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Abstract. This paper presents an overview of the design of a voice coil based white light intensity
stabilization tool. A system is created capable of mechanically stabilizing the fluctuations in a
beam of light. This is achieved with a use of a voice coil and simple PID based feedback loop,
controlled using a LabVIEW interface. Stability results are shown using Allan deviations curves.

1 Introduction the beam of light as function of its variationsatirce
level.

The detection of planetary transits requires senaath

extremely high stability. The calibration of thesmsors By creating a feedback system we can monitor i i

requires a light source with stability on par ottbethan intensity and with that information mechanicallyjuesd

the goal stability of the photometer. the attenuator creating a shadow in the beam path,
altering the net flux between the source and tlitepext

As an example, the measurement of the flux impigpgin and thus reducing fluctuations in the beam.

on the detector over extended periods of exposuréne

evaluation of the detector gain over time, reque

probe beam to be extremely stable so that the aptev

information in the signal can be retrieved withimet

intensity noise of the light source.

However, light sources found in most laboratoriaseh
nowhere near the stability that is required for ¢herent
generation of photometers used in astrophysics,
particularly in the detection and characterizatioh The basic layout of this system consists of a
planetary transits. Typical broadband light sourees  photodetector that monitors the light intensity the
listed as having 1-3% fluctuations, or 10000 to BDO source, connected to a control system that teles th

ppm, for extended time periods. For example, the attenuator how much it needs to move to perform the
measurements of a Venus transit in a fixed wavéteng necessary corrections.

mode and the relative variation in total irradianequire
a precision of approximately 4 parts per millioh [1

Figure 1: Basic block diagram of the system

2.1. Light Source

The main goal of this project is to develop a ligimit A current driven white light source is used to eatela
and an intensity stabilization strategy in orderedduce  source with noise characteristics. This is achieved
its long term fluctuations, by at least one orddr o through a modulating circuit that connects the lamp
magnitude, so that it can be used in photometric wave generator, enabling the modulation of the beam
calibrations. with a sinus waveform, and on a second stage, &ith
white noise waveform, mimicking a real light source
) This approach allows me to have a good knowledge on
2 Luminous Power Control System the perturbations produced at light source level tis
a more controlled and accurate measure of the anodun

Most high-precision light source procedures stadili ripple really corrected by the obscuration unit,

light at its source, meaning they try to directhyntrol
driving current and/or the temperature of the emitt

source and circuitry. However, if access to thhtlig 2.2 Attenuator

source circuitry isn’t possible a different mettnad to ) ) )

be used. Rather than trying to control primary seur The attenuator used is a V-2R3Mag voice coil [2].
parameters like current or temperature, the inténde This voice coil drives consist of 2 essential congas:
system is based on the creation of an externatisicad a permanent magnet and a coil, which is locatethén

system, meaning that intensity and stability oflipt is air gap of the magnetic field. When current flows

modulated by an attenuator that obscures dynamicall ~ through the coil, it moves in the magnetic field toé
permanent magnet. The direction of motion depemds o
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the polarity. Thanks to their low weight and frariifree
drive principle, voice coil drives are particulagyitable
for applications, which require high dynamics anghh
velocities at limited travel ranges.

2.3 Detection and Control System

The measurements from the photodiode are read asing
Tektronix_DMM7510 digital multimeter. These reading
are used to feed a PID control whose output detersni
the position of the voice coil. A LabVIEW interfaée
used to control and monitor the voice coil positamd
calculate the PID output. The PID gains were opéadi
using the Ziegler—Nichols tuning method [3].

2.4 Experimental Results

Several
overview of the systems capabilities. A long dumati
test, with a sampling rate of 50mHz, was perforrteed
assess the system’s stability. The Allan deviaticas
chosen has the measurement for stability [4].
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Figure 2: Allan deviation curves for a non-compensated (blue
dots) and compensated (red dots) signal, with quéracy of
100mHz and an amplitude of 500mV

Figure clearly shows the added stability providgahe
system, increasing with the sampling time, reaching
minimum of 10715, Further measurements were made to
test the systems response to different frequeraies
amplitudes of the modulating wave.
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Figure 3: Allan deviation curves for compensated signals with
a modulating frequency and amplitude of 300mHz €ldiots)
and of 500mHz (red dots)

We can observe from figure 3 that the higher signal
frequencies and amplitudes lead to a decreaseen th
achievable stability. A measurement was also made t
test the system when subjected to a 100mV nois®kig
generated by the wave generator.

FREQUENCY STABILITY

allan noise comparison.TAU

10t

o
y1(0-

107

Allan Deviation, G ;

10+

s 10%

2 10 10° 10t 102 10%

Averaging Time, 1, Seconds

measurements were made to provide arFigure 4: Allan deviation curves for a non-compensated (blue

dots) and compensated (red dots) white noise sigviii an
amplitude of 100mV

Figure 4 shows how without compensation the system
tends to become less stable the longer it runsywben
compensated the opposite occurs, becoming significa
more stable with time.

3 Conclusions

The development of this system requires a studthef
noise sources present in the light source and the
detection system used, the development of an dptica
collimating system and the development of a PIDtrabn
system for the attenuator. Significant stabilitguits are
achieved when compared to the non-stabilized esult
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