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1 Safety Section

1.1 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-malil
suspected defects or aspects of instrument operation that may be unclear. We advise you
to inform us by phone, letter, FAX, or eemail 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 actua 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.
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1.2 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

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

This deviceis not suitable for usein the presence of flammable
anesthetics or other flammable vapors or liquids.
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1.4 Symbols

Caution! Read instructions before using.

Patient connection is isolated from power mains

European Union Council Directive compliance

Battery Check

Data 1/O Port (TOSlink cable)

o] mB

DC Power (Battery charger power supply connection)

m Power On
@ Power Off
%f-Ta
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1.5 Approvals

This product has been tested for EMI and complies with the requirements of EN 60601-1-
1-2:2001 (Group 1 Class A device under CISPR 11). Use of this equipment in the vicinity
of other equipment with excessive EMI may interfere with the proper operation of this
product.

This product conforms to IEC601-1:1988 with Amendments A1:1991 and A2:1995, and
to EN60601-1:1990.

This product has been tested in accordance with AAMI Safe Current Limits Standard and
meets all requirements for direct patient connection. The product is an USB powered
device designed to meet the applicable requirements of UL 60601-1 Standard for Safety
(Medical and Dental Equipment). This device should only be used according to the
manufacturer’ sinstructions and by qualified health professionals.

This product has been approved for both CE and CB certificates

1.6 European Representative
Emergo Europe Symbol

Molenstraat 15
2513 BH The Hague
The Netherlands

Tel: (31) (0) 70-345-8570
Fax: (31) (0) 70-346-7299

1.7 Product Introduction

The LKC UBA-4204 is a Biomedica Amplifier. It is designed to measure low-level
bioelectrica signals and transmit their digital representation to a computer through a
Universal Serial Bus (USB) port.

The UBA-4204 consists of an Amplifier Unit and an Interface Unit connected by a fiber
optic (TOSlink) cable. The amplifier unit has four differential inputs and is powered by a
rechargeable Lithium-lon battery. The Interface Unit connects to a USB 1.1 port to receive
power and to send digital datato acomputer or PDA.

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
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Anaog to Digita Converter. The data are then sent in digital form over the fiber optic
TOSIlink connector to the Interface Unit, and from there to the USB port of the computer. No
analog datais transmitted!

Commands are transmitted from the computer via the USB bus to the Interface Unit, which
sends them up the second fiber of the TOSlink cable to the Amplifier, where they are
interpreted and executed by the on-board microcomputer.

An internal rechargeable Lithium lon battery provides power for the Amplifier Unit. Power
for the Interface Unit is provided by the USB connection.

A block diagram of the system is shown below:

High Resolution Computer
Analog to Digital
Converter Interface Unit
o—
Pure Digitized Signal
Electrode + Short Cable Over Fiber Optic

The UBA-4204 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.
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1.8 Specifications

AMPLIFIER UNIT

Input Type
Input Channels
Input | mpedance
Connector Type

Background Noise

CMRR
Frequency Range

Input Gain

DC Input Range
Stability
Accuracy
Calibration
Data Resolution
Sampling Rate
Data Connection
Safety

Power Source
Battery Charger
Operating Time
Recharge Time
Environmental
Size

Weight

Analog Differential or Single Ended

4 (user selectable)

310 MW

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
>100dB 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)

<250nV / °C drift

< 0.2% absolute, Nonlinearity < 0.0010%

Automatic gain and offset calibration on demand

0.25nV / bit (Gain = 1) to 3.7 nV / bit (Gain = 64)
25Hzto 15 kHz

Bidirectional fiber optic cable (TOSIink) to Interface Unit
< 1 nA Leakage Current; > 10 kV Isolation when operated
according to instructions

Rechargeable Li-lon Battery

100-240 V 50/60 Hz, 12V 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 34" x 1" (14.6 cmx 8.3 cm x 2.5 cm)

8 0z. (225 @), including battery

1.9 Software License

INTERFACE UNIT
Computer Interface USB 1.1

Power Source USB powered
Size 6" x 3" x 2v4'

(15cmx 7.6 cmx 5.7 cm)
Weight 8 0z. (225 g)

The UBA driver software is a copyrighted product of LKC Technologies, Inc. and is
included with UBA-4204 system under the following license agreement:

The software may be used in conjunction with the UBA-4204 system only.
The purchaser of the UBA-4204 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 an UBA-4202 Interface Unit.

Copyright © 2005, LKC Technologies, Inc. All Rights Reserved.
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2 Parts and Accessories
The UBA-4204 is shipped with the following components:

Model UBA-4204 Amplifier Unit

Model UBA-4200 Interface Unit

USB A-to-B Cable (~2 m)

Dual Channel TOSlink Fiber Optic Cable
Battery charger power supply with power cord
User’s Manual

CD-Rom with Software

Storage Box

Lanyard

RPRRPRRPRRPRRRRER
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3 Product Interconnection

Inputs
Amplifier

Unit

Interface Unit

TOSIink
Cable

USB Cable
(to computer)

UBA-4204 Inter connection Diagram

UBA-4200 I nterface Front View UBA-4200 I nterface Back View

Connect one end of the TOSlink fiber optic cable to the data port on the

UBA-4204. The dataport isidentified with a symbol. The connector will
only insert in one orientation.

Connect the other end of the TOSlink fiber optic cable to the data port on the
Model 4200 Interface

Connect the matching end of the USB cable into the Model 4200 Interface.
Connect the other end of the USB cable to any USB port on your computer

If desired, clip the lanyard to the loop near the el ectrode connections on the UBA-
4204. (Thismay be placed around a person’s neck to support the UBA-4204
during recording sessions.)

That'sit! You'redone.
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4 Using the UBA-4204

The UBA-4204 amplifier unit is powered by an interna Lithium lon battery. Before
using the product for the first time, charge the battery for at least 8 hours following the
directionsin 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 is functioning properly

o Press to turn the amplifier ON

Ll

@ e \Power / battery status indicator

v\Batter ing indi
y Charging indicator
/N

TOSIink Battery Charger
Connector 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 press 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 Amplfier Unit microprocessor is working properly. If the

green light does not illuminate, press the OFF button, then turn the unit back on by
pressing the ON button. Thiswill reset the system.
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Note: The Self-Test button does not work if the unit is turned off. The Power /
Battery Status indicator must be illuminated for the Self-Test to work.

4.3 Input Connections

The two versions of the UBA-4204 contain either 1.5 mm male DIN safety connectors
(which accommodate connections to most electrodes) or BNC Connectors. These will be
referred to as —Pin and —-BNC versions. The channel connections are indicated on the
back 1abel of the Amplifier Unit.

1.1.1 —-PinVersion

"H# $ % & (
I )
Lo () %0
SOt (s
1012 3337012

€

N

UBA-4204-Pin Back L abel

The —Pin version has 4 differentia inputs (also useable as 4 single-ended inputs) and a
common. Y our software can specify whether the UBA-4204 will operate in single-ended
or differential input mode.

Differential Input Configuration. The differential inputs are labeled 1+, 1—, 2+, 2—, 3+,
3, 4+, 4—, where + and — refer to the non-inverting and inverting inputs respectively.
The Common (C) input is not used in this configuration

Sngle-Ended Input Configuration. To use the UBA-4204 in single-ended mode, use the
1+, 2+, 3+, and 4+ inputs referenced to the Common (C) terminal.

Note: In this mode, each channel of the UBA is still a true differential amplifier. The

“single ended” mode simply connects the inverting input of each channel to the Common
terminal for ease of connection.
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AN

1.1.2 -BNCVersion

Figure 6: UBA-4204-BNC Back L abel

The —-BNC version contains 4 BNC connectors, and is always used in differential input
mode. The center pin of each connector is the noninverting input; the BNC outer ring
(shield) isthe inverting input. This version does not include a Common connection.

4.4 Battery Charging

The UBA-4204 Amplifier Unit 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 afully depleted battery is 8 hours, with ~80% of the
charge restored within the first 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 %2 hour.

Battery Charge Indication

The LED next to the Battery Check symbol on the front of the UBA-4204 indicates the
remaining amount of battery charge.

a I Battery Check Symbol

LEDsIlluminated | Remaining Battery Charge
Green > 30 %

Green + Red 10 % - 30 %

Red <10%

Recharging the Battery

Do not charge the battery while the UBA-4204 Amplifier Unit 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
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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:

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.
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5

AN

Considerations for Use

5.1 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 +2.000V 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 / bit
32 + 62.5 mV 7.5nV / bit
64 +31.25 mV 3.7nV / bit

The UBA-4204 isa“true DC” system. Thesignal that isdigitized isapure
representation of what is present at the electrode connections. Y ou 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 metalsor 2) thereis
contamination on the electrodes or 3) the electrolytesin contact with the electrodes are
dissimilar, a battery may be formed that will impress a DC voltage across the el ectrodes.
This potential DC voltage — which may be several hundred millivoltsin amplitude —
must be taken into account when selecting the Buffer Gain. It is possibleto removethe
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.

5.2 Maximum Sampling Rate

The UBA-4204' s 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
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5.3 Effects of Digitization Rate and Preamp Gain on Input Noise

The UBA-4204 utilizes aone-bit Analog Modulator that digitizes at arate of 1.92 MHz.
This digitized datais filtered/averaged in hardware to produce lower datarates. Asa
result of the UBA’s digitization process, slower 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 RM S Input Noise

Digitization Preamplifier Gain

Rate 1 8 64

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

5.4 Effects of Digitization Rate on Frequency Response

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

sin(f/f,)°

"= =57

wherefsisthe 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, theinput is
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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.
A 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 Impedance

The input impedance of the UBA-4204 is always 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 | mpedance
> 1,000 Hz 10 MW
1000 Hz 20 MW
60 Hz — 500 Hz 40 MW
50 Hz 80 MW
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6 Demonstration Software

LKC provides a CD-Rom containing Demonstration Software and aDLL Driver.

LKC's UBA-4204 Demonstration Software is a ready-to-run program that allows data
collection and display. It aso contains controls for:

Channel On/Off . Sample Rate
Notch Filter . DatalLength
Low-Cut Filter . Gain

High-Cut Filter . View Scde
Filter Type - Impedance Test
DC On/Off

Figure 1. UBA-4204 Demonstration Software

The sample rate and data length are always the same for all channelsin use.
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7 Interfacing with your software

Windows application programs controlling the UBA4204 amplifier must utilize the
Dynamic Link Library (DLL) file to access the amplifier. The DLL file can be called
from LabView, MatLab, Visual Basic, and Visual C++ environments.

7.1 Utilizing the UBA4204 DL L with your Visual C++ software

A sample program to demonstrate the use of the UBA-4204 from Visual C++ can be
found in the \UBA4204C++Sample folder on the attached CD-ROM. This program
will compile into an application that collects data from the UBA-4204 and displaysit
on the screen.

While the whole sample code in Windows C++ isvery long (>1000 lines), the key
lines to control the UBA-4204 and collect data are:

| ong | ength = 256;
float rate = 2000;
int nchan = 1;

fl oat *data;

i f(!'mUBA. | sReady())
{

}

MessageBox (" UBA4204 is not ready!");

el se
m_UBA. AnpPr epar e(nchan, |ength, rate); /1 prepare anplifier
m _UBA. Anal ogl nDirect(); /1 start acquisition
data = m UBA. Get ADCDat a( 0) ; /1 get the data

}

7.2 Utilizing the UBA4204 DL L with your MATLAB software

The ability to call generic functionsis 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.html

To call DLL functions from MATLAB 6.5, you need to download and install the
MATLAB DLL Interface Library. Thelibrary is available from The MathwWorks Web
Site at:

http://www.mathwor ks.com/suppor t/solutions/files/s33513/GenericDIl 1pl.exe

The MathWorks DLL Interface Library contains seven functions:
loadlibrary:  Load aDLL into memory so that MATLAB can call it.
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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 thefile 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:

1 Load the DLL Interface Library with loadlibrary.

2. Prepare datafor callsto functionsin the library with libpointer and libstruct.

3. Call library functions viacallib.

4, Unload the DLL library by calling unloadlibrary.

Please refer to the MathwWorks documentation for more details.

7.3 Utilizing the UBA4204 DL L 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 aDLL to LabVIEW. Please refer to this document to
develop your UBA-4204 interface for LabVIEW.
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7.4 UBA4204 DLL Functions and how to use them

AmpReset()
Description: Reset the amplifier to its default settings.

Function Prototype: int AmpReset(void)

Arguments: none.
Returns: 1if no error; -1 if thereis error
Remarks: Thisfunction is called only when reset function is needed. The

internally preset default parameters are sample rate=2000, sample
number=256, channel 1 enabled, gain=x1, differential mode.

Related Functions: none.

AmpDiffMode&()
Description: Set the amplifier to differential mode.

Function Prototype: int AmpDiffMode (void)

Arguments: none.
Returns: 1if noerror; -1if thereis error
Remarks: The amplifier is set to the mode by default.

Related Functions: AmpSingleMode().

AmpSingleM ode()

Description: Set the amplifier to single-ended mode.
Function Prototype: int AmpSingleM ode (void)
Arguments: none.

Returns: 1if no error; -1if thereis error
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Remarks: When the amplifier is set to the single-ended mode, the input
signal measured for each channel is between the specified + input
and the common (C) input.

Related Functions. AmpDiffMode ().

SetSampleRate()
Description: Set the amplifier sample rate.

Function Prototype: int SetSampleRate(float &rate)

Arguments: rate the sample rate to be used.
Returns: 1if no error; -1 if thereis error
rate the sample rate actually used.
Remarks: The amplifier is set to 2000 by default. Valid sample rate values

are: 30000, 15000, 7500, 3750, 2000, 1000, 500, 100, 60, 50, 30,
25, 15, 10, 5, 2.5 (sample/sec).

Related Functions:. AmpReset (), SetSysinfo().

SetDatal ength();
Description: Set the amplifier sample length.

Function Prototype: SetDatal ength(long &len)

Arguments: len the sample length to be used.
Returns: 1if no error; -1if thereis error
len the sample length actually used.
Remarks: The amplifier is set to 256 by default. Valid sample length values

are rounded to: 64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384,
32768, and 65535. The sample length is set to unlimited if the
valueissetto 0.

Related Functions:. AmpReset (), SetSysinfo().

SetAmpGain()
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Description:

Set the amplifier gain.

Function Prototype: int SetAmpGain(UCHAR chip, UCHAR gain)

Arguments:

Returns:

Remarks:

Related Functions;

int SstAmpGain(UCHAR gain)
chip the chip to be set (can be omitted).
gan the gain value

1if no error; -1if thereis error

The gain for the amplifier’s four channels can be set separately.
Vaidvauesarel, 2, 4, 8, 16, 32, and 64. If the chip number is
omitted, all 4 chipswill be set to the same gain.

AmpReset (), SetSysinfo().

GetAmpGain()
Description:

Function Prototype:

Arguments:
Returns:

Remarks:

Related Functions;

Get the amplifier gain.

int GetAmpGain(short chip)
int GetAmpGain()

chip the chip to be requested.

the gain value

The gain for one the amplifier’s four channels can be avalue of 1,
2, 4,8, 16, 32, or 64. If the chip number is omitted, thefirst chip

gainisreturned.

SetAmpGain().

SetSyslinfo()

Description:

Set agroup of parameter values for the amplifier.

Function Prototype: void SetSysinfo(Datalnfo *info)

Arguments:

Returns:

info group data

none
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Remarks: All the parameters for the amplifier can be set by asingle call
provided that the parametersin Datalnfo are set correctly. Datalnfo
is defined as follows:
struct Datalnfo {

float Rate;

long ADLength;

int NChan,

short Sign(];

float Gain[];

float Atten[];
USHORT HiCut[];
USHORT LoCut[];
USHORT Notch[];
bool bDC]]J;

bool bFlagChan([];
float DC[];

short Avg;

short WaveFrom;
short Update;,

short WaveTo;

float Reject;

int bRawData;

long Index;

long Datal_ength;
float * Data;
USHORT DispFreq;
int Interval;

short Total Steps;
short Mode,

double TotalRecordTime;
double TimeElapse, ADCTimeElapse;
float ImpCurrent;

};

Related Functions. AmpReset (), SetSampleRate(), SetDatal_ength(), SetAmpGain(),
GetSysInfo().

GetSyslnfo()
Description: Get agroup of parameter values for the amplifier.
Function Prototype: void GetSysinfo(Datalnfo *info)

Arguments: info group data
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Returns:

None.

Remarks: This function is to get the current settings for the amplifier.

Related Functions:
SetSyslInfo().

AmpReset (), SetSampleRate(), SetDatal_ength(), SetAmpGain(),

AmpPrepare()
Description:

Function Prototype:

Arguments:

Returns:

Remarks:

Related Functions;

Prepare the amplifier settings.

void AmpPrepare(Datalnfo *info)

void AmpPrepare(int nchan, long length, float rate)

void AmpPrepare(bool bFlagChan[], long length, float rate)

void AmpPrepare(int nchan, long length, float rate, float * Buffer)

nchan the number of channels.
info see Datalnfo

length sample length

rate sample rate

bFlagChan  active channel flag map
Buffer externally allocated buffer
none.

The amplifier must be prepared before datais acquired. If an
arbitrary number of sample length is needed, Buffer should be
allocated and provided.

Anaogin().

AllocateM em()

Description:

Allocate data buffer memory.

Function Prototype: float* AllocateMem(int nchan, long length)

Arguments:

Returns:

Remarks:

nchan the number of channels.
length sample length
The data buffer address.

The amplifier must be prepared before datais acquired. If an
arbitrary number of sample length is needed, Buffer should be
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allocated and provided. The data buffer address can also be
obtained by calling GetBufferAddress().

Related Functions:  AmpPrepare(), Analogin(),GetBufferAddress(),
AllocateMemVirtual ().

AllocateM emVirtual()
Description: Allocate data buffer memory from virtual memory.

Function Prototype: float* AllocateMemVirtual (int nchan, long length)

Arguments: nchan the number of channels.
length sample length
Returns: the memory address.
Remarks: The amplifier must be prepared before datais acquired. If an

arbitrary number of sample length is needed, Buffer should be
allocated and provided. This function requests memory from
virtual memory (hard drive) for larger (up to 2 gigabytes) space.

Related Functions: AmpPrepare(), Analogln(),AllocateMem(),
ReleaseMemoryVirtual ().

ReleaseM emoryVirtual()
Description: Release the data buffer memory requested from virtual memory.

Function Prototype: void ReleaseMemoryVirtual (float * data, long length)

Arguments: data the virtual memory address.
length sample length
Returns: None.
Remarks: The virtual memory needs to be released after finish using it to

avoid memory |leakage problem.

Related Functions: AllocateMemVirtual().

StopADC ()
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Description:

Stop any on-going data acquisition.

Function Prototype: void StopADC()

Arguments:
Returns:
Remarks:

Related Functions;

None.
None.
This function cancels all on-going data acquisition.

Anaogin().

GetSingleData();

Description:

Get single data with the parameters defined in AmpPrepare().

Function Prototype: float* GetSingleData()

Arguments:
Returns:

Remarks:

Related Functions;

None.

The memory address buffering the acquired data.

This function acquires asingle data for all active channels. Data
acquired are in the unit of microvolt. The difference between
Anaogin() and GetSingleData() is that GetSingleData() acquires
only one sample instead of a batch.

Analogin(), AnaogInDirect().

GetADCData()

Description:

Get the data address of a given channel.

Function Prototype: float* GetADCData(int chan)

Arguments:
Returns:

Remarks:

Related Functions;

chan the channel of datato be retrieved.
The memory address buffering the acquired data.

Thisfunction is called after the data has been acquired by calling
Anaogin(). The datais sorted to one channel only style.

Andogin(),GetDataAddress().
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GetDataAddress()
Description: Get the data address of al channels unsorted acquired data.

Function Prototype: float* GetDataAddress ()

Arguments: None.
Returns: The memory address buffering the acquired data.
Remarks: Thisfunction is called after the data has been acquired by calling

Analogin(). The acquired datais sorted to {{ Ch00, ...}, { Ch10,
...}, {Ch20;} ...} format.

Related Functions: Analogin(),GetADCData(),GetBufferAddress().

GetBuffer Address()
Description: Get the data address of al channels unsorted acquired data.

Function Prototype: float* GetDataAddress ()

Arguments: None.
Returns: The memory address buffering the acquired data.
Remarks: Thisfunction is called after the data has been acquired by calling

Analogin(). The acquired datais unsorted and in {{ Ch0O0, Ch10,
Ch2,...},{Ch01, Chl1, Ch12,...}, ...} format. If datais acquired
repeatedly without changing parameters, this address remains
unchanged.

Related Functions: Anaogin(),GetADCData(),GetDataAddress().

Analogin()
Description: Start data acquisition.

Function Prototype: long Analogln(Datalnfo *info)
long Analogln()

Arguments: info  Settings for data acquisition (see SetSysinfo() for more
detail)
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Returns:

Remarks:

Related Functions;

The current data size. Since the function returns immediately, the
datasizeistypicaly zero. The actual data size should be checked
out by calling GetDataSi z&().

This function initiates a batch data acquisition process, the data
length, sample rate, number of channels, and so on is defined in
Datalnfo (see SetSysinfo() for more detail). If no change is needed,
no parameter is required to passin. The function returns
immediately, letting the data acquisition process running in
background.

AnaoglnDirect(), GetADCData(), GetDataSize(),
GetDataAddress(), GetBufferAddress().

Analogl nDirect()
Description:
Function Prototype:
length)

Arguments:

Returns:

Remarks:

Related Functions;

Start data acquisition.

long AnaloglnDirect();
long AnaloglnDirect(long *rate, int chan_lo, int chan_hi, long

info  Settings for data acquisition (see SetSysinfo() for more
detail).

The current data size.

This function initiates a batch data acquisition process, the data
length, sample rate, number of channels, and so on is defined in
Datalnfo (see SetSysinfo() for more detail). If no change is needed,
no parameter is required to passin. The only difference from
Analogin() isthat AnaloglnDirect() waits until the data acquisition
isfinished, while AnalogIn() returnsimmediately.

Anaogin(), GetADCData(), GetDataSize(), GetDataAddress(),
GetBufferAddress().

| mpedancePr epar &)

Description:

Function Prototype:

Prepare the impedance test settings.

void ImpedancePrepare(UCHAR imp=20)
void ImpedancePrepare(UCHAR imp, int nchip)
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Arguments:

Returns:

Remarks:

Related Functions;

void ImpedancePrepare(UCHAR imp, int nchip, float rate)

imp By default, the impedance current is 2uA. The valid value
can be 100 (10uA), 20 (2uA), 5 (0.5UA), or O (stop
impedance test).

nchip The number of chips. If not provided, the existing enabled
chips are used.

rate By default, the sample rate for impedanceis set to 500
samples/sec. If provided, it should be avalid sample rate
(see SetSampleRate()), and it should be faster than the
intervals of repeatedly getting impedance values.

None.

This function must be called before impedance test. This same
function is called with imp=0 to stop the impedance test.

Getlmpedance().

Getl mpedance()

Description:

Prepare the impedance test settings.

Function Prototype: float* Getlmpedance()

Arguments:
Returns:

Remarks:

Related Functions;

None.

The data address of collected impedance data.

This function should be called at an interval longer than the sample
rate to ensure the data collection. Data are sorted by the enabled

channels and are in unit of kOhm.

ImpedancePrepare().

| sReady()

Description:

Function Prototype:

Arguments:

Check if the amplifier is working properly and ready for data
acquisition.

bool I1sReady()

None.
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Returns: true: ready; false: amplifier is not working properly.

Remarks: Thisfunction is called for diagnostic purpose. When the amplifier
isinitialized successfully, this function returns true value.

Related Functions: AmpReset (), SetSampleRate(), SetDatalength(),
SetAmpGain(),Anaoglin(),GetADCData(),GetDataSi ze(), GetDataA ddress(), | mpedancePr
epare(),Getlmpedance().

IsBusy()

Description: Check if the data acquisition isin process.

Function Prototype: bool 1sBusy()

Arguments: None.

Returns: true: busy; false: amplifier isidle.

Remarks: Thisfunctionis called to check if the current data acquisition is
finished.

Related Functions: AmpReset (), SetSampleRate(), SetDatalength(),
SetAmpGain(),Anaoglin(),GetADCData(),GetDataSi ze(), GetDataA ddress(), | mpedancePr
epare(),Getlmpedance().

GetDataSize()
Description: Request the currently available acquired data size.

Function Prototype: long GetDataSize()

Arguments: None.
Returns: datasizein long integer.
Remarks: Thisfunction isto get available acquired data size. This function

may need to be called repeatedly since the value will increase
during batch data acquisition if background mode Analogin() is
called.

Related Functions: Analogin(), AnaloginDirect().
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SetAmpPower()
Description: Turn off the amplifier’s power.

Function Prototype: void SetAmpPower()

Arguments: None.
Returns: None.
Remarks: Thisfunction is called to turn off the amplifier’s battery power.

Even though the amplifier will turn itself off automatically after
about 30 minutesidle, it is recommended to call this function to
turn it off in order to save battery life. It does not yet support
amplifier’ s battery power on functionality.

Related Functions;

GetAmpPower ()
Description: Request the amplifier’ s battery power.

Function Prototype: int GetAmpPower()

Arguments: None.
Returns: battery power in percentage.
Remarks: Thisfunction is called to check how much the battery power is | eft

in terms of percentage. Valid range isfrom 0 — 100. It is strongly
recommended that the battery should be recharged immediately
when the value is below 5.

Related Functions;

DSPSmooth()
Description: Digital Signal Processing: smooth.

Function Prototype: void DSPSmooth(float * Data, int len, int navg=>5)

Arguments: data the raw data to be smoothed.
len the datalength
navg the smoothing factor
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Returns: None.

Remarks: This function is to smooth out the high frequency component in the
data. The original datais replaced by the smoothed data.

Related Functions. DSPBandPass(), DSPRemoveDC().

DSPSpectrum();
Description: Digital Signal Processing: Calculate FFT power spectrum.

Function Prototype: void DSPSpectrum(float * Data, int len)

Arguments: data the raw data to be calculated.
len the datalength
Returns: The actual datalength used in FFT.
Remarks: This function isto calculate the data’ s power spectrum. Since FFT

algorithm is used, the data length for the cal culation must be power
of 2, such as 16, 32, 64, 128, 256, 512, 1024, etc. The original data

isreplaced by the FFT data.

Related Functions:

DSPGetRM ()

Description: Digital Signal Processing: Measure root-mean-sgquared (RMS)
value.

Function Prototype: float DSPGetRMS (float * Data, int len)

Arguments: data the raw data to be calculated.
len the datalength
Returns:; RMS vaue.
Remarks: This function is to calculate the RM S value. When the datais from

baseline recording, it gives a measure of background noise.

Related Functions;
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DSPFilter Typeg()

Description:

Digital Signal Processing: Set low-cut / high-cut / band pass filter
type.

Function Prototype: void DSPFilterType(int type)

Arguments:

Returns:
Remarks:

Related Functions:

type can be one of the following:
BLACKMAN Blackman window
HAMMING Hamming window
WELCH Welch window
HANNING Hanning window
BARTLETT Bartlett window
PARZEN Parzen window
RECTANGLE Rectangular window
None.

Thisfunction isto set afilter type for DSPBandPass().

DSPBandPass()

DSPBandPass()

Description:

Digital Signal Processing: Filter the data with low-cut, high-cut, or
band-pass setting.

Function Prototype: void DSPBandPass(float * data, int len, float locut, float hicut, float

rate)

Arguments:

Returns:

Remarks:

data the raw datato be filtered.
len the datalength

locut low cut frequency

hicut high cut frequency

rate the sample rate

None.

This function isto filter the data with the given parameters. The
output behavior of data depends on the parameter settings. If the
low-cut frequency is set to <0, it has no effect and so the filter
becomes a high-cut one provided that the high-cut frequency is
valid. If the high-cut frequency is set to <0 or above ¥2 sample rate,
it has no effect and so the filter becomes alow-cut one provided
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Related Functions;

that the low-cut frequency is valid. When both low-cut frequency
and high-cut frequency are valid (O<low-cut<high-cut<1/2 sample
rate), the filter becomes band-pass one. The filter window typeis
defined by DSPFilterType(). The original datais replaced by the
filtered data.

DSPFilterType().

DSPNotch()

Description:

Digital Signal Processing: Filter the data out of a narrow band
frequency.

Function Prototype: void DSPNotch(float *data, int len, float freq, float rate, bool

harm=false)

Arguments:

Returns:

Remarks:

Related Functions;

data the raw data to be filtered.

len the datalength

freg notch frequency

rate the sample rate

harm base frequency only or with harmonics
None.

Thisfunction isto filter the data out of a narrow band frequency. It
is commonly used for removing 50/60 Hz noise. By default, the
notch filter is for the base frequency only. The original datais
replaced by the filtered data.

DSPBandPass().

DSPRemoveDC()

Description:

Digital Signal Processing: Remove the DC component only.

Function Prototype: float DSPRemoveDC(float *data, int len)

Arguments:

Returns:

Remarks:

data the raw datato be filtered.
len the datalength

the removed DC value.

This function isto remove the DC component in the data. Unlike
all hardware filters, this digital filter does not affect any AC
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components, including low frequencies. The original datais
replaced by the filtered data.

Related Functions: DSPBandPass().
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