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Abstract. Accurate electrophysiological diagnosis relies on high precision and well calibrated instruments. A method to sim-
ulate the human electrophysiological activity is proposed and a simulation system is developed, as a calibration tool for elec-
trophysiological inspectors. The system performance is tested by calibrating the amplitude and the latency of a commercial
visual electrophysiological instrument. Several typical simulating signals are tested. The minimum amplitude of the simulating
signal can be lower than 1 µV. Measurement errors and uncertainties are calculated. The traceability of the measurement results
to metrological standards is also demonstrated. It is proved by experimental results that the system can generate simulating
signals with different waveforms and variable parameters and it can be used to simulate the human visual electrophysiolog-
ical activities. With simple modifications to the simulation system, it can also be used to calibrate other electrophysiological
inspectors.
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1. Introduction

Electrophysiology is widely used in clinic diagnosis and therapy evaluation [1–3]. It relies on pre-
cise instruments as well as accurate diagnositic criteria derived from statistical data. In weak electro-
physiological signal detection,the amplitude may be lower than several micro volts. In this case, the
measurement result is extremely susceptible to the instrument status, parameter settings or electromag-
netic interference. Routine calibration of instruments is quite important for those clinical laboratories to
improve the accuracy of clinical diagnosis and keep consistency of measurement results in long term.
Besides, it is the prerequisite to achieve mutual recognition of medical examination result between dif-
ferent laboratories. Visual electrophysiology is a typical clinical electrophysiological method, used for
the diagnosis of human visual diseases [4,5]. The International Society for Clinical Electrophysiology of
Vision (ISCEV) have published a series of standards and guidelines on clinical procedure and instrument
calibration [6–10]. It is requested that visual electrophysiological inspectors should be calibrated peri-
odically for long-term reproducibility. Thus a method which is capable of evaluating the accuracy of the
amplitude and the latency is needed. Torok proposed a method to calibrate the electrophysiological in-
struments by using sinusoidal signals with amplitude higher than 10 µV [14]. However, in some occasion
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Fig. 1. The principle of the method to simulate visual electrophysiology.

the amplitude is below 10 µV. Besides, sinusoidal signals are far different from real electrophysiological
signals. A method which can simulate the human electrophysiological activities is needed.

The human visual electrophysiological system was taken as a model to investigate how to simulate
the human electrophysiological activity. A method is proposed in this paper to simulate the human vi-
sual electrophysiological responses to light stimulus. A simulation system is developed, which consists
of a photoelectric detector, a pulse shaping module and a low amplitude signal generator. It mimics
the human visual system by detecting flash stimulus or pattern stimulus and generates simulating elec-
trophysiological signals with a specific time delay. A commercial visual electrophysiological inspector
is employed to test the system performance. Results are analyzed and the metrological traceability is
demonstrated.

2. Method

In visual electrophysiology, flash and pattern are used as visual stimulus in electro-oculogram (ERG)
and visual evoked potential (VEP) examinations. Electrophysiological signal is generated after the flash
ends or the pattern reverses with a short time delay. The latency is defined as the delay between a
peak/valley of the electrophysiological signal and the visual stimulus. Usually the lantecy varies from
several microseconds to decades of microseconds.

Figure 1 shows the principle of the method to simulate the visual electrophysiology. In order to sim-
ulate the electrophysiological response of human eyes to visual stimulus, a photoelectric detector is
used to detect the flash and pattern stimulus. The light signal is converted into a photocurrent signal,
amplified and processed by a pulse shaping module. A standard square pulse is generated by the pulse
shaping module and used to trigger the signal generator. The signal generator then output a simulating
electrophysiological signal.

Figure 2 shows the signal processing flow chart of the simulation system. Figure 2a shows the flow
chart of the response to a Xenon flash stimulus. The luminance signal of the flash is converted into a
photocurrent signal. It is amplified and truncated into a square signal. On its falling dge, a standard
square pulse with fixed amplitude and width is generated and used to trigger the signal generator to
output a simulating visual electrophysiological signal. The signal processing is similar when LED is
used as the flash source. Figure 2b shows the flow chart of the response to a pattern stimulus generated
by a CRT display. A bright element of the pattern consists of a train of short pulses spaced with the
scanning period of the electron beam in the CRT. When the pulse train is detected, it is incorporated into
one single square wave. Standard pulses are generated on every rising and falling edges of the square
wave, and they are used to trigger the signal generator.

Simulating electrophysiological signals with different waveforms and parameters are compiled and
stored in the signal generator. Key parameters of the waveforms including the peak value, the valley
value and the latency are defined according to clinical statistics in literatures [15–17]. The waveforms are
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Fig. 2. The signal processing flow chart of the simulation system.

generated in a way of simulating clinical human electrophysiological signals in frequency domain. First,
sawtooth waves are obtained by directly connecting these peak and valley points. Then they are filtered
by a digital low pass filter in order to mimic the frequency characteristics of clinical electrophysiological
signals. The baseline of these wave forms are adjusted to zero. The data used to define the simulating
signals is preloaded into the signal generator. The signal generator consists of a programmable logic unit,
a display and control unit, a series of 20-bit digital-to-analog converters (DAC) and signal attenuators.
The DAC output high amplitude signals and then they are attenuated to wanted amplitude by the signal
attenuators.

3. The simulation system

Figure 3 shows the photo of the simulation system of human visual electrophysiology. The simulation
system can generate different simulating signals, whose amplitude range is 1 µV ∼ 1 mV, latency range
is (10 ∼ 100) ms and frequency range is (1 ∼ 1000) Hz. It can respond to visual stimulus including
single flash, flicker flash, pattern reversal and pattern appearance. It can work at signal trigger mode and
successive trigger mode so as to adapt different clinical examination mode.

The signal amplitude and frequency of the simulation system are calibrated and traced to the national
primary standards of electric voltage and time. The amplitude error is less than ± 1% and the frequency
error is less than ± 0.3%. The latency is calibrated with a self-developed standard flash system which is
traced to the national primary standard of time. The latency error is less than ± 0.1 ms.

The performance of the simulation system was tested by calibrating a commercial visual electrophys-
iological inspector (LKC Technologies, UTAS) with several different simulating signals including the
flash ERG, the pattern ERG and the pattern VEP.
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Table 1
Calibration result of the flash ERG simulating signal

Parameter Standard value Measurement value Average value Error Measurement uncertainty (k = 2)
Ua/µV −100.5 −92.4 −92.4 −92.5 −92.4 8.1 1.2
Ub/µV 120.0 113.7 113.5 113.9 113.7 −6.3 1.4
Ta/ms 12.0 12.0 12.0 12.0 12.0 0.0 0.1
Tb/ms 21.0 20.5 20.5 20.5 20.5 −0.5 0.1

Fig. 3. The photo of the simulation system.

4. Experiments and results

4.1. Flash ERG

The visual electrophysiological inspector was set to work at flash ERG examination mode. The simu-
lation system was set to output a dark-adapted 3.0 ERG simulating signal [8]. The photoelectric detector
was mounted in front of the Ganzfeld stimulator to detect the flash. The waveform measured by the in-
spector is shown in Fig. 4. The amplitudes and the latencies of the peaks and the valleys were measured,
repeated 3 times and averaged. Results were listed in Table 1. Ua and Ub were the amplitudes of the
a-wave and b-wave, while Ta and Tb were the latencies. Standard values of the amplitudes and the laten-
cies were preset in the simulation system. The maximum amplitude error was 8.1 µV and the maximum
latency error was −0.5 ms. The componnets of measurement uncertainty included the repeatability, the
resolution of the inspector and the measurement error of the simulation system.

The calibration point Ua is taken as an example to show how to calculate the measurement uncertainty.
According to the uncertainty theory, the range of the measurement valuesR is 0.1 µV, and the coefficient
of range is C. The standard deviation of single measurement value is:

s =
R

C
=

0.1 µV
1.69

≈ 0.06 µV (1)

The standard deviation of the average value is:

u1 =
s√
3
=

0.06 µV√
3
≈ 0.03 µV (2)
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Table 2
Calibration result of the pattern ERG simulating signal

Parameter Standard value Measurement value Average value Error Measurement uncertainty (k = 2)
Ua/µV −0.7 −0.4 −0.4 −0.5 −0.4 0.3 0.1
Ub/µV 3.2 2.7 2.4 2.4 2.5 −0.7 0.2
Uc/µV −2.8 −2.6 −2.4 −2.2 −2.4 0.4 0.3
Ta/ms 30.0 29.0 28.5 29.5 29.0 −1.0 0.7
Tb/ms 56.5 56.5 56.0 56.0 56.2 −0.3 0.4
Tc/ms 101.5 100.5 100.0 101.0 100.2 −1.3 0.4

Fig. 4. Waveform of the flash ERG simulating signal. Fig. 5. Waveform of the pattern ERG simulating signal.

The resolution of the inspector r is 0.1 µV. The standard uncertainty component is:

u2 =
r

2
√
3
=

0.1 µV
2
√
3
≈ 0.03 µV (3)

The standard uncertainty component introduced in by the simulation system is:

u3 =
Ua · u(Ua)√

3
=

100.5 µV× 1%√
3

≈ 0.58 µV (4)

In which u(Ua) is the standard uncertainty of Ua. Only the larger one between u1 and u2 is taken into
account when calculating the combined uncertainty. Thus the standard combined uncertainty is:

uc =
√
u22 + u23 =

√
0.032 + 0.582 µV ≈ 0.6 µV (5)

The expanded uncertainty is U = 1.2 µV (k = 2). Uncertainties of other calibration points are calcu-
lated in the same way.

4.2. Pattern ERG

The calibrated visual electrophysiological inspector was set to work at pattern ERG examination
mode. The pattern was reversed 64 times and a synchronous averaging technique was used to enhance
the signal-to-noise ratio (SNR). The simulation system was set to output a transient pattern ERG simulat-
ing signal [7]. The pattern reversal rate was 2 Hz. The pattern contrast was about 90%. The photoelectric
detector was placed in front of the CRT display to detect the pattern reversal. The waveform measured
by the inspector was shown in Fig. 5. The amplitudes and the latencies of the peaks and the valleys
were measured, repeated 3 times and averaged. Results were listed in Table 2. Ua, Ub and Uc were the
amplitudes of the a wave, b wave and c wave, while Ta, Tb and Tc were the latencies. The maximum
amplitude error was −0.7 µV and the maximum latency error was −1.3 ms.
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Table 3
Calibration result of the VEP simulating signal

Parameter Standard value Measurement value Average value Error Measurement uncertainty (k = 2)
UN1/µV −2.5 −2.4 −2.4 −2.3 −2.4 0.0 0.1
UP1/µV 8.5 8.7 8.5 7.2 8.5 0.1 0.5
UN2/µV −3.6 −3.9 −3.6 −3.3 −3.6 −0.1 0.4
TN1/ms 71.4 71.0 69.5 69.5 70.0 0.2 1.0
TP1/ms 101.0 100.5 100.0 99.5 100.0 0.2 0.7
TN2/ms 130.0 129.5 128.0 128.0 128.5 0.2 1.0

Fig. 6. Waveform of the VEP simulating signal.

Fig. 7. Results of sinusoidal signals measured directly.
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Fig. 8. Results of sinusoidal signals with synchronous averaging.

4.3. Pattern VEP

The calibrated visual electrophysiological inspector was set to work at VEP examination mode. Pattern
is reversed 64 times and synchronous averaging technique is used to enhance the signal-to-noise ratio
(SNR). The simulation system was set to output the pattern-reversal VEP simulating signal [9]. The
pattern reversal rate was 1 Hz. The pattern contrast was about 90%. The waveform measured by the
inspector is shown in Fig. 6. The amplitudes and the latencies of the peaks and the valleys were measured,
repeated 3 times and averaged. Results were listed in Table 3. UN1, UP1 and UN2 were the amplitudes
of the N1 wave, P1 wave and N2 wave, while TN1, TP1 and TN2 were the latencies. The maximum
amplitude error was 0.1 µV and the maximum latency error was 0.2 ms.

4.4. Low amplitude signal detection

In order to test the detetable limit of low amplitude signal, sinusoidal signals were generated and
measured at two modes, with and without synchronous averaging. The synchronous averaging technique
is commonly used in detecting weak electrophysiological signal, such as the transient pattern ERG and
the pattern-reversal VEP. Figure 7 showed the results of sinusoidal signals measured directly. The peak-
to-peak values of the signals were 10 µV, 5 µV, 2 µV and 1 µV and the frequency was 10 Hz. It was
shown that when the signal amplitude decreased to 1 µV, the SNR became very low and the effective
signal was almost buried in the random noise. Figure 8 showed the results of sinusoidal signals with
same amplitude and frequency measured at the synchronous averaging mode. Each measurement was
repeated 64 times and results were averaged. The SNR were increased remarkably. Random noise was
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suppressed to a very low level. It is indicated that the minimum amplitude of the output simulating signal
can be lower than 1 µV.

5. Conclusions

A method to simulate the human electrophysiological response to visual stimulus is proposed. A sim-
ulation system is developed, which is metrologically traced to the national primary standards of time and
voltage. The system performance is tested by calibrating the amplitude and the latency of a commercial
visual electrophysiological inspector with several typical simulating signals. It is demonstrated by exper-
imental results that the simulation system is capable of simulating the human visual electrophysiological
responses to both visual stimulus and pattern stimulus. The amplitude of the simulating signal is 1 µV∼
1 mV, ± 1%; the latency is (10 ∼ 100) ms, ± 0.1 ms; the frequency is (1 ∼ 1000) Hz, ± 0.3%. The
system provides a convenient tool for routine calibration and daily check of clinic visual electrophys-
iological inspectors. It is also useful to improve long term data stability and facilitate inter-laboratory
data share in clinic and fundamental research laboratories. Besides, with simple modification, it can
also be used as a calibration and research tool for manufacture and maintenance of other electrophysi-
ological inspectors. For example, electrocardiogram (ECG) machines and electroencephalogram (EEG)
machines are electrical recording systems without simulators. The visual electrophysiological system
can be transformed into an ECG and EEG calibrating system by simply loading the ECG and EEG sim-
ulating signals into the signal generator. For some electromyogram (EMG) machines with function of
electrical stimulation, the system can also be transformed into an EMG calibrating system by substitut-
ing an amplifying and processing unit for the photoelectric detector. Similar modification can be made
to meet the requirements of other electrophysiological instruments.
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