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I. INTRODUCTION 

A. Product Overview 

IntelliGen is a Starter/Generator controller with power distribution and battery charging designed by 
Power4Flight specifically for use in small engine aerospace applications. See the IntelliGen datasheet for 
detailed specifications and electrical and mechanical ICDs. 

 
Figure 1 Conceptual diagram for IntelliGen. 
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II. PC SOFTWARE 

All the software, firmware, documentation, and the standard ŘŜǾŜƭƻǇŜǊΩǎ kit (SDK) are contained within the 
IntelliGen Display. This software is available as a windows installer or a macOS app bundle. 

 
Figure 2 IntelliGen User Interface 

The IntelliGen display is a development tool used to configure IntelliGen, test generators, and develop 
software that interfaces with IntelliGen. It is freely available from Power4Flight. 

A. Installation 

The software requires: 

¶ A personal computer with Windows 7 (or later) 
-or- macOS 10.10.5 (or later)1. 

¶ A USB or RS-232 port. 

The Windows installer is conventional, with 
ƻǇǘƛƻƴǎ ǘƻ ǇƭŀŎŜ ǎƘƻǊǘŎǳǘǎ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ŘŜǎƪǘƻǇ 
and start menu. It will also install an un-installer to 
remove the software. On macOS the software is 
uninstalled by deleting the app bundle. 

 
Figure 3: IntelliGen software installation on Windows 10. 

The software (ŀƭƭ ƻǇŜǊŀǘƛƴƎ ǎȅǎǘŜƳǎύ ǿƛƭƭ ǎǘƻǊŜ Řŀǘŀ ƛƴ ǘƘŜ ǳǎŜǊΩǎ ŘƛǊŜŎǘƻǊȅΥ άϤκtƻǿŜǊпCƭƛƎƘǘκIntelliGen 
5ƛǎǇƭŀȅέΦ ¢ƘŜ ǳƴƛƴǎǘŀƭƭŜǊ ǿƛƭƭ not remove this directory, but it can be deleted by the user if desired. 

 

1 This manual uses screenshots from the software running on Windows 10. Your version may look different. 
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B. Versions 

IntelliGen software uses a three-part versioning scheme; for example, 1.0.185 is major version 1, minor 
version 0, and build number 185. Changes to the major version number are very rare and indicate large 
system wide architectural changes to IntelliGen. Forwards or backwards compatibility between major 
versions is not guaranteed. The minor version will change anytime IntelliGen receives a new feature. Minor 
version changes typically maintain compatibility so that upgrading (and in most cases downgrading) the 
minor version will not invalidate the configuration. 

The build number will change anytime new software is released. When a bug fix is released the build number 
will change but the major and minor version will not. The build number does not reset to zero when the 
minor or major numbers are changed. Release notes are available in section XX of this manual, or from the 
software (section V.F). 
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III. PROJECTS 

¢ƘŜ ŘƛǎǇƭŀȅ ǎƻŦǘǿŀǊŜ ǊŜŎƻǊŘǎ Řŀǘŀ ƛƴ άtǊƻƧŜŎǘǎέΦ ! ǇǊƻƧŜŎǘ ƛǎ Ƨǳǎǘ ŀ ŘƛǊŜŎǘƻǊȅΣ ǿƘƛŎƘ ƛǎ ǘȅǇƛŎŀƭƭȅ ǎǘƻǊŜŘ ƛƴ ǘƘŜ 
ǳǎŜǊΩǎ ŘƛǊŜŎǘƻǊȅΥ άϤκtƻǿŜǊпCƭƛƎƘǘκLƴǘŜƭƭƛDŜƴ 5ƛǎǇƭŀȅκtǊƻƧŜŎǘǎκtǊƻƧŜŎǘbŀƳŜέΦ ¢ƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ŘƛǊŜŎǘƻǊȅ ƛǎ ǘƘŜ 
name of the project. The software maintains a list of the most recent projects and automatically opens the 
most recent one when the software launches. The list of projects is specific to the computer user. 

Contained within the project directory are all the files the software will record during normal operation. This 
includes a file that remembers the layout and settings of the user interface, as well as the binary and text 
recording log files (section XIX). Projects are a convenient way to keep all your files together; especially if you 
are disciplined about creating a new project when switching hardware. 

Use the Project menu (section V.B) to create, open, copy, or rename the project. There is always an active 
ǇǊƻƧŜŎǘΦ ¢ƘŜ ŦƛǊǎǘ ǘƛƳŜ ǘƘŜ ǎƻŦǘǿŀǊŜ Ǌǳƴǎ ǘƘŜ ǇǊƻƧŜŎǘ ǿƛƭƭ ōŜ ŎŀƭƭŜŘ ά¦ƴǘƛǘƭŜŘέΦ ¸ƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ rename 
command in the Project menu to change the name of the project (which will also change the name of the 
directory and files contained there). The project name is always visible in the title bar of the software as well 
as the Project menu. 

A. Creating new projects 

When creating a new project, the user interface settings for the new project are taken from the existing 
project. In addition, any open record files are copied and reopened in the new project. 

B. Copying projects 

Often when working on complex assemblies you reach some level of maturity and want to keep a record of 
that before moving on to new changes. This is easily done using the copy feature. The copy feature will 
intelligently copy the existing project into a new project ς modifying the names of all files contained therein 
to reflect the new project name. Reverting to the older project is as simple as opening it from the recent 
project list. 
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IV. CONNECTING DISPLAY SOFTWARE TO INTELLIGEN 

IntelliGen has a UART (Serial RS-232) interface and a CAN interface which can be used to connect it to the 
display software. After connecting IntelliGen to the computer and applying power, use the Comm:ConnectΧ 
menu to bring up the connection dialog. This dialog is used to configure how the display software connects 
to IntelliGen. The current connection method is always visible in the status bar. 

 

 
Figure 4: Connection dialog, used to configure how the display software connects to IntelliGen. 

A. Connection methods 

1. Serial 

For RS-232 connection to IntelliGen you use the serial option. The RS-232 interface defaults to 57600 bits per 
second, but it can be configured for different speeds. Each time the connection dialog is displayed software 
rescans the available ports, so if you plug in a USB serial device after opening this dialog you will need to 
close and re-open it. 

Since PCs no longer have built in UARTs, serial connection to IntelliGen is typically accomplished with a USB 
to serial converter. Most converters should work out of the box if the operating system has a driver for the 
device. We typically use the CommFront USB to RS-232 converter. 

2. CAN 

For the controller area network (CAN) option you will need a PC peripheral that implements CAN. On 
windows we typically use the Systec USB-CAN module, however there is software support for other CAN 
hardware. The CAN interface runs at 1Mbit per second by default, but it can be configured for different 
speeds. In general, the CAN settings in the connection dialog should be complementary to the IntelliGen 
communications settings (see section VII.E, or the communications ICD, for more information).  

http://www.power4flight.com/
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The IntelliGen display software gets its CAN hardware support from the Qt library. On windows this has 
support for the Systec USB-CAN module, and the Peak PCAN-USB. When using the systec module on Windows 
10 you will need driver version 6.04 (or later). When using the PCAN-USB be sure to install the Basic API along 
with the driver. 

3. Network client 

The network client option allows the display software to connect to another instance of the display software 
which is relaying IntelliGen communications over the local network. To use this option, supply the IP address 
and port number of the TCP server which is acting as the data relay. 

4. Network server 

The network server option allows the display software to act as a TCP server relaying IntelliGen data. This is 
the only option which can be simultaneously selected with other communication options. When using this 
option, you must select the port number that the server will listen on for client connections. You will need to 
allow IntelliGen Display to open the port in your operating systems firewall. 

5. Simulator 

The simulator option starts a very simple engine and IntelliGen simulator. The simulator runs the same 
software as the IntelliGen hardware; and includes a (very) rudimentary starter generator + engine model. 
The simulator can be used to learn about the IntelliGen system and its software. 

B. Connection Status 

The connection status is always visible in the lower right of the application on the status bar, with a green or 
red light to indicate the connection is online or offline. A connection goes offline if no data is received from 
IntelliGen for 2 seconds. 

   
Figure 5: IntelliGen connection status, in the status bar. 

When the display software connects to IntelliGen it will request the configuration information needed to 
populate and configure the displays. 
  

http://www.power4flight.com/
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V. MENUS 

A. File menu 

 
Figure 6: File menu. 

¶ Open IntelliGen ConfigΧ asks the user to choose a file that contains 
IntelliGen configuration data, see section VII.G for more information. 
The software will send the configuration data to IntelliGen if it is online. 
Otherwise, the display will simply be populated with the data loaded 
from the file. If this option is greyed out it is because IntelliGen is online 
but locked, see section VII.A. 

¶ Save IntelliGen ConfigΧ asks the user to choose a file for saving 
IntelliGen configuration data. The user is prompted to specify which 
data should be saved to the file. This file can later be opened with the 
Open IntelliGen /ƻƴŦƛƎΧ menu option.  

¶ Compare IntelliGen /ƻƴŦƛƎΧ opens a tool for comparing IntelliGen configurations, see section VII.G.3 for 
more information. 

¶ Explore log files ǿƛƭƭ ƻǇŜƴ ǘƘŜ ǎȅǎǘŜƳΩǎ ŦƛƭŜ ŜȄǇƭƻǊŜǊ όǿƛƴŘƻǿǎ ŜȄǇƭƻǊŜǊ ƻǊ ƳŀŎh{ ŦƛƴŘŜǊύ ǘƻ ǘƘŜ ŘƛǊŜŎǘƻǊȅ 
that contains the log files. 

¶ Reset log files will cause the current log files to be closed and new files started. 

¶ hǇŜƴ ǊŜǇƭŀȅ ŦƛƭŜΧ ŀǎƪǎ ǘƘŜ ǳǎŜǊ ǘƻ ǎǳǇǇƭȅ ŀ ǊŜǇƭŀȅ ŦƛƭŜ όŜȄǘŜƴǎƛƻƴ άgenǘŜƭέύ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ŦƻǊ Řŀǘŀ ǊŜǇƭŀȅΦ 
See section XIX.B for more information. 

B. Project menu 

¶ NewΧ asks the user to choose a name and location to be used for a new 
project, see section III. 

¶ hǇŜƴΧ asks the user to choose an existing project to open. 

¶ /ƻǇȅΧ asks the user to choose a name and location to copy the current 
project to and then open it. 

¶ wŜƴŀƳŜΧ asks the user for a new name and changes the name of the current 
project. 

¶ The currently active project. Clicking on it will open ǘƘŜ ǎȅǎǘŜƳΩǎ ŦƛƭŜ ŜȄǇƭƻǊŜǊ 
(windows explorer or macOS finder) to the root directory of the project. 

¶ Remaining menu items are the most recently used projects (max of 10 items). 
Select a project from this list to open it. 

 
 Figure 7: Project menu. 
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C. Comm menu 

 
Figure 8: Comm menu. 

¶ /ƻƴƴŜŎǘΧ opens the IntelliGen connection dialog. See section IV for more 
details. 

¶ Disconnect shuts down all IntelliGen connections, including the simulator. 

¶ Send All sends all configuration data to IntelliGen. If greyed out it is because 
IntelliGen is offline or locked, see section VII.A.  

¶ Request All requests all configuration data from the IntelliGen. 

¶ Undo sends a packet to undo the previous configuration change command. If this option is greyed out it 
is because IntelliGen is locked, or no undo packets are in the undo buffer. The number in parenthesis (5 
in Figure 8) gives the number of undo commands in the buffer. 

¶ Redo sends a packet to redo the last undo operation. If this option is greyed out it is because IntelliGen 
is locked, or no redo packets are in the redo buffer. The number in parenthesis (1 in Figure 8) gives the 
number of redo commands available. 

¶ {ǘƻǊŜ {ŜǘǘƛƴƎǎΧ commands IntelliGen to store the current operating settings to non-volatile flash 
memory. This same operation can be done from the Storage configuration tab (see section VII.F.1). 

D. Windows menu 

This menu allows the user to customize the IntelliGen User Interface. Windows which are currently open 
show a check mark next to them. 

 
Figure 9: Windows menu. 

¶ Open display ƭŀȅƻǳǘΧ ŀǎƪǎ ǘƘŜ ǳǎŜǊ ǘƻ ǎǳǇǇƭȅ ŀ άΦƛƴƛέ ŦƛƭŜ ǘƘŀǘ ǎǇŜŎƛŦƛŜǎ ǘƘŜ 
layout of the windows (Section XI). 

¶ Save display ƭŀȅƻǳǘΧ asks the user to choose a file to save the current 
display layout. 

¶ Default display layout restores the windows to default layout. 

¶ Lock display layout toggles the lock feature which prevents the display 
layout and size from being changed. 

¶ Show is used to manipulate the main window. 

¶ Gauges toggles the gauges window (Section XII). 

¶ Errors toggles the errors window (Section IX). 

¶ Sticky Errors toggles the sticky errors (Section IX). 

¶ System toggles the system window (Section X). 

¶ Configuration toggles the configuration window (Section VII). 

¶ Charts controls the strip charts (section XIII). 

¶ Tools are used for analysis. 

http://www.power4flight.com/
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1. Windows Show menu 

¶ Fullscreen toggles full-screen display mode. 

¶ Maximize maximizes the main window. 

¶ Normal un-maximizes the main window. 

¶ Center centers the main window on the current monitor. 
 

Figure 10: Windows Show menu. 

2. Windows Charts menu 

 
Figure 11: Windows Charts menu. 

¶ The list of charts appears first. Each entry toggles 
the display of the chart on or off. The number and 
names of charts are configurable (Section XIII). 

¶ Add Chart creates a new chart. 

¶ wŜƳƻǾŜ /ƘŀǊǘΧ asks the user to choose a chart to 
remove. 

¶ Default Visible Charts sets any chart which is 
currently visible to its default. 

¶ tǊƛƴǘ ±ƛǎƛōƭŜ /ƘŀǊǘǎΧ invokes the print dialog to 
send all visible charts to a single page print out. 

3. Windows Tools menu 

¶ Alarms toggles the alarms window (Section XV). 

¶ Packet Log toggles the packet log window (Section XVI). 

¶ Simulator toggles the simulator window (Section XVII). 

 
Figure 12: Windows Tools menu. 

E. Toolbars menu 

¶ Enable toggles the enable toolbar (section XIV.A). 

¶ Logging toggles the logging toolbar (section XIX.A). 

¶ Augment toggles the augment command toolbar (section XIV.B). 

¶ Switched toggles the switched output command toolbar (section XIV.C). 

¶ Variables toggles the variables toolbar (section XII.D). 

¶ Alarms toggles the alarm toolbar (section XV). 

¶ Replay toggles the replay toolbar (section XIX.B). 

 
Figure 13: Toolbars. 
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F. Help menu 

 
Figure 14: About menu.  

¶ Users Guide ŎƻǇƛŜǎ ǘƘŜ ǳǎŜǊΩǎ ƎǳƛŘŜ όǘƘƛǎ ŘƻŎǳƳŜƴǘύ ǘƻ ǘƘŜ ǳǎŜǊΩǎ 
directory (~/Power4Flight/IntelliGen Display/Docs) and launches 
the system viewer to display it. 

¶ Communications Reference copies the communications ICD to the 
ǳǎŜǊΩǎ ŘƛǊŜŎǘƻǊȅ ŀƴŘ ƭŀǳƴŎƘŜǎ ǘƘŜ ǎȅǎǘŜƳ ǾƛŜǿŜǊ ǘƻ ŘƛǎǇƭŀȅ ƛǘΦ 

¶ 9ȄǇƻǊǘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ {5YΧ asks for a location to write the 
communications Standard Developers Kit. The kit is used to build 
software that interfaces with, or works with, IntelliGen. 

¶ About IntelliGen DisplayΧ shows the version of the display software, see Figure 15 below. 

¶ CƛǊƳǿŀǊŜ ¦ǇŘŀǘŜΧ invokes the window used to update the firmware on IntelliGen. See section XVIII for 
details. 

¶ 9ȄǇƻǊǘ CƛǊƳǿŀǊŜΧ asks for a location to write the firmware file that is embedded in the display software. 
This is not needed to update firmware; it is just a convenience for configuration management purposes. 

¶ Open Source Software provides details about the use of open source software. 

The version information in Figure 15 is for the 
software on the PC, not the firmware on 
IntelliGen. The software has a major and minor 
version number (1.0 in Figure 15ύΣ ŀ ά¢ŜǎǘƛƴƎέ ƻǊ 
άwŜƭŜŀǎŜέ ƛƴŘƛŎŀǘƻǊΣ ŀƴŘ ŀ ōǳƛƭŘ ƴǳƳōŜǊ ό231 in 
Figure 15). The {Ƙƻǿ wŜƭŜŀǎŜ bƻǘŜǎΧ button will 
display the software release notes in your 
browser. 

 
Figure 15: About IntelliGen Display. 

If you are connected to the internet the About window will query the Power4Flight website to determine 
what versions of software are available. 
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Figure 16: Prompt for download a new version or a bug fix update. 

If a software update is available, you will be prompted to download it. Select Do not ask again for these 
versions to suppress future prompts. 
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VI. INTELLIGEN FUNCTIONS AND OPERATION 

A. Sensors 
Table 1Υ LƴǘŜƭƭƛDŜƴΩǎ ǎŜƴǎƻǊǎΦ 

Sensor Description 

Hall U,V,W Three digital inputs used for electrical commutation and to measure motor speed. 

Phase voltages Voltage from each of the three generator phases. 

Gen temperature Temperature of the generator stator.  

Bridge voltage Rectified DC voltage of the generator. 

Bridge current DC current of the generator. Positive if the generator is supplying current (generating). 

Pwr Brd temperature Temperature of the FETs used to commutate the generator phases. 

HV temperature Temperature of the high voltage battery. 

HV voltage Voltage of the high voltage power rail. 

HV current Current of the high voltage power rail. Positive if supplying current to an external load. 

Main regulator voltage Voltage of the backup battery and or the main regulator output. 

Backup battery current Current of the backup battery. Positive if the battery is charging. 

Regulator temperature Temperature of the main regulator. 

Regulator current Current out of the main regulator, always positive. 

System current Current out of the system output, always positive.  

The current signs follow the convention that current flowing toward the generator is negative, current 
flowing away from the generator is positive. When IntelliGen is starting the engine the generator current will 
be negative, as will the backup battery or HV current (whichever is configured to supply the starting current). 

B. Outputs 
Table 2: IntelliGen's outputs and control signals. 

Output Description 

MC enable Motor controller enable, if disabled all six motor control FETs are open. 

MC PWM Duty cycle to the motor control FETs (if MC is enabled). 

MC Comm. Three digital outputs that control commutation of the FETs. Nominally the same as the hall sensor inputs 
unless electrical advance is applied. 

Main regulator 
enable 

Main regulator enable. If disabled, the backup battery supplies the load(s) connected to the regulator 
output. Normally enabled unless cranking from the backup battery. 

Main regulator 
current limit  

Main regulator current limit is a PWM control signal output by the processor to set the regulator output 
current limit from 0 to 100%. 

Main regulator 
voltage selection 

Main regulator voltage can be selected with a digital signal to either 28.5V or 25.0V. 28.5V is appropriate 
for a 8S LiFePO4 battery, 25.0V is for a 6S Li battery. 

LV Reg. A enable Low voltage regulator A enable. 

LV Reg. B enable Low voltage regulator B enable. 

Backup start 
switch 

Connects the backup battery to the DC bridge for starting. If this switch is closed the main regulator will be 
disabled and the hv power switch will be opened. 
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HV power switch Connects the high voltage battery to the DC bridge for starting, augmenting, or high voltage charging. If 
this switch is closed the backup start switch will be opened. 

I/O enable IntelliGen input enable. Ground this signal to disable the IntelliGen. 

I/O start enable IntelliGen crank input enable. Ground this signal to disable cranking. 

I/O start cmd IntelliGen crank input command. This signal must go from low to high to command start. 

Serial RS-232 Universal Asynchronous Receiver Transmitter communications.  

CAN Controller area network communications.  

C. Modes of operation 
Table 3: IntelliGen's operating modes. 

Modes 3-phase / PWM Main Regulator LV Regulators Backup start HV power 

Disabled Off / NA Selectable Selectable Open Selectable 

Not running Off / NA Selectable Selectable Open Selectable 

Passive Off / NA Selectable Selectable Open Selectable 

Beeping On / PWM control Off / Selectable Selectable Closed if main Closed if hv 

Cranking On / RPM control Off / Selectable Selectable Closed if main Closed if hv 

Generating On / Voltage or Current Selectable Selectable Open Selectable 

Augmenting On / Current control Selectable Selectable Open Closed 

1. Disabled 

If the input enable is low -or- the user enable is off, the system is in the disabled state. In this state the 
generator is disabled, the regulators can be enabled, and the high voltage power switch can be closed. Closing 
the high voltage power switch in this state is intended to provide power to IntelliGen and its regulators from 
an external source. If the high voltage power switch is open the only source of power in this state is the 
backup battery. 

The system cannot be commanded to crank the engine in this state. Exit from this state is done with external 
digital input and/or user command. All other states are only valid if the system is not disabled. 

2. Not running 

If the system is enabled, but the motor speed is zero, the system is in the Not running mode. In this state the 
generator is disabled, the regulators can be enabled, and the high voltage power switch can be closed. Closing 
the high voltage power switch in this state is intended to provide power to IntelliGen and its regulators from 
an external source. If the high voltage power switch is open the only source of power in this state is the 
backup battery. 

The only way to enter this state is to measure zero motor speed. There are two ways to exit this state: 1) 
measure motor speed greater than zero, which causes transition to Passive; 2) receive a start command, 
which causes transition to Beeping and/or Cranking. 
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Figure 17 Passive, Cranking, Generating, and Augmenting modes of IntelliGen. 

3. Passive 

This state is entered from the Not running state when the motor speed is non-zero. The configurable options 
for this state are the same as the Not running state. Although the generator is disabled the EMF of the 
spinning generator will still appear on the bridge due to the body diodes of the FETs, this is referred to as 
passive commutation. If this EMF is greater than the turn on threshold for the main regulator it can be used 
to power the regulators. This makes it possible for IntelliGen to supply limited power to downstream loads 
even if there is no backup battery or high voltage source. 

If motor speed is above a configurable threshold the system switches to the Generating state. The Passive 
state can be entered from any other state by measuring a low enough motor speed (zero motor speed results 
in Not running). 
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4. Beeping 

The Beeping state is used to prepare the engine for cranking. During this state the motor windings are 
energized to create an audible tone for warning, and then to back the engine up so that the cranking can 
begin with the engine off the compression. 

The only way to enter this state is by start command received in the Not running state.  The system will spend 
a fixed amount of time in this state and then move to the Cranking state. 

5. Cranking 

The Cranking state is used to start an engine using energy from the backup or high voltage battery. Software 
is configured to target a specific cranking speed, and the current to the motor controller is closed loop 
controlled to drive the engine to that speed, subject to a configurable current limit. 

The only way to enter this state is by first going through the beeping state. The current controller is limited 
to 1 Amp of generating current (as opposed to many Amps of motoring current). Therefore, if the engine 
begins producing torque the speed may increase beyond the desired cranking speed. If the engine torque is 
intermittent the Cranking state will continue to supply motoring current as needed to maintain the cranking 
speed. 

If the engine speed exceeds the generator on speed threshold (section VII.D) the system will switch to the 
Generating state. If the configurable crank time elapses the system will switch to Generating state if the 
speed is greater than the generator off speed; otherwise, the state changes to Passive when the crank time 
elapses. 

When cranking from the high voltage power rail it is possible to run the main regulator. When cranking from 
the backup battery the regulator is off. Cranking from the high voltage rail will disconnect the backup battery 
and vice versa. It is possible to configure the system to crank from both voltage sources, in which case 
IntelliGen will choose the source with the higher voltage. 

6. Generating 

The generating state is used to make electrical power for the system, and the main regulator is typically 
enabled. PWM to the motor is managed by IntelliGen software to control the bridge voltage, or to control 
the current in the generator and high voltage rail. 

In voltage control mode the software will run a feedback loop, reducing PWM to boost the bridge voltage. If 
the target bridge voltage is low enough (or the motor kV high enough) the PWM will reach 100% as the motor 
speed increases; at which point the bridge voltage is uncontrolled. Software can be configured for a 
maximum high voltage power voltage. If the bridge voltage violates this limit, or the PWM reaches its 
configuration high or low limit, the high voltage power switch will be opened. 

If the high voltage power switch is closed, and if the software is configured to support a high voltage battery, 
the system will run in current control mode. Current control mode runs two feedback control loops, adjusting 
the generator PWM to control the high voltage current and the generator current. The current control mode 
will enforce the generator current limit; or, if the generator has enough excess current, it will enforce a high 
voltage battery charge profile. 

Entry to the Generating state can come from the Passive or Cranking state, or from the Augmenting state. 
Exit from the Generating state comes from a valid augment command or from insufficient motor speed, 
which triggers Passive state. 
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7. Augmenting 

The augmenting state is used to add energy to a running engine from the high voltage power source. 
Augmenting works by controlling the generator PWM to target a commanded current into the motor. 
Augmenting can only be entered from the Generating state, and only upon receipt of the augment command. 
The augment command has a timeout associated with it and must be refreshed for IntelliGen to remain in 
the augmenting state. 

Transition back to the Generating state occurs through timeout of the augment command (the augment 
command can be sent with timeout of zero to force immediate transition). Augmenting can also be exited 
due to insufficient motor speed, which triggers Passive state. 

D. Main regulator current limiting 

The main regulator supplies current to the system output, the switched output, the two low voltage 
regulators, and the backup battery. The main regulator has a real time controllable output current limit, 
which varies from nearly zero to a maximum of 30 Amps2. The regulator current limit is set at or below the 
maximum value according to operational conditions. Anytime the regulator output is limited the remainder 
of the load is supported by the backup battery, causing it to discharge. When the load becomes less than the 
regulator current limit the backup battery will accept charge until its voltage again matches the regulator 
voltage. The backup battery maximum charge rate can be configured to protect the battery from charging 
too quickly. 

The ability to limit the regulator output is key to preventing IntelliGen from overloading the generator and 
potentially stopping the engine or overheating the generator. Since the limit can be adjusted in real time 
IntelliGen can be configured to draw only small amounts of generator power at low speed, and more power 
at higher speeds; using the high voltage battery or the backup battery as a reservoir of energy to keep the 
electrical system working during times that the generator cannot support the load. 

E. Current control mode and load shedding 

The regulator current limit is set based on the sum of the available generator current, and the available high 
voltage current. High voltage current is only available if the HV switch is closed, and if the system is configured 
to treat the high voltage rail as a battery. In that case IntelliGen will adjust the generator PWM to control 
current in the generator and the high voltage rail. At lower speeds the generator current may be limited, and 
the control could consume high voltage current to add to the generator output to meet the regulator loads. 

At higher speeds the reverse may happen: the generator can supply more current than the regulator needs; 
that current will flow to the high voltage battery, following a programmed charge profile. Or the system may 
end up between these two cases: some current flowing to the high voltage battery, but generator limitations 
may force this to be less than the desired charge current. 

The process that determines the current flow is a feedback control loop that determines the generator PWM. 
The error fed to the loop is determined from the high voltage current measurement and the battery charge 
profile, or from the generator current measurement and the generation current limit. The larger of the two 
errors is the input to the control law. In this way IntelliGen will follow the configured high voltage battery 
charge profile, until the generator current limit is reached. 

 

2 The maximum current limit of the regulator is configured at the factory and varies depending on the version of IntelliGen 
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F. Voltage control mode and load shedding 

If the HV switch is open, or the high voltage rail is not a battery, the current control mode cannot be used. In 
that case the regulator current limit is set according to the available generator current. The generator PWM 
is adjusted to achieve a desired bridge voltage. If the current out of the high voltage rail exceeds the 
generation limit (or the HV charge limit) the HV switch will be opened to shed the load. If that happens the 
system will wait 30 seconds before attempting to close the HV switch again. 

G. Main regulator voltage setpoint 

The main regulator can be configured to support two different voltage outputs. The voltage output is set 
according to the battery cell count and chemistry. The options are 28.5V for 8 cell lithium-iron-phosphate 
battery (3.56 V/cell); or 25.0V for a 6 cell lithium ion battery (4.17 V/cell). 

H. Thermal protection 

IntelliGen measures two internal temperatures: the temperature of the commutating FETs connected to the 
generator, and the temperature of the main regulator. These temperatures are used to impose a thermal 
derating on the generator current and regulator current respectively; ramping the allowable current down 
to prevent the IntelliGen hardware from overheating. The derating schedule is factory configurable. 

I. Regulator is battery-less 

IntelliGen can be configured to operate without a battery backing the output of the main regulator 
όάǊŜƎǳƭŀǘƻǊ ƛǎ ōŀǘǘŜǊȅ-ƭŜǎǎέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ backup battery ς not the HV battery). In this mode of operation, the 
regulator current limit is fixed at the value in the Power configuration (VII.D.6), without feedback control. 
Note that generator load shedding can still be done in this mode if the HV switch is closed on a battery. In a 
battery-less configuration that does not have an HV battery there is no way to regulate the load on the 
generator ς the user is responsible for keeping the load within the regulator, generator, and engine capacity. 
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VII. INTELLIGEN CONFIGURATION 

IntelliGen is configured in categories; each category is controlled by a packet from the communications ICD. 
The configuration window has a tab for each category; and the top of the window has controls common to 
all the configuration categories.  

A. Changing configuration data 

Each time IntelliGen boots up the configuration is locked and cannot be changed without first unlocking. This 
is a safety mechanism to prevent unintended changes. To change configuration, you first unlock the 
configuration using the Unlock button at the top of the configuration window. You do not need to unlock to 
start the engine or generate electricity. 

The Send button is used to send the configuration data of the active tab to IntelliGen. The Request button is 
used to request the configuration data of the active tab from IntelliGen. Typically, you will not use these 
buttons, as editing the data in the tab will trigger an immediate send of the data, and IntelliGen will 
immediately respond with the updated data. The Open button reads configuration data from a file, for the 
active tab, and sends it to IntelliGen. 

 
Figure 18: Global features of the configuration window, with the configuration locked. 

When sending or requesting data the buttons will turn red while waiting for IntelliGen to respond. Seeing the 
button turn red and back is confirmation that the displayed configuration data are up to date. Any time you 
send configuration data (if IntelliGen is unlocked) the data are immediately processed but will only be written 
to nonvolatile storage if the generator is not spinning, or if the system is disabled. Otherwise, you will need 
to send a store settings command when the generator stops, see section V.C for more information. 

If you send a configuration change packet to IntelliGen the display software will buffer an undo packet. The 
undo packet is the packet that returns the configuration to the state it was prior to sending the configuration 
change. You can undo a configuration change by using the keyboard shortcut ctrl-z, or by selecting the Undo 
command from the Comm menu (section V.C). If you perform an undo operation a redo packet will be 
buffered by the software. A redo is simply an undo of an undo. You can redo a change by using the keyboard 
shortcut ctrl-y, or by selecting the Redo command from the Comm menu. Undo/redo is not a feature of 
IntelliGen itself, it is entirely within the display software. Restarting the display software will clear the buffers. 
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B. Generator 

The generator configuration describes the generator hardware, including electrical constants and limits of 
operation. 

1. Windings 

¶ Voltage specifies the voltage 
constant of the generator in Volts 
per 1000 RPM. 

¶ Torque specifies the torque constant 
of the generator in Newton-meters 
per Amp of current. 

¶ Resistance specifies the winding 
ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǘƘŜ ƎŜƴŜǊŀǘƻǊ ƛƴ ҠΦ 
Winding resistance is measured 
ŀŎǊƻǎǎ ŀƴȅ ǘǿƻ ƻŦ ǘƘŜ ƎŜƴŜǊŀǘƻǊΩǎ 
leads. 

¶ Pole pairs is the number of 
permanent magnet pairs on the 
motor. This parameter is used to 
translate the angular position and 
velocity from the electrical to the 
mechanical reference frame. The 
number of pole pairs on a BLDC 
permanent magnet motor is the 
number of magnets on the rotor 
divided by two. 

 
Figure 19: Generator configuration. 

2. Generator and HV Battery Temperature Sensors 

There are two external temperature sensor inputs, one for the generator temperature and one for the HV 
battery. The configuration options are the same for each. 

¶ Sensor type specifies the temperature sensor type as one of: No Sensor, RTD Sensor, or Thermistor. If No 
Sensor is selected the other temperature settings are ignored. The display layout will change based on 
the type of sensor that is selected. 

¶ TREF is the temperature in Celsius at which the sensor will have resistance equal to ҠREF. 

¶ ҠREF is the resistance of the sensor at the TREF temperature. 

3. Conversion of Thermistor sensors 

Thermistor sensors are specified with three coefficients (A, B, C) from the Steinhart-hart model.  

TTHERMISTOR = (1 ÷ (A + B × ln(R) + C × (ln(R))3)) ς 273.15 

The Steinhart-hart (SH) model is an extension of the more common Beta model that is specified with TREF, 
ʍREF, and the shape constant Beta. If you only know the Beta constants you can enter those, and the software 
will compute the equivalent SH model coefficients. 
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Figure 20: Thermistor calculator wizard 

If you have a table of resistances versus temperature you can 
use the ²ƛȊŀǊŘΧ button to enter those values and the 
software will compute the SH model coefficients from them. 
The software will also compute the Beta model coefficients 
for clarity. 

 

¶ Beta gives the beta constant of a thermistor sensor. The formula for 
calculating Beta is given to the right. Ὑ and Ὑ  correspond to the 

resistance in Ohms at the temperatures Ὕand Ὕ in Kelvin. 
‍
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4. Conversion of RTD sensors 

RTD sensors are specified with a reference temperature (TREF); a reference resistance (ʍREF), and a 
temperature coefficient of resistance (TCR). Platinum RTDs will typically have a TREF of 0C, a ʍREF of 1000ʍ, 
and a TCR of 0.00385 ʍ/ʍ/C. The temperature is computed based on these values, and a Callendar second 
order coefficient of 1.5: 

 
Figure 21: RTD sensor constants 

a = ʍREF × (-1.5 × TCR ÷ 10000) 

b = ʍREF × (TCR + TCR × 1.5 ÷ 100) 

c = ʍREF - R 

TRTD = TREF + (-b + (b2 - 4 × a × c)0.5) ÷ (2 × a) 

5. Limits 

¶ Speed Limit is the reference used to trigger an overspeed error as well as locate the red portion of the 
speedometer in the gauges window. This value is not used in the control of the generator. 

¶ The generator Voltage Limit is the maximum effective voltage that the generator can handle. This value 
is used in the feedback control of voltage, and if the voltage of the rectifier exceeds this value, the Gen 
Volts error will be triggered. 

¶ Current Limit is the maximum continuous current the generator is allowed to consume or produce. The 
current limit affects the load shedding logic. 

¶ Peak Current specifies the ƎŜƴŜǊŀǘƻǊΩǎ temporary maximum allowable current for the time duration 
specified in the Peak Time setting. 

¶ Peak Time sets the amount of time which the system can operate at the Peak Current limit. When the 
system has operated at or above the current limit for the Peak Time the current limit will be reduced 
below the limit to protect the hardware. 

¶ Hot Temperature defines the temperature above which the continuous and peak current limits will de-
rate according to Temp Derating. 

¶ Temp Derating sets how generator current limits will reduce with temperature. The derating is given as 
a percentage change in the current limits for every degree Celsius above the Hot Temperature. 
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C. Control 

The control category defines the logic and feedback control systems used for commutation, engine starting, 
voltage, and current control. 

 
Figure 22: Control configuration. 

1. IO enables 

¶ Selecting the Ignore Enable tells IntelliGen to ignore the IO Enable input ς treating the input as always 
enabled. 

¶ Selecting the Ignore Start Enable will ignore the IO Start Enable input - leaving the system enabled for 
starting. 

¶ Selecting the Ignore Start Command will limit IntelliGen to only accept a start command from the 
communications interface. 

2. Engine Starting 

¶ The Backup Battery option will close the Backup start switch when a start command is received, using 
power from the backup battery to crank the engine. 

¶ The HV Battery option will close the High voltage rail switch when a start command is received, using 
power from the high voltage rail to crank the engine. If both HV Battery and Backup Battery are selected 
IntelliGen will use the source with the higher voltage. 

¶ Beed duty is the duty cycle to use for the 2 second warning tone before the engine cranks. If Beep duty is 
0% the warning tone will be skipped. 
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¶ Backwards duty is the duty cycle to use for the 1 second reverse operation to make sure the engine is not 
against compression prior to cranking. If Backwards duty is 0% the reverse operation will be skipped. 

¶ Cranking Speed is the target speed to crank the engine. Feedback control of the generator current is used 
to maintain the crank speed. 

¶ Cranking Time defines the duration for which a crank command is valid. The cranking state may be exited 
before this time elapses if the generator begins producing current, otherwise engine cranking will 
terminate when Cranking Time elapses. 

3. Voltage Control 

Voltage control adjusts the winding duty cycle to achieve a desired bridge voltage. Increasing the winding 
duty cycle will decrease the bridge voltage and vice versa. The error in bridge voltage is normalized according 
to the voltage limit, the generator speed, and voltage constant. 

ὠ ὠ ὠ
ὠ

ὑ ϽπȢππρϽὙὖὓ
 

¶ Forward is the percentage applied to the estimated duty cycle that depends on the generator voltage 
constant and RPM. 100% will cause the voltage control to aggressively respond to RPM changes; and 0% 
will cause the voltage controller to operate entirely using proportional and integral feedback. 

¶ Pro Gain is the feedback gain from normalized voltage error to duty cycle, in units of %/V. 

¶ Int Gain is the feedback gain from the integral of normalized voltage error to duty cycle, in %/(V-s). 

4. Current Control 

Current control adjusts the winding duty cycle to achieve a desired current. Increasing the winding duty cycle 
pushes current into the generator windings and vice versa. 

¶ Filter cutoff is the cutoff frequency of the low pass filter applied to all the current measurements. Use 
zero to disable the low pass filter. 

¶ Forward is the percentage applied to the estimated duty cycle that depends on the generator voltage 
constant, RPM, and winding resistance. 100% will cause the current control to aggressively respond to 
RPM and current command changes; and 0% will cause the current controller to operate entirely using 
proportional and integral feedback. 

¶ Pro Gain is the feedback gain from current error to duty cycle, in units of %/Amp. 

¶ Int Gain is the feedback gain from the integral of current error to duty cycle, in units of %/(Amp-s) 

¶ Advanced Control is an option that enables a dynamic estimate of generator back-emf. This estimate is 
used in the control law, and is used to window the pwm limits to more aggressively limit the current. 

If the feedback gains are zero, the current control will determine the duty cycle using a simple proportion of 
the commanded current to the peak current limit. 

5. RPM Control 

The RPM controller commands generator current to achieve a desired engine RPM for starting. 

¶ Pro Gain is the feedback gain from RPM error to current command, in units of Amps/RPM. 

¶ Int Gain is the feedback gain from the integral of RPM error to current command, in Amps/(RPM-s). 

¶ Der Gain is the feedback gain from the rate of change RPM error to current command, in units of 
Amps/(RPM/s). 
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6. Commutation 

¶ Frequency sets the frequency at which the windings are chopped for control.  

¶ Min Duty specifies the minimum allowable duty cycle applied to the windings. 

¶ Max Duty specifies the maximum allowable duty cycle applied to the windings. 

¶ The Rate Limit setting specifies the maximum allowed rate of change of duty cycle per second. This rate 
is applied equally to both positive and negative changes in duty cycle. 

¶ Advance sets the angle by which the commutation phase leads the estimated electrical phase of the rotor. 

¶ Reverse reverses the commutation sequence, causing the generator to commutate (and hence spin) in 
the reverse direction. The Reverse setting must be chosen to match the engine direction of rotation. 

7. Sensing 

¶ Type specifies the type of rotor position sensing: one of Prefer Hall, Prefer Bemf, Only Hall, or Only Bemf. 
Hall refers to hall position sensors, and Bemf refers to back-emf sensorless position detection. When 
using a preferred option either sensor type is available, and if both sensor types are healthy the preferred 
option will be used. 

¶ Bemf min gives the minimum rotor speed at which back-emf sensing can be used. Below this speed bemf 
sensing will only be used if the hall sensors are not healthy. 

¶ Hall shift offsets the commutation state from the state reported the hall sensors. There are six possible 
hall shifts (0 through 5), reflecting the six valid states the hall sensors can report. The Hall shift is a 
software method of dealing with incorrectly wired hall sensors and is normally 0 (i.e. no shift). 

¶ Hall order change ƭƻƎƛŎŀƭƭȅ ǎǿŀǇǎ ǘƘŜ ¦ ŀƴŘ ² Ƙŀƭƭ ǎŜƴǎƻǊǎΣ ŎƻƴǾŜǊǘƛƴƎ ά¦±²έ ǘƻ ά²±¦έΦ ¢ƘŜ Hall order 
change is a software method of dealing with incorrectly wired hall sensors and is used in conjunction with 
the Hall shift to align the sensors with the generator phases. 
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D. Power 

Power configuration sets the limits and targets for current and voltage of the system. IntelliGen measures 
the voltage and current for all the power inputs and outputs of the system (generator, high voltage rail, main 
regulator, backup battery, and system output), and will attempt to limit the outputs of the system to stay 
within the limits defined in the power and generator configurations. IntelliGen can affect the power flowing 
through the system in the following ways: 

¶ By adjusting the duty cycle applied to the commutation FETs. Higher duty cycles will reduce the bridge 
voltage and drive current towards the generator, and vice versa. 

¶ By opening or closing the switch on the high voltage rail. When the switch is closed the high voltage rail 
is connected to the generator rectified DC rail. 

¶ By adjusting the current limit of the main regulator; or disabling the regulator entirely. 

¶ By enabling or disabling the LVA and/or LVB low voltage regulators. 

 
Figure 23: Power configuration. 

1. Regulator and HV Switch Enables: Disabled 

These checkboxes control the enable status of the regulators and high voltage switch when the operation 
mode is Disabled. In this mode power to the main regulator can only come via the high voltage power rail (if 
the switch is closed). 

¶ LV A Regulator should be set to enable the first low voltage regulator. 

¶ LV B Regulator should be set to enable the second low voltage regulator. 

¶ Main Regulator should be set to enable the main regulator. 

¶ Shore Power closes the high voltage power switch if voltage limits are met. 
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2. Regulator and HV Switch Enables: Not Generating 

These switches control the enable status of the regulators and high voltage power switch when the operating 
mode is Not Running, Spinning, Beeping, or Cranking. Power to the low voltage regulators can come from the 
backup battery or the main regulator. 

¶ LV A Regulator should be set to enable low voltage A regulator. 

¶ LV B Regulator should be set to enable low voltage B regulator. 

¶ Shore Power closes the high voltage power switch if voltage limits are met. If the high voltage switch is 
closed by this option, and if the main regulator is enabled for the generating case, the main regulator will 
also be enabled in the not generating case ς making it possible for shore power to supply downstream 
devices. 

In the Spinning mode of operation, the generator is not normally intended to supply current, and accordingly 
all the commutation FETs are open. This is to facilitate engine starting, and prevention of engine stall at low 
speed. However current can still be supplied by the generator through the FET body diodes (in the same way 
as a six-diode bridge rectifier).  

To prevent feeding the main regulator through the FET diodes the regulator is disabled in this state unless 
the high voltage power switch is closed by the shore power option. However, you can override this logic with 
the Regulator output has no battery in parallel option. This should only be done if there is no backup battery. 

3. Enables (generating) 

These switches control the enable status of the regulators and high voltage switch when the operating mode 
is Generating or Augmenting. 

¶ LV A Regulator should be set to enable low voltage regulator A. 

¶ LV B Regulator should be set to enable low voltage regulator B. 

¶ Main Regulator enables the main regulator which provides power to the LV regulators, the backup 
battery, switched output and the system output. 

¶ HV Power enables the high voltage power switch when the generator is running. 

4. Voltages 

At any given speed, the generator has a back EMF that depends on the voltage constant of the windings. The 
back EMF is the bridge voltage that results from 100% duty cycle. Reducing the duty cycle will cause the 
bridge voltage to increase; hence it is possible to boost the bridge voltage above the natural back EMF of the 
generator, but it is not possible to reduce it. 

IntelliGen measures both the bridge voltage and the voltage of the high voltage power rail. When the high 
voltage rail switch is open these voltages can be different, but when closed they will be the same voltage. 

¶ HV Charge defines the desired voltage of the rectified generator output. If the high voltage rail is a battery 
this is the final voltage of the charge profile. 

¶ HV Maximum sets the maximum bridge voltage at which the high voltage power rail switch can be closed. 
The high voltage power switch will be opened to protect hardware on the high voltage rail if the bridge 
voltage exceeds this value. 

¶ HV Close Threshold sets the maximum difference between the bridge voltage and the high voltage rail 
before the high voltage switch can be closed. 
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¶ Regulator setpoint 28.5 LFP or 25.0 Li-Ion selects if the main regulator is set for 28.5V output or 25.0V 
output. The former is appropriate for an 8-cell lithium-iron-phosphate battery, while the latter is 
appropriate for a 6-cell lithium-ion battery. 

If HV is battery is set an additional limit is also implied: if the generator duty cycle comes within 0.5% of the 
maximum duty cycle limit and the HV current is greater than desired the high voltage switch will be opened. 
This extra precaution is to prevent overcharging a connected battery due to excess generator EMF. Similarly, 
when closing the high voltage switch, if HV is battery is set, the duty cycle used to control the bridge voltage 
must be 3% or more less than the maximum duty cycle limit. 

5. HV is Battery 

¶ HV is battery should be checked if the high voltage rail is connected to a battery, allowing IntelliGen to 
control current in the generator and high voltage rail via generator PWM. 

¶ Resistance sets the nominal internal battery resistance of the battery on the high voltage rail. This value 
is used to compute the battery charge current. 

¶ If Expect continuous HV loads is set the computation of battery charge current will use an integral term 
to make up any error caused by continuous loads on the HV rail. 

6. Current Limits 

The generator current limits specified in the power configuration define the limits that must be obeyed to 
keep the internal combustion engine from stalling and protect the high voltage rail. They are different from 
the absolute limits specified in the Generator category, which define the limits that must be obeyed to 
protect the generator hardware. 

¶ HV Augment sets the maximum current that can go from the high voltage rail into the generator for 
augmenting engine shaft power. This limit only applies in the augmenting mode of operation, and only if 
HV is battery.  

¶ HV Discharge sets the maximum current that can go from the high voltage rail into the main regulator for 
supplementing the generator output. This limit applies in all modes of operation, except the Beeping and 
Cranking modes, which are limited only by the generator current limit. 

¶ HV Charge sets the maximum current that can go into the high voltage rail. This value is used to set an 
error bit, and to limit the battery charge current if HV is battery. If HV is not a battery this limit sets the 
point at which the high voltage rail switch will be opened. This limit applies only in the Generating mode. 

¶ Backup Batt Charge sets the maximum current that is allowed to flow into the backup battery. If the 
battery charge current exceeds this value, the regulator current limit will be reduced to obey the limit. If 
this limit is set to 0 the battery charge current feedback loop is disabled. 

¶ Main Regulator sets the maximum current that can flow out of the main regulator. This value is used to 
set an error bit, and to cap the current limit of the main regulator. 

¶ Regulator output has no battery in parallel indicates that the output of the main regulator is not in 
parallel with a backup battery. Setting this option implies if the regulator reaches its current limit, it will 
simply brown out. Accordingly, when set, the regulator current limit feedback is disabled. Instead, the 
current limit is fixed approximately at Main Regulator. Additionally, the regulator cannot be disabled 
(unless the system is unlocked), since doing so would shut down any downstream devices. If this option 
is set the HV Discharge, Main Regulator, and Backup Batt Charge current limits do not affect the control 
of the system, they simply set error bits. 
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¶ Regulator limit follows load should be set to keep the regulator current limit just above the measured 
regulator load. Doing this will soften the appearance of a sudden electrical load by limiting the current so 
it can only increase at a rate of 2 Amps per second. 

7. Generation limit 

The generation limit is a table that specifies the maximum current the generator is allowed to produce as a 
function of the speed of the generator. This current is typically much less than the peak current the generator 
can tolerate; it is intended to limit the torque the generator can apply to the engine to prevent the engine 
from stopping due to electrical load. The generation current limit is computed by linear interpolation of the 
data in the table. The table has a minimum of 2 rows, and a maximum of 15 rows. 

¶ The first row of the table sets the speed below which IntelliGen will exit the Generating state and go to 
the Spinning state. 

¶ The second row of the table sets the speed above which IntelliGen will exit the Spinning state and go to 
the Generating state. 

¶ Use the ς button to remove selected rows 

¶ Use the + button to add rows. 

Rows can also be added or removed by right-clicking on the table and selecting from the context menu. The 
values in the table cells can by changed by double-clicking on a cell, or by direct keyboard entry in a cell. The 
chart to the right of the table provides a graph to show the shape of the generation limit curve. 

When adjusting the first and second rows of the table it is important to make sure that the generator does 
not overheat. Because the active rectifier is being controlled to output a constant voltage the PWM duty 
cycle applied to the generator will be inversely proportional to the generator speed as well as the boost ratio 
of generator phase current to rectified DC current. This means that the generator is less efficient at slower 
speeds for a given rectified DC current. Additionally, the airflow over the generator is often the dominating 
factor that determines generator temperature. Take into consideration the fact that the propeller induced 
airflow on a test bench may well be quite different from the combined airflow over the generator when in 
flight at a given RPM. 

8. Battery charge profile 

When HV is battery is set IntelliGen will compute a battery charge current as an input to the high voltage 
current control law. The battery charge profile is designed to work with Lithium chemistry batteries, which 
charge at a fixed current until the voltage reaches a setpoint and then maintain a constant voltage until the 
current reduces to zero. A typical lithium-ion battery cell will safely charge at a current of 1.0 C with a charge 
termination voltage of 4.2V/cell. Typical lithium iron phosphate batteries are similar but use a charge 
termination voltage of 3.7V/cell. Overcharging a lithium battery is dangerous and can lead to catastrophic 
battery failure. 

IntelliGen implements the charge profile using three configurable numbers: the HV Charge limit, the HV 
Charge Voltage, and the Resistance. These numbers are combined with the measured HV voltage to 
determine the desired charge current according to: 

ὅὬὥὶὫὩ ὰὭάὭὸ
Ὄὠ Ὄὠ
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Note that if the measured HV voltage is greater than the configured charge voltage the charge current will 
be negative, which will cause the battery to discharge until the measured voltage is equal to the charge 
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voltage. This is by design, to prevent small errors in the current or voltage measurement from causing the 
battery to be overcharged. 

 
Figure 24: Battery charge profile shape for 50V lithium ion. 

The values for the three numbers that control the charge profile should come from the battery details: the 
chemistry and number of cells determine the charge voltage, and the capacity of the battery determines the 
charge current limit. The Resistance term sets the shape of the current asymptote as the battery reaches its 
termination voltage. A small resistance value will cause the battery to charge at the current limit until the 
voltage is close to the termination voltage. A large resistance value will cause the current to taper off 
gradually. 
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E. Comms 

IntelliGen has two communications interfaces: RS-232 Universal Asynchronous Receiver Transmitter (UART, 
i.e. serial), and Controller Area network (CAN). Both interfaces are simultaneously active. A message sent to 
one interface will (typically) elicit a response on all interfaces. Details of the communications protocol can be 
found in the communications ICD, which can be accessed from the display software, see section V.F. 

 
Figure 25: Communications configuration. 

1. Set All to Default 

Check this option to set all communications configurations to default values. Once checked you will not be 
able to change any other options on this window. Default communications run the UART at 57600 bits per 
second, and the CAN interface at 1Mbit. The CAN interface will be configured for native protocol, using long 
identifiers (29-bit), with the lower 16 bits of the identifier equal to the serial number. 

2. Summary Packets 
Check this option to group all the telemetry into a single packet (one packet for fast telemetry, and one 
packet for slow telemetry), reducing bandwidth. The summary packet option is on by default. This option 
does not apply to the CAN interface, unless the CAN interface has Packet-Over-CAN selected. 

3. Telemetry rates 

IntelliGen has two types of telemetry outputs: fast and slow. Fast telemetry is suitable for output at high 
rates, up to 200Hz, and contains only fast changing information (such as voltage, current, and RPM). Slow 
telemetry is intended to be output at a reduced rate, and contains a larger set of information, including all 
the sensor data. The default fast and slow telemetry rates are 20 Hz and 1 Hz, respectively. 

¶ Fast rate is the frequency at which fast telemetry will be sent. 

¶ Slow rate is the frequency at which slow telemetry will be sent. 
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If you select a baud rate (UART or CAN) which is too low to accommodate the rate of fast and slow telemetry 
the rates will be adjusted down until the expected bandwidth fits the available data rate. The reduction first 
affects the slow telemetry rate, until that rate is 1Hz, then it reduces the fast telemetry, down to 1Hz if 
necessary. 

4. UART configuration 

Bit rate is used to select the UART data rate in bits per second. The default is 57600. If the display software 
is connected via serial interface, changing the UART baud rate will cause the display software to wait 100 
milliseconds before changing its own serial interface baud rate to match the new baud rate. 

5. CAN configuration 

The controller area network (CAN) transmits data in frames, and each frame has an identifier. A CAN frame 
identifier is formed by combining a base identifier with the packet type. The combination is done by left 
shifting the packet type, and OR-ing with the base ID. The base ID for input and output are typically different; 
and if multiple GEN systems share the same CAN bus they must have different base IDs. In addition, the base 
ID should have zeros in the six bits reserved for the packet type, see the communications ICD for more 
information. 

If the display software is connected via CAN interface, changing the CAN configuration will cause the display 
software to wait 100 milliseconds before changing its own CAN interface to match the new settings. 

¶ Bit rate is used to select the CAN data rate in bits per second. The default is 1 million bits per second. 

¶ No Config is used to indicate that configuration change and request packets will not be supported on the 
CAN bus. Only command and telemetry packets will be supported. All command and telemetry packets 
are small enough to fit in a single CAN frame. Note that once you have set this option you cannot clear it 
(or change any configuration parameter) unless you connect via UART. 

¶ Long ID should be selected to use CAN protocol 2.0B, which allocates 29-bits to the CAN identifier. If Long 
ID is not selected the CAN protocol is 2.0A, which allocates 11-bits to the CAN identifier. 

¶ Smooth should be selected to spread transmit CAN frames in time rather than bursting them out as fast 
as possible. Smooth will increase the telemetry latency slightly but reduces the buffering requirement 
for receivers of CAN telemetry. 

¶ Shift is the number of bits to left shift the packet type when OR-ing with the base ID. Shift cannot be more 
than 23 bits for long identifiers or more than 5 bits for short identifiers. 

¶ ID in gives the base CAN identifier used for input CAN messages. 

¶ Disable in disables the reception of CAN messages with the ID in identifier. 

¶ ID out is the base CAN identifier used for output CAN messages. 

¶ Disable out disables the transmission of CAN messages. 

¶ Packet-over-CAN forces IntelliGen to send all CAN packets using the packet-over-CAN schema (see the 
communications ICD for details). Ordinarily packet-over-CAN is not used unless the packet contains more 
than 8 data bytes. Selecting this option will make the CAN bus less efficient, but it will reduce the number 
of identifiers that IntelliGen uses on the bus (one or two identifiers, depending on if ID in is different from 
ID out). 

¶ Disable auto discovery suppresses the output of CAN frames used by receivers to automatically discover 
how to talk to IntelliGen over CAN. 
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6. Packet counters 

IntelliGen maintains packet counters, which roll over after 255. 

¶ Tx cnt counts the number of native packets sent over UART. 

¶ Rx cnt counts the number of native packets received from any interface. 

7. UART errors 

The UART interface maintains these two error flags. 

¶ Tx buffer full is set if IntelliGen was unable to transmit all its data on the interface during the last slow 
telemetry epoch. 

¶ Rx failures is a counter that indicates how many packets received over the interface were invalid (i.e. had 
a CRC failure) during the last slow telemetry epoch. 

8. CAN errors 

The CAN specification includes a detailed error mechanism that dictates how a CAN device detects and 
handles errors on the bus. 

¶ REC is the receive error counter, which increments each time a CAN frame is incorrectly received. It 
counts down anytime a CAN frame is correctly received. The REC should be 0 if IntelliGen is operating 
normally on a CAN bus. 

¶ TEC is the transmit error counter, which increments each time a transmitted CAN frame sent was not 
acknowledged by the bus and decrements each time a transmitted frame was acknowledged. The TEC 
should be 0 if IntelliGen is operating normally on a CAN bus. 

¶ ¢ƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ /!b ōǳǎ ŜǊǊƻǊ ƛǎ ƎƛǾŜƴ ōŜƭƻǿ ǘƘŜ ¢9/Φ ¢Ƙƛǎ ǿƛƭƭ ōŜ ƻƴŜ ƻŦΥ άbƻ ŜǊǊƻǊέΣ ά{ǘǳŦŦέΣ άCƻǊƳέΣ 
ά!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘέΣ ά.ƛǘ ǊŜŎŜǎǎƛǾŜέΣ ά.ƛǘ ŘƻƳƛƴŀƴǘέΣ ά/w/έΣ ƻǊ ά{ƻŦǘǿŀǊŜέΦ 

¶ Bus off is set if the error counters have reached the bus off limit. 

¶ Error passive is set if the error counters have reached the passive error limit. 

¶ Warning limit is set if the error counters have reached the warning limit. 

In addition to the errors given by the CAN specification, IntelliGen maintains two other error flags for the 
CAN bus: 

¶ Tx buffer full is set if IntelliGen was unable to transmit all its data on the CAN bus during the last slow 
telemetry epoch. This will happen anytime the CAN bus is disconnected or is overly congested. 

¶ Rx failures is a counter that indicates how many packets received over the CAN bus were invalid during 
the last slow telemetry epoch. Since small packets (8 or fewer data bytes) are handled directly by CAN 
messages this failure counter only applies to large packets sent using packet-over-CAN.  
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F. Storage 

IntelliGen stores configuration parameters and generator wear information in flash on board the main 
processor. Manipulating the contents of flash is a lengthy process which cannot be done while the generator 
is commutating (the generator is commutating if it is spinning and enabled). If you make configuration 
changes while the generator is commutating the changes are not written to flash and will be lost upon a 
subsequent re-boot unless they are saved. The error indicator in the main toolbar (and the errors window, 
IX.Aύ ǿƛƭƭ ƛƴŘƛŎŀǘŜ ά{ǘƻǊŜ bŜŜŘŜŘέ ƛƴ ǘƘŀǘ ŎŀǎŜ, see Figure 26. 

 
Figure 26Υ aŀƛƴ ǘƻƻƭōŀǊ ƛƴŘƛŎŀǘƛƴƎ ά{ǘƻǊŜ bŜŜŘŜŘέΦ 

If the generator is not commutating when you change configuration the new configuration packet is written 
to flash immediately. This process is done without erasing the contents of flash, instead the changes are 
appended to the end of the settings flash block (and the earlier configuration packet zeroed). The flash block 
is 128 kB long, so many changes can be made before the block is full. Eventually, however the settings block 
will be exhausted, and subsequent changes cannot be stored to flash without first erasing. In ǘƘŀǘ ŎŀǎŜ ά{ǘƻǊŜ 
bŜŜŘŜŘέ ǿƛƭƭ ŀƎŀƛƴ ōŜ ƛƴŘƛŎŀǘŜŘΣ ŀƴŘ ǘƘŜ Řŀǘŀ Ŏŀƴ ƻƴƭȅ ōŜ ǎǘƻǊŜŘ ōȅ ƛǎǎǳƛƴƎ ŀ ǎǘƻǊŜ ŎƻƳƳŀƴŘ όŦǊƻƳ ǘƘƛǎ 
window, or from the Comm menu). 

 
Figure 27: Storage configuration. 

1. Settings storage 

¢ƘŜǎŜ ŎƻƳƳŀƴŘǎ ŀǊŜ ŦƻǊ ƳŀƴƛǇǳƭŀǘƛƴƎ ǘƘŜ ǎŜǘǘƛƴƎǎ ǎŀǾŜŘ ǘƻ LƴǘŜƭƭƛDŜƴΩǎ ŦƭŀǎƘ ƳŜƳƻǊȅΦ ¢ƘŜȅ Ŏŀƴƴƻǘ ōŜ 
executed while the generator is commutating. 
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¶ Save AllΧ stores the current configuration settings to IntelliGenΩǎ ŦƭŀǎƘ ƳŜƳƻǊȅ. The save all operation 
will first erase the flash data space and then write all the settings. If power is lost during this operation 
the settings may be lost. 

¶ Clear AllΧ reverts the saved settings on IntelliGenΩǎ ŦƭŀǎƘ memory back to the factory defaults.  

¶ DiscardΧ deletes any temporary changes that have not been saved to flash and returns to using the 
settings stored in flash memory. 

2. Settings mismatch check 

Once you have arrived at a final configuration you should use the button Set Configuration Valid. This will 
command IntelliGen to store the hash of the current configuration, finishing by locking. IntelliGen will track 
the hash of the actual configuration and compare it against the stored value. If a mismatch occurs the 
parameters mismatch error is asserted, letting you know that something has changed from the last known 
good configuration. 

The hash that was stored is given in the Settings Hash display. The hash that was computed from the current 
configuration is given in the Actual Hash display. You can disable this error check (for example during initial 
setup when configuration is changing frequently) by using the Disable Mismatch Check button. 

3. Configuration file and comment 

 
Figure 28: Change comment prompt. 

A comment can be added to the configuration data. The 
comment is not used by IntelliGen and is only provided as an 
aid for configuration management. Push the Change 
/ƻƳƳŜƴǘΧ button to be prompted for a new comment, see 
Figure 28. 

In addition, a file name and date can be stored to indicate the 
source of the configuration data. See VII.H for more 
information about configuration files. 
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G. Configuration files 

Configuration files store the same information that IntelliGen keeps in its non-volatile storage. You use 
configuration files for configuration management, and to move configurations from one IntelliGen to another.  

1. Saving configuration files 

When using the file menu Save IntelliGen /ƻƴŦƛƎΧ the software will ask 
what information should be saved. Each check in Figure 29 represents a 
ǎƛƴƎƭŜ ǇŀŎƪŜǘΩǎ ǿƻǊǘƘ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ǿƛƭƭ ōŜ ǿǊƛǘǘŜƴ ǘƻ ǘƘŜ ŦƛƭŜΦ CƻǊ 
convenience, the configuration data are separated into categories; and 
you can turn an entire category on or off using the All or None buttons. 

When selecting a file to save you have a choice of filŜ ŜȄǘŜƴǎƛƻƴΣ άΦgenέ 
(the default) ƻǊ άΦgentextέΦ ¢ƘŜ άΦƎŜƴέ ŦƛƭŜ ǎǘƻǊŜǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ Řŀǘŀ ŀǎ 
an order-independent series of binary packets, exactly as documented 
ƛƴ ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ L/5Φ ¢ƘŜ άΦƎŜƴǘŜȄǘέ ŦƛƭŜ ǎǘƻǊŜǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ Řŀǘŀ 
as a human readable text file with a line of text for every field of 
configuration data. 

If you overwrite an existing configuration file, only the selected data are 
overwritten, any other configuration data that were previously in the file 
will be preserved. In this way it is easy to update one configuration file 
with pieces of information from another file. 

 
Figure 29: Configuration save window. 
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2. Opening configuration files 

When using the file menu Open IntelliGen /ƻƴŦƛƎΧ the software 
will first check what data are in the file and then ask what should 
be read from the file. In Figure 30 the file contains an incomplete 
set of data. You can deselect any of these items to further winnow 
what information is read from the file. If IntelliGen is online the 
display software will send the selected configuration data; 
otherwise, the display will be populated with the data loaded from 
the file. The software automatically determines if the configuration 
data are stored in binary or text format based on the file extension. 

 
Figure 30: Configuration open window. 

3. Comparing configurations 

The file menu command Compare IntelliGen /ƻƴŦƛƎΧ opens the configuration comparison window. The 
configuration comparison allows you to compare two configuration files, or a single file can be compared 
against the configuration of the IntelliGen. 

 
Figure 31: Configuration comparison window.  

¶ {ŜƭŜŎǘ ŦƛǊǎǘ ŦƛƭŜΧ is used to select the first file to 
compare. 

¶ Use IntelliGen data should be selected to compare 
the first file against IntelliGen, rather than a second 
file. 

¶ {ŜƭŜŎǘ ǎŜŎƻƴŘ ŦƛƭŜΧ is used to select the second file 
to compare. 

Once the file(s) are selected the comparison window 
asks what parts of the configuration should be 
compared, using a window like Figure 31. Each field of 
the selected configuration is compared, and the 
differences are reported as text in the comparison 
window. 

In Figure 35 ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƛƭŜ άexampleconfigfile.genέ ǿŀǎ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ IntelliGen and configuration 
differences were found in the Generator, Control, Power, and Communications categories. If you want to 
save the difference report copy the text directly from the window. 
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Figure 32: Configuration comparison report. 
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VIII. FAULT DETECTION AND HANDLING 

IntelliGen has hardware and software features for detecting and handling faults. 

A. Faults due to sensor problems 

1. Hall sensor failure 

IntelliGen measures rotor position and speed using hall sensors. The three hall sensor signals have 6 valid 
states (000 and 111 are invalid). In addition, from any state there are only two states the sensors can move 
to, one for forward rotation and one for backward rotation. IntelliGen will assert a hall sensor pattern error 
if the hall sensors indicate an invalid state or an invalid transition. 

Each hall sensor also provides an independent measure of generator speed. When all hall sensors are working 
the measured hall sensor speed is the average of the three sensors. If any single sensor fails, the independent 
speed measurements identify which sensor is bad. The default software configuration will switch the 
commutation source from hall sensors to back-emf sensing if the hall sensors fail.  

2. Back emf sensing failure 

IntelliGen also measures rotor position and speed using the voltage of the undriven phase (the back-emf) to 
detect the zero crossing. This is typically used as a backup commutation source, but software can be 
configured to use back-emf sensing as the primary commutation source. Back-emf sensing can fail due to 
electrical noise, or insufficient rotor speed; in which case the hall sensors will be used as the backup 
commutation source. If hall sensors are not available failure of the back emf sensing will cause the system to 
switch to the spinning mode of operation, causing the FETs to be opened. Once in the spinning state the 
system will not switch back to the generating state until emf sensing is good again. 

3. Temperature sensor failure 

Temperature sensor failure is detected when the voltage is less than 1% of full scale (signal shorted to ground) 
or more than 99% full scale (signal disconnected or shorted to power). A failed temperature sensor will set 
an error bit, and IntelliGen will assume the temperature is 15C. 

B. Faults due to mechanical, environmental, or software problems 

1. Power Fault 

IntelliGen supports a special bootup mode referred to as quick restart. If the generator is running IntelliGen 
saves key motor control variables to backup RAM. The contents of backup RAM are preserved for several 
seconds following loss of power.  

The normal bootup process for IntelliGen will take too long to keep a generator running; since the normal 
process performs a code CRC check. If quick restart is active the CRC check is skipped, and the operating 
mode and PWM duty cycle are setup using the quick restart data while waiting for the configuration data 
read to finish. 

When quick restart is active it takes IntelliGen ?? milliseconds to reboot and initialize to the point where it 
can resume generator operation.  
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2. Software fault 

Every fault and interrupt the processor can generate is explicitly handled by the firmware. Unexpected faults 
and interrupts result in a processor reset. As with the power fault, if the generator is running, IntelliGen will 
restart quickly with key data needed to keep operating the PWM and commutation. In the event of a software 
fault IntelliGen will log and report the cause of the fault, the location in code where it occurred, and key 
processor register values. 

In addition, a hardware watchdog is used to make sure the firmware does not get stuck in an infinite loop. 
The watchdog will reset the processor in the event the firmware does not service the watchdog in a timely 
fashion. 

During bootup, if the generator is not spinning, the boot process computes a cyclic redundancy check (CRC) 
of the firmware and compares it against the expected value. If the CRC is incorrect the bootloader will not 
allow the firmware to start running, preventing the system from operating with corrupted firmware. 

3. Configuration fault 

Correct operation of the generator is dependent on the correct configuration data. At bootup configuration 
data are read from the on-chip flash storage. Each piece of configuration data is stored in packet format, 
including the packet CRC, preventing the use of corrupted configuration data. 

An overall configuration CRC is included which can be used to determine if any of the configuration data have 
been changed since they were last validated. Mismatch of the configuration CRC sets an error bit. 
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IX. ERRORS 

As part of telemetry IntelliGen reports regular errors and sticky errors. Regular errors indicate problems 
happening now. Sticky errors indicate problems that happened previously.  

A. Error windows 

There are two different error windows, one for the regular and one for the sticky errors. The Clear button on 
the sticky errors window instructs IntelliGen to clear the sticky errors flags. Once cleared the errors will 
reassert if the error condition is still present. The Clear button will only be enabled if there are errors that 
can be cleared. 

 

 
Figure 33: IntelliGen errors window without and with errors. 

Each light in the errors window can represent multiple errors for that subsystem. If you hover your mouse 

over the window a tooltip will appear giving a summary of all the errors. This tooltip (for the regular errors) 

is also available in the main toolbar by hovering over the Error light. If the errors window is not visible you 

can click on the Error light in the main toolbar to make it visible. 

 
Figure 34: Enable toolbar with an error visible. 
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Table 4 List of possible error conditions 

Label Possible error conditions 

Gen Temp Generator is too hot, or temperature sensor is out of range. 

Board Temp IntelliGen board temperature is too cold or too hot. 

Gen Volts Generator voltage is too high or too low. 

Gen Amps Generator current is too high. 

Batt Volts Battery voltage is too low or too high. 

Batt Amps Battery current is too high. 

HV Volts High voltage rail voltage is too low or too high. 

HV Amps High voltage rail current is too high. 

Power A fault in the main regulator, either low voltage regulator, or the 5V regulator. 

Reg Amps Main regulator and/or low voltage regulators current is too high. 

Hall Sense Hall sensor pattern is incorrect, or sensor U, V, W is missing. 

Sensorless Back-emf sensing pattern is incorrect. 

Power Main regulator or 5V regulator fault. 

Rectifier Rectifier IC is faulted. 

CPU CPU is too cold or too hot and/or there is a problem with non-volatile storage. 

Settings Parameter mismatch detected and/or parameter or wear storage is needed. 

Test Mode Test mode is active. 
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X. SYSTEM 

The system window shows information about the IntelliGen hardware, the firmware, and the CPU 
performance including reset sources. 

A. Firmware 

Firmware shows the IntelliGen firmware 
version. This follows the same format as the 
version information for the display software. 
It has a major and minor version number (1.3 
in Figure 35ύΣ ŀ ά¢ŜǎǘƛƴƎέ ƻǊ άwŜƭŜŀǎŜέ 
indicator, date of release, and a build number. 
The number in parenthesis is a unique label 
that tracks the specific source code used to 
build the firmware. 

The display software and firmware are built 
from the same source tree; and will typically 
have matching version information. If there is 
a mismatch between versions, the software 
will issue a warning asking if you would like to 
update the firmware (if the firmware is older). 
The Firmware group may also give a 
description string for the firmware, which may 
include information about special features of 
the build. 

 
Figure 35: System window. 

Lastly, this group displays the cyclic redundancy check (CRC) of the code. The CRC is computed during the 
firmware build and provides a signature which is unique to the exact size and byte pattern of the firmware. 
The IntelliGen bootloader will check the CRC of the firmware when it starts and will not launch the code 
unless the CRC matches the expected value, to prevent IntelliGen from running corrupted code. The CRC 
check is bypassed if quick restart is active. 

B. Hardware 

The Hardware group gives information about the specific IntelliGen hardware. There are five pieces of data 
configured during manufacturing of the hardware: 

¶ SN: is the serial number of the board. 

¶ Rev: is the revision number of the board. Revision 0, 1, 2 were the prototype hardware used during 
development. 

¶ Date: is the date of manufacture of the board. 

¶ The frequency of the main oscillator on the board (16MHz in  Figure 35). 

¶ The values of the temperature sensor resistor networks on the board (2000Ҡ pull-up and 4020Ҡ parallel 
in  Figure 35). 
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