Copilot for Power FC

User’s Guide

Updated September 8, 2007 for Program Version 2.0.8
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I. Introduction

Copilot for Power FC (“Copilot”) is a PC program to be used with an Apexi Power FC (PFC), which is a standalone Engine Control Unit (ECU) that can be used in place of the stock ECU in many Japanese cars.  It interfaces with the Power FC through a box (“Datalogit”) available from FC-Datalogit, which provides protocol conversion between Power FC and PC and has four to eight 8-bit analog inputs.  Datalogit ships with a program called FC-Edit.  Copilot duplicates almost all of the functionality of FC-Edit and expands upon what can be done with the Datalogit box, with or without other optional interfaces. 

There is a free “Lite” Version of Copilot and a Full Version, the latter being a commercial product.  The Full Version has advanced capabilities, such as Online Auto Tuning; gear-specific ignition maps, more editing, conversion, I/O and display capabilities; and a Street Dynamometer.  A Lite Version was developed and download my many people all over the world for about two years until development stopped at Version 2.0.6.  It can still be downloaded from http://www.mr-s.org/copilot but there will be no further updates (bug fixes, enhancements) or software support for any features which work differently than they do in the Full Version.  Instead, all effort will be put into improvements to the Full Version to better serve customers.

Besides a Power FC and Datalogit, you will need a laptop, tablet PC, or car PC in the car while using the program in Online Mode (Online Mode means that it can be connected to the Power FC).  To observe Air/Fuel Ratios (AFRs) or to use the Auto Tune Fuel Injection feature, you will need a wideband O2 sensor.  Any wideband O2 sensor will work, but the LC-1 from Innovate Motorsports works best.  Offline Mode, which can be just looking at data, editing, replay, or analysis, can be done on an ordinary PC with no special hardware or software other than Copilot.  

For information technical support and suggestions for improvements please visit www.spyderchat.com and look for the Copilot Download topic in the Performance Modifications forum.  Licensed users may also send email to kevinbeane@comcast.net.

WARNING:

As it states in the startup dialog, the driver should not operate or become distracted by Copilot.  The program should only be operated by the passenger (“copilot”, if you will) while the car is in motion.  You might think that it is OK for the driver to operate the program while the car is parked, but local or state law may even forbid the driver from being able to see the display.  I am not a legal expert, so I cannot give any guidance on this matter, but out of concern for the driver’s and passenger’s safety and compliance with whatever laws are in effect in the user’s state or country, the program is designed to run unattended while connected to the Power FC after you have set it up to your liking.  Once it has been installed, licensed, and set up initially, you need only click OK and it will connect and start logging data automatically.  Use at your own risk. 

II. Installation and Licensing

Warranty Statement – Read before Installing
This software is sold “as is” with all faults, without warranty, not even the implied warranty of fitness for a particular purpose.  I have gone to great lengths to make the program as safe as possible and have used it and previous versions in my own car for over two years, but it is possible that using this program with the Datalogit interface and Power FC may cause engine damage and even injury/death. For example, the Datalogit interface is known to be unreliable and the Power FC is legal for Off Road Use Only in the United States.  It is reasonable to assume that this program, like most software, may contain faults/defects/bugs.  Use at your own risk.  I am not responsible for anything that may happen as a result of using this program.  If you do not agree to take on all risks, do not use install, purchase, or use the program.

Installation

Copilot for Power FC was developed in Visual Basic 6 under Windows XP and you should be able to install and run it under Windows NT, 2000, or XP.  It will not run properly on earlier versions such as Windows 98.  Windows Vista has not been tested to my knowledge.

You can install over previous versions of Copilot.  All the settings from previous versions, which were saved in the Registry, will be unaffected.  Certain files are installed which you may have changed if you used a previous version.  These are: 

*default_*map.pfc, which are the maps which can be displayed on the Fuel tab under the “Other” option.  They serve no other purpose, but you may have decided to save a Base Map you created as 1ZZ-FE_default_base.pfc, for example.

GaugeTemperatureF240.bmp – the background bitmap for the temperature gauge.

GaugeVoltage240.bmp – the background bitmap for the Battery Volts gauge.

TargetAFR.taf – a default Target AFR map stored in the ManualEdit folder.

DegKnock.tgk – a default Target Degrees from Knock map, also installed in the ManualEdit folder.

You may need to have Administrator privileges to install because some components may require this.  The Visual Basic Package and Deployment Wizard was used to create the installation package, so it is very much a standard installation of a VB6 program.  Just run the setup program and choose a location. 

When you run the program for the first time, it will check which version of Windows you have to ensure it is not Windows 95, 98, or SE.  Graphics will not appear correctly in these versions.  

Licensing
At startup the program will look at the hardware it is running on so it can generate a unique Product ID.  For example, it determines the MAC addresses of up to two network adapters.  It does not use the network in any way, not at this time or any other time it is running.  It is in your best interest for it to be able to detect the MAC address(es), so if you are using a laptop which allows turning off or unplugging a network device, you should turn it on for licensing purposes.  If something else changes in your computer, for example replacing the C:\ drive, and it still sees the same MAC address or addresses it did when you licensed the software, there will not be a problem.  The hardware information it obtains is encrypted into a Product ID and a matching Key is generated.   The program will prompt you to do this, but the information is repeated here:

1. Select the Product ID text, right-click, and Copy.

2. Open a text editor and paste the Product ID into a document and save it.

3. Whenever you are ready to purchase Copilot, send PayPal to kevinbeane@comcast.net in the amount of $40 (USD).  The Subject of the Message to Recipient should be “Copilot License”.  Paste the Product ID in the Message box.

4. A separate license is needed for each computer you use Copilot on, but one additional license can be purchased for $30.

You will receive an email with your license Key.  Start Copilot with the same hardware configuration (network adapters plugged in/turned on) and verify that your Product ID is the same as it was before.  Copy the license Key from the email into the Key text box, then click the Verify button.  You should see a message at the top of the window and the OK button will be enabled.  
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At this point, you copy of Copilot for Power FC will be unlocked and from this point on, it will not prompt you for a Key unless you substantially change your computer hardware.  It will not care if the network adapter is turned off or a new one is installed unless there are so many other differences in the hardware that it is reasonable to assume that it is a completely different computer that is not licensed.  The intention is merely to ascertain if it is the same computer, not for anyone to get information about your computer. 

Thank you for purchasing Copilot for Power FC.

III. Capabilities

· Data logging

Copilot logs data to a human-readable text file in Comma Separated Value (CSV) format, which means that logs can be opened by Excel (select Files of type: Text Files (*.prn; *.txt; *.csv) in the Excel Open dialog box or double-click the .csv file) for charting/graphing.  The format differs from that used by FC-Edit for the following reasons:

1. Copilot logs may contain additional data that does not apply to FC-Edit, for example sensor switches, digital inputs, analog inputs converted for use with virtual gauges, accelerometer data, and GPS data.

2. Copilot is currently unable to monitor and log all the data that FC-Edit does, some of which may not even be useful.  Most data is logged, however.

3. A different approach was taken to the issue of sample times.  Whereas FC-Edit saves a line of text containing the elapsed time in seconds and all information it can log, Copilot is designed to allow any subset of the parameters to be logged very shortly after obtaining the sample(s).  Missing parameters are indicated by two or more commas in a row or early termination of the longest possible string (missing commas and data towards the end). This format also supports adding more parameters to be logged if and when additional sensors such as another accelerometer or more Power FC data are added.  This will maintain backward compatibility with the user’s old Copilot data logs.  I did have to change the log format slightly in version 2.0.8, but users will be able to convert their old logs (see Appendix A).

The following parameters are (or can be) logged with the current version:


Power FC data (or derived from Power FC data) and standard sensor data
· Elapsed Time (time since the log was started in milliseconds (mS))

· Map Indices (the row and column in effect, which are determined by load, RPM, and Map Reference settings)

· RPM

· Speed (always logged in MPH, converted to km/h for display if Metric units is selected, accurate to 1 km/h… and it may be possible to have higher accuracy in the future through a software upgrade)

· Water Temperature (temps are always logged in degrees Fahrenheit (deg F) and converted to degrees Celsius (deg C) but are displayed in either or, in most places, both units)

· Air Temperature (same comment on units as above)

· Airflow (Volts)

· Injector Duty (percent or maximum possible)

· Injector Pulse Width (mS)

· Ignition Timing (deg)

· Knock

· Throttle Position (percent of maximum VTA Volts)

· Gear (0 if unknown, clutch pressed, or shifting; a number in the range 1-6 indicating what gear the program thinks is selected)

· Number of analog wideband O2 samples (the ones read from Datalogit or the optional Phidgets 8/8/8 Interface Kit (IFKit))

· Analog AFR (read from Datalogit or IFKit)

· Number of digital wideband O2 samples (the ones read from an optional Innovate Motorsports LC-1 digital serial interface)

· Digital AFR (from LC-1)

· Throttle Position Sensor input to the Power FC (VTA Volts)

· Load (also known as PIM)

· O2 Sensor 1 (narrowband O2 sensor input, Volts)

· OS Sensor 2 (as above)

· Battery Volts 

· Dwell (deg)

· Horsepower (calculated)

· Torque (calculated)

· Boost (an optional boost sensor is needed for this to be nonzero)

· Oil Pressure (an optional oil temperature sender is needed for this to be nonzero)

· Acceleration/deceleration (calculated from Power FC speeds and elapsed time)

· Sensor Switches (what is displayed on the Sensor Switches window and on the FC Commander Sensors page, which are switch and relay indications for things like VVTL-i Solenoid, Air Conditioner, O2 Sensor Heater, Fan, Check Engine Light, etc.) 

· Lateral acceleration in G (optional hardware: Phidgets dual axis accelerometer ($63.75)).  The current version of Copilot supports just one accelerometer and one axis is used for less-than-perfect mounting and roll compensation (meaning that your mounting can be imperfect… there is a Calibrate button).  If Copilot detects the presence of a Phidgets accelerometer, it will log the data and allow you to open the G Force floating window.  Support for a second accelerometer may be added in the future.

http://www.trossenrobotics.com/store/p/3231-PhidgetSensor-Accelerometer.aspx
· Additional Analog and Digital Inputs (optional hardware: Phidgets 8/8/8 Interface Kit).  Currently just the Digital Inputs can be logged and the Analog Inputs are intended to be used to connect other sensors such as Boost and Oil Temperature.

http://www.trossenrobotics.com/store/p/5341-InterfaceKit-8-8-8.aspx
· Oil Temperature (optional hardware: oil temperature sensor).  I use this one ($58).

http://www.race-technology.com/oil_temperature_2_64.html
Note: Microsoft Excel, when used in some countries, expects spaces instead of commas for delimiters between fields.  This may prevent CSV files produced by Copilot from being processed correctly by Excel in those countries, unless the user converts commas to spaces.  This presents another problem, however.  Since real numbers are used in logs for some values, when Copilot is run on a computer in some countries, the real number text format may contain commas in place of decimal points.  The only current solution to this problem is to set your Regional Settings to US English via the Control Panel.   Refer to Known Bugs in the Limitations section.

Normal data (from the Power FC) in the log can be easily identified by the length of the line.  The log contains a header with labels for each column and things will line up nicely if you open the log in Excel.

An “Accelerometer” line in the log, indicated by an “A” after the elapsed time, looks like this (the elapsed time and comma after it are not shown):

A,-0.0512

Negative indicates a left turn and positive indicates a right turn.

A “Sensor Switch” line in the log, indicated by the “S” after the elapsed time, looks like this (all on one line, though, and the elapsed time and comma after it are not shown):

S,IGN=1,STR=0,OSW=0,PWS=0,A/C=0,ELD=0,PRE=0,RL=0,WRN=0,MRL=0,FPC=0,VSV=0,ACR=0,RPG=0,O2H=0,FAN=0

Sensor Switch data, as mentioned above, comes from the Power FC.  It will be slightly different for 1ZZ-FE and 2ZZ-GE engines.

A “Digital Input” line, indicated by “I” after the elapsed time, looks like this:

I,0,1,1,0,0,0,1,0

Where each of 8 switches are shown as a 0 (switch open) or 1 (switch closed)

A “GPS” line, indicated by a “G” after the elapsed time, looks like this:

G,108486.,-293746,0,0,25,1,144540

Where the fields are Latitude in arc-seconds, Longitude in arc-seconds, Heading in degrees, Speed in MPH, Altitude in feet above Mean Sea Level, Fix Quality, and UTC (Coordinated Universal Time, also known as Zulu time)

Latitude and Longitude will be logged as zeroes if you elect to keep your location private (use the GPS Settings window to do that).  Heading (which True Heading, not Magnetic Heading) may be zero or the last good value if the fix quality is insufficient for heading to be estimated.  Heading is not all that accurate with most GPS antennas, but it can be useful.

· Editing and/or display of the following data:

Power FC data

· Platform and Version – display only

· Base Map (current, new, and default – only the new base map may be edited)

· Injector Correction (“Inj”) Map (current, new, and default – only the new map may be edited)

· Ignition (“Ign”) Map.  For 2ZZ-GE there is just one; for 1ZZ-FE there are two (Leading and Trailing).  (current and new – only the new map may be edited)

· VVT-i Map (current and new – only the new map may be edited)

· Rev Limit and Idle Settings

· Function Select Booleans (examples: Boost control kit, Injector Duty and Airflow warning, Knock warning, O2 feedback control, Idle ignition control)

· O2 Feedback Setting (usually 1.047)

· Map Reference, including rescaling of all maps

· Airflow, including graphical display and editing of curves

· All Fuel Injection Factors/Settings

· Injector Sizing and Lag Settings

· All Ignition Factors/Settings

· Protection and Tuner String

· Anything that can be logged -- display only

Other map type data (not stored in the PFC, but displayed as 20 by 20 cells because data relates to RPM and Load at the time samples were acquired)

· Target Air/Fuel Ratio (AFR) map

· Target Degrees from Knock map 

· Actual (logged) AFR map (min, max, average, number of samples)

If it is the Full Version, logged AFR can be displayed two different ways:

· Uncompensated (just averaged per cell and “lightly processed”) AFR

· Compensated AFR (takes Fuel Injection Factors/Settings into account)

Also, if it is the Full Version, data (min, max, average, even the comparison to Target AFR) can be displayed as a detailed (9X resolution) map or as the normal 20 by 20 map.

· Actual (logged) Knock map (min, max, average, # samples can be viewed)


If it is the Full Version, knock will be displayed two different ways:

· What the program considers to be “true knock”

· What the program considers to be “false knock”

· Filtered Correction Factors (min, max, and average, #).  “Filtered” means that only the data which passes all Auto Tuning Required Conditions checks (if they are enabled) is displayed.  Note that this, like other maps, is recreated when processing a log offline (Replay Mode or Offline Auto Tune Mode) using the Auto Tuning Required Conditions in effect at that later time, so it is possible to display just the data which passes all the checks when working in Online Mode and display a different subset (including all) data later on, or the reverse!  If you are working in Online Mode and do not have Auto Tuning Fuel Injection enabled, it really does not matter what you have selected for Auto Tuning Required Conditions, as it only affects what is displayed at that time.  All the data is still logged and can be filtered later when in Offline Auto Tune Mode.  If you don’t understand this yet, not to worry.  It will be explained in more detail elsewhere in this document. 

· Filtered Uncompensated AFR (AFR samples which have not been adjusted in an attempt to compensate for Correction Factors in effect at the time, but have been “massaged” a little… more about this later).  This can only be displayed as a detailed map, but the Logged AFR map will contain the results of analysis and conversion to a 20 by 20 map if the “Use Uncomp AFR to build Logged AFR” box is checked.

· Filtered Compensated AFR (AFR samples which have been adjusted in an attempt to compensate for Correction Factors in effect at the time).  This can only be displayed as a detailed map, but the Logged AFR map will contain the results of analysis and conversion to a 20 by 20 map if the “Use Uncomp AFR to build Logged AFR” box is not checked.

· Filtered Injector mS (min, max, and average)

· Filtered Injector Duty Percent (min, max, and average, #)

· Filtered Airflow Percent (min, max, and average, #)

· Minimum Base Map

· Maximum Base Map

· Base from Formula Map (a base map that is defined by a formula and tweaked using sliders)

· Horsepower (may be displayed for any gear or range of gears)

· Torque (may be displayed for any gear or range of gears)

Display and comparison options, with copy and paste allowed between maps whenever this makes sense:

· New Base map vs Current Base map

· New Inj map vs Current Inj map

· Logged AFR (Compensated or Uncompensated in the Full Version, just Uncompensated in the Lite Version) map vs Target AFR map

· New Base map * New Inj map

· Current Base map * Current Inj map

· Default Base map * Default Inj map

· New Base map vs Default Base map

· Current Base map vs Default Base map

· Default Base map

· Default Inj map

· Default AFR map (just a different way of viewing the Default Inj map… Default Base map is supposedly set up to give 14.7 AFR everywhere on a stock engine and Default Inj map commands the AFRs.  AFRs on a completely stock engine should be close… before any Correction Factors go into effect)

· Current Ign map vs New Ign map (Leading and/or Trailing)

· Current VVT-i map vs New VVT-i map

· Offline Auto Tuning to match Target AFRs:  Analysis of current base map, actual AFRs and other logged parameters, desired (“Target”) AFRs, and calculation of changes to the Base Map using user-defined settings.  Settings include:

· Number of samples required in each cell for it to be considered

· What percentage of calculated minus current base map value is to be used in determining new base map value (used to control how quickly AFR approaches target AFR)

· How far from target AFR is “close enough”

· Whether or not to change cells outside of the defined (minimum and maximum) range for that cell when Auto Tuning.

· “Auto Tuning Required Conditions”: mostly minimum and maximum values for different parameters that must be met before an AFR sample is to be considered:

· Min and Max Water Temp

· Min and Max Air Temp

· Min and Max Airflow (percent of max possible)

· Min and Max Injector Duty (percent)

· Min and Max Injector Pulse Width Percentage of Base Map Value (very useful… prevents very lean AFRs sampled during deceleration from being considered)

· Min and Max Thottle Position (percent of max possible)

· Min and Max Throttle Accel (percent per second) 

· Holdoff (minimum time in a cell before an AFR sample is considered)

· Min and Max Gear

· Correction Factor Window size (how much of a total Fuel Correction Factor is acceptable for each sample)  

· Offline Auto Tuning Ignition Timing 

· Per-cell timing advance until a user-defined (per cell) knock level is reached or exceeded.  What this happens, the timing will be retarded by what is in the Deg from Knock map and not advanced again until you enable it.  It will be retarded further if knock is observed; it just won’t be advanced.

· Per-cell timing retard when a user-defined (per cell) knock level is reached or exceeded

· Please note that due to known Datalogit hardware/firmware issues and other possible problems (such as laptop problems), online auto tuning is not 100% safe.  This is one reason why the program will only retard timing while working Online.  The other reason is that auto tuning of fuel injection can occur at the same time and, since one affects the other, the safest thing to do is only allow the program to retard timing.

· Online (connected to Power FC) Auto Tuning

· This works in essentially the same was as Offline Auto Tuning of the base map, the only differences being (1) when auto tuning ignition, the timing will not be advanced and (2) after a sufficient number of cells (the number is a user input) with average AFR far enough away from the Target AFR map (this number is also a user input) are placed in the Logged AFR map, auto tuning analysis is done and the new base map is automatically written to the PFC.  Target AFR will be converged upon very quickly using this method.  When doing the same thing Offline, there is no writing to the Power FC and data comes from one or more logs instead of directly from the Power FC.

· See warning above about Online Auto Tuning.

· Launch control

· Automatic timing from any speed to any other speed.

· Charting of the following parameters versus time:

· Speed

· RPM

· RPM/Speed (useful for determining what gear is/was selected)

· TPS (throttle) %

· Airflow %

· Intake Air Temperature

· AFR

· Horsepower

· Torque

· Injector Duty Percent

· Knock

· Power FC data is read back after being written and the checksum is verified.  The program also checks for Acknowledge (ACK) or Negative Acknowledge (NAK) or timeout after write commands.

· Current and New Power FC maps (Base, Inj, Ign, VVT-i) are kept separate and can be loaded and saved separately.  They can be compared with differences displayed as difference (subtracting current from new) or percent change.  You can therefore temporarily rename your “New” files (e.g., NewBaseMap.pfc), copy someone else’s map into the folder you are working in with the appropriate “New” name, run Copilot, and compare them.  You can do copies such as copying NewBaseMap.pfc to BaseMap.pfc or the reverse when working offline.  Note that copying BaseMap.pfc to NewBaseMap.pfc will mean that the extra information at the end of the NewBaseMap.pfc file will not be there.  See next bullet.

· Extra information is kept at the end of “New” files.  This includes, for each cell, flags that indicate whether or not the cell is:

· Protected 

· Analyzed

· Adjusting (for ignition maps)

· Done Adjusting (for ignition maps)

· Filled

· Smoothed

· Minimum Limited (for base map)

· Maximum Limited (for base map)

Notes relating to flags: When doing Auto Tuning in multiple phases, you will use the File  New Auto Tune Folder function, which will copy all the maps in the current Auto Tune folder into the new one, so the extra information will be preserved.  This way, you will always have a running account of which cells were analyzed etc.  New analysis results, new cells that it has enough data for, will have their “Analyzed” flag set.  When looking at a New map, you can choose to display all cells or just the cells that fall into the same category.  You can clear certain flags individually or all flags using the Cells menu.

· Like data is stored in separate files.  As mentioned above, maps are saved in separate files.  Other data is, too.  The list of files containing Power FC data is as follows.  An explanation is given where appropriate.

· BaseMap.pfc

· NewBaseMap.pfc

· MinBaseMap.pfc

· MaxBaseMap.pfc

· InjMap.pfc

· NewInjMap.pfc

· IgnMap.pfc

· NewIgnMap.pfc

· IglMap.pfc (contains “Leading” Ignition Map, for 1ZZ-FE only)

· NewIglMap.pfc (1ZZ-FE only)

· VVTMap.pfc

· NewVVTMap.pfc

· MapRef.pfc (Map Reference)

· NewMapRef.pfc

· RevIdle_1ZZ-FE.pfc or RevIdle_2ZZ-GE.pfc

· Airflow.pfc (all Airflow curves, which curve is selected, and MAF scaling values)

· FuelInjFactors.pfc (contains all Fuel Injection Factors/Settings)

· InjectorSize.pfc (contains just the Injector Size and Lag Settings)

· IgnitionFactors.pfc (contains all Ignition Timing Factors/Settings)

· FunctionSelect_1ZZ-FE.pfc or FunctionSelect_2ZZ-GE.pfc (contains Function Select, O2 Feedback Setting, and for 2ZZ-GE only: Knock Warning Threshold and CEL flash rate)

· Protect.pfc (contains both Protection data and Tuner String)

Non-Power FC data is stored in the following files:

· TargetAFR.taf (Target AFR Map, data is relative to 14.7 AFR)

· DegKnock.tgk (Degrees from Knock map)

· Settings.dat (user settings such as Auto Tuning Required Conditions which are kept in a file so this file can be emailed to someone else and they can replay data the same way you would see it).  Note: The current version has some settings which are not saved in Settings.dat (only in the Registry), but should be in Settings.dat.  This will be corrected in a later version.

· Cells may be copied and pasted.  Any rectangular area can be selected and all cells set to the same value or changed by the same value, with per-cell limit and “protection” checks.  You can copy one cell into any number of destination cells, any number of complete columns into any number of complete destination columns, any number of complete rows into any number of destination rows, or any rectangular area into the same shape area in the destination.  You can paste Inj map cells into the Target AFR map and vice-versa with a translation taking place.

· Ability to protect individual cells in new maps, with protection indicated by a different color text.  The color depends on which map it is, as different maps have different color-coding schemes.  When a cell is protected, this means that the program will not write to it, be that a paste, edit, fill, or analyze operaton..  The cell will still be written to the Power FC when you do a write.   The thing to do when starting out is to make sure the new map is unprotected, copy the current map to it, then protect cells you do not want to be changed, for example the first row or two, which are mostly for starting and idling.

· All cells are color-coded.  For example, AFR data is color-coded in the same way as the AFR gauge, with numbers near stoichiometric being yellowish, lean numbers being towards red, and rich numbers being towards green.  The color is continuously variable, but there are “steps” at plus and minus 2 from stoichiometric.   Other color coding schemes are linear and either vary from red to green, red to cyan, or cyan to red.  Color coding can be disabled or enabled via Settings ( Display Cell Colors.

· Cell border color varies to indicate something of importance:

· In the Injector correction map, cells with a magenta border are for closed loop (Inj value less than O2 feedback setting).

· In the Base Map, a cell which the auto tuning function would have changed if not for the minimum base value for that cell is shown with a green border.

· In the Base Map, a cell which the auto tuning function would have changed if not for the maximum base value for that cell is shown with a red border.

· Display of cell borders can be disabled or enabled via Settings ( Display Cell Borders.

· Automatic loading of “Default” maps into program memory from files at startup for comparison and copy purposes.  Any Base and Inj maps can be copied to these files so you may quickly compare to, say, previous versions of these maps.

· Programmable Limit Check Alerts -- visual and/or audible warning of unusual conditions (high or low temperatures, maxxed injectors, high knock, etc.).

· GPS data display,  logging, and replay (requires GPS receiver)

· Latitude and Longitude (logging of position can be disabled for privacy)

· Heading

· Speed

· Altitude

· Time (UTC) 

· Fix quality and Number of Satellites

· Support for Innovate Motorsports LC-1 Lambda Cable:

· Digital data acquisition using the LC-1 serial cable, providing status and preprocessed (smoothed/averaged) AFRs

· Automatic setting of analog input conversion constants to match LC-1 analog out factory settings

· Ability to log both digital and analog AFRs and decide later which of them to display and analyze

· Display of Lambda and current multiplier programmed into the LC-1

· Calibration

· Display of LC-1 status:

· Normal

· Extremely Lean (displays %O2 instead of Lambda)

· Warming Up

· Heater Calibrating

· Free Air Calibrating

· REQUIRES CALIBRATION

· ERROR CODE (with #)

· Export to Google Earth

1. The Full Version is required for this feature to work.

2. Also required is a GPS antenna connected to a virtual or actual COM port and outputting NMEA standard GPS sentences.

3. The currently open Data Log (either in Online Mode, while creating the Data Log, or in Replay Mode, while reading and processing it) is converted to a .kml file which can be opened with Google Earth.  After it is created, you can either double-click the .kml file (it is saved in your Datalogs folder) and Google Earth will open it or start Google Earth and open the file.

4. The .kml file will describe a “pushpin” on a map of the Earth for each unique GPS point (points very close together in space and time are ignored).

5. Each “pushpin” can be clicked and when clicked, an Information Balloon will appear listing a wealth of information, such as position, heading, speed, RPM, gear, Horsepower, lateral accel (requires an accelerometer), and so on.

6. If you upload the .kml file to a web site or email it to someone (recommend converting to a kmz file, which is a zipped kml file), they will be able to view this information.  It has applications for business or pleasure trips, road racing, and autocross.

· Export to Excel

· The Full Version is required for this feature to work.
· Most of the Power FC data can be exported to Microsoft Excel workbook containing multiple worksheets.  This includes the Base, Injection, Ignition, and VVT-i maps, Map Reference, and Airflow.  Additional (probably all) Power FC data will be exported in a future version of Copilot.    You must have Microsoft Excel on your computer for this to work and some versions of Excel may not work. (Excel file compatibility is not my forte; I got it to work on my two computers with very different versions but am aware of the fact that Excel compatibility is an issue for many developers.)  A separate application (installed with Copilot) does the conversion under the direction of Copilot.  This program may not run at all or perform correctly, depending upon the specifics of your computer and Excel software.  It can be run by you (interactively), but there is no documentation of how to use it.
· Some of the Power FC maps may be exported to individual Excel worksheet files.  This does not require Microsoft Excel on your computer to work, as it creates the files within Copilot in the proper format.
· Export to CSV file

· Unlike the Export to Excel feature, this also works in the Lite Version.

· Currently just some of the Power FC maps can be exported to CSV format files and there are not plans to expand upon this, since the Export to Excel feature is superior.

· Different Ignition Maps per Gear

· In the Full Version it is possible for Copilot to load a different ignition map for each gear.  This is not as good as having a hardware gadget that does it, of course, since a laptop is required to be present in the car and there would be less of a delay with dedicated hardware.  If there is just a unique map for first gear, the program will load the map for first gear or all other gears when it thinks a gear change from or to first gear is occurring, so the map will most likely be done loading while the clutch is pressed.  If there is a unique map for a gear or gears other than first, it will have to load the appropriate map after a particular gear is engaged.  This whole thing is not foolproof, though, since the determination of gear is imperfect and there can be communications glitches.  This feature was added for someone with a very powerful 1ZZ-FE turbo who wanted to have an ignition map with very retarded timing just for first gear to reduce the power going to the wheels.

· If you wish to use this feature, simply modify the New Ign map (and for 1ZZ-FE, also the New Igl map), save it, rename the file NewIgnMap.pfc to IgnMap1.pfc (that is a one, not an L, for first gear after “Map”) and rename NewIglMap.pfc to IglMap1.pfc if your platform is 1ZZ-FE, put the Ign map back the way it was, then save it again (or just exit the program, which automatically saves all the maps).

· When this feature is enabled, auto tuning is disabled.

· The per-gear map or maps are in memory and not displayed in Copilot.  What gets loaded into the Power FC when it is NOT first gear (say there is only a unique map for first gear) is what is in the New Ignition Map.  This is loaded into Copilot from NewIgnMap.pfc when the program starts.

· Copilot does not write an ignition map to the Power FC when it starts or before shutting down.  Whatever ignition map was last loaded using the map per gear logic will remain loaded after Copilot exits.  So if you drive without Copilot running, it may still have, for example, a unique map for first gear (e.g., with very retarded timing) loaded.   If there is just a unique map for first gear, it will probably be loaded after shifting into first or even coming to a stop without engaging first gear.  The thing to do, unless you will always be using Copilot in the car, is to write the New Ign map before turning the car off.

· Before using this feature, make sure Copilot has learned your car’s gear ratios (see the Monitor tab).  

· Virtual Instruments:

1. Tachometer with:

· 11,000 RPM display range

· Display of currently programmed rev limit to max display range in red

· Display of currently programmed lift on RPM to rev limit range in green (when water temperature allows lift) – only if your Power FC is the 2ZZ-GE model

· Digital as well as analog (needle) display of RPM

· Display of the following parameters as numbers and bar graphs:

· Knock

· Injector Duty %

· Airflow %

· Air Temp (selectable units)

2. Speedometer with:

· 150 MPH range (approx. 242 km/h -- selectable units)

· Digital as well as analog (needle) display of speed with accuracy to 1 km/h

· Display of Throttle Position (% of max) as a number and bar graph

2. Air/Fuel Ratio (AFR) gauge with:

· Digital AFR readout (range can exceed 7.35 to 22.39 when LC-1 input is selected), color-coded based on AFR (as are all AFR displays)

· Moving “illuminated” segment, like the LEDs on some AFR gauges, color-coded

4. Combination Water/Oil Temperature gauge (a digital readout for each) with appropriate units

5. Accelerometer (floating window) with:

· Roll compensation

· Calibrate button (compensates for mounting angle, altitude, and sensor)

· Peak hold (click peak number to reset)

· Digital and bar graph display of lateral G

6. Gauges for Water Temperature, Oil Temperature, Battery Voltage, and Boost with realistic appearance and appropriate units.  Different gauge faces may be defined by the user, as the background bitmap is loaded at run time.  Note: If the Metric Units setting is chosen on the Settings menu, a different gauge face should be used for temperature gauges, but there are none provided with the program.  If it does not find a bitmap with the expected name, it will use the default one, which is not appropriate.

7. Gear Indicator.  The program keeps track of frequently occurring ratios of RPM to speed and determines which ratios correspond to each of up to 6 gears.  The current gear number is displayed and can be used as an Auto Tuning Required Condition to do per-gear tuning.  Horsepower and Torque can also be view for any one gear or range of gears.
IV. Limitations

· Copilot currently supports just the 1ZZ-FE and 2ZZ-GE engines and there are no plans to support others.

· It reads and writes a subset of all the data that it possibly could using Datalogit.  In general, if there is not a need for Copilot to access the data, it won’t.  In the future, after more analysis, coding and testing is done, it may access more data.

· Known Bugs:

1. Sometimes the Datalogit stops responding to data logging commands.  Data logging commands are read commands, which are sent periodically to read data that is used to update dynamic displays and is saved in a Copilot Data Log.  Sometimes the program is able to detect this and recover by one of several possible responses and sometimes it is unable to detect this and/or recover the ability to communicate on its own.   The easiest way to tell if Copilot is communicating with the PFC is to observe the read and write status “lights” at the very bottom right corner of the Copilot window.  If the lights go out and remain out, click the Restart Comm button.  See the WARNING in the Introduction.  This problem only happens once in a while.  I have had no communications dropouts for hours at a time.  It remains a frustrating problem and limits what can be done safely while running in Online Mode (although other problems with hardware or software can cause serious problems even if this problem was fixed and for this reason, a Power FC gadget similar to Datalogit is being developed).

2. Sometimes the Datalogit sends invalid data.  Copilot attempts to determine when this happened and discards invalid data.  The “sanity checks” on data received are not foolproof.  The Datalogit errors (unresponsive or sending bad data) are believed to be due to design deficiencies in the Datalogit hardware and firmware.

3. Limited “international awareness”.  There are differences in real number formats between some countries and other international formatting issues may (probably will) cause problems.   Users in those countries may have to wait for a later version of the software unless they can work around it by changing their operating system settings to be like the United States.

V. Getting Started

Connecting to the Power FC

Whenever you start the program, either in the car or not, either physically connected to the Power FC via Datalogit or not, you will be given a choice as to how the program is to be used (modes, if you will).   Select Auto Tune or Manual Edit.  This will determine a number of things: which functions can be performed, which buttons and menu items will appear, and what folder is used for files (maps and data logs).   Check or uncheck the Work Offline box.  If you check Work Offline, you will not be able to connect to the Power FC, even if it is physically connected, but you will be able to use the auto tuning analysis function if Auto Tune is selected.  If you check the Replay box this will automatically check Work Offline and you cannot change it.  You cannot replay until you have logged data or have someone else’s logged data and other files.  But let us assume that you are starting from scratch and have to create your own files.

Before working offline for the first time, you should work online so Copilot can read all the maps and other data.  It tries to read maps from somewhere (files and/or Power FC) every time it starts, regardless of mode.  It first tries to read the some of the files in the folder you are in.  Under certain conditions (nor during Replay) it will copy the current map files to the new maps files.  This will happen if a new map file is not found or contains invalid data.  As soon as Copilot connects to the Power FC, it will read all the data and update the current maps and other data (in memory and also saved in files).  What happens during initialization will be described in more detail in the next section.  Before it can connect, the following conditions must exist.  This is the same as for FC-Edit, by the way.


Datalogit connected to Power FC and PC/laptop/tablet


Comm Port defined

Ignition On (car need not be started)

If you have not already specified the Comm port on the computer you are using (it is saved in the registry, so you have to do this for each machine you use), select Comm  Settings, Select the Comm Port, the click Apply, Save As Default, and OK.  Do not change anything else on the Comm Settings window.  In case you do and need to recover, the following settings have been used successfully:


Baud Rate: 57600


Data Bits: 8


Parity: N/A


Stop Bits: 1


Flow Control: none (RTS/CTS (hardware) flow control does not appear to have any effect)


DTR Enable: checked


RTS Enable: checked

Next, select Comm  Connect.   It should connect and you will see the status lights at the bottom right corner of the main window light while data is being read.  If you get a Connect Error message box, click OK, then try a different Comm Port.  Try running FC-Edit and seeing what Comm Port it uses.

Before going much further, there is a scrolling window that can be useful for verifying events and checking for error conditions.  Select View  Message Log to bring up the window.  Use the Log menu to Clear, Save, or Print the log. Error messages, for example failure to connect and communications timeouts, are displayed in bright red.  Warning messages are displayed in dark red.  If you save the log, it will be saved as a rich text file with colors preserved).  All error messages contain “Error” and all warning messages contain “Warning” to make searching for them easier.

When working online and connected, reading all the relevant data from the PFC occurs automatically right after connecting, but you can also click the Read buttons at the bottom of three tabs that display maps.  There are two Read buttons on the Fuel Inj / AFR tab, one for the Base map and one for the Inj map.  There are Read and Write buttons on other windows which display editable PFC data.  If the Read buttons are not enabled, it is either because there is no connection or the program is not in the “Ready” state (see status bar at bottom of main window).  Note: You are prevented from writing maps and most of the other PFC data while data acquisition is taking place.  This restriction may be lifted in the future.  Data acquisition starts when you click Start Acquisition or have enabled Auto Start Acquisition After Connect on the Setup tab.  It is a good idea to check that box after setting up the Comm Port successfully.  Please note that using a different USB cable or plugging it into a different USB port on your computer or hub may require that you change the Comm Port assignment.  Assuming you have the program connected, and all PFC data have been read, it is a good idea to go to the Setup tab and make sure the Auto Start Acquisition After Connect box is checked.

Initialization

The initialization process varies depending upon what was selected for Work Offline, Replay, and Mode at startup.  This section describes all of them.  First I must explain the whole approach of “Current” and “New” maps for some of the data and not using this approach, but instead having a single data structure that can be edited, for other data.   Copilot does auto tuning calculations based on:

· What is currently loaded in the Power FC for such things as the Base Fuel Map, Inj Correction Map, and Ignition Map, and various Power FC settings

· Data acquired from the Power FC and sensors, for example injector pulse width, knock, AFR

· Your parameters defined on such places as the Setup tab

The results of auto tuning calculations are stored in maps and other data structures residing in memory, some of which are the same format as the Base Fuel Map and Ignition Map(s).  The idea is to allow you to compare them (see what is different), save them to files and look at them later, protect areas of the maps from being changed, copy the Current maps over them (undoing changes before they are written), edit cells, and so on.  For the Base, Injector Correction (“Inj”), Ignition, and VVT-i maps (and also for the Map Reference table because calculations can be done with it, too), current and new data is kept separate, both in the internal data structures and in files.  

Other Power FC data, such as airflow, fuel injection settings, and so on are stored in data structures which can be directly edited and then written to the Power FC.  When you edit the data, the program will treat the modified data as if it has already been written to the Power FC, which is something to keep in mind.  An example of where this might cause undesired results is changing the Injector Sizing settings while Auto Tuning Fuel Injection Online because the injector size is a factor which affects the relationship between injector pulse width and the Base Map injector milliseconds value, which in turn affects how much the auto tuning algorithm thinks the Base Map should be changed.  Another example (and there are only a few) is O2 Feedback Enable, which will prevent auto tuning from taking place when it is enabled.  You can undo the edits by clicking the appropriate Read button, but in general, you will want to click Stop Acquisition and the appropriate Write button after editing while working Online. 

1. Get settings from the Registry and Settings file (Settings.dat).  This includes most of the things which you have previously set up (or default values).  A few things, such as whether or not Online Auto Tuning is enabled, are not saved and must therefore be enabled each time you run the program.

2. In Auto Tune Mode, the Power FC data files are read from the current Auto Tune Folder.  Specify which folder this is using File ( New Auto Tune Folder.  This folder will be used to save all the Power FC and other files.  In Manual Edit mode, data files are read from the ManualEdit folder.  In both cases, when in working Online, it does not read the files containing data which it should read from the Power FC, but does read them when working Offline because that is the only data source.  If a “New” file is not found (or contains invalid data) and a “Current” file was read, the “New” data will be copied to the “Current” data and saved in a “New” file.  If any ignition maps for specific gears are found while working Online, they are loaded into memory (but cannot be displayed).

3. The program determines what sensors are connected and what ports and settings were assigned last.  Most sensors can also be plugged in after the program starts.

4. Attempts to connect to the Power FC if automatic connection is desired and working Online.

5. Sets up the Power FC communication so that all data will be read if working Online.

6. If working Online and the Power FC connects, read commands are sent and a fairly long time (a few seconds) is spent just reading the data and initializing further based upon what was read.  All data is verified whenever it is read and this will determine whether or not some functions can be performed, such as Auto Tuning, saving to a file, writing to the Power FC, and so on.  Data is also verified when reading from files (e.g., “Current” maps are read when working Offline) and some functions are likewise not permitted if there is missing or invalid data.

7. The first thing read from the Power FC is the Platform (which engine it is, 1ZZ-FE or 2ZZ-GE).  Some data applies only to one of the platforms or is in a different format.  If you have used the program previously with a different platform or your have just started using it and the platform is not the default (default is 1ZZ-FE and your engine is 2ZZ-GE), you should use the Settings menu to set the platform, then choose File ( Exit or File ( Quit without Saving, then restart the program.  You will have to do this on each computer you run Copilot on, whether you are running it in Offline mode or Online mode.

Event-Driven Processing

A high level description of Copilot works after it initializes should help you understand how, when, and why you can do certain things with it.  Everything in the program happens in response to an event.  An event can be data received from a sensor, a user input, a “paint” event (which means that something like a gauge or chart has to be redrawn), or a large number of other events.  Receiving data from the Power FC happens quite often when Data Acquisition is enabled and also occurs when a map or other data is read.  As Power FC data is received, it is queued until a complete message is received, then the complete message is validated and acted upon.  Depending upon what the data is, there can be a lot of processing, but after a relatively short time, the program will go back to sleep.

One of the more significant events is a periodic timer which wakes the sleeping Copilot process as often as 66 times per second.  (This happens in Replay mode, as well.  In Replay mode, data is read from a log as if it came from the Power FC and with very few exceptions, processing in Replay mode is the same as it is when working Online with Data Acquisition enabled.)  The following is a list of some of the things done in the periodic timer event handler.  It should be obvious which are only done when working Online and which are done only when working Offline (or Offline and Replay mode).

· Check for and handle Power FC communications drop-outs (Datalogit problem) and changes in status, such as initialization and re-initialization.

· When working Online, update the appearance of the Start/Stop Acquisition button, depending upon the communication status.

· If there is new data to be charted, update the chart

· If sufficient time has elapsed since the last message was received from the Power FC (see the I/O Settings form, “Min. Monitor Cmd Delay”):

Check for a write request, which is a request by another part of the program to write something like a map to the Power FC.  (A request is queued for writing when a Write button is clicked or the program decides that data should be written (e.g., when Online Auto Tuning or “bump editing”)).  Service the highest priority write request, writing the data also setting a flag indicating that the same kind of should be read in a subsequent timer event data (e.g., after writing the New Base Map, the Base Map will be read and this will update the Current Base Map display).  For some data, the program will hold off any further reading or writing until an acknowledge message is received from the Power FC (indicating that it got the data and it passed its own internal message tests).

If there is nothing waiting to be written, check for anything waiting to be read and service at most one of these read requests (e.g., send a Read Command).  The processing of data received from the Power FC takes place in a different event and can be very involved, depending upon the type of data received and various other settings and conditions.  Read requests include Data Acquisition reads which occur one after another in sequential timer events while no other read requests are queued.  Data Acquisition reads include the Advanced Data (things like injector pulse width, RPM, load, speed, …), Datalogit Analog Inputs (which may not be read, depending upon how I/O Settings are configured), and Sensor Data (which will not be read unless you want it to be… refer to the Sensor Switches window).

· If there is new data to be displayed and it is time to update these displays, update all the displays and controls having to do with Advanced Data (e.g., speedometer, gauges, and so on).  The rate at which these displays are updated is controlled by Settings ( Update Rate (Fastest, Fast, Medium, or Slow).  Selecting a slower update rate means that other processing can complete sooner, for example the rate at which Advanced Data and other Power FC data is received and logged.

· Twice per second, set the read and write Power FC “Lights” at the bottom right corner of the main window on or off, depending upon whether or not input and output occurred within this time.

· When working Offline and a data log is opened and being processed, one or more records may be read from the log and processed.  If working Offline in Auto Tune mode (not Replay), the entire data log is read without pausing and then displays are updated.  The program will then be ready to do the analysis.  If working Offline with Replay, the number of records read will depend upon the elapsed time in the records and the Replay Speed (1/8X, 1/4X, 1/2X, normal, 2X, … 32X).  Note that it may not be possible to replay at the selected Replay Speed, depending upon the rate at which data was logged, what displays have to be updated (for example, some tabs take longer than others), and how fast your computer is.

· Once every few seconds, all of the Power FC maps and some of the other data are validated.  This includes saving data to files in some cases.  For example, before a (current) Base Map is read from the Power FC, a flag will be set indicating that the data is invalid.  This is done at the beginning of the program and also when the user (or program) queues write and read requests.  (A read request is always queued after a write request.)    If all of the Current Base Map data in memory is subsequently found to be valid, the “invalid flag” will be cleared and data will be saved to the appropriate file.  By this means, validation is sure to happen regardless of when the data is received and the data file (e.g., BaseMap.pfc) will be kept up to date.  It is time-consuming to check all the data, so it is only done once every few seconds.  The only disadvantage is that the Read and Write buttons (see next bullet) are a little slow to become enabled again after writing.

· Once every few seconds, update the enabled status of all the Read and Write buttons, depending upon data validity, communication status, and other factors which determine whether or not it is OK to read and/or write the particular type of data.

Rather than describing all the other events, suffice to say that most of the processing has to do with data received from the Power FC in the Comm Event Handler and functions called from it to handle all the different messages.  The message having the most significant processing is Advanced Data.  Pretty much the same thing is done when an Advanced Data record is read from the log while replaying or auto tuning while working Offline, but there are some differences which will be described.

· Advanced Data is validated.  (Examples: RPM is over 1000 greater than the rev limit, battery volts is less than 6 or greater than 20, etc).  Sometimes the Datalogit sends garbled information.  It is rare, but acting upon it would be erroneous.  If it fails validation, it will not be used and an alert beginning with “Unreasonable data” will appear in the Message Log.

· Data is converted from Power FC data type/format/units to Copilot data type/format/units.

· The RPM and Load will be examined in relation to the Map Reference (if valid Map Reference data has been read) to determine where the rest of the data (e.g., injector pulse width) lies within the maps.  This information will be used to display a blue rectangle on the maps and in doing various calculations later on in the processing of Advanced Data.

· Calculations are done using RPM, speed, elapsed time, and some other variables.  Some calculations are not done while replaying because the data comes from the log or there is no point in doing it because Power FC data cannot be changed while replaying.  These calculations include:

· Determination or what, if any, gear is being used  (the clutch pedal may be pressed, the clutch may be slipping at the beginning or end of a shift or when launching, it may not have sufficient data yet to determine what the gear ratios are)

· Determining whether or not to load a unique ignition map for a gear and queuing a write request when appropriate

· Updating the gear indicator (a number displayed in two places)

· Launch control (lowering the rev limit temporarily and restoring it)

· Updating data for the “From” and “To” speed display… used to measure things like 0-60 times and breaking.

· Calculating horsepower and torque

· Calculating/updating the short-, medium-, and long-term fuel usage which is displayed as colored bars at the top of the Dashboard tab.

· Checking for conditions which indicate a Street Dynamometer Run is being done.  These are:

· Being in the same gear

· The gear is within the range specified by the drop-down list which is visible when either Horsepower or Torque is selected for “Other” on the Fuel tab.

· The throttle position is greater than or equal to “Min Throttle Percent for HP and Torque "maps" and Dyno” setting on the HP/Torque and Dyno Settings window.

· The RPM is with the Min starting RPM and Max ending RPM specified on the same window.

· Elapsed time for these conditions is at least 2 seconds

· When data for a Street Dynamometer Run is obtained:

· If not Replaying and you have checked the box which enables automatic saving, it will be saved to a file with related data so it can be opened later (in Replay or not).

· If you have checked the box which causes the Dynamometer window to pop up whenever a new Street Dynamometer Run occurs (working Online or Replaying), the window will pop up (if not already displayed).

· Limit Checks are performed (see Settings ( Limit Check Alerts) and parameters out of the limits you have defined are acted upon.

· More extensive calculations are performed and some displays are updated:

· Elasped time display is updated when working Online

· The sample weighting is determined based on where it is the maps (RPM, Load, Map Reference)

· Auto Tuning Required Conditions are checked, whether or not the box labeled “Ignore AFR when the above conditons are not met (recommend this be checked for Auto Tuning!)” is checked.  Even if that box is not checked, the little “lights” on the Setup tab will be updated to show what the current conditions are.

· Advanced Data is logged
VI. Graphical User Interface Tour

To be specified

VII. Auto Tuning

To be specified

VIII. The Future

This section is dedicated to outlining future plans for Copilot.  These planned improvements may or may not be implemented. Much depends upon available time to spend on the project.  Besides correcting bugs and improving this manual, plans include (in no particular order):

1. Visually mapping the car’s course, lap timing, and G circle displays.

2. Improved performance analysis and tuning utilizing dynamometer files to find the settings which produce the most power/torque.

3. More control over Replay, for example allowing going to a specific point in time, replaying in reverse.

4. Synchronization of replayed instruments and other data with audio and/or video.

Appendix A – Converting Old Data Logs

The Data Log format was changed in Version 2.0.8.  To convert old Data Logs, open then in Excel and make the following changes:

1. Delete the column labeled Inj+-.  Everything to the right moves left one column.

2. If desired, rename the PIM column to Load.  It does not matter if you do this or not.

3. Delete the column labeled BstPSI.  Everything to the right moves left one column.

4. Delete the columns labeled Unk0, Unk2, EstMS.  Note: BatV is to be kept.  Very old logs may not have some of these columns.

Verify column names are:

ElpMs,MapN,MapP,RPM,MPH,WtrTF,OilTF,AirTF,AirFV,Inj%,InjMS,IgnT,Knck,TPS,Gear,#aAFR,aAFR,#dAFR,dAFR,VTAV,Load,O2S1,O2S2,BatV,Dwell

Note: Version 2.0.8 logs will also contain columns labeled HP,Torque,Boost,OilP,AccelG.  If an old log is loaded which does not have these, the data for these variables will replay as zeroes, but the log should work fine.  OilP is reserved for future use as Oil Pressure, which the current software does not process or display.

Save the file.

