FEATURES
	Features
	Details

	Cylinders
	12

	Distributed Ignition for 1 or 2 distributors
	12

	Coil on plug ignition
	6

	Sequential injection
	12

	Inner and outer injectors (load/speed based)
	Yes

	Turbo boost control
	Yes

	Simple anti-lag system
	Yes

	Shift light output
	Yes

	Tacho output
	Yes

	Fuel pump output
	Yes

	VTEC (uncommitted) output - programmable for load and speed
	Yes

	Lambda sensor narrow or wideband
	2

	Cylinder trim - ignition
	Yes

	Cylinder trim - fuel
	Yes

	Idle air valve control - push/pull
	Yes

	Idle air valve control - stepper
	5 or 6 wire

	External 4 wire Idle air valve control stepper module
	Yes

	MAF capability
	Yes

	Knock sensing
	Yes 1 channel

	Data logging for 4min to 10hr
	Yes

	Ford 36-1 Toyota 36-2 trigger pattern
	Yes

	Bosch 60-2 trigger pattern
	Yes

	K series pickup pattern
	Yes

	Nissan 180 crank-teeth pattern and more, if not all!
	Yes

	PIN protected maps
	Yes

	Programmable injection start angle
	Yes

	Variable Valve control, MIVEC VVT VVC
	4 channel

	User programmable load sites
	Yes

	User programmable speed sites
	Yes

	Programmable air + coolant sensor curves
	Yes

	Separate options for Hall sensor/tooth profile tracking
	Yes

	Air con idle up control
	Yes

	Full throttle gear change
	Yes

	Intercooler water spray control
	Yes

	Nitrous retard input
	Yes

	Launch control
	Yes

	Radiator cooling fan control
	Yes

	Active Throttle control
	Yes

	Drive-By-Wire control
	Yes

	7Amp full bridge driver
	Option

	Multi pulse injection signal
	Option

	Telemetry Rx on CAN bus
	Yes

	Telemetry Tx on CAN bus
	Yes

	Traction Control based on Gear and engine acceleration
	Yes

	Gear related Wastegate, spark retard, and shift-light
	Yes

	Automatic fuel mapping using Wide Range Lambda sensor
	Yes

	In system firmware upgrade
	Yes


80 WAY PIN CONNECTIONS
32 way connector
	EM80 Pin
	Function
	Test Point
	Pull Up / Down
	Comments / Notes

	
	
	
	
	

	RA1
	Knock Input +
	A0  
	
	Processed Knock A0

Knock_Mode b0=0

	RB1
	Knock Input -
	A0
	
	Differential Input A2

	RC1
	Active Throttle 2
	A9
	47K
	12-85%

	RD1
	Active Throttle 1
	A10
	47K
	30-85%

	RE1
	MAF Input
	A12 T5
	47K  gain ~ *48
	Oil Pressure

	RF1
	Coolant Temp Input
	A11
	Fixed 2K2
	

	RG1
	Bridge Driver A +
	O12 P5
	A15 current
	ECT+ BRIDGE A SIMPLE = On

	RH1
	Ignition Coil Driver 6
	O6
	
	

	RA2
	CAN 2 Low
	
	
	

	RB2
	CAN 2 High
	
	
	

	RC2
	Active Throttle 3
	A18
	47K
	Gear Air Pressure

	RD2
	Active Throttle 4
	A19
	47K
	Gear Position

	RE2
	5V Sensor Supply 3
	5V    A24 
	PTE.7 
	~50%

	RF2
	Sensor Ground
	GROUND
	
	

	RG2
	Bridge Driver A -
	O13 P6
	A15 current
	ECT- BRIDGE A SIMPLE = On

	RH2
	Ignition Coil Driver 5
	O5
	
	

	RA3
	CAN 1 Low
	
	
	

	RB3
	CAN 1 High
	
	
	

	RC3
	MAP Input
	A5
	47K gain ~ *48
	58% = Atmos 5% = vacuum

	RD3
	Lambda Input 1
	A3 T8
	Fixed 1M, 47K Pull
	OE Lambda+ Blue Signal, White Signal ground, Blacks Heater

25% = Rich  A3 Pull = Off

	RE3
	Lambda Input 2
	A4 T6
	Fixed 1M, 47K Pull
	AEM Lambda+  White Signal

Brown Signal Ground, Red +Supply, Black Power return

	RF3
	Sensor Ground
	GROUND
	
	

	RG3
	Ignition Coil Driver 4
	O4
	
	

	RH3
	Ignition Coil Driver 3
	O3
	
	

	RA4
	Ethernet Rx -
	
	
	

	RB4
	Ethernet Rx +
	
	
	

	RC4
	Ethernet Tx -
	
	
	

	RD4
	Ethernet Tx +
	
	
	

	RE4
	Differential Input -
	A1
	
	Connect to Sensor Ground 2.5V ± 2.5V

	RF4
	Differential Input +
	A1
	
	Valve Lift Pressure Switch

Processed Knock A0

Knock_Mode b0=1

	RG4
	Secondary 12V Supply
	A13
	
	

	RH4
	Power Return
	
	
	


48 way connector
	EM80 Pin
	Function
	Test Point
	Pull Up / Down
	Comments / Notes

	LA1
	PWM 3
	O10 P3
	
	

	LB1
	PWM 4
	O11 P4
	
	

	LC1
	Fuel Injector Driver 1
	O31
	
	

	LD1
	Fuel Injector Driver 2
	O30
	
	

	LE1
	Fuel Injector Driver 3
	O29
	
	

	LF1
	Fuel Injector Driver 4
	O28
	
	

	LG1
	Fuel Injector Driver 5
	O27
	
	

	LH1
	Fuel Injector Driver 6
	O26
	
	

	LJ1
	Fuel Injector Driver 7
	O25
	
	

	LK1
	Fuel Injector Driver 8
	O24
	
	

	LL1
	Main 12V Supply
	A14
	
	

	LM1
	Power Return
	
	
	

	
	
	
	
	

	EM80 Pin
	Function
	Test Point
	Pull Up / Down
	Comments / Notes

	LA2
	5V Sensor Supply 2
	5V A25
	PTE.6 
	

	LB2
	Timing Input 12
	T12 A20
	Fixed 4K7 
	Fuel Pressure 

	LC2
	Timing Input 11
	T11 A23
	Fixed 4K7
	Gear Box Temperature

	LD2
	Timing Input 10
	T10 
	Fixed 4K7
	Road Speed

	LE2
	Timing Input 9
	T9
	Fixed 4K7
	Beacon - Possible GPS RX

	LF2
	Timing Ground
	GROUND
	
	

	LG2
	Wideband Lambda 1
	
	Yellow
	LSU4.9

	LH2
	Wideband Lambda 2
	A21
	Red
	

	LJ2
	Wideband Lambda 3
	
	Black
	

	LK2
	Wideband Lambda 4
	
	Violet
	A22 = Ri

	LL2
	Ignition Coil Driver 2a
	O2 PTA.4 Ign2
	MUX22  cyl2
	Logic Level 5V mod for Iss ‘B’

	LM2
	Ignition Coil Driver 2b
	O2 PTA.5 Ign4
	MUX21  cyl3
	Logic Level 5V mod for Iss ‘B’

	LA3
	Sensor Ground
	GROUND
	
	

	LB3
	Air Inlet Temp Input
	A8
	Fixed 4K7
	

	LC3
	Pedal Input 1
	T7 A7
	47K
	

	LD3
	Pedal Input 2
	A6
	47K
	

	LE3
	Timing Input 1
	T1 A28
	Optional 1K pull-up  to 4V3, With permanent 10K to ground


	crank

	LF3
	Timing Input 2
	T2 A30
	
	Rh cam sync

	LG3
	Timing Input 3
	T3 A29
	
	Lh cam sync

	LH3
	Timing Input 4
	T4 A31
	
	Oil Temperature

	LJ3
	5V Sensor Supply 1
	5V 
	PTE.3
	No A17

	LK3
	LS Lambda Heater
	O32  PTA.0
	White (Gray 12V)
	

	LL3
	Bridge Drive B -
	O9 P2
	A16 current
	Lift Valve BRIDGE B SIMPLE = On

	LM3
	Ignition Coil Driver 1a
	O1 PTA.6  Ign3
	MUX12 cyl4
	Logic Level 5V mod for Iss ‘B’

	LA4
	PWM 7
	O14 P7
	
	

	LB4
	PWM 8
	O15 P8
	
	

	LC4
	PWM 15
	O22 P15
	PTF.6
	Possible not coded Telemetry Out

	LD4
	PWM 16
	O23 P16
	PTF.7
	

	LE4
	PWM 14
	O21 P14
	PTF.5
	

	LF4
	PWM 13
	O20 P13
	PTF.4
	

	LG4
	PWM 12
	O19 P12
	PTF.3
	

	LH4
	PWM 11
	O18 P11
	PTF.2
	

	LJ4
	PWM 10
	O17 P10
	PTF.1
	Up Valve

	LK4
	PWM 9 
	O16 P9
	PTF.0
	Down Valve

	LL4
	Bridge Drive B +
	O8 P1
	A16 current
	

	LM4
	Ignition Coil Driver 1b
	O1 PTA.7 Ign1
	MUX11 cyl1
	Logic Level 5V mod for Iss ‘B’

	-
	Internal Baro Sensor
	
	
	

	
	ECU Temperature
	
	
	


INITIAL PC and SOFTWARE SETUP

We usually suggest that you take a calibration that is close to the configuration of the vehicle that you wish to map. We have a substantial library of calibrations, many of which are available from the download section of our website. If the requirements are a little bit more exotic, then contact GEMS Technical Support (again found in the Support section of our website) and we will endeavour to provide you with the information that you need.

Once you have your calibration opened in our calibration software GWv4, there are a few essentials that need to be carried out. These will be beneficial in the long term and provide a basis for all mapping.
GWv4 calibration software 
It is a total re-work of the company’s old software GEMSCOM and GWv3 however it is surprisingly easy for customers who are used to GWv3 to adapt to this latest software. 

It is the new interface and advanced visual representations that are intended to make the calibrating experience easier, quicker and more precise. 

There is a user manual for GWv4 that is available to download but users of GWv3 will have no problem understanding the principals behind its operation. Like its predecessors the GEMS Software must be installed on to the PC hard disk before it can be used. 

The GWv4 software can be downloaded from WWW.GEMS.CO.UK or is available on CD however you will always require a dongle to be present in order to connect to an ECU. A dongle is usually a small USB device which will need to be purchased from GEMS and unlocks the fully working version of the GWv4 software. 

GEMS developers are continually updating and improving the software. Newer versions may be downloaded from the web site at no charge. To install the software after downloading from the web double click on the Setup file and follow the instructions.
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Once installed, connect the ECU to the PC with the Ethernet cable and under the ECU tab, select the Connection port and baud rate that you require. There is a comprehensive explanation in the GWv4 manual as well as some trouble shooting, should you need it. Tech Support is only an email away should you require further assistance, available from the Support section of our website. Once the connection process has finished, the screen templates last used with this ECU are loaded and parameters, options, tables and maps can be viewed on-line.
INITIAL ECU SETUP
The ECU uses the sensors to determine the correct fuelling, ignition timing, and boost pressure. It then controls the injectors, ignition amplifiers, wastegate actuator valve, water spray, and cooling fans. It also interfaces with the monitoring system, currently GWv4, to allow the user to monitor and control the engine management operation.

The control functions are set by various user programmable lookup maps, tables and options, with the aid of a PC running the GEMS supplied user interface, currently GWv4.

Note. For safety, the RFI filter grounds are passed through the case to the chassis. The plastic case has poor screening characteristic and the use of resistive plugs is necessary.
Notation
All ECU variables or parameters are displayed in Italics, for example, Pedal raw. All programmable options are in bold Italics and maps are display in parenthesised bold Italics, for example, [Accel Amount].
Security
Current versions of embedded software are only available with user security using dongled GWv4 and *.Gin installations. Check http://www.gems.co.uk for latest versions. 

Pedal/Active throttle overview
Pedal position is measured using a single or a pair of potentiometers mounted on the accelerator pedal and throttle assembly. This input is used for starting, acceleration and deceleration fuel and control of the ALS system. There are two user programmable options that scale the accelerator pedal position sensor. These are Pedal Error min and Pedal Error max. These must be set to ensure correct operation of the throttle parameters. Pedal Error min must be set to the value of Pedal raw at “closed throttle” while Pedal Error max set to the value of Pedal raw at “full throttle”. This should only should this be adjusted if parameter Error Pedal switches ‘ON’, as the unit to unit variation is very small and base calibrations have sufficient tolerance for most instances. Dependent upon the version being used, option Act Throttle 1 may need to be set to ‘ON’ for th pedal parameter to become active.. 

Act Throttle position is measured using a pair potentiometers mounted on the drive-by-wire throttle in the active (drive-by-wire) throttle assembly. This input is also used for starting, acceleration and deceleration fuel and control of the ALS system. There are two user programmable options that scale the throttle position sensor. These are Act Throttle min and Act Throttle max. These must be set to ensure correct operation of the throttle parameters. Act Throttle min must be set to the raw throttle value Act T raw at closed throttle and Act Throttle max set to the value of Act T raw at full throttle. This requires moving throttle plate by hand with the Act T Rly pin output disabled. This should only should this be adjusted if parameter Error Act Throttle switches ‘ON’, as the unit to unit variation is very small and base calibrations have sufficient tolerance for most instances. 

Since both Pedal and Active Throttle have duplicated sensors, these must first be configured, with their active inversion, and ‘added together’ options:

Pedal1, Pedal2, Act T1 and Act T2 active
set to ‘On’ unless a failed sensor.
Pedal1, Pedal2, Act T1 and Act T2 invert
as appropriate for more ‘open’ 









value of ‘raw’ parameter.
Pedal1 + Pedal2, Act T1 + Act T2

if ‘On’, then both used for best resolution.
Sensor tests. 
The’ parameters’ window shows all of the sensor inputs as well as ECU outputs. Check that all of the sensor values are showing sensible numbers before and after starting the engine. 

If your sensors are not showing sensible values it is most likely you will need to set your calibration table or option for that sensor. This is a table or range that tells the ECU what value should be displayed for the sensor raw value being received by the ECU. For example a coolant temperature sensor may send a raw value of 48 to the ECU. The ECU will look at where this value is on the coolant sensor calibration table [Coolant Temp Sensor] and see that this translates to a value of 63 degrees centigrade. Likewise, options Pedal Error min and Pedal Error max will show the range for the throttle position. 

These look up tables are available from your sensor manufacturers. All the sensor calibration tables are within the list of Tables and options within the calibration. The tables are named in relation to the sensor function, for example the coolant sensor calibration table will be called [Coolant Temp Sensor].

Air temperature is measured using a sensor mounted in the intake after the air filter (AIT temp), or in the inlet plenum at boost pressure after the turbo (Plenum Temp). The sensor is a negative coefficient thermistor in an automotive compatible package. Ideally this should be the temperature where the Boost or MAP sensor is fitted, since it is used for fuel correction. The other air temperatures plenum and AIT are also sensed to measure the performance of the intercooler shown in Plenum excess or Plenum - AIT.

Coolant temperature (Coolant) is measured using a sensor mounted in the water jacket of the engine.

A manifold absolute pressure sensor fitted to the inlet plenum (MAP raw) may also be used as the primary load sensor. Note the sensor is sampled typically 32 times per engine revolution, these results are shown in RMAPTB00 to RMAPTB31.

Airflow is measured using the standard hot wire mass airflow meter sensor that is housed in the air filter box and connected to the inlet of the compressor housing. This is usually the system’s major parameter for monitoring load. However for competition the MAP or boost sensor is often has a better response.

A mass airflow sensor (MAF raw) fitted to the inlet between the air filter and throttle may also be used as the primary load sensor, and linearised with MAF Sensor table. 

A knock microphone is used to detect Knock and other noise. This may be used to add additional fuel and retard the spark to quench knocking (Knock1-4 Raw). The Knock sensor may be monitored for active knock control. Although it is often best to disable this feature while running on a gravel road surface. 
The exhaust gas oxygen (Lambda raw) sensor can also be monitored as a mapping aid and may be used as a weak mixture alarm. Note to aid testing, a wideband Lambda sensor may be connected directly to the ECU using normally unused pins.

The exhaust gas temperature (EGT temp) may also be monitored as a tuning aid. The conversion of the EGT raw value may be user specified using the [EGT Sensor] table.

Engine speed (Engine speed) and timing are measured using a sensor pointing at timing marks on the flywheel in the Timing unit. Additionally, all of the cam positions are measured relative to the crank. All of the timing sensors should be mounted on the engine in their standard positions. As some engines also use logic level sensors and others use variable reluctance types, there are sensitivity switch options, with the names T1-T4 Low Sense above. Any intrinsic timing drift can be compensated using option Pickup comp. 

A number derived from internal Wheel Teeth times, is captured to produce Rev Time. This is reciprocated and multiplied by Speed Mul to give Engine Speed. Before the internal teeth can be correctly identified, a number given by Start Actual Teeth of real crank teeth times is captured and shifted with Start Actual Teeth <2, to give Rev Time until T1 Count exceeds Start Crank Teeth.
Trigger Wheel 
If installing a trigger wheel of missing tooth type, 

i. Accurately mark TDC. 

ii. Turn the engine to approximately 90° BTDC. 

iii. Mount your crank position sensor (CPS) anywhere around the perimeter of the timing wheel pointing towards the centre of the wheel with a sensor to wheel gap of approximately 0.5mm. 

iv. Mount the trigger wheel with the missing tooth pointing at the sensor. 

If machining a trigger pattern into the front pulley then it is usually easiest to machine all of the teeth in, mount the front pulley, and then remove the tooth pointing at the sensor at 90° BTDC.
Injector scaling 
The amount of fuel injected each cycle is dependent on the time the injector is open. This time period, or pulse width (Fuel pulse), is calculated by the ECU using factors for volumetric efficiency, air temperature, airflow, warm-up enrichment, injector flow rate and battery voltage. 

Volumetric efficiency is determined by the engine load and engine speed using a three-dimensional lookup table. This 3D table is a simple grid with Engine Load along one axis and Engine speed along the other.  If Fuel Map Pedal is set ‘ON’ and MAP is set ‘OFF’, the [Fuel] maps use a Pedal% rather than Engine Load. Note these are the same physical memory space accessed with Pedal rather than Engine load (Boost). 

The internal Engine Load range is from 0 to 100%. By clicking “Configure | Units/Scaling” on tool bar in the GWv4 user interface, various units for Load and other display options can be specified. Fine adjustment via the user scalars Load Scalar and Load Offset can be achieved for the desired range. The load axis has 17 sites. Engine Load may be derived from Pedal, Air flow or MAP (Map as load). The exact value for any load is adjustable either by editing [Load] table or editing the map or table axis. The engine speed axis has 21-24 sites (version dependent). These may be adjusted using a [Speed] table or Engine Speed axis with 1 RPM resolution. 

At each intersection of an engine speed site and load site there is a grid value. This holds the current injection duration in milliseconds with 2microsecond resolution. 

Ignition timing 
Using a similar Grid/Map structure to the Fuelling map, the internal Engine Load range is from 0 to 100%. By clicking “Configure | Units/Scaling” on tool bar in the GWv4 user interface, various units for Load and other display options can be specified. Fine adjustment via the user scalars Load Scalar and Load Offset can be achieved for the desired range. The load axis has 17 sites. Engine Load may be derived from Pedal, Air flow or MAP (Map as load). The exact value for any load is adjustable either by editing [Load] table or editing the map or table axis. The engine speed axis has 21-24 sites (version dependent). These may be adjusted using a [Speed] table or Engine Speed axis with 1 RPM resolution. 
The ECU recognises the engine position by a missing / extra tooth on a pattern of evenly spaced teeth or by a pattern of cam teeth. Different manufacturers have this reference in a different place on the trigger wheel so the ECU needs to have adjustment for this. The numbers are known for most manufacturers and will be set in the start-up map but if they are unknown or if you are using a GEMS external 36-1 wheel, you will need to find this value yourself. To find this value you will need a strobe light and an accurate TDC mark on the engine.

The process will be:-

i. Press the start button 

ii. Attempt to start the engine. The ignition timing may be wrong by a large amount so it may not start. If the engine will not start you will need to alter the option Spark Sync until it does. As this value is specified in an internally calculated figure (usually 12 internal teeth) a change of 1 in Spark Sync will adjust the timing by 30° 

iii. Once started, hold the engine at 2000-3000 rpm, somewhere out of the idle condition to where the ignition timing is stable. 

iv. Check the engine speed shown on the strobe light. Some timing/strobe lights will see the 
wasted spark on DIS systems and so will show double engine speed so doubling the ignition timing. If this is the case, halve all ignition timing figures shown on the strobe. 

v. Check the ignition timing with a strobe light and compare this number to the number in the parameter Spark Total. 

vi. If the strobe light shows an ignition timing value lower than the ECU then decrease the value of option Spark Sync. If the strobe light shows a number higher than the ECU then increase the value of option Spark Sync. Remember, the timing alignment is measured in internal units and as a change of 1 is a change of typically 30 crank degrees, changes to Spark Sync should be very small. 

vii. The value for Spark Total on the PC will not change, but the timing mark on the engine will move, so each adjustment will require that the strobe light be reset.

viii. Repeat these changes until the strobe light timing figure agrees with the timing figure shown by parameter Spark Total.  
