Screen file of display parameters.


LOTUSRK.POT
Optional “pot box” alternative to keyboard. 

PARAMETER DISPLAY

Up to 20 parameters may be displayed, use F3 to select parameters, and F2 to save the screen configuration.

USER INPUT CONTROL

There  are various functions and modes that can be initiated   by the  IBM PC, that allow the user to control the operation of  the management system and to reprogram the calibration data, the  F10 function will show the .Key file functions.  

ON LINE ENGINE CONTROL

Ignition  advance  and fuel mixture can be controlled  using  the arrow keys. F10 will list the functional keys. The “up arrow” and “down arrow” keys control the fuel mixture  by modifying  the volumetric efficiency value using a factor  called Fuel  mod.  One press of the up arrow key will increase Fuel  mod by  0.39% and one press of the down arrow key will decrease  Fuel mod  by 0.39%.  If the SHIFT key is pressed at the same  time  as the  up  and down arrow keys then Fuel mod will be  increased  or decreased by 3.9%.   

The  “left  arrow” and “right arrow“  keys control  the  ignition  timing by modifying the advance using a factor called Spark  mod.  One press of the right arrow key increases Spark mod by 0.18° and one press of the left arrow key decreases Spark mod by 0.18°.    

PROGRAMMING FUNCTIONS

There are 3 keys that will reprogram the calibration data.

s

The  ignition  advance curve is reprogrammed using s.   With  the engine  running  at  a speed site, pressing s  will  program  the advance value in Spark_(mod) into the curve at that site.  Spark_mod  is reset  to zero.  If the engine speed is not within 100 rpm  of  a speed site then it will not be reprogrammed  and the PC will give an audible warning.

f 

The  fuel map can similarly be programmed using the f  key,  with Fuel mod being adjusted. 

c

The  checksum, which is used to check that the  calibration  data has not been corrupted, is reprogrammed by pressing c.  This will recalculate  the checksum using the present calibration data  and will  program  this  value into the  checksum  location.  If  any changes  are  made to the calibration then c should  be  used  to correct the checksum.

u

This key is associated with the idle control.

x

This can be used to force an increment of the throttle auto-zero. 

If  changes  to Maps, Tables, or Options are made  with  the  ECU powered  and connected to the PC, then these changes  will  alter the  ECU. Care must be taken while altering values especially  if the engine is running!

If there is no serial communications then the offline flag is set and only the WORKMAP.HEX is altered.

ERROR CODES

If a lamp or current limited bulb is fitted to the communications TX pin and battery and the Logging option set to Off, error codes may be displayed to aid fault diagnosis.

When an sensor error is detected by the system the error  warning light will give an indication of the failure.  When the engine is running  the light will be off if there are no errors and  on  if the  speed is at the light limit speed.  When the engine  is  not running  the light will be on if there are no errors.   If  there are  errors  when the engine is not running then the  light  will flash  a coded message to indicate which error has occurred. 

Each  error code consists of two numbers  counted out in  flashes thus  for  code 2 3 the light will flash twice then be on  for  1 second and then flash 3 times.  

If there is more than one error then each code will be flashed in sequence with 5 seconds between codes. 

GEMSCOM displays Error bits from left to right Bit 7 to Bit 0.

        code             failure

Bit 0
1 1
Throttle position sensor incorrectly adjusted or not connected. 

Bit 1
1 2
MAP sensor, The manifold pressure sensor is faulty or not connected.

Bit 2
1 3
Air  temperature sensor short circuit or sensor low.                            

Bit 3
1 4
Coolant  temperature  sensor  high or sensor open circuit. 

Bit 4
2 1
Air  pressure sensor output low or not connected. 

Bit 6
2 3
Oxygen sensor has failed to switch when enabled.

Bit 7
2 4
Checksum Error.

Fuelling  and  ignition  data  has  been    reprogrammed  without resetting  the  checksum or data memory has  been  corrupted  and should be uploaded again, or a comparison made.                   

FAULT LOGGING

If an error persists for more than 48millisecods then it records the fault in non-volatile memory. The fault logs are cleared with ‘H’, ‘h’ and ‘c’.

OPTIONS

Bay Fan On  is the coolant temperature at which the bay fan  will start, Rover MGF only.

Bay Fan Off  is the coolant temperature at which the bay fan will stop, Rover MGF only.

Rad Fan On  is the coolant temperature at which the radiator  fan will start.

Rad Fan Off  is the coolant temperature at which the radiator fan will stop.

Idle Park, this is the park position of the idle valve if I R/S Stop is on.

TP I R/S On is the minimum throttle position for forcing the idle motor shut, if R/S I TP is on.

TP I R/S Off is the maximum throttle position for normal idle motor control, if R/S I TP is on.

R/S I TP if on then TP I R/S on and off are active.

R/S I key on if on then the idle motor is reset (referenced to closed).

R/S I stop if on the idle motor is reset (referenced to closed), and set to the Idle Park position.

Brown Save the low voltage inhibit triggered at key-off saves the idle position and re-loads from non-volatile memory at power on.

Purge  speed, Purge minimum engine speed in r.p.m. at this  speed the purge valve will start to open.

Purge max, Purge maximum pulse width duty cycle as a  percentage, so how open the valve may be.

Purge inc, Purge rate increase or decrease this controls the rate at which the valve open or closes to allow for absorption by  the oxygen feedback.

Purge  Per,  Purge  period, this is the repetition  rate  of  the valves  pulse  width  period, larger  numbers  produce  a  slower frequency, only 0 to 7 are valid values. In some variants this is used to control the wastegate valve.

Value
Period mS
Frequency Hz

0
0.125
8k

1
0.25
4k

2
0.5
2k

3
1
1k

4
2.05
488

5
4.1
244

6
8.2
122

7
16.4
61

Rev light,  is the speed in r.p.m. at which the “change up” lamp will illuminate.

Fuel  Cut, Fuel cut rev limit in r.p.m. at which a complete  fuel cut occurs.

Fuel  mod 1&4, allows for adjustment of a pair or  fuel  injector drives.

Fuel  mod 2&3, allows for adjustment of a pair or  fuel  injector drives.

JADV offset
this  adds  an  overall  offset  to  the  injector opening angle.

ADV offset is an overall ignition offset, should normally be  set to zero.

FUEL offset is an overall fuelling offset, should normally be set to zero.

MAP  min  is  the  minimum value of  the  map  sensor  in  normal operation this was set in ROM before, to 15.

MAP  max  is  the  maximum value of  the  map  sensor  in  normal operation,  this  was set to 

250 in ROM, this value  is  slightly above normal atmospheric pressure on a DELCO 1 Bar sensor.

TPS  min should be programmed with the value of TPS raw with  the throttle in the idle or fully closed position. Now just used if preserved auto-zero feature fails.

TPS  max should be programmed with the value of TPS raw  at  wide open throttle.  

To get the values of TPS RAW use the display F3 function.

LD0MPC this is a fuel map compression factor used to improve  the dynamic range of the fuel map. 255 is an uncompressed map.

Microsecond/bit or microseconds per bit  the   injector flow rate scaling factor.  This value is dependent on the size of the injector  and the power of the engine.  Ideally it should  be adjusted  so  that  the maximum value of VE in the  VE  table  is between  200  and  220.  The map  manipulation  can  be  used  in conjunction with microsecond/bit to optimise the dynamic range of the  fuel  map, or the automatic LD0MPC in built feature  can  be used. 

IGN CUT is the rev limiter and should be programmed  with the rev limit speed, this parameter has a resolution of 100 rpm.

TPS   Trig   is   the   acceleration   and   deceleration    fuel enrichment/enleanment  threshold.  It is the value that  Throttle must  change  in  8 milliseconds  to  trigger  acceleration  fuel enrichment.  This value can only be determined by track  testing, typical  values  are 3 to 10.  To disable this function  set  the value to 255. 

MAP  Trig is the acceleration fuel enrichment threshold.   It  is the  value  that  Map as Load must change in  8  milliseconds  to trigger  acceleration  fuel enrichment.  This value can  only  be determined  by  track testing, typical values are 3  to  10.   To disable this function set the value to 255. 

Accel  Decay sets how quickly the acceleration fuel decays  when Accel_Fuel is positive. If  set  to zero the acceleration fuel would be  zero  after  one injection  event, if set to 99% then the acceleration  fuel  will have a long sustain; typical values are 80%.

Decel  Decay sets how quickly the acceleration fuel decays when Accel_Fuel is negative. If  set  to zero the acceleration fuel would be  zero  after  one injection  event, if set to 99% then the acceleration  fuel  will have a long sustain; typical values are 80%.

Tooth #1, specifies the tooth for the first ignition event in  an engine revolution, note missing teeth are not counted.

Delay  Angl 1, is the angular distance from the first  triggering tooth to a point 60°BTDC.

Tooth #2, specifies the tooth for the second ignition event in an engine revolution.

Delay Angl 2, is the angular distance from the second  triggering tooth to a point 60°BTDC.

Delay Angle is the angle between the selected timing tooth and  a point 60°BTDC this is in degrees, note this now has the range  of 30°, so it now more flexible.

(Missing Tooth
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This is in effect an electronic adjustment of timing.

Tooth run 1 to 4 describe the disposition of missing teeth on the flywheel.

Current Engines 3,13,2,14 is appropriate, with Tooth#1 = 2 and Tooth#2 = 18.

Early and 1.4 L engines 4,11,5,12, with Tooth#1 = 8 and Tooth#2 = 25.

Fuel_Sync swaps the triggering events for the paired injectors so only 0 and 1 are valid.

Start ADV is the ignition advance angle BTDC while cranking.

Pickup  Fact is used to compensate the systems timing pickup  and ignition coil delays.  All sensors have a small electrical  delay that  can  cause  a timing error at high speed.   This  error  is particularly  noticeable with magnetic detectors, this  error  is subtracted from the nominal timing point to give a virtual timing point,  so  the user need not compensate in their  map  for  this sensor error. 

The  pickup  delay is in units of  2  microseconds  thus  maximum delay  is  511µSec just over half a  millisecond.  Typical  value 50µSec.

Coil Factor controls the coils charge time for Lucas part DLB 198  a  value  of  14 should be used as this  will  prevent  excessive thermal  dissipation.   However for coils that can  not  saturate with a normal battery supply then this value may be increased  up to  255.  Note each unit is approximately  0.25  milliseconds  of charge time. Many distributorless coils need about 25.

Set-up bits

Test

Auto EE wrt will force an entire write to the calibration memory, like pressing “c” when any change to the calibration is made.

Fast Accel will run the transient fuel calculation of Accel_Fuel every 4 milliseconds rather than every 8 milliseconds.

If  MAP  is  set  then LOAD will be  calculated  by  scaling  the pressure signal with MAP min and MAP max. If a 1 bar DELCO sensor is  used  then MAP and BAR can be set together so that  when  the engine  is stopped a barometric correction is applied,  and  when out of cranking a LOAD derived from the MAP signal is used.

Edge if set then the rising rather than falling edge of the input signal is used as the significant edge at 60 degrees BTDC point. 

Min  AFUEL is the minimum amount of acceleration fuel to  inhibit oxygen feedback.

WOT  extra,  Fulload Fuel is the extra fuel added  when  the  TPS Fulload value is exceeded.

Min speed is the minimum engine speed at which fuel and ignition pulses will be presented to the engine.

OX  FB  Gain is a multiplier applied to the values  from  the  OX Error  table to produce the OX error value, this is scaled  as  a binary mantissa, so 0 gives 1 and 4 give 16.

OX  FB  Rate  is  how  often the  feedback  PI  loop  is  run  in milliseconds  the lower numbers mean faster so the gain may  need to  be  adjusted  accordingly. Zero will  disable  this  function giving an OX Feedback of 0%.

OX Switch, or Stioch is the value of OX raw the raw value of  the exhaust  oxygen sensor at which the transition between  lean  and rich occurs. A typical value is 70, but is best found by  halving the maximum (rich) value of display variable OX raw.

OX FB P is the oxygen feedback integrator proportional constant. 

new OXFBK = (( old OXFBK + ( OXERR x INTCON )) + OXERR  OXPCON

OX  FB  +ve  and OX FB -ve are the  limits  for  oxygen  feedback control, OX_FB_+ve must be a positive number, OX_FB_-ve must be a negative number..

Engine  ok,  or  Coolant Ok this the  minimum  warmed  up  engine temperature used to enable the deceleration fuel cut-off  feature and Oxygen feedback.

Ox  Load  is the maximum load at which the oxygen  feedback  will still operate.

Ox  Speed  is the maximum speed at which the oxygen  feedback  is still active.

OX Step is a positive value added to OX_FB when the Ox_history is equal to Ox_Step_Mask. Typical value +5%.

DFCO  Load  is  the maximum load at which  the  DFCO  will  still operate, note if MAP is used then TPS scaled as load must be less than 8. For a MAP based system this may be as high as 50.

DFCO  Speed is the minimum speed at which the  deceleration  fuel cut-off is still active, to disable DFCO set this to 25,500 rpm.

>12volts Idle,  when the battery voltage drops below 12.5Volts this option is included in the idle position value calculation.

A/C  Idle, when the air conditioning requests more  engine  power this numbers is added to the current idle value.

Idle rate is the time between idle position pulses if no changes in position are required.

Idle Set R determines the rate for increment or decrement of the Idle Set parameter.

Push/Pull if Idle_Rate is non zero then a pair of out of phase pulsewidth modulated push pull drives are available, when off the pulsewidth drives are in-phase.

Idle PW, when not zero then a two wire idle by-pass valve may be used in place of a stepper motor. This option sets the period for drive.

TPS_Idle_On the maximum value of throttle for idle stabilisation control loop to become active.

TPS_Idle_Off the maximum value of throttle for idle stabilisation control loop to become inactive after being active.

Idle_Set+ and Idle_set- the limits for the range of Idle_set control loop, and must be scaled positive and negative accordingly. Typical values +20 and -20 steps.

Accel M and Accel C the modifiers of +dTPS and -dTPS for transient fuelling.

Accel_Limit the limit to prevent excessive Accel_Fuel as a percentage of Fuel_Pulse.

Hi Idle Offset is the additional engine speed above target speed for the idle control loop initially until Hi_Idle time expires, if tables: Idle Speed TP and Idle Set TP are  not available.

Hi Idle time is the time that the Hi_Idle_Offset speed is valid after entering the idle condition.

Hi Idle step is the offset to open the by-pass valve to obtain a high idle. Typically -20steps.

I OXFB Gain and I OXFB Rate replace OX FB Gain and OX FB Rate when the engine is in the idle condition to ease emission control tuning when gas flows are low.

RPM Idle Off is the maximum engine speed at which the idle control mechanism functions, later versions have  RPM Idle ON and RPM Idle OFF to control the entry and exit from idle.

TP_AZ_m and TP_AZ_c are used by the throttle auto-zero feature. See throttle auto-zero description.

Low Battery inhibits the stepper motor.
Ig Teeth is the number of crank teeth till the ignition fires again.

Fuel Teeth is the number of crank teeth till the same injector fires again.

Missed T#1-8 define the missing teeth.

F tooth #1-4 define the injection events.

TABLES

INJECTOR BATTERY COMPENSATION TABLE

The  value   of  the Battery comp option is the  scalar  for  the Battery comp table. If this option is zero then the old table  in ROM (not a user variable) is used. If you wish to view the  shape of  the table, press F5. The injector battery compensation  table is determined by the model and type of injector you are using. If you change injectors or fuel pump pressure you may need to change this  table and or microsecond/bit, and re-scale the  VE  tables, this  may  also effect the optimum settings  for  injection  open angle

Battery comp F= table value × Battery comp (option)

For  the  Weber IW 058 (43005.010) as  an  example  of  a contemporary high impedance injector: R = 14.5 ohms   L = 7.2 mHenrys  Flow rate 384 millilitre per minute at 300kPa

Battery Volts
Offset time mSec

     6.0
5.387

     8.0
2.028

   10.0
1.217

   12.0
0.806

   14.0
0.558

   16.0
0.391

If  8 volts is the minimum battery supply for  normal  operation, then we can scale the system thus: 2.028 mSec/255 for finest resolution = 8 µSec per bit. With  the  overall scaling of 2µSec per bit then we may  chose  10µSec/bit for convenience.

Battery Volts
Offset time ECU units


8.0
255
Always interpreted as 255

10.0
153


12.0
101


14.0
 70


16.0
 49


The  missing values for odd voltages are best blended  using  the graphical editor in the user interface program. The original internal table would look like this:

8.0
255


9.0
139


10.0
79


11.0
52


12.0
30


13.0
20


14.0
11


15.0
9


16.0
7


WARM-UP TABLE

This is a table that controls how much additional fuel to use  at any engine temperature from -17°C to 127°C.

OXYGEN ERROR TABLE

This  table  coverts  the Oxygen history of  transitions  to  the oxygen  error  signal applied to the  proportional  and  integral feedback loop.

START EXTRA TABLE

This is an additional amount of fuel added, dependent on  coolant temperature, while the engine is starting, and is decayed linearly over time depending on the start decay time value.

START DECAY TABLE

This table determines how quickly the additional start extra fuel is  decayed  over time. This decay is a linear decay  in  seconds after cranking commences.

CRANK PULSE TABLE

This  is  a  single shot of fuel that may be  injected  into  the engine at Key on, or at the start of cranking if the Key on  Fuel option  is set Off. The value in the table selected dependent  on temperature   is  multiplied  by  MicroSec/bit (MSPB)  to  give  the   parameter Start_Pulse in microseconds.

IDLE COOLANT TABLE

This  table sets the idle by-pass used to control  engine  speed. The  position  is  dependent on engine  coolant  temperatures.  0 represents  a fully open valve and 255 a fully closed  valve.  At power  on and after about 3 seconds after stopping the  ECU  will cycle  the  stepper  motor  to  re-establish  the  fully   closed condition. Scaled in steps.  Note was called Idle step table.

FULL LOAD TABLE

This  Engine_speed related table establishes the position of  the throttle  to enable Full_Load fuel, an extra amount of  full  and freeze the oxygen feedback control.

TPS ACCEL TABLE

This Engine_speed related table determines the amount of throttle triggered acceleration fuel, see also Accel mod table.

MAP ACCEL TABLE

This   Engine_speed  related  table  determines  the  amount   of MAP triggered acceleration fuel.

TPS DECEL TABLE

This Engine_speed related table determines the amount of throttle triggered deceleration fuel.

OX FB I CONST TABLE

This  table  varies the oxygen feedback  integral  constant  with engine speed, to improve regulation with the change in  transport time between the inlet and exhaust sensor.

IDLE SPEED TABLE

This table adjusts the idle stepper motor with engine speed, its output is the parameter Idle speed. Range 128steps.

ACCEL MOD TABLE

This table modifies the primary acceleration fuel from the speed related TPS Accel table by producing the parameter  Accel_mod a percentage modifier.

IDLE SPARK TABLE

The ignition advance is modified by this table when in the idle condition, 30 or 40degrees.

IDLE SPEED TP TABLE

This is the target idle speed in rpm, and selected with throttle position.

IDLE SET TP TABLE

This table adds an offset to the idle motor position according to throttle position, in steps usually negative.

IDLE OFFSET TABLE
This table adds a positive offset to the Idle_Target speed dependant on coolant temperature.

OX FB DELAY TABLE

The oxygen feedback is inhibited for the first so many seconds specified by this table accessed using coolant temperature.

IDLE START TABLE

This is a positive addition to the Target Idle speed over the first 30 seconds of running.

IDLE START OFFSET TABLE

This is a modification to the Idle motor position speed over the first 30 seconds of running.

IDLE START ADVANCE TABLE

This is a modification of the ignition advance while in the idle condition over the first 30 seconds of running.

MAPS

FUEL MAP

Fuel Map is the Load and engine speed map used to produce the base fuel VE(MAP).

IGNITION MAP

Ignition map is the Load and engine speed map used to produce the base spark advance Spark_adv.

INJECTION ANGLE MAP

Inj Angle map is the Load and engine speed map used to offset the injection timing, Inj ADV.

DISPLAY PARAMETERS

Fuel  mod  this is the parameter that is effected by the  up  and down  arrow keys to vary the current fuelling and has a range  of +/-50%.

Spark mod this is the parameter that is effected by the left  and right  arrow  keys to vary the current spark advance  and  has  a range of +/-22.5°.

ERROR  is  a binary encoded byte where the leftmost bit  if  a  1 means  that the check sum of the non-volatile memory  that  holds the  configuration data, options tables and maps does not  tally. Use  the compare function in GEMSCOM to check if no  errors  then just use the “c” key to correct.

The  rightmost  or  least significant bit  indicates  a  throttle position sensor failure. The next right most bit is a MAP  sensor failure. Next is the air sensor followed by coolant. In summary:

Checksum, OX, , ,Coolant, Air, MAP, TPS.

TPS raw the unscaled throttle position sensor range 0-255.

Throttle the scaled signal range 0-130.

LOAD this is the engine load used for maps range 0-130.

+dThrottle is the current positive change in the value of Throttle, used to trigger acceleration fuelling.

-dThrottle is the current negative change in the value of Throttle, used to trigger acceleration fuelling.

+dZThrottle is the current positive change in the value of Throttle, when trigged for acceleration fuelling and scaled by Accel_M and Accel_C, this peak value is cleared to zero when Accel_Fuel is zero.

-dZThrottle is the current negative change in the value of Throttle, when trigged for acceleration fuelling and scaled by Accel_M and Accel_C, this peak value is cleared to zero when Accel_Fuel is zero.

Max_+Afuel and Max_-Afuel are the working limits for Accel_Fuel.

Accel_Fuel   is  the  additional  fuel  pulse  width   due   to acceleration fuel in microseconds.

Accel mod is the value from the throttle related  Accel mod table.

Accel_Trig is counter of acceleration triggers cleared to zero if Accel_Fuel is zero.

Engine Speed in rpm resolution 4 rpm.

VE(MAP) the current fuel table value, range 0-255.

VE*FMOD the current fuel modified by FMOD, range 0-255.

Fuel  no c  is VE(MAP) multiplied  by microsecond/bit, scaled   in microseconds, range 0-131,070µSec.

Fuel comp is the fuel pulse after the load factor from LD0MPC  compression factor is applied.

Fuel FMOD is the fuel pulse after the FMOD user modifier, range 0-131,070µS.

Fuel air after air temperature modifier, range 0-131,070µS.

Fuel warm-up after warm-up modifier, range 0-131,070µS.

Fuel OX FB after Oxygen feedback applied, range 0-131,070µS.

Fuel  Baro after  barometric modifier if  required,  range  0-131,070µS.

Fuel  Start  after  the start modifier if  required,  range  0-131,070µS.

Fuel PW is the pulse width the final pulse width including any full load fuel.

Spark adv the current ignition map value, range 0-60°.

Spark (mod) after Spark mod.

Spark idle the effect of the Idle Spark table when in idle condition.

Pressure Raw the unscaled MAP/BAR input 0-255.

Air Pressure range 0-127.5 kPa.

Air Prsr F barometric correction factor +/-15%.

Battery the current battery voltage 0-16 volts.

Bat Comp F the additional injector open time in µSec.

Air Temp in degrees Celsius.

Air Temp F correction of fuel due to air temp +/-30%.

Cool Tmp F correction of fuel due to coolant warm-up 0-250%.

Coolant in degrees Celsius.

Charge Time the coil on time in microseconds.

MAP as LOAD is the MAP signal scaled for load, range 0-130.

Oxygen raw is the unscaled amplified oxygen signal 0-255.

Ox Error is the error signal from the oxygen error table.

OX Feedback is the output of the PI loop, range +/-50%.

OX History is the bit pattern history of OX raw transitions.

Start Fuel the extra fuel from the Start Extra table 0-250.

Crank  Time  the  time for which the Start  Extra  fuel  will  be applied, valid when engine stopped.

Start Pulse the one shot fuel pulse to aid starting in µSec. 

TPEER is the accumulation of timing errors,  timing errors occur if  an invalid number of teeth are detected between missing teeth, or if a tooth gap greater than two teeth is detected.

Idle mod is the user adjust of idle position, see Keys (f10).

IDLE is the target position of the idle stepper motor, the base value is taken form the Idle step table.

Idle speed  is the engine speed compensation of the idle stepper position.

KNKRAW is the normal 0-5volt scaled as 0-255 input on pin 10B. 

HiIdle count is down counter till the Hi_Idle_set speed is replaced by Idle_set.

d Idle Speed is the difference between actual Engine Speed and the target Idle_set speeds.

Road Speed is only available in the R-Roverk version.

Seconds is an after power on counter, used by OX_FB_Delay.

OX_FB_Delay is the time from key on till the oxygen feedback is enabled.

After Start is an after start counter, used by the Idle Start table derived options.

Spark start is the output of the Idle Start Advance table.

Idle Start+ is the increase in target idle speed from the Idle Start table.

Idle Start O is the change in idle step from the Idle Start Offset table.

DATA LOGGING

The data logging feature is not always suitable, since a PC is required, so a continuos logging stream is available on some implementations when no PC is connected to the ECU at power on. To activate set Logging option to ON.

LOGGING DATA STREAM

1
HEADER
SYNC
$55 for Synchronising

2
Engine Speed
ERPM
50 rpm/bit

3
LOAD
LOAD
0-208

4
Throttle
TPSVAR
0-208

5
Coolant
CTEMP
signed degree/bit

6
Air Temp
ATEMP
signed degree/bit

7
Battery
BATT1
0-16 Volt

8
Spark 
ADV1
0.39 degree/bit

9
Fuel Pulse
IDUTY
0-200% injector duty

10
Accel Fuel
AFUEL
MSB 512S/bit

11
Error
ERROR
bit encoded
12

check sum
Data security


When the ECU is started without a P.C. connected to RX a data logging stream will be generated with one character every 4.1 milliseconds transmitted at 9600 Baud 8bits no parity two stop bits. This stream is suitable for most GEMS ltd. data loggers such as the DA50.

Appendix A
PIN OUT The 36 way AMP connector junior timer type, external view.

Rover numbering:
 
 25 26 27 28 29 30 31 32 33 34 35 36

Latch at top

                           

   24 23 22 21 20 19 18 17 16 15 14 13 

  

  
             1  2   3   4   5   6   7   8   9  10 11 12

GEMS numbering:
ROW
A
 1  2  3  4  5  6  7  8  9 10 11 12

Latch at top





B
   1  2  3  4  5  6  7  8  9 10 11 12





C
 1  2  3  4  5  6  7  8  9 10 11 12

1A

Ignition output to coil (IGN1), 1st ignition coil drive ROVERK-D.

2A

Bay Fan relay drive (INJC).

3A

Stepper motor Idle#4 drive (IDLE4). 

4A

Main power (INJPWR) now not used.

5A

Power ground (RTN).

6A

Analogue ground (0V).

7A

Timing input (T1).

8A

Timing ground (GND).

9A

Coolant temperature sensor input (CTEMP).

10A

Engine bay temperature sensor (AUX).

11A

A/C request input (T2).

12A

Oxygen sensor relay drive (IGN2)

1B

Injector pair 1 drive (INJA). 

2B

Injector pair 2 drive (INJB).

3B

Idle stepper motor drive 3 (IDLE3). 

4B

Carbon canister purge valve drive (CANPRG).

5B

Fuel pump relay drive (FPUMP).

6B

not used (external MAP) (A/C OUT).

7B

Oxygen sensor ground (OXGND).

8B

EBFF?? (T3), Rev light active low signal.

9B

Inlet air temperature sensor (ATEMP).

10B

Fan request ? (KNOCK).

11B

??(RX).

12B

immobiliser (IGN3), 2nd ignition coil drive on ROVERK-D.

1C

not used (HALPWR).

2C

Idle stepper motor drive 2 (IDLE2).

3C

Idle stepper motor drive 1 (IDLE1). 

4C

Main relay drive (INJD).

5C

A/C relay drive (TX).

6C

Radiator fan relay drive (FAN).

7C

Exhaust oxygen sensor (OX).

8C

Throttle position sensor signal (TPS).

9C

5 volt sensor power (TPSPWR).

10C

[R-Roverk road speed, standard Diagnostics] (T4). 

11C

Permanent 12 volt power (PERM) now main power .

12C

Tachometer drive (TACHO)

APPENDIX AIR CONDITIONING CONTROL

The ECU is intended to interact with the air conditioning system. This has not been implemented yet, the Rover documentation is some what ambiguous!

An A/C request sense appears at pin A11 [35] active low I think .

The ECU would open the idle by-pass a bit to compensate for the additional load.

The ECU will the activate the A/C compressor clutch and fan pin B6 [19] low.

So in the absences of ECU control  pin B6 is removed from connector and connected to  A11 the compressor circuit should function.

An A/C Fan request appears at pin B10 [15] active low.

The ECU would activate the condenser fan and cooling fan#1 pin C5 [5]  and  cooling fan#2 pin C6 [6] (also Radiator FAN).

So to maintain this function remove B10 and C5, then link together.

Note to remove crimps from AMP 36 way connector; demate from ECU, remove white latch plate, use small point to lift crimp latch on top of access from mate side, while gently pulling on wire.  
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