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Abstract: The paper presents a hardware solution of the in vivo electrophysiological signals acquiring and processing, using a 

continuous data acquisition on PC. The originality of the paper comes from architecture proposal, with some new blocks, which 

selective amplify and filter biosignals. One of the major problems in the electrophysiological signals monitoring is the 

impossibility to record the weak signals from deep organs that are covered by noise and by strong cardiac or muscular artefact 

signals. The analogical processing block is based on a dynamic range compressor, containing the automatic gain control block, so 

that the high power signals are less amplified than the low components. The following block is a clipper since to capture all the 

transitions that escape from the dynamic range compressor. At clipper output a low-pass filter is connected since to abruptly cut 

the high specific bio-frequencies. The data vector recording is performing by strong internal resources microcontroller including 

ten bits A/D conversion port. Through some specific measurements and calibration the chain can be used to capture and then 

interprets the neuronal signal with well applications in public health monitoring like psychiatric disorders. 
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1. Introduction 

The common techniques from the human electrophysiology 

are non-invasive, with electrodes placed on the tissue (e.g. 

metallic electrodes in contact with gastric mucosa in 

electrogastrography [1] or at cutaneous level in the classical 

electrocardiography ECG [2]). 

Therefore, a main problem arises when the electrodes are 

placed onto skin: the useful weak signals are buried in high 

level parasitic signals. The non-invasive electrophysiological 

methods suffer from noise, collected by the surface electrodes. 

There are many types of noise to be considered: 

� Inherent noise in electronics equipment: It is generated 

by all electronics equipment and can’t be eliminated. It is 

only reduced by high quality components using. It has a 

frequency range: 0 – several thousand Hz, [3]. 

� Ambient noise: The cause is the electromagnetic 

radiation, with possible sources: radio transmission, 

electrical wires, optical network, [4]. It has a dominant 

frequency of 50Hz (60Hz) and amplitude of 1÷3 x EMG 

signal. 

� Motion artefact: It has two main sources: electrode/skin 

interface and electrode/cable, having a frequency range 

of 0÷20Hz. It is reducible by a proper circuitry and 

set-up. 

� Inherent instability of signal: All electronics equipment’s 

generate noise and the amplitude is somewhat 

randomized, being in correlation with the discrete nature 

of the matter. This noise has a frequency range of 

0÷20Hz and cannot be removed. 

In this situation, a gastric signal for instance, recorded at 

skin level, is hundreds times lower than the parasitic signals. 

The most accurate solution is the invasive one, straight to 

the target organ, using microelectrodes, [5]. Unfortunately, the 
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majority of organs are inaccessible without a surgical act, 

which adds two great disadvantages: the health-state in danger 

and high costs. This paper presents an analogical processing 

and digital recording system for low power 

electrophysiological signals, with the possibility to use them 

in medical applications like ECG, EEG, EMG and other public 

health monitoring. For low contact electrodes area, the noise 

introduced by the electrodes begins to be most significant. As 

the results of modelling of the ensemble source-electrode, it is 

recommended for large electrodes area that the amplifier must 

be implemented by a low noise and distortions, 

transimpedance amplifier stage followed by one low-pass 

filter. For very low electrophysiological signals it is necessary 

a differential amplifier because it has a high common mode 

rejection of parasitic signals characteristic [6]. 

2. Interferences with Psychiatry 

The electrophysiological recordings must be associated 

with novel hardware and software methods of new 

parameters extraction useful for clinical biometry. Similar 

quantitative measurements in the field of life sciences 

envisages biochemical blood tests by novel biosensors [7], 

neurotransmitter characterization [8] or monitoring [9], 

medical imagistic processing [10], up to biosignal processing 

within electrophysiological equipment’s, [11-13]. In this 

scope the term of "Biometry", admitted as a specialty journal 

title, suggests a large palette of techniques able to perform a 

metric recording in the biological sciences [14]. 

For diagnosis and disorder monitoring, some considerable 

efforts were done to introduce some biometric parameters in 

medicine: average reflection coefficient (ARC) measured by 

laser bio-photometry [15], thermo-graphic technique in 

inflammatory processes [16] and others [17-19]. New models 

accompanied by new clinical parameters [20] help to a better 

patient monitoring, like in the diabetes case [21]. 

In psychiatry, new biometric parameters could be valuable 

in diagnosis [22]. On the other hand, the electro-physiological 

methods can be extrapolated from cellular level [23] to 

clinical applications [24]. For instance, in the research of 

schizophrenia, the electrophysiological tests indicated some 

biometric parameters that can be responsible of differential 

diagnosis among psychotic disorders [25]. 

In a sequence of time, thousands of ongoing brain processes 

are captured by electro-encephalography. Therefore, the brain 

response to a single stimulus is uncertain and usually it is not 

visible in the EEG trace of a single trial. To collect the brain 

response to a stimulus, the clinicians must conduct more than 

100 trials, to extract the biometric results associated to the 

random brain activity. After the statistical averaging, the 

relevant brain waveforms well-known as the ERP 

(Event-Related brain Potentials) are collected [26]. 

During a clinical study, the procedure must appeal to a trial 

of patients with known diseases and must be compared with a 

trial with healthy subjects. All the persons have to receive the 

same task (e.g. a specific motion), while their 

electroencephalography must be simultaneously recorded. If 

on the EEG trace, the patients with different diseases 

statistically present different stimuli as human movement 

compared to healthy controls, some biometric parameters can 

be established for a differential diagnosis. 

Consistent with prior procedure, some authors revealed that 

some schizophrenia subjects were impaired in their ability to 

recognize biological motion. Three Event-Related Potential 

ERP were examined: P1, N1, and the late positive potential 

LPP [27].The EEG results showed that biological motion did 

not influence the earliest stage of visual processing (P1). 

Although schizophrenia subjects showed the same pattern of 

(N1) results relative to healthy controls, they were impaired at 

a later stage (LPP), reflecting a dysfunction in the 

identification of human form in biological versus 

non-biological motion stimuli. In spite of many promising 

investigations that studied the usefulness of qualitative EEG in 

the differential diagnosis between schizophrenia and others 

psychosis, the results were not always systematically 

concluding, especially due to non-identical medical condition. 

No meta-analysis could be conducted due to the lack of 

reliable quantification in the studies, excluding Oxford CEBM 

level 3 non-consecutive studies or cohort-study without 

consistently-applied reference standard or better exploratory 

or validating cohort-study [25]. 

Others authors considered the electroencephalography in 

relation to attention-deficit/hyperactivity disorders (AD/HD) 

[28]. The qualitative and quantitative EEG studies are 

investigated in their inter-relationship with different forms of 

AD/HD. The conclusions showed that in terms of resting EEG, 

elevated relative theta rhythm and reduced relative alpha and 

beta, together with elevated theta/alpha and theta/beta ratios, 

are most frequently associated with AD/HD disorders. Inside 

subgroups of AD/HD, the ratios theta/alpha and theta/beta, 

provides additional biometric parameters for a differential 

diagnostic. 

Further research to date has identified a substantial number 

of EEG correlates of AD/HD which hold promise for 

improving our understanding of the brain dysfunctions 

underlying the disorder [29]. 

3. Proposal and Simulations of an Analog 

Electrophysiological Signal Processor 

As in the case of many concepts from engineering, 

automatic gain control was discovered by natural selection. 

Automatic gain control (AGC) is an adaptive system found in 

many electronic devices. The average output signal level is 

feedback to adjust the gain to an appropriate level for a range 

of input signal levels. AGC algorithms often use a 

proportional-integral-differential controller. 

Under a sinusoidal signal stimulation having amplitude 

higher than the flatting threshold at the clipper input, the 

output signal is available in fig. 1. 
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Figure 1. The output signal from the clipper stage. 

All three signals are simulated for three different 

temperatures: 0°C, 20°C and 50°C, revealing a good stability. 

Due to the semiconductor devices parameters dependence 

on temperature, like silicon diodes in forward biasing, the 

previous green, red and blue curves are quite distinct, in the 

upper part and bottom part of the output, fig. 1. 

For this inconvenient correction, we propose a thermal 

compensated circuit from fig. 2. The thermal compensation is 

ensured by the diode D9 and resistor R22. 
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Figure 2. Clipper circuit with thermal compensation. 

During a next optimization we interpose a selective 

amplifier between the command circuit and clipper, fig. 3. 
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Figure 3. Selective amplifier of higher frequencies. 

In this way, another disadvantage has been removed: 

distortions of the transfer function, produced by the reverse 

biased diodes at 1-2Volts, are alleviated. When R16 increases, 

the higher frequencies are emphasized, accordingly with fig. 

4. 

 

Figure 4. The clipper driver frequency response. 

This technique reduces the inter-modulation distortions and 

allows the high frequencies expansion. 

The simulations results that cumulate all previous described 

benefits are presented in fig. 5. 
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Figure 5. The transient reply; the amplitude of the input signal was 40mV. 

The evolution of the command voltage of the compressor, 

Vcaa can be followed from negative to positive values, 

besides to the correction moment for the output amplitude. 

Frequency response of the entire chain corresponds with the 

block level simulations and makes the designed behaviour. 

Thus the compressor frequency response is smooth over 

500KHz, the driver stage of clipper emphasizes high 

frequencies and low-pass filter cut abruptly the frequencies 

over 3KHz, fig.6. 

The test of the automatic gain control circuit, contained in 

the dynamic range compressor, is tested using transient 

simulations at different input signal amplitudes. 

For the input sinusoidal signal amplitude of 10mV, an 

amplification of the output signal, equal with 100, is registered. 

The compression is fulfilled by the stage with U11 and the R4 

and R5 resistances. The command voltage, Vcaa, takes 

negative values, firstly -8V and after 5ms it is changing at 

-0.8V, fig. 7. 
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Figure 6. Frequencies response of the whole signal processing chain. 
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Figure 7. The output voltage Vcaa simulation for an input voltage with the 

amplitude equal with 10mV. 
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Figure 8. The output voltage Vcaa simulation for an input voltage with the 

amplitude equal with 2V. 

For the input sinusoidal signal amplitude of 2V a new 

reduction of the amplification of the output signal occurs 

between 2ms up to 4ms. The Vcaa voltage is negative, 

approximate of -8V for short time; then increases to a positive 

value, around +0.5V that reduces the output signal amplitude 

toward +3.25V, fig. 8. 

These simulations prove the dynamic compressor function 

for the above circuit, which means reduction of the differences 

between high and low signals levels or amplitudes. 

4. The Digital Interface 

The electrophysiological signals acquiring begins from the 

source of the bioelectric signals coupled with the electrodes, 

amplification, processing, analog-digital conversion and data 

storage in some file format. For the electrophysiological 

studies, the data storage is necessary, for a long time, as vector 

data storage. 

Acquisition and data storage are performed by an 8-bit 

microcontroller series AVR (Atmel), namely ATMega32 on a 

development board that has its own power source, a real time 

clock circuit, an EEPROM memory, a LED display and a 

serial interface adapter (RS232 or RS485), fig. 9. This 

microcontroller has strong internal resources, allowing data 

acquisition and digital conversion through a 10-bit ADC, 

provided with eight inputs multiplexer and its own high 

accuracy reference voltage reference [30]. 

Different interesting voltages are collected to internal DAC 

by means of microcontroller port A, ADC0 to ADC7. The 

conversion of analog data to a digital vector is synchronized 

by an internal clock which allows for choose different 

sampling rates. A conversion cycle starts by clearing the 

memory locations for the measured values. After that, every 

input is converted in a 10 Bits word and temporary stored into 

the internal RAM memory then the next input is also 

converted, and so on. At this moment we have an eight 10 

Bytes words representing a sample of the analog entry signal. 

This word is now completed with the conversion time, 

extracted from the external “Real Time Clock” (RTC), the 

U10 chip. 

 

Figure 9. The digital recording module using the microcontroller with 

integrated port analog-digital converter. 

The vector obtained looks like: 

5AYYMMDDHHmmsshhV0V1.....V7, [31]. The whole 

record is now 24 bytes long and it is stored into the external 

flash memory U2. This memory has 65536 bytes allowing for 

over 2700 records. At a rate of 20 samples/second that means 

there is enough space for more of 2 minutes of records. The 

acquired data can be extracted by a serial link, the chip U3 

providing for the RS232 specification, including hardware 

handshake by RTS-CTS pair. The communications parameters 
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have been choose to meet the MODBUS specification, as is: 1 

START bit, 8 data bits, 9600 Bauds, 1 Even parity bit, 1 STOP 

bit. During the recording process time information and 

recorded values are displayed cyclic. 

5. Capabilities of the Global Equipment 

The manufactured electrodes are tested using a 

multi-channel ADS1298, which work principle was 

previously depicted, [31], working now on 24-Bit 

Analog-to-Digital Converter with integrated 

electro-physiological front-end platform to increase the 

accuracy. 

 

Figure 10. Options for SAVE tab. 

The integrate ADS1298 platform is compatible with a 

dedicated software for general electrophysiology from Texas 

Instruments, ADS1298ECGFE-PDK Version 1.0.0. This 

requires the software installation to make available the 

cropped biosignals storage and representation on a PC monitor 

using "Save" button, fig. 10. The stored signals can be 

subsequently processed to extract some biometric parameters 

useful in differential diagnosis. 

The tab GPIO and Other Registers is placed under the 

analyse tab, including the control from GPIO1 up to GPIO4, 

for the phase and frequency of respiration, Wilson tracing for 

amplifier and Goldberger derivation for terminals. The GPIO 

tab controls four pins of general usage, I/O, fig. 11. 

 

Figure 11. GPIO register inside its window. 

If a skin electrode loses the intimate contact so that the 

series contact resistance abruptly increases, the correspondent 

bits register records a sub-threshold value in the Status register. 

This signals the respective electrode separation, changing the 

colour from green to red, fig. 12. 

In figure 13, the Scope mode analysis is revealed for the 

ECG standard signal for one channel. The Scope mode makes 

visible the I-III connexions, besides to the derivations 

Augmented AVF, AVL, AVR, configured after the mode 

"Normal electrodes". 

 

Figure 12. Status register of the electrodes; red colour indicates Lead-Off 

Status. 

 

Figure 13. ECG cropped signal in the Scope mode, using one communication 

channel. 

5. Electrophysiological Vector Recording 

In electrophysiological tests, a special attention is paid to 

the non-invasive measurements for rapid clinical recordings. 

Here the biosignal frequency ranges between 0.2Hz to 30Hz. 

In opposition, accurate measurements, for instance in 

Electro-Myo-Graphy, is recorded by invasive needles. If a 

motor unit is touched, the work frequency rises to 0.1kHz, 

while at cellular level the action potentials variations reaches 

to 10kHz, [32]. 

In our tests, the standard ECG electrodes were placed onto 
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the abdomen skin, searching the sensitive to others biosignals 

than ECG. The acquired signals are transmitted to a laptop by a 

PC interface and displayed, fig. 14. 

Between two cardiac beats the signals are more constants. 

So, the Display mode is suitable, fig. 14, while any additional 

muscular signals with higher frequency aren’t visible. Much 

more variable signals than an ECG trace become visible using 

the Scope mode, fig. 15. 

 

Figure 14. The cropped electrophysiological signals, using the Display mode 

for ADS1298. 

 

Figure 15. GPIO register inside its window. The cropped electrophysiological 

signals, using the Scope mode for ADS1298, selecting amplification = 1. 

In next picture, the cropped signals are processed using Fast 

Fourier Transform FFT, fig. 16. Investigating the frequency 

spectrum, can be discovered those important spectrum 

components, like ECG trace corresponding to ~ 1Hz and EMG 

corresponding to ~ 35Hz. Figure 17 presents the histogram 

analysis performed by ADS1298ECGFE-PDK Version 1.0.0 

software. In this way, the main spectral components are 

obviously and can be further amplified. This analysis becomes 

very useful for next improvements using digital filters that 

have to amplify only few desired targeted harmonics. 

 

Figure 16. The FFT analysis of the cropped electrophysiological signal from 

abdominal skin. 

 

Figure 17. Histogram of the previous cropped signal. 

The FFT analysis probes that our electrophysiological 

equipment is sensitive also to the network 50Hz frequency and 

to the cardiac rhythm. The proof of the ECG signal detection 

consists in a horizontal distance of 450 samples. Taking into 

account that the sample rate is 500SPS, results a cardiac 

frequency equal with 1.101 beats/second or 67 beats/minute. 

6. Conclusions 

This paper approached interferences of general 

electrophysiological techniques with applications in public 

health monitoring regarding the intern organs measuring and 

characterisation like ECG, EMG, EEG, neural signals and 

psychiatry. The original part of the paper was focused on new 

hardware and software solution development. The biosignal 

processing involves a clipper and a selective frequencies 

amplifier, because the electrophysiological signals usually 

have a high dynamic range and can be easily covered by the 

artefacts noise. 

The presented vector data collection, processing and 

recording had the possibility to use many input channels that 

give the possibility to simultaneously test different versions of 

source-electrodes-amplifier blocks. Later this facility can be 

used to multipoint measuring or to increase the resolution. A 

specific data vector recording was presented, with the 
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advantage of development for future new digital processing. 
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