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Abstract.  The paper describes the implementation of an offline, 
low-cost Brain Computer Interface (BCI) alternative to more 
expensive commercial models.  Using inexpensive general 
purpose clinical EEG acquisition hardware (Truscan32, Deymed 
Diagnostic) as the base unit, a synchronisation module was 
constructed to allow the EEG hardware to be operated precisely 
in time to allow for recording of automatically time stamped 
EEG signals. The synchronising module allows the EEG 
recordings to be aligned in stimulus time locked fashion for 
further processing by the classifier to establish the class of the 
stimulus, sample by sample. This allows for the acquisition of 
signals from the subject’s brain for the goal oriented BCI 
application based on the oddball paradigm. 

An appropriate graphical user interface (GUI) was constructed 
and implemented as the method to elicit the required responses 
(in this case Event Related Potentials or ERPs) from the subject.  
 
 
1 INTRODUCTION 
 
Discovered by Hans Berger in 1921 Electroencephalography 
(EEG) is currently one of the most heavily utilised methods for 
the detection and measure of brain activity, the first ever 
recording illustrated in Figure 1.   
 

 
Figure 1. The first EEG recording made in 1921 

 
Though it has been replaced by more contemporary methods 

of medical diagnosis its uses still include the identification and 
characterisation of neurological disorders such as epilepsy and 
encephalitis. The use of EEG in biofeedback systems has been 
showing some success in treating some cognitive conditions 
(sleep disorders, depression) but more recently research and 
implementation of BCI systems which enable opening extra 
communication channels for the severely disabled have come to 
the fore.   

The EEG is the result of coherent excitation of large groups of 
neurons, primarily from the cerebral cortex. When electrodes are 
placed on the scalp voltage fluctuations between them and a 
reference electrode (usually positioned at the nasion or earlobes) 
can be observed when appropriately amplified and filtered.  This 
reflects the operation of neuronal groups involved in cognitive 
processing. 

Compared against alternative means of identifying activity 
patterns within the brain, for example Magneto Encephalography 
(MEG) or Positron Emission Tomography (PET), EEG prevails 
as the cheapest whilst offering excellent temporal resolution.  In 
addition to a low cost, an EEG based BCI does not require 
extensive medical expertise, is safe (with properly tested medical 
grade equipment), and it is comparatively easy to use.  

When examining the current market of EEG recording units 
and systems specifically designed for the classification of EEG 
signals it is clear that these components are expensive to 
purchase, costing upwards of £10,000 whereby a good ERP lab 
can be constructed nowadays for ~$50,000 [1].  This makes the 
construction of an effective, inexpensive BCI platform (less than 
£5000) more available for research labs and potentially for 
patients in the future. It is hoped that such development will 
contribute to increase the momentum of BCI related research 
whereby more labs will be able to conduct BCI experiments. 

The main components involved in the construction of a digital 
EEG recording unit are: the electrodes, the analogue to digital 
converters, the amplifiers, the optical isolation and the 
transmission into a computer for processing.  

It would appear that the obvious and perhaps simplest solution 
would be to construct a new BCI module.  However, this would 
introduce several problems including safety issues, prototyping 
and testing costs/time. These concerns are the main reasons that 
make the task of an independent construction less desirable as a 
solution. 

Taking into account such considerations we have concentrated 
on using a low cost system that has already passed appropriate 
industry tests and standards [2]. The system chosen was a 
construction of Deymed Diagnostic costing slightly in excess of 
£4000.  

In addition to an EEG acquisition method it is also necessary 
to define a cognitive paradigm leading to generation of the BCI 
output.  Based on the results of the BCI competition in 2003 it 
was decided that the oddball paradigm would be applied for the 
elicitation of event related potentials, making this BCI goal 
oriented [3].  Use of this paradigm led to the classification error 
rates of 0% (revision of datasets made 3%) achieved by the 
winning group, hence this work and other ERP based 
approaches, [4] [5] [6], formed the basis for our ERP 
experiments. 

2 CONCEPT 

The Deymed Diagnostic Truscan32 system was designed for the 
diagnosis of encephalitis and the monitoring of brainwave 



patterns. It is a compact unit which could easily be mounted on a 
mobile platform (e.g. wheelchair) as it requires minimal power 
consumption (six AA batteries that last for more than 120 hours 
of uninterrupted use), little computational power with the 
advantages of being able to be connected via 21 electrodes (the 
10-20 system) as well as additionally placed electrodes up to a 
total of 32 and a standard data connection of a 25pin Parallel 
port found on most desktop computers. In fact, the system is 
scalable and additional head units can be purchased and 
connected together increasing a total number of available 
electrodes up to a maximum of 128. 

The software provided with the Deymed system allows the 
recording, filtering and storing of EEG records as well as other 
useful attributes but cannot stream the data directly to any 
program making a direct online construction impossible. 

The apparent limitations of the TruScan32 EEG capture 
module were a result of its primary design geared towards the 
diagnosis of neurological problems and not the implementation 
of a BCI.   

For simplicity it was decided to construct a BCI system using 
two separate computers; one for the installation of software and 
acquisition of the EEG signals and the second for the 
administration of the target stimuli, both bridged by a separate 
“sync circuit”.  However, it is possible to use one computer for 
this task as a single motherboard has all the necessary ports. This 
would reduce the cost of the system even further.   

As a direct interaction with the hardware was not feasible, and 
communication of external signals to the Deymed software was 
required, e.g. in order to automatically introduce markers into 
the recording, an alternative hardware solution was engineered. 
This “sync circuit” design consisted of a microcontroller which 
was able to efficiently communicate between the two computers 
and provide subject-feedback where needed. 

To solve the problem of synchronisation three potential 
methods were initially considered.  The first consisted of 
introducing Pulse Width Modulated (PWM) signals as a timing 
signal and the second relied on injecting additional noise into the 
circuit.  These were quickly abandoned due to equipment and 
subject safety concerns but allowed for the development of the 
ultimately adopted method. 

Using the standard inputs of the unit to deliver a 
synchronising signal was not possible due to a lack of a separate 
ground electrode providing a reference for the external signal. 
The ground electrode available on the unit is connected to the 
subjects head hence it is unsuitable as the external signal 
reference because of the safety reasons (when using specific 
recording montages). Moreover, the TruScan32 unit would not 
recognise or begin recording unless the impedance was below 
50KOhms. 

In principle, it would have been possible to circumvent the 
above issues by using 2 electrodes (one effectively as a 
reference) and a differential montage. Although this would allow 
the EEG recording to be time locked to the stimulus, it would 
eliminate the future possibility of extending the system to online 
processing give the TruScan32 system operation. 

The final solution adopted was based on the observation that 
some commands driven by the keyboard could be utilised to 
start, stop, pause and make rudimentary reference marks on the 
recording.  Using a microcontroller it would have been possible 
to directly communicate using the PS/2 port of the keyboard.  

An old keyboard was deconstructed and the main circuit board 
removed to be used as the link between the PS/2 port and the 
sync circuit. As all keyboards are simple matrix switches, it was 
merely a task of identifying the “columns” and “rows” which 
combined to give the correct key pushes.  

To synchronise the stimulus an appropriate Graphical User 
Interface (GUI) was designed that would allow for simple 
communication through a microcontroller and the graphical 
presentation and timing of stimulus.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Final design solution showing system design 
 
Figure 2 illustrates the suggested setup for the BCI system 

detailing all the components of the system. 

3 IMPLEMENTATION 

The microcontroller used for the implementation of the 
synchronisation board was a Microchip Programmable 
Integrated Controller (PIC) microcontroller model 16F877A.  
This model has all the required peripherals (i.e. Timers and a 
Universal Asynchronous Receiver Transmitter (UART)) and 
enough pins to allow for expansion and control of keyboard 
buttons etc. 

The final schematic of the successfully tested prototype of the 
routed board is shown in Figure 3. 
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Figure 3. Final Routed schematic, this is the schematic that made up the final etched product as 
shown in Figure 5 

 
The 8x2 pin heads in row at the bottom of schematic in Figure 2 
connect the two legs of transistors which are the connectors for 
the keyboard portion of the hardware. This configuration can 
currently control 8 keyboard buttons.  The 9x1 pinhead and the 
8x1 pin head (indicated by the dashed circles) are the connectors 
for the remote controls which can be used to perform 
experiments.  

Communication was achieved through the onboard UART 
connection to the serial port which was handled using the 
Max232 serial driver chip to allow the PIC to achieve the voltage 
levels (12V) needed for the standard serial communications 
protocol.  This circuit makes up the heart of the system being 
able to efficiently interact with both the serial and PS/2 port with 
minimum overheads.  

Single characters were used for communication as any   
additional protocol overhead would have slowed the data 
transfer and interpretation thus incurring more delay. 

The graphical user interface (GUI) was written in C#.  This 
decision was dictated by the features provided by this language 
which were deemed beneficial for our task including; multi-
threading, timers, easy serial port integration, multiple forms and 
rapid application development.  These advantages allowed for 
the construction of a fast and efficient software interface which 
acted with millisecond precision and provided good support for 
the hardware counterpart of this system. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.  System Flow of a typical experiment 

 
Using the log file created by the software, the ASCII files 

exported from the Truscan32 explorer software contain stimulus 
locked EEG data.  
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Figure 5. Main menu and standard letter grid which is the 
main form for providing the stimulus, in this case flashing boxes. 

 
Figure 4 illustrates the flow of a typical experiment which can be 
conducted with the system using the software illustrated in 
Figure 5.  Figure 5 shows the letter grid used for the standard 
ERP elicitation.  The main menu form allows addition of new 
experiment types via the drop down menu enabling future 
system expansion.    

 

4 RESULTS 

The system was tested and worked correctly when used in the 
manner described. The delay estimates were confirmed and 
provided desired synchronicity between all the system 
components as discussed below. 

The selected sampling rate of the EEG was 128Hz, resulting 
in the time period between two samples of 7.812ms.  Thus, to 
achieve synchronisation of the stimulus and the EEG recordings 
it was necessary to ensure that the delay of the entire system was 
less than 7.812ms as shown in Table 1. 

If the cumulative delay between the stimulus and the start of 
recording is below this threshold that means the start of the 
recording and any other data recorded will be perfectly 
synchronous with the stimuli allowing meaningful analysis.   

The time taken for the serial port to send one byte of data 
appeared to be under one millisecond. Coupled with the 
Microcontroller instruction time and the approximate time taken 
for the stimulus PC to receive the data the resulting cumulative 
delay was still less than 1 millisecond. This is based on a 
microcontroller oscillator speed of 20 MHz (making it 5 MHz 
actual speed taking four instruction cycles per command) and a 2 
GHz CPU speed on the target computer. 

The keyboard circuit itself is a matrix switch which is 
achieved by systematically polling each column and then 
checking each row to ascertain the press of a button.  This is a 
fairly slow process, however by assuming a slow clock speed of 
4 MHz and making the generous assumption that each polling 
event takes 20 instructions with 13 row and 8 columns the 
cumulative delay measures at approximately 2ms. 

The keyboard communication protocol states that it can run 
from 10 KHz to 16 KHz operating speed depending on the 
keyboard and what data is being transferred [7][8].  In Table 1 
the conservative estimate of 10Khz was used to calculate the 
delay making it approximately 2.4 milliseconds add to the time it 
would take for the software to interpret these commands which 
should not be more than 1ms based on a CPU speed of 2GHz, all 
the delays were well below the threshold required for 
synchronicity.  

 

Component 
Delay Incurred 

(ms) 

RS232 Sending 0.234 

RS232 Processing ~1ms* 

    

Keyboard circuit identifying button 
press 2.080 

Keyboard Sending commands 2.400 

    

Cumulative Delay in system (Sync 
board to stimulus) 1.234 

Cumulative Delay in system (Sync 
board to EEG recording) 4.480 

Max Possible Delay to ensure synch 
status 7.812  

*based on 2GHz CPU speed  
 

Table 1. Delay Elements present in the system 
 

Figure 6 shows the final product including case and circuit 
connected to one of the remote controls for administering ERP 
experiments. 
 
 



 
Figure 6. Finished circuit connected to its case and keyboard 
circuit with shielded cable connecting external remote control. 

So far the system has been tested by performing several ERP 
experiments with the standard letter grid as shown in Figure 5.  
Figure 7 shows an example of a normalised waveform (p300) 
acquired by use of the above described system. 

 

Figure 7. Shows an example p300 waveform obtained from 
averaged results through use of the described system. (X-axis: 

Time post stimulus (ms), Y-axis:  Normalised Amplitude 
(arbitrary units)). 

This waveform was obtained from EEG recordings time 
locked to the stimulus by the synchronisation system, aligned in 
time and averaged following a standard ERP approach.  The 
electrodes used were Cz, Fz, Pz, O1 and O2 using a 50 
millisecond flash interval, 20 repetitions and 128Hz sample 
frequency.  The onset of the p300 wave is approximately 300 
milliseconds after the onset of the stimulus as expected in 
keeping with the nature of ERPs [1]. 

5 CONCLUSIONS & FUTURE WORK 

The system works well within the specified time limits and 
allows for an efficient recording of EEG stimulus data in the 
appropriately formatted files. Hence, the EEG data can be 
precisely referenced to the stimulus onset and analysed for the 
identification of ERP signals. 

At present this platform provides an inexpensive research tool 
as it can be configured for study of ERP signals, or with minor 
modifications, for the acquisition of other EEG related signals.  

Future extension of the system towards the online control of 
external devices is considered by taking advantage of computer 
system commands and Direct-Link Library (DLL) files in order 
to track and decode files containing the recorded EEG signals. 

Thus, with an increase of accuracy, the information transfer 
and improvements of human computer interactions in BCIs, the 
costs of the proposed platform may be sufficiently low to offer a 
viable solution for the severely disabled by the healthcare 
system. This is because it could significantly increase the 
independence of the patients and hence could reduce the 
workload of the carers.  
    The decision to use two personal computers for the 
implementation of this system was primarily aesthetic.  A proof 
of concept system has been setup successfully also on one 
computer thus further lowering the overall cost.   

To further reduce costs and make the hardware system more 
compact it would be useful to implement the standard keyboard 
protocol to enable the connection of the PS/2 port directly to the 
circuit without going through a separate circuit board; this 
addition would also eliminate more of the delay. 

It is hoped that the construction proposed in this paper will 
encourage more research into different methods of human and 
computer interaction by providing relatively easy to assemble 
and more affordable platforms for BCI. 
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