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While several commercial biosignal amplifiers exist, very few provide support for wireless 
transmission. At the outset of this project a brief search revealed no existing Bluetooth biosignal 
amplifiers. At the same time, two projects underway in the Mindgames Group at Media Lab Europe are 
in need of exactly that: a wireless biosignal amplifier. Paint Affects and a handheld version of Relax-
To-Win both would benefit from the use of a bluetooth electrodermal amplifier in place of the current 
wired design. Additionally, the glavactivator glove design from the Affective Computing Group at the 
MIT Media Lab is in need of an update. There are also projects under way to use mobile phone 
technology to monitor or allow gameplay with biosignals, over mobile phone networks. The design 
detailed in this paper would serve well for all of these uses. 
 
Due to early design issues, Bluetooth technology initially received a bad reputation. However, this 
reputation is unwarranted with respect to current designs. The most recent implementations are 
compact, stable, provide peer-to-peer networking of many devices, and are very low power. Alternative 
technologies like 802.11 require much higher power requirements and are too bulky for this 
application. 
 
The BlueCore 2 from Cambridge Silicon Radio provides an extremely compact Bluetooth wireless 
implementation in a single chip. In order to use this to transmit biosignals, signal conditioning and 
analog-to-digital conversion (ADC) electronics are needed. The BlueCore 2 provides an on-board 
ADC, but it is designed to be used to check battery levels. It can accept TTL-level serial data, which 
can be provided by an external ADC. 
 
The solution presented below provides signal conditioning and analog-to-digital conversion electronics 
and firmware. This can be used to implement a Bluetooth electrodermal response (EDR) amplifier. By 
varying the signal conditioning circuitry, this design can be extended to transduce eletrocardiogram 
(EKG) and other biosignals. 
 
The Electrodermal Response 
Galvanic skin response (GSR) is a term which is often used to describe the electrical activity which 
gives evidence of psycophysiological changes [Fuller, 1997]. Electrodermal Response (EDR) is a 
broader term used by the psychophysiology community to describe the changes which take place on the 
stratum corneum in response to the sympathetic nervous system [ Malmivuo & Plonsey, 1995]. It is 
thought that the autonomic functions of the brain control the output of sweat glands and that 
electrodermal activity varies with psychological changes like increased arousal and anxiety [Fenz & 
Epstein, 1967]. 
 
GSR is often measured using a bipolar electrode placement of on the medial phalanx. Malmivuo and 
Plonsey suggest that a voltage of  0.5V that is kept constant along with current is “present-day practice” 
[1995]. This is apparently because the resistance of the skin is linear for voltages under 0.7V. 
 
Existing GSR Amplifier Designs 
The current design for the galvactivator glove makes use of a “Darlington Pair” to amplify 6Vdropped 
across the skin. A super -bright  LED is lit in response and the circuit can be varied by adjusting a 500K 
Ohm potentiometer. This circuit was primarily designed to be inexpensive to reproduce. H owever it 
has several design limitations which make it unsuitable as a more clinical GSR design. Foremost, the 
circuit does not keep voltage constant by buffering it properly. Furthermore the circuit does not 
regulate voltage so that as the battery drains, the circuit can provide very different responses. 
 
A more sophisticated design was developed by Blake Brasher. This design made use of a pair of Op 
Amps: one to buffer and a second to serve as a non -inverting amplifier. This design remedied many of 
the shortcomings in the original glavactivator circuit. For the problem at hand (use with Bluetooth 
wireless transmitters) however, this circuit still needs analog-to-digital conversion. 
 
A design by Brian McDonald of the Mindgames group provides a much more sophisticated GSR 
amplifier, but also introduces a Butterworth low-pass filter to address aliasing and noise issues. This 



design was interfaced with a PIC microcontroller which ran assembly ADC code. This is the current 
design used for Relax-To-Win. 
 
Circuit Design 
Because a revised design will be used for handheld applications like being embedded in the 
galvactivator glove, or for a handheld version of relax to win the design must be very space efficient. In 
the interest of space efficiency, as few chips as possible were used. Additionally, the circuit design 
should operate at 3V because this is the supply voltage for the BlueCore 2 chip. Because the skin could 
be considered to be an active source, the measurably quantities (e.g. Voltage or Res istance) can vary 
and interact with other circuit elements. Consequently, the circuit design should take care to hold the 
quantities measured across the skin constant. Lastly, the design should maintain constant voltage of 
0.5V across the skin, even as bat tery levels change. 
 
Over the course of the Spring of 2003 several iterations of the circuit were made. Firstly, Brain 
McDonald's design was adapted to operate at 3 volts. Following this a simplified equivalent circuit for 
the GSR amplifier was created. A capacitor to adjust the stability of the circuit was added to reduce 
positive feedback. The butterworth filter was removed in the interest of space efficiency and reduced 
complexity. Its anti-aliasing effects are not needed because the ADC which was next added samples 
significantly above the 10 Hz Nyquist rate for GSR. A PIC Mircocontroller was added to convert the 
analog signal to a digital serial signal appropriate for the BlueCore 2 chip. 
 

Figure 1: 3V GSR Amplifier with PIC for ADC 
 
The design operates as follows. A voltage divider (R1-R2) provides a 2.5 V reference signal to a 
programmable shunt regulator (VR1). This outputs a steady 2.5 V supply for two voltage dividers (R4-
R5 and R9-R10). The first of these provides a 0.5 voltage reference to an LT1014/LT precision op amp 
(IC1A). This non-inverting amplifier has a  40K resistor to provide gain (R6) and connectors through 
the skin electrodes to ground (X1-1,X1-2). Its output is V1out=1+R6/Rskin. The capacitor (C1) 
stabilizes the circuit by acting like a short circuit for high frequencies. The output of this amplifier is 
then fed into a voltage divider (R7-R8) which is part of the differential amplifier that is the second 
stage of the signal conditioning circuit. This signal is then fed to into the positive terminal of another 
LT1014/LT op amp (IC1B). The negative terminal is fed a reference signal of 0.5 V. The output  of this 
amplifier is V2out=V2*((R11+R9)*R8)/(R8+R7)*R9)-V1*(R11/R9). This signal is then fed into the 
analog input terminal of a PIC16F872 (IC3). This circuit was designed for 3V operation. By setting R2 
= 1.6K, the circuit can be tuned to work with a 5V supply. 



Firmware Design 
The previous design used for Relax-To-Win used assembly firmware. By adapting code used for the 
Pressuremouse project, C code is used in the current design to stream readings into the BlueCore 2 
chip. The PIC is programmed with C code compiled into assembly code by the CCS compiler and 
programmed onto the PIC using MPLAB. A code listing is provided here for those interested: 
 
// ADC conversion Firmware for GSR Amp 
// 
// Carson Reynolds <carsonr@media.mit.edu> 
// MIT Media Lab 
// May, 2003 
// Adapted from Rob Poor's iRX Hello World 
#case 
#include <16F872.H> 
 
// Configure PIC to use: HS clock, DISABLE Watchdog Timer, 
// no code protection, enable Power Up Timer 
// 
#fuses HS,NOWDT,NOPROTECT,PUT 
 
// Tell compiler clock is 20MHz. This is required for delay_ms() 
// and for all serial I/O (such as printf(...). These functions 
// use software delay loops, so the compiler needs to know the 
// processor speed. 
#use DELAY(clock=20000000) 
 
// Declare that we'll manually establish the data direction of 
// each I/O pin on port B. 
#use fast_io(B) 
 
// Standard defs from the irx2_1 board 
#define RS232_XMT PIN_B1 // (output) RS232 serial transmit 
#define RED_LED PIN_B2 // (output) Red LED (low true) 
#define RS232_RCV PIN_B5 // (input) RS232 serial receive 
 
// Macros to simplify I/O operations 
#define RED_LED_ON output_low(RED_LED) 
#define RED_LED_OFF output_high(RED_LED) 
 
// Default tri-state port direction bits: all PORT B bits are 
// output except for RC232_RCV (bit 5). 
#define B_TRIS 0b00100000 
 
// Inform printf() and friends of the desired baud rate 
// and which pins to use for serial I/O. 
#use rs232(baud=9600, xmit=RS232_XMT, rcv=RS232_RCV) 
 
// Decleare variable to store data from one pass of ADC 
unsigned int value; 
// Program body 
void main() { 
 // since we’ve declared #use fast_io(B) (above), we MUST 
 // include a call to set_tris_b() at startup. 
 set_tris_b(B_TRIS); 
 
 // reality check at startup 
 RED_LED_ON; 
 delay_ms(200); 
 RED_LED_OFF; 
 
 // configure ADC 
 setup_port_a(ALL_ANALOG); 
 setup_adc(ADC_CLOCK_INTERNAL); 
 set_adc_channel(0); 
 
 // loop forever, reading from adc 
 while (1) { 
  delay_ms(1); 
  value = read_adc(); 
  // send to serial port 
  printf("%u\n", value); 
 } 
} 
 



Prototype Implementation 
To test this design , a breadboard prototype was constructed and tested with the aid of a MAXIM 
233CP chip (to achieve RS232 levels). Here is a picture of the breadboard prototype: 
 

Figure 2: GSR Amplifier  Prototype 
Future Work 
The next step for this project will be to provide CAD drawing of the actual printed-circuit design. After 
this, the next task is to fabricate printed circuit boards and to interface them  directly with the BlueCore 
2. Interesting extensions of this design might be to use the other analog ports of the PIC to read other 
biosignals, in addition to GSR. A graspable physical design for the circuit's housing is also in the 
works. In the coming months this design should be ready for use by Relax-To-Win, Paint Affects, as a 
galvactivator replacement, and for other projects in need of wireless GSR. 
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