VFX1 – Serial communication protocol.

The serial information (tracking and cyberpuck information) is sent among VFX1, cyberpuck and VIP cards via Access.bus. This Access.bus is a glorified I2C protocol, and hence one will find often reference to connectors, cables,etc, naming I2C.

Addresses 

· The address of the VFX1 is 00000010 

· The address of the VIP is 01010000. This is a reserved address described by the Access.bus pdf as “General Access.bus Host slave address.”

Initialization

· I believe the initialization of the system goes as follows.

1. Power on reset is sent from the VIP card to the HMD.

2. Request identification report.

3. Assign address to HMD.

4. Then we can tell the HMD to turn its LCD’s on (but not necessary).

5. Then tell the HMD to enable its Application Report.

At this point the VFX1 should be streaming tracking data to the VIP card.  We should be able to use these steps to initialize the VFX1 for a tracking linkbox.  

Note:  It is not necessary to power on the LCD’s in order to get streaming data.

Tracking Message

· Tracking is sent from the HMD to the VIP card in 12 byte data packets. 


Byte 1 01010000 VIP Card Address:  Destination Address

Byte 2 00000010 Source Address/matches HMD address 
Byte 3 00001000 Device Data stream, Message length of 8: Protocol Flag 
Byte 4 varies High Byte Cosine 
Byte 5 varies Low Byte Cosine 
Byte 6 varies High Byte Sine 
Byte 7 varies Low Byte Sine 
Byte 8 varies High Byte Pitch 
Byte 9 varies Low Byte Pitch 
Byte 10 varies High Byte Roll 
Byte 11 varies Low Byte Roll 
Byte 12 XOR Checksum 


    To Extract Data from the Bytes

· Refer to Linkbox.xls for more clarification and examples.

    
    To extract data from VFX1 bytes:  

· (highbyte*256)+lowbyte


    DC Correct value=(maxValue+minValue)/2


    Normalized=(DcCorrectedValue/MaxDcCorrectedValue)

Linear Trend Line formula (Fitting Raw data to trend line)

Regression (Best Fit) Line 

The best fit line associated with the n points (x1, y1), (x2, y2), . . . , (xn, yn) has the form 

y = mx + b 

where 

	slope = m
	=
	n(
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means "the sum of." Thus 
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xy = sum of products = x1y1 + x2y2 + . . . + xnyn 
[image: image11.png]


x = sum of x-values = x1 + x2 + . . . + xn 
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y = sum of y-values = y1 + y2 + . . . + yn 
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x2 = sum of squares of x-values = x12 + x22+ . . . + xn2

Where the variable n is the number of data points taken.


To obtain Pitch and Roll degree data

1. Extract data using ((highbyte *256)+ lowbyte) using the appropriate data as determined above.
2. Fit the raw data to a trend line. (See above for formulas)
3. DC correct the data using DC correct Value formula above.
4. Normalize using Normalized formula above.
5. Roll: multiply normalized value by 70. Pitch: multiply normalized value by 100.
6. Add offset if desired.
Values will match VFX1 program exactly if the above method is used.

To obtain Yaw degree data

1. Normalize and DC correct the Sin and Cos data using the above mentioned formulas.
2. Take ATAN(SIN/COS)
3. Convert to degrees using the “Rules for ArcTan Conversions”.
4. Fit degree output data to a trend line. (See above for formulas)
5. Add offset if desired.
Values will match VFX1 program exactly if the above method is used.

“Rules for ArcTan Conversions”

	if Cos < 0 then heading =180-arcTan(Sin/Cos)

	if Cos>0, Sin < 0 then you must take the -arcTan(Sin/Cos)

	if Cos>0, Sin>0 then heading =360-arcTan(Sin/Cos)

	if Cos=0, Sin<0 then heading = 90 degrees

	if Cos=0, Sin>0 then heading = 270 degrees


Turn on/off LCD message

· To turn the LCD's on.

00000010 VFX1 address (destination)
01010000 VIP card (source)
10000010 MSB is 1 so this is control/status w/ length of 2 bytes
11110110 Op Code F6 “Device Power Management Command”
00000000 Run mode (turn LCD’s on)
00100110 (XOR checksum)

Then we tell the unit to stream data  


00000010 VFX1 address (destination)

01010000 VIP card (source)
10000010 MSB is 1 so this is control/status w/ length of 2 bytes
11110101 Op Code F5 “Enable Application Report” (Tell HMD to stream data).
00000001 Enable

00100100 (XOR checksum) 

· To turn the LCD's off the following is sent. 

00000010 VFX1 address (destination) 
01010000 VIP card (source address)
10000010 MSB is 1 so this is control/status w/length of 2 bytes
11110110 Op Code F6 “Device Power Management Command”
00000001 Standby mode (turn LCD off).
00100111 (XOR checksum)

then we tell the unit to stop streaming data because the VFX1 is assumed to not be in use.


· 00000010 VFX1 address (destination)
01010000 VIP card (Source address)
10000010 MSB is 1 so this is control/status w/length of 2 bytes
11110101 Op Code “Enable Application Report”
00000000 Disable (If LCD’s are not on then don’t stream tracking data)
00100101 (XOR checksum)

Message format

· Data is always sent in the following format as depicted above.

1. Byte 1: Destination address. 

2. Byte 2: Source address

3. Byte 3: Protocol Flag.  If the MSB is 1 then it’s a control/status message.  If the MSB is 0 then it’s a device data stream.  The remaining bits in this byte tell how long the message will be.

4. Byte 4: Op Code. Refer to Access.bus Base Protocol.

5. Then a number of message bytes can be sent depending on the application

6. Last Byte: Logical XOR checksum.

As you can see the first three bytes tell you what the message is going to be, who its being sent to, and who sent it. 

Master-Slave relationship

· The VIP card and the HMD both can switch back and forth between Master transmitter and Slave receiver when needed.  Master transmitter when writing data to the bus.  Slave receiver when receiving data from the bus.  This is operates as defined in the Access.bus pdf file.

Flow direction for messages

· Data is sent to the HMD during initialization, when the VIP card requests capabilities reports, identification reports, power management reports, turning the LCD's ON/OFF, and when enabling/disabling application reports. Normally data is always being sent from the VFX1 to the VIP card. The VFX1 will continue to send application reports regardless if the VIP sends an acknowledge bit or not (from what I’ve experienced. This may or may not be true in some circumstances).
Thanks to Rob and everyone else at the forte-vr group for additional information and help.  We’re almost there!! 
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