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Figure 3. Amplitude modulation and frequency division multiplex-
ing with sequential control of LED 1 and LED 2.

must be selected to ensure that the LEDs have sufficient time
to completely build up and release their light output. It is
also important for the frequency that the harmonic frequen-
cies do not overlay. In order to reduce additional interfer-
ences, the modulation frequency should not harmonize with5

the mains frequency. First, the LEDs were considered indi-
vidually. Figure 4 shows the respective results in the time
domain (a) and in the frequency domain (b). The represen-
tation of the results in the time domain shown in Fig. 4 (a)
shows the rectangular carrier frequency for both measure-10

ments. Figure 4 (b) clearly shows the modulated amplitudes
at the respective frequencies. Compared to the amplitudes of
the time domain, the amplitudes in the frequency domain de-
crease by a factor of 2π−1 at the respective excitation fre-
quencies. Further harmonic frequencies with low amplitudes15

are also shown. In the frequency domain, a DC voltage part
at 0 kHz is recognizable for both measurements. This can be
explained by the fact that the LEDs are switched on and off
by the PWM and thus only positive voltages are present af-
ter the transimpedance conversion. The duty cycle of 50 %20

results in an average rectified value of half the amplitude at
0 kHz. In order to investigate the behavior of the sensor sys-
tem with respect to amplitude modulation and the frequency
division multiplex method, a further measurement is consid-
ered. In this measurement, LED 1 with 2.43 kHz and LED 225

with 3.89 kHz are not driven sequentially but simultaneously.
Figure 3 shows the result of the measurement in the time do-
main (a) and frequency domain (b).
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Figure 4. Amplitude modulation and frequency division multiplex-
ing with simultaneous control of LED 1 and LED 2.

In the time domain, Fig. 3 (a) shows the additive interfer-
ence of the modulated rectangular voltages of LED 1 and 30

LED 2. In comparison to the separate measurements, the
same amplitude is recognizable in the frequency domain at
the respective frequencies. The average rectified value at
0 kHz also results from the additive superposition.

The amplitude modulation and the frequency division mul- 35

tiplex method can be evaluated by comparing the successive
and simultaneous control of the LEDs. Due to the additive in-
terference of the radiation powers, the combination of ampli-
tude modulation and frequency division multiplexing proves
to be suitable. Therefore, only one broadband photodiode is 40

required for the reception of several LEDs. In particular, this
results in a multitude of further possibilities, since the car-
rier frequency is important rather than the wavelength of the
LEDs. One possibility would be to pulse the LEDs with dif-
ferent frequencies at the same wavelength to investigate dif- 45

ferent viewing angle and orientation to the surface. Further-
more, the reflection and absorption of the light at the same
wavelength can be measured simultaneously and indepen-
dently of each other.

3 Measurement setup 50

In this section, the setup of the measurement environment
is presented. For the measurements, a test bench was set up
which sprays a water film with a defined height in 1 mm steps
onto a surface. The test bench shown in Fig. 5 can be con-
trolled in horizontal and vertical direction with a resolution 55


