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1 Introduction

This document describes how to collect BioTac data in LabVIEW (National Instruments)
through a Cheetah SPI Host Adapter (Total Phase, Inc.). Many of these functions are
built upon LabVIEW virtual instruments provided by Total Phase for the Cheetah Host
adapter. Please refer to Cheetah SPI Host Adapter Datasheet for more details.

BioTac LabVIEW Library for Cheetah and example applications are supported on
Windows Vista and 7 operating systems for computers running LabVIEW 2010 and later.

2 Data Types (typedefs)

SynTouch makes regular use of LabVIEW typedefs throughout its applications and
sub-Vis in LabVIEW. Most terminals on subVIs have these built-in structures and can be
accessed by simply right-clicking and selecting add constant, control, or indicator.

Enumerated Data Types

The following general enumerated constants are used throughout.

bt cheetah cs

This data type is used in conjunction with the function bt_DEVICE_cs to toggle the
cheetah into a particular BioTac chip select that is necessary for sampling the BioTacs.
Current generations of the Cheetah Multi-BioTac board support a total of three BioTacs,
future versions will support up to 6 BioTacs.

Values: All, None, 1, 2, 3

bt_frame_type

This data type is used in conjunction with the function bt_frame_channels to return an
array consisting of multiple elements of bt_sample_channel. These pre-configured
frame structures can be used to easily configure sampling parameters. These frames are
meant to be looped when sampling the BioTac.

Values: Default, Default w/Hall, All Channels, Electrodes, AC Pressure, DC Pressure, AC &
DC Pressure

Frame Type Details:

e Default: Pac, E1, Pac, E2, Pac, E3, Pac, E4, Pac, E5, Pac, E6, Pac, E7, Pac, ES8,
Pac, E9, Pac, E10, Pac, E11, Pac, E12, Pac, E13, Pac, E14, Pac, E15, Pac, E16, Pac,
E17, Pac, E18, Pac, E19, Pac, Pdc, Pac, Tac, Pac, Tdc

e Default w/Hall: Pac, E1, Pac, E2, Pac, E3, Pac, E4, Pac, E5, Pac, E6, Pac, E7, Pac,
E8, Pac, E9, Pac, E10, Pac, E11, Pac, E12, Pac, E13, Pac, E14, Pac, E15, Pac, E16,
Pac, E17, Pac, E18, Pac, E19, Pac, Pdc, Pac, Tac, Pac, Tdc. Pac, Hall

¢ All Channels: Pac, Pdc, Tac, Tdc, Hall, E1, E2, E3, E4, E5, E6, E7, E8, E9, E10, E11,
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E12,E13, E14, E15,E16,E17, E18, E19

* Electrodes: E1, E2, E3, E4, E5, E6, E7, E8, E9, E10, E11, E12, E13, E14, E15, E16,
E17,E18, E19

* AC Pressure: Pac

* DCPressure: Pdc

e AC & DC Pressure: Pac, Pdc

bt_property_type

An array of this data type is used in conjunction with bt_DEVICE_get_properties to
collect properties for all connected BioTacs.

Values: Flex version, Firmware version, Serial number, CPU speed, Sampling frequency,
Sampling pattern, Bootloader version

bt_sample_channel

This data type is used by various functions for sampling commands and processing
BioTac data.

Values: Pac, Pdc, Tac, Tdc, Hall, E1, E2, E3, E4, E5, E6, E7, ES, ES, E10, E11, E12, E13, E14,
E15, E16, E17, E18, E19, NULL

Data Structures

SynTouch takes advantage of cluster constants to structure data efficiently between
subVls. They are as follows.

bt batch_data

This data structure is used to organize data collected from a batch. It includes the list of
sampling channels, sample times, frame IDs, measured values, and bad data flag.

bt_batch_signals

This data structure is a processed version of the batch data used to update displays and
charts with batch data. It contains a structure of arrays for each channel.

bt data

This data structure is used as an array of bt_batch_data elements and can be used to
buffer all BioTac data for signal processing and saving data.

Cheetah Specific Data Structures

bt_cheetah_info

This data structure is passed between sampling functions and includes the cheetah
sampling handle and batch data size.
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bt_cheetah_sample_params

This data structure is used to configure the cheetah sampling parameters. It contains
the Frame Structure, Sampling Rate, Number of BioTacs, Property List, Batch Length
(ms), Buffer Length (ms), SPI Clock Speed (kHz), and Next Data Time. This is passed to
bt_cheetah_collect_batch and used to parse data.

3 SubVlis

Initialization

Cheetah Initialize.vi

Sampling Params Sampling Params (mod)
%= Cheetah Info

koo error out

..................

error in

This SubVl initializes the Cheetah SPI device for communication. The desired clock speed
is taken from the Sampling Params input and the actual clock speed is returned in the
modified Sampling Params output along with the Cheetah Info structure.

BT Get Properties.vi

BT Properties
Sampling Params {ET i} Sampling Params (dup)

Cheetah Info = w"%" &= Cheetah Info (dup)
error in error out

This SubVI requests BioTac Properties as defined in the Sampling Params input for all
specified BioTacs. Output is formatted and returned in an m-by-n array with the first
dimension representing the BioTac index and the second dimension representing the
property text.

BT Configure Batch.vi

BT CH

Sampling Params ferc Sampling Params (mod)
Cheetah Info = el &= Cheetah Info (mod)
error in error out
This SubVl initializes the sampling sequence and creates a buffer of asynchronous data
transfers. Inputs from the Sampling Params cluster determine the sampling rate, frame
structure, and number of BioTacs. Sampling begins at the call of this function and the
Collect Batch SubVI must be called before the sampling buffer expires to ensure

asynchronous data collection. There are two important parameters that can be
configured in Sample Params to ensure the data is contiguous.

Batch Length: The specified frame structure is looped an integral number of times to
meet this minimum batch length. Reducing the buffer length will increase the data
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update rate to LabVIEW but may lead to problems with buffer underrun if the
transmission rate is insufficient to meet the batch rate. This maximum bandwidth is
highly variable between computer to computer and depends on USB bus controllers,
processing speed, and the number of other USB devices that may interfere with
communication. We recommend setting this value between 20-40 ms for most
applications.

Buffer Length: A buffer length can be configured to send multiple batches to the
Cheetah during the initialization phase. This will permit for asynchronous data if there is
an interrupt causing delay in 1 or more batches due to operating system latencies. The
buffer length is limited by hardware in the Cheetah. It is recommended that the buffer
length be anywhere from 8-16 times larger than the batch length, but this can be
reduced if problems are encountered.

Simple Configuration (Simple Config.vi)
.—WBT Properties

e Sampling Params (mod)
&= Cheetah Info (mod)
koo error out

Sampling Params

error in

This SubVI configures the cheetah in one quick step by calling the initialize, get
properties, and batch configuration SubVIs in sequence. The input sampling parameters
can be modified due to limitations of the Cheetah or minimum batch size, the final
modified sampling parameters are returned with the Cheetah Info to be used by the
Collect Batch function.

Sampling
BT Collect Batch.vi
Sampling Params {ETCH } Sampling Params (mod)
CheetahInfo=d | SHRLEF &= Cheetah Info (dup)
Error in == oo error out
i Batch Data

This SubVI collects and returns 1 batch of data and replaces it with another
asynchronous batch request. This must first be configured using either the configure
batch or simple initialization SubViIs.

Parse Batch

BioTac Batch Signals
Sampling Params

Sampling Params

error in error out

Batch Data
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This SubVI parses the Batch Data into Signals that can be used in waveform displays and
other graphical displays for the BioTac.

Saving & Processing Data

Stream BTD

Other Info
Operator
BT Propertiesm“‘m“g
Sampling Params sessmsse= ETD
File Name ~*7777700
Record - 7
Batch Data seeemmmmm ;

This SubVI streams a batch of data to file when the record value is set to true. If a file is
not specified in the File Name input, a temporary file is created and the final destination
can be determined after the recording is complete. Inputs such as Other Info, Operator,
and BT Properties are used for the save files header file. The data file output after the
header is space-delimited and has the following structure with one line per sample
channel:

timestamp batchID framelID channelID btlData btlParity bt2Data bt2Parity bt3Data bt3Parity

EColor

BT Selector ariee Electrode Color Display

E color Electrodes

BioTac Batch Signals

This SubVI takes the BioTac Batch Signals and converts the electrode values into a
format so they can be used with the electrode color display and waveform plots for the
specified BioTac. To easily display these plot right click on the terminals and click add
indicator.

Other Functions

BT Chip Select
Cheetah Handle {7 cn | Cheetah Handle (dup)
error in LALMA error out
BioTac Chip Select

Configures the Chip Select for the specified BioTac on the Cheetah.
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Get Frame Channels

FRAME

Frame Structure

CH

Frame Channels

Returns an array of frame channels for the specified frame structure.

Property to Command

BioTac Property

FROF

2
cMD

Command

Returns the two-byte command for reading a BioTac property from the specified

property.

Sample to Command

SAMFP

Samp Channel

CMD

Binary Command

Returns the two-byte command for sampling a BioTac channel from the specified

channel.

Channel to Number

CHzZ

Samp Channel

NUM

Channel Number

Returns the numerical channels as specified from the BioTac SPI communication

protocol for the given channel.
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