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1 Safety Section

14 Warranty Information

LKC Technologies, Inc. unconditionally warrants this instrument to be free from defects
in materials and workmanship, provided there is no evidence of abuse or attempted
repairs without authorization from LKC Technologies, Inc. This Warranty is binding for
one year from date of initial delivery and is limited to: servicing and/or replacing any
instrument, or part thereof, returned to the factory for that purpose with transportation
charges prepaid and which are found to be defective. This Warranty is made expressly in
lieu of all other liabilities and obligations on the part of LKC Technologies, Inc.

DAMAGE UPON ARRIVAL. Each instrument leaves our plant, after rigorous tests, in
perfect operating condition. The instrument may receive rough handling and damage in
transit. The shipment isinsured against such damage. The Buyer must report, in writing,
immediately any concealed or apparent damage to the last carrier. Report any damage
also to us, and issue an order for replacement or repair.

DEFECTS OCCURRING WITHIN WARRANTY PERIOD. Parts of units may
develop defects that no amount of initial testing will reveal. The price of our instruments
makes provision for such service, but it does not:

1 Provide for transportation charges to our factory for service,

2. Provide for services not performed or authorized by us,

3 Provide for the cost of repairing instruments that have obviously been abused or
subjected to unusual environments for which they have not been designed.

We will be happy at any time to discuss by phone, letter, FAX, or e-mail
suspected defects or aspects of instrument operation that may be unclear. We advise you
to inform us by phone, letter, FAX, or e-mail of the nature of the defect before returning
an instrument for repair. Many times a simple suggestion will solve the problem without
returning an instrument to the factory. If we are unable to suggest something that solves
the problem, we will advise you as to what parts of the equipment should be returned to
the factory for service.

DEFECTS OCCURRING AFTER WARRANTY PERIOD. Charges for repairs after
the warranty period will be based upon actual hours spent on the repair at the then
prevailing rate, plus cost of parts required and transportation charges; or you may elect to
purchase an extended warranty.

We will be happy to discuss by phone, letter, FAX, or e-mail any problem you may be
experiencing.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 4



1.5 Contact Information

LKC Technologies, Inc.

Customer Service/Support
800.638.7055 (US & Canada)
1.301.840.1992 (Worldwide)
1.301.330.2237 (FAX)
Service@LKC.com

www.LKC.com

16 Precautions
Ensure the amplifier battery isfully charged prior to use.

Do not record from human subjects while the Amplifier Unit battery
is recharging.

Use only the provided battery or an exact replacement from LKC
Technologies.

Use only the provided battery charger power supply or an exact
replacement from LKC Technologies.

This device is not protected against the ingress of water and should
not be used in the presence of liquids that may enter the device.

This device is not suitable for use in the presence of flammable
anesthetics or other flammable vapors or liquids.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 5



1.7 Symbols

Caution! Read instructions before using.

Patient connection is isolated from power mains

N s,

€ European Union Council Directive compliance

Battery Check

.

Not used in BlueHorizon

‘ o

DC Power (Battery charger power supply connection)

m Power On
@ Power Off
%f-Ta
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1.8 Product Introduction

The LKC BlueHorizon is a Biomedica Amplifier. It is designed to measure low-level
bioelectrical signals and transmit their digital representation to a computer through a
Bluetooth connection.

The BlueHorizon consists of an Amplifier Unit and an USB wireless dongle that plugs into
the computer. The amplifier unit has three differential inputs and is powered by a
rechargeable Lithium-lon battery.

Inputs to the system run through a preamplifier / buffer with programmable gains of 1, 2, 4,
8, 16, 32, or 64. After buffering, the data are immediately digitized by a 24-hit sigma-delta
Analog to Digital Converter. The data are then sent in digital form over Bluetooth Wireless
connection to the computer.

Commands are transmitted from the computer via Bluetooth Wireless connection, where they
are interpreted and executed by the on-board microcomputer.

Aninternal rechargeable Lithium lon battery provides power for the Amplifier Unit.
A block diagram of the system is shown below:

High Resolution Computer

Analog to Digital
Converter

Bluetooth Pongle
O— 9

Pure Digitized Signal I:

Electrode + Short Cable Over Bluetooth wireless connection

BlueHorizon as furnished is designed to be incorporated into your custom biomedical data
acquisition and analysis system. It is furnished with the software components necessary to
allow you to control it and collect data from your program in:
- Visual C++

Visual Basic

MatLab

LabVIEW

Any other system that allows you to accessaDLL driver.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 7



19 Specifications

AMPLIFIER UNIT

Input Type

Input Channels
Input Impedance
Trigger Out Pulse
Connector Type

Background Noise

CMRR
Frequency Range

Input Gain

DC Input Range
Stability
Accuracy

Data Resolution
Sampling Rate
Data Connection
Safety

Power Source
Battery Charger
Operating Time
Recharge Time
Environmental
Size

Weight

Anaog Differential

3 (user selectable)

310 MW

3.3V, 50us delay

1.5 mm Male DIN Safety electrode connections or
optional BNC connectors

<0.7nV p-p@ 100 Hz Sampling Rate, Open Input
<1.8nV p-p @ 1000 Hz Sampling Rate, Open Input
> 100 dB at 50 — 60 Hz

DC to > 1.0 MHz without aliasing. High frequency cutoff
depends on sampling rate.

1,2, 4,8, 16, 32, 64 (user selectable)

2V (Gain=1)

<250 nV / °C drift

< 0.2% absolute, Nonlinearity < 0.0010%

0.25nV / bit (Gain=1) to 3.7 nV / bit (Gain = 64)

5 Hz to 3750 kHz

Bluetooth Wireless Connection Class 2 (10m range)
Wireless design means no leakage current
Rechargeable Li-lon Battery

100-240V 50/60 Hz, 12 V 1.0 A (included)

Up to 12 hours of continuous use before recharging
4 hours to 80% capacity, 8 hoursto 100%

0° Cto55° C (32° Fto 131° F)

5% x 3¥4’ x 1" (14.6 cmx 8.3 cmx 2.5 cm)

8 0z. (225 g), including battery

1.10 Software License

BlueHorizon driver software is a copyrighted product of LKC Technologies, Inc. and is
included with BlueHorizon system under the following license agreement:

The software may be used in conjunction with the BlueHorizon system
only. The purchaser of BlueHorizon may make copies of the software for
convenience of use, provided the LKC copyright notice is preserved with
each copy. This license specifically prohibits the use of this software in a
system that does not include a BlueHorizon Unit.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 8



2 Partsand Accessories

BlueHorizon is shipped with the following components:

BlueHorizon Amplifier Unit

Class 2 Bluetooth Dongle

Battery charger power supply with power cord
User's Manual

CD-Rom with Software

Bluetooth Dongle Driver Software

Storage Box

Lanyard

RPRRPRRRRRRE
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3 Setting up the Wireless Connection

Install Bluetooth driver on the computer according to Bluetooth V2.0 USB
adapter quick installation guide.

Plug USB donglein the computer’s USB port
Turn BlueHorizon on

Start BlueSoleil and click on the orange circle to search for BlueHorizon (see
picture below)

Double click on BlueHorizon’s symbol. A prompt will appear asking for a
passkey, the passkey is Horizon's five-digit Serial Number, which can be found
on the back of the unit. The number should start with 03 followed by 3 other

numbers (passkey example 03101)

A Bluetooth Service Authorization prompt will appear (see picture below) . Make
sureto check the box labeled “ Always allow this device to access this service”

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 10



Connect system to be triggered on channel 4+

If desired, clip the lanyard to the loop near the electrode connections on
BlueHorizon. (This may be placed around a person’s neck to support the
BlueHorizon during recording sessions.)

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 11



4 Using BlueHorizon

BlueHorizon is powered by an internal Lithium lon battery. Before using the product for
the first time, charge the battery for at least 8 hours following the directions in Section
4.4.

Amplifier Controls

LKC

TECHNOLOGIES

Press to turn the amplifier OFF
Press to test the amplifier

The green light will come on when the “Test” button is pressed

°® if the amplifier isfunctioning properly

ik

o Pressto turn the amplifier ON
G — . \Power / battery status indicator
,\ \Battery Charging indicator

Battery Charger

Connector
4.1 Powering On/Off
Press the “On” button for at least ¥2 second to turn the Amplifier on. The Power
Light / Battery Status Indicator will illuminate. Within approximately one second,
it may change color to indicate the remaining battery capacity.
If the amplifier is not in use for more than 30 minutes, it will automatically turn off.
If you wish to power off before this to conserve battery power, depress the “ Off”
button.

4.2 Self Test

To verify that the system is working properly, press the Test button. If the associated
green light turns on, the Amplifier Unit microprocessor is working properly. If the green

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 12



light does not illuminate, press the OFF button, then turn the unit back on by pressing the
ON button. Thiswill reset the system.

Note: The Self-Test button does not work if the unit is turned off. The Power / Battery
Satusindicator must be illuminated for the Self-Test to work.

The green light by the Self Test button will aso turn on if the Bluetooth connection is
experiencing data congestion. If the light is on for extended periods of time, this may be
an indication that you are transmitting data faster than the Bluetooth connection can
handle.

4.3 Input Connections

BlueHorizon can come standard with 4 differential channels or with 3 differential channdls
and one trigger out connector.

BlueHorizon Pins

It has 3 differential. Differential Input Configuration. The differentia inputs are labeled
1+, 1, 2+, 2—, 3+, 3—,. The Common (Pin 9) input is not used in this configuration

The trigger pulse will be coming out to pin 7.

4.4 Battery Charging

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 13



BlueHorizon is powered by an internal rechargeable Lithium-ion battery. A fully charged
battery will alow you to collect data continuously for up to 12 hours. The required time
to recharge a fully depleted battery is 8 hours, with ~80% of the charge restored within
thefirst 4 hours,

Note: If the battery is fully depleted (unit will not turn on), recharging the battery for 10
minutes should provide enough charge to operate the unit for approximately ¥z hour.

Battery Charge Indication

The LED next to the Battery Check symbol on the front of BlueHorizon indicates the
remaining amount of battery charge.

a I Battery Check Symbol

LEDs Illuminated | Remaining Battery Charge
Green >30%

Green + Red 10% - 30 %

Red <10%

Recharging the Battery
Do not charge the battery while BlueHorizon is connected to a patient.

Insert the Battery Charger Power Supply connector into the Amplifier Unit directly below
the DC Power symbol.

DC Power Symbol

Plug the power cord into a wall outlet or isolation transformer. The Battery Charger
Power Supply can be used with inputs from 100-240 V 50/60 Hz.

4.5 Replacing the Battery

The battery is designed to withstand approximately 5,000 discharge cycles. As you
approach this number, the operating time per recharge will decline. If you need a battery
replacement you have two options.

1) Return the amplifier unit to LKC Technologies where trained personnel will
install a replacement battery. (Battery replacement is not covered under
warranty.) Please contact LKC Technologies Customer Support before
returning your amplifier for this service.

2) Replace the battery at your facility. Please contact LKC Technologies to
purchase areplacement battery. To replace the battery:

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 14



Remove the four screws from the back panel of the Amplifier Unit and
remove the back panel.

Disconnect the battery’s 2-wire connector from the amplifier printed
circuit board and remove the battery from the unit.

Attach the connector to the new battery, aligning similar color wires
on the connector and battery.

Remove the protective strip from the Velcro attachment, and carefully
place the battery onto the back panel.

Replace the back panel and carefully reinsert and tighten the four
screws.

Use only a genuine replacement battery from LKC Technologies. Use of other
batteries may be hazardous.

Lithium lon Batteries should be carefully disposed of. Contact your local government
for disposal or recycling practicesin your area.

5 Considerationsfor Use

51 Gain Selection

The Full Scale Range and Resolution of the system are shown for each preamplifier gain in
the table below.

Buffer Gain Full Scale Range Resolution
1 + 2.000 V 0.24 nV / bit
2 + 1.000 V 119 nV / bit
4 + 500 mV 60 nV / bit
8 + 250 mV 30 nV / bit
16 + 125 mV 15nV / hit
32 + 62.5 mV 7.5nV / bit
64 +31.25 mV 3.7 nV / bit

BlueHorizon is a “true DC” system. The signal that is digitized is a pure representation
of what is present at the electrode connections. You should select the largest gain that
will accommodate the total signal at the amplifier inputs.

Note: If 1) your active and reference electrodes are of dissimilar metals or 2) there is
contamination on the electrodes or 3) the electrolytes in contact with the electrodes are
dissmilar, a battery may be formed that will impress a DC voltage across the e ectrodes.
This potential DC voltage — which may be several hundred millivolts in amplitude — must
be taken into account when selecting the Buffer Gain. It is possible to remove the spurious
DC offset by software filtering, but the offset will first be digitized by the ADC. If the
Buffer Gain is set too high, it is possible to saturate the Analog to Digital Converter,
eliminating the signal you are attempting to record.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 15



52 Maximum Sampling Rate

BlueHorizon maximum sampling rate depends on the number of channels used.

Maximum
Channels Sampling Rate
1 15,000 Hz
2-3 7,500 Hz
4 3,750 Hz
53 Effects of Digitization Rate and Preamp Gain on I nput Noise

BlueHorizon utilizes a one-bit Analog Modulator that digitizes at a rate of 1.92 MHz. This
digitized datais filtered/averaged in hardware to produce lower data rates. As aresult of the
BlueHorizon's digitization process, sower sampling rates produce significantly lower
Equivalent Input Noise (EIN). For best noise performance, you should select the slowest
sampling rate that is compatible with accurate reproduction of your signal. The EIN
increases approximately as the square root of the sampling frequency. Some examples of
EIN as afunction of digitization rate and buffer gain are shown in the table below.

Equivalent RMS Input Noise

Digitization | Preamplifier Gain

Rate 1 8 64

50 Hz 0.63 nV 0.22 nV 0.12 nV
500 Hz 1.95 nv 0.65 nV 0.37 nV
2000 Hz 4.2 mV 1.5nv 0.65 nV
7500 Hz 7.3V 2.4V 1.2nVv

54 Effects of Digitization Rate on Frequency Response

Because of the digitization and filtering process of the ADCs, the frequency response of
BlueHorizon is dependent on the sampling rate. The response is given approximately by:

sn(f/f,)°

"= "t
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where fs is the sampling rate. The response of the system for fs = 30,000 Hz is shown in the
graphs below

For frequencies greater than fs / 2 (the
frequency at which aliasing becomes a concern) the input is attenuated by at least 20 dB; for
frequencies greater than 3 fs/ 4, the input is attenuated by at least 60 dB. There are additional
windows of sensitivity centered at 1.92 MHz, 3.84 MHz, etc.

In most circumstances, no additional anti-aliasing filtering should be necessary. However,
if you expect signalsin the MHz range to appear at the amplifier inputs, external filtering
may be required to prevent aliasing.

5.5 Input | mpedance
The input impedance of BlueHorizon is aways greater than 10 MW. However, at lower

sampling frequencies, the input impedance can be significantly higher. Values are shown in
the table below.

Sampling [nput
Frequency Impedance
> 1,000 Hz 10 MW
1000 Hz 20 MW
60 Hz — 500 Hz 40 MW

50 Hz 80 MW

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 17



6 Demonstration Software

LKC provides a CD-Rom containing Demonstration Software and a DLL Driver. Copy
UBA.DLL and NewUBATest.exe files to the computer. In order to run the demo
software you will need to install the Bluetooth driver, insert the Bluetooth

LKC’s BlueHorizon Demonstration Software is a ready-to-run program that allows data
collection and display. It also contains controls for:

Running Baseline

Data Length

Gain

Channel Selection

DC On/Off

Differential Recorded vs Single
Ended

Sample Rate

Channel selection

Figure 1: BlueHorizon Demonstration Software

The sample rate, data length and gain are always the same for al channels in use.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 18



1

I nterfacing with your software

Windows application programs controlling BlueHorizon must utilize the Dynamic Link Library
(DLL) file to access the amplifier. The DLL file can be called from LabView, MatLab, Visua
Basic, and Visua C++ environments.

7.1

Utilizing BlueHorizon DL L with your Visual C++ software

Hereis a sample of the source code that the demo software uses. The source files are located on
the CD that came with your BlueHorizon.

Contained in NewUBA.cpp

voi d CNewUBA: : Set Par anet er as()

{

}

Set Rat e(m_i Sanpl eRat e) ;

Set Gai n(m._i Gai n);

Set Mode(m_i Mode) ;

Set Channel s(m_i Chanel s);

Set Sanpl eNunber (m_| Sanpl eLengt h) ;

voi d CNewUBA: : Test Col | ect Dat a(f | oat *aDat a)

{

Col | ect Dat aWai t () ;

i f(m_i Chanel s&0x01) Get Channel Data(1l, aData);

i f (m_i Chanel s&0x02) Get Channel Dat a(2, aDat a+m | Sanpl eLengt h);
i f (m_i Chanel s&0x04) Get Channel Data(2, aData+2*m | Sanpl eLengt h);
i f (m_i Chanel s&0x08) GCet Channel Dat a(2, aData+3*m | Sanpl eLengt h);

Contained in CNewUBATestDlg.cpp

voi d CNewUBATest DI g: : BkgndBasel i neNewUBA()

{
/1

CNewUBA ny UBA;
CString str;
Get DI gl t en( | DC_RATE) - >Get W ndowText (str);
myUBA. m i Sanpl eRate = atoi (str);
Get Dl gl ten( I DC_GAI N) - >Get W ndowText (str);
myUBA. mi Gai n atoi (str);
nmyUBA. m_i Mode 1;
nmyUBA. m_ i Chanel s = 0;
int nChanels = 0;
i f(1sDl gButtonChecked(lIDC _CHL)) {
nChanel s++;
nmyUBA. m_i Chanel s | = 0x01;

}

i f(1sDl gButtonChecked(lIDC _CH2)) {
nChanel s++;
nmyUBA. m_ i Chanel s | = 0x02;

}

i f(1sDl gButtonChecked(IDC _CH3)) {
nChanel s++;
myUBA. m i Chanel s | = 0x04;

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved.
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}

i f(1sDl gButtonChecked(lIDC _CH4)) {
nChanel s++;
nmyUBA. m_ i Chanel s | = 0x08;

}
Get DI gl t en( | DC_DATALEN) - >Get W ndowText (str);
myUBA. m | Sanpl eLength = atoi (str); float *data = new

fl oat [ myUBA. m | Sanpl eLengt h*4] ;

i f (nChanel s==0)
return;

Di spl ay m Di sp;

CRect Rect Panel ;

CWhd *pwnd = Get Dl gl tem(| DC_PANEL) ;
m Di sp. | ni t Di spl ay(pwnd);

myUBA. Set Par anet ers();

int i = 0;

for(;;) {
if(!bStart) break;
i ++;
CString str;

str.Format ("%d",i);
Get Dl gl t en{ | DC_STATI C1) - >Set W ndowText (str);

myUBA. Test Col | ect Dat a(dat a) ;

m Di sp. DrawPanel (2, true);
pwnd- >Get O i ent Rect ( Rect Panel ) ;
i f (myUBA. m_i Chanel s&0x01)
m _Di sp. DrawTr aceBl ack(0, data, nyUBA. m.| Sanpl eLengt h,
2, (Rect Panel . bottom - (START_Y2))/2);
i f (myUBA. m_i Chanel s&0x02)
m Di sp. DrawTr aceBl ack(1, data+myUBA. m | Sanpl eLength,
myUBA. m | Sanpl eLength, 2, (RectPanel.bottom/2)+2);
i f (myUBA. m_i Chanel s&0x04)
m _Di sp. DrawTr aceBl ack(2, data+2*myUBA. m | Sanpl eLengt h,
myUBA. m | Sanpl eLength, 2, (RectPanel.bottom/2)+4);
i f (nmyUBA. m_i Chanel s&0x08)
m _Di sp. DrawTr aceBl ack(3, data+3*myUBA. m | Sanpl eLengt h,
myUBA. m | Sanpl eLength, 2, (RectPanel.bottom/2)+6);

}
myUBA. EndCol | ect Dat a() ;
del et e dat a;

7.2 Utilizing the BlueHorizon DLL with your MATLAB software

The ability to cal generic functions is available only in MATLAB 6.5 on Windows
XP/2000/NT/98. A detailed description of how to do this can be found on the MathWorks web

site at:
http://www.mathwor ks.com/company/newsl etter snews notes/win03/patter ns.ntml

To cal DLL functions from MATLAB 6.5, you need to download and install the MATLAB

DLL Interface Library. Thelibrary is available from The MathWorks Web site at:
http://www.mathwor ks.com/suppor t/solutions/files/s33513/GenericDIl 1pl.exe
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The MathWorks DLL Interface Library contains seven functions:
loadlibrary:  Load aDLL into memory so that MATLAB can call it.
unloadlibrary: Unload aDLL and free the associated memory.
calllib: Call afunctionin aloaded DLL.
libfunctions:  List the functions availablein aDLL.
libpointer: Create areferenceto MATLAB data passed to aDLL function.
libstruct: Construct an externally defined structurein MATLAB.
libisloaded: Test to seeif agiven DLL has been loaded into MATLAB.

For complete details on the library interface, see the file shared_library_doc.pdf in the
MathWorks downloadable DLL Interface Library package. Programs that use the DLL Interface
Library call external functions using a four-step pattern:

Load the DLL Interface Library with loadlibrary.

Prepare data for callsto functions in the library with libpointer and libstruct.
Cal library functions via calllib.

Unload the DLL library by calling unloadlibrary.

pPODNPRE

Please refer to the MathwWorks documentation for more details.

7.3 Utilizing BlueHorizon DLL with your LabVIEW software
The National Instruments publication Using External Code in LabVIEW , available at

http://www.ni.com/pdf/manual /370109a.pdf

describes the process of interfacing a DLL to LabVIEW. Please refer to this document to develop
your BlueHorizon interface for LabVIEW.
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7.4 BlueHorizon DLL Functions and how to use them

7.7.0 Initialization and Closing

int OpenUBA (void)

This function must be called to open a communications channel for the BlueHorizon
before any other function attempts to access the BlueHorizon.

int CloseUBA (void)

This function must be called to close the communications channel for the BlueHorizon
before the application exits.

7.7.1 Data Collection Function Setup

int SetRate (int Rate)

Arguments: Rate the sample rate to be used.
Returns: Error codes as specified in section 7.8
Notes: Valid sample rate values are: 30000, 15000, 7500, 3750, 2000, 1000, 500,

100, 60, 50, 30, 25, 15, 10, 5

int SetGain(int Gain)

Arguments: Gain Amplifier gain setting
Returns: Error codes as specified in section 7.8
Remarks: Valid gain values are 1, 2, 4, 8, 16, 32, and 64. The gain for the

amplifier’ s four channels are always set together.

int SetMode (int Mode)

Arguments: Mode Amplifier mode (differential or single-ended)
Returns: Error codes as specified in section 7.8
Remarks: Vaid modes are O (differential), 1 (single-ended).

int SetChannels (int Channels)
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Arguments: Channels Channels from which to collect data (4 bits, LSB =

channel 0)
Returns: Error codes as specified in section 7.8
Remarks: Valid channel values are 0x01 — OxOf. Each bit specifies one channel (Bit

0 = channel 1, Bit 1 = channel 2, Bit 2 = channel 3, Bit 3 = channel 4).
0x00 is not avalid value. Note that in the case of trigger out, channel 4 is
use for trigger and should not be used for data. Data will only be
transmitted from the BlueHorizon headend for the channels that are
sel ected.

7.4.2 Batch Data Collection Functions

int SetSampleNumber(int NSam)

Arguments: NSam Number of samples to collect from each channel.
Returns: Error codes as specified in section 7.8
Remarks: The number of samples can be any number between 1 and 65535.

int CollectDataWait(void)

Arguments: None
Returns: Error codes as specified in section 7.8
Remarks: Data are left in the allocated buffer on completion, and must be retrieved

by the GetChannel Data() function for each channel.

int CollectDataNoWait(void)

Arguments: None
Returns: Error codes as specified in section 7.8
Remarks: Completion of data collection can be tested with the DoneY et() function.

Data are l€eft in the allocated buffer on completion, and must be retrieved
by the GetChannel Data() function for each channel.

int DoneY et(void)

Arguments: None.
Returns: Error codes as specified in section 7.8
Remarks: This function is called to check if the current data acquisition is finished.

It requires no communication with BlueHorizon headend.

int GetChannel Data(int Chan, float * Data)
Arguments: Chan Channel of datato beretrieved. Valid channel numbers are
1to 3.

Copyright © 2007, LKC Technologies, Inc. All Rights Reserved. 23



Data pointer to a buffer to hold the sample data points for this

channel
Returns: Error codes as specified in section 7.8
Remarks: This function is called to retrieve data after it as been acquired using

CollectDatawait() or CollectDataNoWait(). Channel number is invalid if
it was not specified for data collection by the SetChannels() command.

7.4.3 Continuous Data Collection Functions

int StartContinuousData(void)

Arguments: None.
Returns: Error codes as specified in section 7.8
Remarks: This function initiates on-going data acquisition. Data sent by the

BlueHorizon headend are stored in the allocated circular buffer. Data are
retrieved from the circular buffer by caling GetNextData(). During
continuous data acquisition, the only commands that may be executed
are StopContinuousData() and GetNextData(). All other commands
shall beignored.

int StopContinuousData(void)

Arguments: None.
Returns: Error codes as specified in section 7.8
Remarks: Data already placed in the circular buffer during data collection can till be

retrieved even after data collection is stopped.

int GetNextData(float * Data)

Arguments: Data pointer to the next sample from all channels from which
datawere gathered (as determined by SetChannels()

Returns: Error codes as specified in section 7.8

Remarks: Data can still be retrieved to the end of the circular buffer even after data

collection is stopped.

7.4.4 Memory Allocation and Management functions for continuous data collection

The calling program is responsible for assuring that memory has been allocated within the DLL
interface to account for the samples that will be stored during continuous data collection. The
functions listed below provide this management ability.

int AllocateBuffer(int NSam)
Arguments: NSam anticipated maximum number of samplesto be buffered
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Returns:
Remarks:

Error codes as specified in section 7.8

This function is caled before continuous data collection;
SetSampleNumber() is responsible for allocating memory if the number of
samples is known. Function should be capable of allocating at least 20
MB of storage if sufficient memory is available. The buffer should not be
accessible from outside the DLL. Because the memory is organized as a
circular buffer, it need not be large if data will be removed by the
GetNextData() function at a rate comparable to the data delivered by the
BlueHorizon headend.

int FreeBuffer(void)
Arguments:
Returns:

Remarks:

None

Error codes as specified in section 7.8

Allocated memory should be freed when no longer useful to prevent
memory leakage. AllocateBuffer() will only allocate asingle buffer.

7.4.5 |mpedance M easurement

int Measurelmpedance(int Current, int Freg, float * Impedances)

Arguments:

Returns:
Remarks:

Current Value of current to put through the electrodes. Valid
vauesare3 (10 mA), 2 (2mA), 1 (0.5 mA).
Freq Mains frequency. Valid values are 50, 60.

Impedances Pointer to array in which impedance values will be stored
Error codes as specified in section 7.8

Data should be reported only for the enabled channels enabled by the
SetChannels() function.

7.4.6 Sdf-Test and Self-Calibration

int AmpSelfCalibrate(void)

Arguments: None.

Returns: Error codes as specified in section 7.8

Remarks: This function should be called each time the gain or sampling rate are
changed before data are acquired. The self-calibration time is dependent
on sampling rate, and ranges from about 1 msec at 3750 Hz to 800 ms at
2.5 Hz sampling rate. (See page 25 of ADS1256 data sheet for more
details). The amplifier cannot be used during the time that the amplifier is
performing a self-calibration.

int AmpTest(void)

Arguments: None.
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Returns: Error codes as specified in section 7.8
Remarks: Thisfunction is called for diagnostic purposes.

7.4.7 Power Control and Battery Monitoring Requirements

int GetBatteryCharge(int & riCharge)

Arguments: riCharge passed by value to be set by function
Returns: Error codes as specified in section 7.8
Remarks: BlueHorizon will return a value rounded to the nearest 10% with the

exception of 5%.

int TurnAmpOff(void)

Arguments: None.

Returns: Error codes as specified in section 7.8

Remarks: The amplifier will not respond to further commands from the DLL after

this command is invoked.

7.4.8 Reporting Reguirements

int ReadSerialNumber(int &riSerialNum)

Arguments: riSerialNum passed by value to be set by function
Returns: Error codes as specified in section 7.8
Remarks:

int ReadUBA Channels(int & riNChannels)

Arguments: riNChannels passed by value to be set by function
Returns: Error codes as specified in section 7.8
Remarks:

int ReadConnectorType(int &riConnType)

Arguments: riConnType passed by value to be set by function
Returns: Error codes as specified in section 7.8
Remarks:

int ReadFirmwareVersion(int &Major, int &Minor)

Arguments: &Magjor Firmware major revision level passed by reference
&Minor Firmware minor revision level passed by reference
Returns: Error codes as specified in section 7.8
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Remarks:

75 DLL Error CodelList

Error Code | Interpretation

No error or Data ready

Unable to communicate with BlueHorizon Headend

Invalid parameter value specified

Communications channel will not support requested rate

Not all parameters have been set

Amplifier is busy (continuous data collection)

Data not ready

No data collection in process

Memory not allocated (see section 7.4.4)

Not in continuous data collection mode

Buffer overrun

M anufacturing commands not enabled

Ll
HIR|B|o|o|Njo|u|swN-|o

Other error
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