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Abstract—This paper describes research on the stability of the 

MEMS mirror for use in eye tracking systems. MEMS mirrors are the 

main element in scanning methods (which is one of the methods of eye 

tracking). Due to changes in the mirror pitch, the system can scan the 

area of the eye with a laser and collect the signal reflected. However, 

this method works on the assumption that the inclinations are constant 

in each period. The instability of this causes errors. The aim of this 

work is to examine the error level caused by pitch instability at different 

points of work. 

 

 

Eye tracking systems are now largely based on vision 

solutions [1÷2]. In these methods, the eye pupil position is 

determined on the basis of image analysis (from the 

camera observing the eye). Afterwards, the user's point of 

gaze is estimated using this information [3]. However, the 

accuracy of this method mainly relies on image resolution 

[4]. On the other hand, higher resolution means that more 

processing power is needed for image analysis (to 

maintain the same operating speed) [5]. In the case of 

mobile eye tracking systems, the processing power is very 

limited. Systems based on image analysis must work with 

low-resolution cameras to maintain smooth operation [6]. 

This, in turn, causes such solutions to have relatively low 

accuracy. An alternative in such situations may be the use 

of scanning methods [5÷6]. Such systems illuminate the 

eye area with a laser beam and collect the reflected signal. 

Based on the difference in signal intensity, the pupil's 

circumference and thus its position is estimated [9÷10]. 

The main element of these systems is the MEMS mirror. 

Due to changes in its pitch, the system can scan the area 

of the eye [11÷12].  

 

Comparing the two methods, a matrix is processed in 

the image analysis method (from several hundred 

thousand to several million pixels), but in the scanning 

method only a single vector is analyzed (several thousand 

points). The application of the scanning method in the eye 

tracking system allows obtaining high accuracy with low 

computing power. An example of an OPUS Microsystems 

MEMS mirror is shown in Fig. 1. 
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Fig. 1. OP-6111 MEMS mirror by OPUS Microsystems 

The operation of the scanning method, however, is 

based on the assumption that the MEMS mirror pitch is 

proportional to the control signal in each period. If there 

is an inconsistency here, errors arise that cause the pupil 

position to be miscalculated at the very beginning. The 

aim of this work is to determine how the stability of the 

mirror's pitch affects errors in the estimation of the pupil 

position. 

The research was carried out on a MEMS mirror from 

OPUS Microsystems (model OP-6111). Its practical 

operating frequency range is 43 763 ÷ 44 247 Hz for the 

high-speed axis and 3 265 ÷ 3 600 Hz for the slow axis. 

The pitch in each axis of the mirror is directly 

proportional to the operating frequency - fast axis ±20°, 

slow axis ±15°. As the mirror operates in bi-resonant 

mode, the curve drawn by the laser in the area of the eye 

can be described by Lissajous figures. A 5mW laser diode 

working at 650nm wavelength has been used as a source 

for measurements. 

In order to determine the operating instability of the 

MEMS mirror, measurements were taken at the maximum 

tilt frequency (15°) of the high-speed axis - 43 383 Hz. 

Two measurement points were adopted. The first one was 

the point of maximum tilt, while the second one was the 

mirror's base position (0°). The system, thanks to 

synchronization with the laser, emitted a pulse in the 

pitch, which was determined by the specified delay of the 

control signal (zero delay for maximum pitch, half period 

for zero pitch). For each measurement, 25 000 samples 
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were collected. The measurements were taken in two 

independent series, between which the system was 

reconnected, calibrated, and adjusted. The optical path 

length was 10 m. A camera with a resolution of 

19201080 pixels was used as a detector. The reading 

accuracy was 4.87·10-4 degrees (1.7 arc seconds). The 

block diagram of the measuring station is shown in Figure 

2. In each sample the pitch was measured in the main axis 

(the one on which the mirror works in each measurement) 

and the side axis (on which there should be no motion). 

 

 

 
Fig. 2. Measuring station scheme. 

 

MATLAB (v. R2019b) from MathWorks was used to 

analyze the results. The software analyzed each signal 

sample and then determined the pitch based on the 

position of the point. 

The results showed the difference between the stability 

at the base position of the mirror and a 15° pitch. The test 

results for both settings are presented in Table 1. 

 
Tab. 1. Standard deviation of pitch stability. 

 0° 15° 

Main axis 16.7'' 68.7'' 

Side axis 7.7'' 11'' 

 

Diagrams of the pitch stability (for main and side axes) 

in the 4000 sample range are shown in Figure 3. The blue 

color represents the maximum tilt.  Base pitch was marked 

with red. 

 
Fig. 3. MEMS mirror stability charts 

 Short-term pitch stability was also examined (samples < 

1000). The standard deviation was 4.61'' for the main axis 

and 1.45'' for the side axis. 

Due to the drift that was observed in the results, the 

analysis of the signal was also carried out with its 

omission. It was determined individually for each signal 

and corrected. The standard deviation of the results not 

including a drift is shown in Table 2 below. 

 
Tab. 2. Standard deviation of pitch stability without a drift. 

 0° 15° 

Main axis 9.5'' 58.3'' 

Side axis 5.4'' 8'' 

 

In order to determine the optimum operating point of the 

MEMS mirror, it was necessary to study the stability of its 

operation for individual axle deflections. The standard 

deviation of the full length was, on average, five times 

greater at full pitch than at no pitch. In the short term, it 

was also higher for maximum pitch, but only 3 times 

higher. 

There was a drift in the signal. It occurred in every 

series and measurements. The drift in the maximum case 

caused the initial value to shift by 0.2 degrees. The system 

was stiffened, and its configuration was changed between 

the series, and yet a drift occurred in both series. 
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Therefore, an environmental impact cannot be excluded, 

but its probability is low. If the drift was caused by the 

mechanical system of the MEMS mirror, it shows this 

additional phenomenon which must be taken into account 

when designing systems based on this device. 

The instability of the MEMS mirror tilting affects the 

accuracy of pupil position estimation. Determined 

maximum value 68.7'' (0.02°) may cause a relative error 

of 2·10-3, while for results with a corrected drift (58.3'') it 

was 1.7·10-3. For a short-term periodical stability of 4.61'', 

the error was 1.33·10-4. The effect of the mirror tilt 

stability on the error of pupil position estimation is linear 

in the examined range and is shown (within a range of up 

to 100 arc second) in Fig. 4. 

 

 
Fig. 4. Effect of mirror pitch instability error on pupil position 

estimation error. 

In this study the pitch stability of the OPUS 

Microsystems MEMS mirror (model OP-6111) was 

examined. The results showed that it depends on the 

mirror's placement during operation. The highest stability 

was observed when the mirror was in the middle point (0 

degrees) and the lowest when it was in the maximum pitch 

(15 degrees).  

The standard deviation of 15° tilt was 5.13 times higher 

than at 0°. Short-term stability also showed this 

dependence. In this case, the standard deviation of 15° tilt 

was on average 3.2 times higher. On the basis of these 

results, direct correlation between the pitch and stability 

can be deduced, which can be used as a basis for further 

studies. A potential direction of future research in this 

area could also be to investigate the aspect of an emerging 

drift and its causes.  

A relative error in estimating pupil position 2·10-3 is 

acceptable for eye tracking applications. It should be 

borne in mind in terms of scientific measurement systems. 

However, for entertainment applications this has a small 

or negligible impact. 
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