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High-precision absolute laser interferometer distance measurement system
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Abstract—With the improvement of precision in various fields,
we increase high requirements for measurement accuracy. In
this paper, we obtain the interference fringes change
information (the distance information) with the help of laser
scanning with different frequency. Thisinterference method is
an absolute measurement. It does not require the target to
move in the direction of measurement. In this paper, we give a
detailed analysis of the theory. We have done experiments to
compare this new method’s results with the results of
RENISHAW interferometer. It's improved that the accuracy
of distance measurement is 10-4~10-5 relatively.
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Laser ranging techniques are widely used to perform
contactless measurement of the distance of a remote target
for both industrial and scientific applications. These
techniques are useful when contact with the target is not
possible, the target is surrounded by a hostile environment,
and/or no perturbation on the target is to be made.
Commercially available instruments are based either on TOF
methods(telemeters),which are best suited for long-range
applications, or on triangulation techniques, which better
apply to short-range measurements[3].We choose the
technique of interferometer in the distance measurement
system for its non-contact, high-precision and high-
sensitivity. In traditional incremental interferometry, we
change the optical path difference by adjust the geometric
distance. The different optical path length brings changes to
both of the phase of the interference optical path and the
stripes. This method needs high demands on the optical path
in the measurement process and it must be a moving target
mirror during the measurement. Unlike traditional
interference method, this system is independent of the
intermediate process of the length and it does not have to
move any parts. It uses the characteristics of the
semiconductor laser that its frequency is changed with the
change of injection current and temperature in a function
relation. The phase of interferential light is changed when the
laser frequency (wavelength) is changing. Then we get the
distance information by the changed information of the
interference fringes.
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II. METHODOLOGY

f

/

B eam¢

vej

!
I

L_Eise

tunable
laser

T

R

viy

Photoelectric detection
and Count

Fig.1:Typical Michelson-like interferometer

A typical Michelson-like interferometer is shown in Fig.1.

These are generally based on Michelson interferometers that
are read-out using a laser source with continuously tuneable
emission wavelength. Wavelength sweeping generates an
interferometric signal, that carries information about the
difference in length of the two interferometer arms[1].In
traditional incremental interferometry, one arm is fixed, the
other arm is moved during the process of distance
measurement. Then we obtain distance information. Since
this method requires an external modulator, it generates
rather large cyclic error that originates from electrical and
optical crosstalk. It also requires the target mirror
continuously moving from the agreed zero point to test point
and it does not allow light to depart[5],[6]. The advantage of
the paper’s method lies in the measurement process without
having to move any arm. We only care about the starting
point and the endpoint of the measurement. If you pre-set the
zero position, we only need to directly place the target mirror
in the test point during the process of measurements. The
precondition of this new method is that there is no change of
the optical path difference between the arms. Then we make
a linear change of the laser output frequency (wavelength),
and the phase of the interference and the interferential fringes
are changed. We count the integer and fractional fringe
number and get the distance.
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III. DEMONSTRATE

Interference
High-precision absolute long distance measurements are
essential for application to a wide range of fields such as
industrial sensing and positioning in space. Conventionally,
phase measurements of a sinusoidally modulated CW optical v

wave have been carried out for long-distance measurements.
Since this method requires an external modulator, it Phase-shift
generates rather large cyclic error that originates from
electrical and optical crosstalk[4].

Then, It is possible to express the measured phase
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Now, the variation of stripe is N:
A@=2nN (4) Fig.2:Schematic overview of absolute interferometric
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measurement system is shown in Fig.2. In all of these sl ),."J /
applications of radar interferometry, the light emitted by a 0a \ \ / /
laser diode is back-scattered by a remote target and re- - \\ \ / /
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estimated from the count of the number of interferometric

fringes. The ability of the system to measure phase and Fig.3:Sin and cos signals received

amplitude between two channels is one of the driving ™~ T 7TV ™ T /TN 7
components that sets the accuracy of the final measurement. LET S Y / ‘S A
Thus, We can get the two signals (sin and cos) by 08 \ { L / \l/ i
\ W \ 3

shifting the phase after extracting the stripes’ change, and .
get the subdivision of the wavelength average which is - B i | i )
divided into eight regions with two-way signal amplitude as t M il / \
a benchmark. We increase the resolution to the eighth of the LL1 S |8 10
wavelength in this way. Fig.3 and Fig.4 mimics this process. osl 10| [ {1\ [ I

Fig.4:Segments of the sin and cos signals
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The table 1 provided the corresponding subdivided
interval. Then final measurement result is the integer
number with the addition of the fractional fringe number. In
theory, this segmentation method can obtain high-precision
distance information, but it requires a higher anti-jamming
capability. Indeed, the relationship between observing errors
and system parameters plays a fundamental role in the
design of observing strategies for science applications such
as weather radar, synthetic aperture radar, and
interferometric synthetic aperture radar where wideband
signals resulting from multiple sources of reflection are
superimposed on one another[2]. The displacement
measuring method based on laser interference principle
obtains measured displacement by processing interference

fringes movement and is widely used in precision
measurement. Usually two difference signals are used to
discerning direction, count and subdivision in laser
interferometry system.
Table 1:Subdivided interval corresponding table
Sin and cos signal comparison Subdivided interval
0<<sin<<cos 1/8 Wavelength
0<<cos<<sin 2/8 Wavelength
Cos<<0<Isin -cos<<sin 3/8 Wavelength
Cos<<0<<sin -cos<<sin 4/8 Wavelength
Cos<<sin<<0 5/8 Wavelength
Sin<<cos<<0 6/8 Wavelength
Sin<0<<cos cos<<-sin 7/8 Wavelength
Sin<<0<<cos cos>>-sin 1 Wavelength
V. MEASUREMENT RESULTS
In the experiment, the system and the British

TENISHAW interferometer. X-80 were compared on the
rail. The experimental results are shown in Table 2:

Table 2:The experimental results

Results (mm)
RENISHAW 800.0522 800.3614 800.07499
X-80
Our system 800.0617 800.3714 800.0845
RENISHAW 800.7987 800.5627 800.07499
X-80
Our system 800.8077 800.5715 800.0845

-0.008
-0.0085

-0.009
-0.0095
-0.01
-0.0105

Fig.5:Error curve

Error curve is shown in Fig.5. The laser source with a
continuously tunable emission wavelength is used to read
out an interferometer, and the obtained interferometric
signal carries information about the difference in length of
the reference and the measuring arms of the interferometer.
The error is introduced by the relative stability of the light
source. After the amendments, the relative length
measurement accuracy can be increased to 10-4~10-5, but at
the expense of a complicated experimental setup, which
often requires a interferometer for calibration.

VI. CONCLUSIONS

The change of laser frequency causes the change of
stripes throughput. In this paper, we change the traditional
incremental interferometer into absolute interference. This
approach eliminates the impact of the move process and
improves the accuracy of the static measurement
characteristics. The anti-jamming capability of the system is
enhanced and the measurement accuracy is improved by
stripes subdivision.
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