1. Low-level Interface
This document provides a summary of the low-level communication between the PC and FusionBrain.

1.1. Overview

Every exchange of information between the PC and the FusionBrain consists of a 64-byte message sent from the PC to the FusionBrain, immediately followed by a 64-byte response sent from the FusionBrain to the PC.

The only message type that can be sent to the FusionBrain is “set all output values”. The only message that can be received from the FusionBrain is “report all input values”.
The code executing on the PC must keep the state of all outputs in memory for the following reasons:

1) It is not possible to set the state of individual output lines. Even if you are only changing one value, the output message must specify the values of every output.

2) It is not possible to explicitly query the state of input lines. The only way to get the FusionBrain to send back a report of the state of the inputs is by sending a message to the FusionBrain, and the only message you can send is “set all output values”. 

Note: All indexes in this document are 0-origin.
1.2. Output Message Types
The following message types can be sent from the PC to the FusionBrain.
1.2.1. Set All Output Values

This message sets the values of all output lines. Currently the FusionBrain supports 12 digital outputs, and no analog outputs.
Message Format
This message consists of the following 64-byte block of data:
	Byte(s)
	Value

	0
	Digital output #0

	1
	Digital output #1

	2
	Digital output #2

	3
	Digital output #3

	4
	Digital output #4

	5
	Digital output #5

	6
	Digital output #6

	7
	Digital output #7

	8
	Digital output #8

	9
	Digital output #9

	10
	Digital output #10

	11
	Digital output #11

	12 – 63
	Not used


The first 12 bytes contain the data for the 12 digital output lines. The remaining 52 bytes are not used, and should be set to 0.

Digital Output Format
Each digital output is specified by 1 byte in the output message. The format of the bits within each byte are as follows:
	Bit #
	Value

	7
	“Time for shutoff” (0 – 63)

	6
	

	5
	

	4
	

	3
	

	2
	

	1
	Keep-alive.

	0
	Output state. 1 = “on”, 0 = “off”


Time for Shutoff – If the FusionBrain loses communication with the host PC, it initiates individual countdown timers, so that individual output can be kept alive for a set time period after the PC is shut off or disconnected. The amount of time the output will be left on after the PIC notices the PC is no longer communicating is calculated as:

time = 1.2x 

Where x is any integer number between 1 and 63, and time is measured in seconds. If x is zero, shutoff is immediate. This gives a possible range from nearly instantaneous to over a day. For the mathematically challenged, the following table shows some common shutoff times. (d = days, h = hours, m = minutes, and s = seconds).
	Target Time
	x
	Actual Time

	Immediate
	0
	Immediate

	1 second
	1
	1.20s

	2 seconds
	4
	2.07s

	3 seconds
	6
	2.99s

	10 seconds
	13
	10.70s

	30 seconds
	19
	31.95s

	45 seconds
	21
	46.01s

	1 minute
	23
	1m 06.25s

	1 ½  minutes
	25
	1m 35.40s

	4 minutes
	30
	3m 57.38s

	30 minutes
	41
	29m 23.73s

	1 hour
	45
	1h 00m 57.26s

	2 hours
	49
	2h 06m 23.70s

	3 hours
	51
	3h 02m 00.53s

	6 hours
	55
	6h 17m 24.80s

	1 day
	63
	1d 03h 02m 48.50s


Note: If the FusionBrain itself loses power, all outputs will immediately drop.
Keep Alive – If the FusionBrain loses communication with the host PC, it will reset all outputs to their “0” or “off” states (see “Time for Shutoff”, above). To prevent the FusionBrain from timing-out, the value of the keep-alive bits must be changed each time a message is sent. The default implementation is to set all keep-alive bits to 1 on the first message, and alternate between 0 and 1 on subsequent messages. Keep-alive messages must be sent at least once every 1000 ms, but it is recommended to send packets every 500 ms to avoid an unexpected shutdown sequence as a result of a USB bandwidth hiccup.
Output State – Sets the state of the output. A value of 1 turns the output “on”. A value of 0 turns the output “off”.
Analog Output Format

The current hardware does not provide any analog outputs. However, there is a digital to analog converter currently being designed that will take multiple digital outputs and produce an analog value between the input voltage and 0v.
1.3. Input Message Types

The following message types can be sent from the FusionBrain to the PC.
1.3.1. Report All Input Values

This message reports the values of all input lines. Currently the FusionBrain supports 10 analog inputs, and four digital inputs.

Message Format
This message consists of the following 64-byte block of data:
	Byte(s)
	Value

	0 – 11
	Not used

	12 – 13
	Analog input #0

	14 – 15
	Analog input #1

	16 – 17
	Analog input #2

	18 – 19
	Analog input #3

	20 – 21
	Analog input #4

	22 – 23
	Analog input #5

	24 – 25
	Analog input #6

	26 – 27
	Analog input #7

	28 – 29
	Analog input #8

	30 – 31
	Analog input #9

	32
	Digital inputs

	33 – 60
	Not used

	61
	Initialize Byte

	62 - 63
	Firmware version


Analog Input Format

Each analog input is specified by 2 bytes in the input message.

If analogInputPortNumber is the analog input number (a.k.a. “port number” in the range 0 – 11 inclusive, the index of the bytes for that analog input can be calculated as follows:

const int analogInputsBeginIndex = 12;

const int bytesPerAnalogInput = 2;

int byteIndex = analogInputsBeginIndex + 2 * analogInputPortNumber;
The format of the bits within each byte are as follows:
	Byte
	Bit
	Value

	byteIndex
	7
	Analog input value Least Significant Byte (LSB), 0 – 255.

	
	6
	

	
	5
	

	
	4
	

	
	3
	

	
	2
	

	
	1
	

	
	0
	

	byteIndex + 1
	7
	Not used

	
	6
	

	
	5
	

	
	4
	

	
	3
	

	
	2
	

	
	1
	Analog input value Most Significant Byte (MSB), 0 – 3.

	
	0
	


LSB – The Least Significant Byte of the analog line’s value. Bits 0 – 7 of this byte contain bits 0 – 7 of the analog line’s value.

MSB – The Most Significant Byte of the analog line’s value. Bits 1 and 0 of this byte contain bits 8 and 9 of the analog line’s value. Bits 2 – 7 of this byte are not used and should be ignored.
Un-scaled Value – The value of the analog line as an integer in the range 0 – 1023, inclusive. This can be calculated as: Un-scaled value = LSB + 256 * MSB. Note: This calculation is valid only if you mask off bits 2 – 7 of the MSB!
Scaled Value – The scaled value of the analog line is the approximate value of the signal in the range 0 through 5 volts, inclusive. This can be calculated as: Scaled value = (5.0 * Un-scaled value) / 1023.0.
Example (C#):

const int analogInputsBeginIndex = 12;

const int bytesPerAnalogInput = 2;

const int analogInputCount = 10;

double[] analogInputScaledValues = new double[analogInputCount];

for (int analogInputPortNumber = 0; analogInputPortNumber < analogInputCount; analogInputPortNumber++)

{

    int byteIndex = analogInputsBeginIndex + 2 * analogInputPortNumber;

    int unscaledValue = 0;

    unscaledValue |= this.inboundArray[byteIndex];

    unscaledValue |= ((this.inboundArray[byteIndex + 1] & 3) << 8);

    double scaledValue = (unscaledValue / 1023.0) * 5.0;
    analogInputScaledValues[analogInputPortNumber] = scaledValue;
}
Digital Input Format

The values of all 4 digital inputs are contained in the byte at index 32 of this message:

	Bit
	Value

	7
	Not used

	6
	Digital input #0 state. 1 = “on”, 0 = “off”.

	5
	Digital input #1 state. 1 = “on”, 0 = “off”.

	4
	Digital input #2 state. 1 = “on”, 0 = “off.”

	3
	Digital input #3 state. 1 = “on”, 0 = “off”.

	2
	Not used

	1
	

	0
	


Example (C#):

const int digitalInputsIndex = 32;

const int digitalInputCount = 4;

bool[] digitalInputValues = new bool[digitalInputCount];

int digitalInputByte = this.inboundArray[digitalInputsIndex];

int mask = 64;

for (int digitalInputPortNumber = 0; digitalInputPortNumber < digitalInputCount; digitalInputPortNumber++)

{

    if ((digitalInputByte & mask) == 0)

        digitalInputValues[digitalInputPortNumber] = false;

    else

        digitalInputValues[digitalInputPortNumber] = true;

    mask >>= 1;

}

Initialize Byte Format

Byte 61 is needed to send the “wake-up” command to the PIC as of a November 2007 firmware update. This byte must be held high at 255 (decimal) or 0xFF (hex). If this bit is not sent, no communication will occur between the devices. 

Firmware Version Format

The final two bytes of the input message contain the firmware version. Byte 63 is the major release. Byte 62 is the minor release.
Example (C#):

const int majorVersionIndex = 63;

const int minorVersionIndex = 62;

byte majorVersion = this.inboundArray[majorVersionIndex];

byte minorVersion = this.inboundArray[minorVersionIndex];

Console.WriteLine("Firmware release = {0}.{1}", majorVersion, minorVersion);
