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CONSTRUCTION FEATURES OF THE HIGH-PRECISION LASER
RANGEFINDER LIGHT MODULATOR

The issues related to the development of a light modulator operating on the electro-optical effect of laser
rangefinders by the modulation method are considered. To reduce the modulation power, it is proposed to
lower the modulation frequency to 750-800 MHz, while simultaneously increasing the modulation quality to
Q = 1000. The study of the phase determination error of a high-precision laser rangefinder depending on
temperature showed that it is rational to construct the light modulator by radial installation of the KDP
electro-optical crystal, with separated modulation and demodulation channels, while on combined resonators.
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Introduction

The use of optical radiation for distance measurement has long been known, and the first high-precision
measurements were implemented by the interference method. The development of laser technology has further
enhanced the role of interference measurement method. However, interference measurements are extremely
laborious, are difficult technically and organizationally and require detailed preliminary works [1]. Therefore,
such measurements are still used for solving special issues. It should also be noted that the certification and
operation of an interferometer is a complex technical issue.

This has led to using other methods to perform high-precision linear measurements. The modulation method
has become the primary method for high-precision linear measurements and the light modulators in high-
precision laser rangefinders operate on the linear electro-optical effect [2]. In this regard, the study of the
specificity of modulator operation and the discovery of ways to effectively use light modulators constructed
on KDP electro-optical crystal allows wider application of laser rangefinders in various fields of science and
technology.

Further development of UHF (ultra-high frequency) rangefinders is related not only to the development of
new measurement principles and methods, but also the improvement of different units of light rangefinders,
which will allow to implement the potential opportunities of this or that method. For the construction of a high-
precision light rangefinder with measurement error in the range of (0.05... 0.2) mm, it is necessary to solve
several problems, the main of which are the choice of optical radiation modulation and phase-detection
methods.

Main Part

After certification and testing of CD-1200 model [4] modernized on the basis of the DVCD-1200 [3] laser
rangefinder, a number of questions arose, which are considered in the present paper.

Multiple measurements taken at different comparators aimed at the determination of the device phase - my
and device constant - mgerrors, showed that for compensation rangefinder m,= m,=0.07 mm was obtained. It
was also confirmed that to implement biphasic mode of the modulation method, the potential accuracy of the
phase measurement may be m,= 0.01...0.03 mm and such device is capable of self-certification.

26



Journal of Architectural and Engineering Research 1(1) 2021

All this shows the possibility to build a reference rangefinder, which is necessary for studying the
movements of the Earth’s crust and controlling the length of national bases and comparators. It is possible to
build a reference rangefinder under the following conditions:

¢ Reduction of modulation power, to decrease the heating of the light modulator-demodulator (modem)
crystal, which causes phase emissions in frontal part of the modulated light, installation of receiver
optics which not only increases the intensity of light coming from the area, but also averages the modular
phase emissions.

e It is necessary to exclude the imposition of a transverse electro-optical effect (EOE) to longitudinal
electro-optical effect in the electro-optical KDP crystal during the modulation-demodulation process,
which is caused by the curvature of the electric field lines passing through the crystal. The longitudinal
electro-optical effect takes place when the direction of light propagation coincides with the direction of
the electric field, and the transverse electro-optical effect happens when their directions are
perpendicular to each other.

e To maintain the optimum parameters of the dimensional resonator of light modem with a KDP crystal,
the scale frequency UHF auto generator should not be combined with the light modem in the same
resonator.

Consider the peculiarities of the above-mentioned conditions, focusing primarily on the reduction of
modulation power, using the well-known expression [5]
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where U is the voltage applied on the crystal, Q is the modulation quality, ¢ is the capacity, ® = 2xf, where
f is the modulation frequency.
Qm is presented as the result of the parallel connection of an electro-optical crystal Qw, andresonator Q,
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During the calculation of the light modulator, the output data is the modulation frequency, the reduction of
which leads to a significant decrease in the modulation power. At the same time, the phase determination error
is conditioned by the magnitude of the modulation frequency with the following regularity: m, =
(1073 ...107%)4, according to which an increase in frequency leads to the decrease of phase determination
error.

The problem solution can be provided with the application of a new biphasic modulation method, in which
two signals deviated from each other by 180° are generated optically and the position of the equality of their
amplitudes is recorded. That is, the record of the measurement result is implemented in the average linear area
of the demodulation characteristics (the dependence of the relative intensity of light coming from the area on
distance). In this case, the phase determination error - my is significantly reduced and there is an opportunity
to reduce the frequency f. At this stage, the application of the biphasic method allows to reduce the frequency
from 1200 MHz to 800... 1000 MHz [6,7].

According to [3], the voltage U on the light modulator crystals in case of low powers can be provided under
the conditions of high quality Q modulator.

At frequencies below 800 MHz, the coaxial resonator sizes are considerably larger, which reduces the
quality of the light modulator. At high frequencies (1200 MHz and more) the resonance resistance of the
modulator decreases due to losses in the electro-optical crystal and the quality is in the range of Q = 800. At
800... 1000 MHz frequencies the sizes of the resonator are not large and the modulator quality is within the
limit of half of the KDP crystal (Qkor = 2000) quality, Q = 1000.

In a coaxial resonator, according to Fig. 1, depending on the D/d ratio, there is a certain gap size A where
the KDP crystal is placed, in case of which the electric power lines of the TEM field reach the end of the
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resonator without curving. The A gap size is equal to crystal length gkp, and is determined from the condition

of the crystal optimal length 7, =4, /5.5n,.

I'HF generator
Iy
—— =
........... : )
}E =
et fd
...... " e
E A JAERE.
Y {output
= r g m 1l :
iE foediasast | T i v
...... ‘
h
e

Fig. 1. The main dimensions of the coaxial resonator

However, the concept of the optimal length
of the crystal should not be used for obtaining
longitudinal electro-optical effect, but the nature
of the E electric field power lines should be
taken into account.

The E field power lines in A gap are closed
on the resonator cylinder, as shown in Fig. 2 (the
given dimensions correspond to the DVCD-
1200 light modem). In this case, for a coaxial

D-d
resonator, starting from the 42 ~ 2 condition,
the expected decrease in length H from /4 does

not depend on the A gap size and the A/4 length
of the resonator can be equal or greater than as

for the modem in Fig. 2., where A/4= 250 mm (fn = 1200 MHz). In the DVCD -1200 modulator, a 35 mm
electro-optical KDP crystal placed in a 4=35 mm gap, which is 10 mm larger than the (D-d)/2 gap.

This results in the simultaneous operation of
longitudinal and transverse electro-optical effects. The
presence of a longitudinal electro-optical effect leads to
an increase in the thermal dependence of the light
modulation phase, which causes phase emissions in the
frontal part of the modulated light. This is one of the
main reasons for the high value of phase determination
error - m,= 0.25...0.3 of the DVCD -1200 rangefinder.

The nature of the distribution of power lines of the
electric field E in a coaxial resonator is also confirmed
by a photo taken by a thermal imager (Fig. 3) at the
Scientific Research Institute in Kharkov (Ukraine),
which shows the distribution of the thermal field in the
crystal.The difference in temperature along the 35 mm
electro-optical crystal is T1- Ts= 6°C, which is the reason
for the spread of the modulation phase of + 0.25 mm in
the cross section of the modulated light.

This photo proves that the power lines of the Eax field
do not reach the end of the resonator, i.e. the E field is
not applied along the entire length of the crystal. In
addition, E field is applied in both axial and radial
directions. Although the calculation efficiency of the
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Fig. 2. The image of E field, when 4 >(D —d) /2

Fig. 3. Thermal field distribution in the crystal

modulation is preserved, according to which the optimal length of the crystal is determined, a part of the
modulation efficiency is formed by the transverse electro-optical effect, which is not desirable in phase
measurements. To implement only a longitudinal electro-optical effect in the light modulator, it is necessary
to place it in the resonator in the radial direction, because distortion of the power lines of Eq electric field
does not occur in this direction, reducing the crystal length (Fig. 2). Thus, the crystal length on the longitudinal
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electro-optical effect must be determined taking into account the minimum losses of the light modulator, which
is primarily conditioned by the D/d ratio of the resonator for the selected modulation frequency.

Taking into account the fact, that less heating of
the crystal reduces the phase emissions of the light
+ ' received from the area to the front part, a 35 mm long
crystal with a groove was used in the CD-1200 light
§,=25mm’ rangefinder, Fig. 4 [9]. The implementation of the
longitudinal groove along the crystal center allows
to form receiver-transmitter channels in the crystal,
=0 at the same time maintaining the uniformity of light
gy ; modulation and demodulation, by separating

10mm: ) . .
g i: modulatlon—.demodulatlon .channt?ls optically, Z-iS a
- result of which the penetration of internal reflections
Fig. 4. KDP crystal form from the crystal output front into the analyzer exit as

the laser beam passes through the crystal is completely excluded. The groove length [, is related to the [; crystal
length with the following ratio ¢, /#; = 0.7 ... 0.8.

Although 5... 7% modulation efficiency loss takes place in the crystal, the phase error decreases to the
value m, = 0.07 mm. The study of this issue showed that the size of the coaxial resonator gap 4 should be
determined according to the A/D curve presented in Fig. 5 [5].

For the resonator shown in Fig. 1, D/d = 4.7, or d/D = 0.215 and respectively 4/D = 0.15 or
A=0.15+ 65 = 10 mm. In this case, the capacity of the gap, according to the curve shown in Fig. 5 will be

Cyr = FD =0.05-6.5 = 0.325pF.

Since in coaxial resonators the direction of the power lines of Erq electric field does not depend on the size
of the gap 4 and according to the magnitude of the voltage the radial and axial components of the electric field
E are equal to each other - Erag = Eax, and the concentration of the power lines in the axial direction is higher,
for light modulation-demodulation it is rational to place the crystals radially, because in case of the same
modulation efficiency the radial crystal heats up less, i.e. it consumes less UHF power than in the case of axial
installation of a KDP electro-optical crystal. If the modulation efficiencies are equal in case of axial and radial
installations of the crystals during the experimental measurements, it will be possible for the high-precision
rangefinder to build a light modulator with separated modulation and demodulation channels on connected
resonators, which will allow to connect the transmitter-receiver optics directly to the light modem. The length
of the radially installed crystal should be determined from the condition of the optimal resonator capacity, the
size of which for the given gap is determined by the curves shown in Fig. 5.

4 AND Focus on the issues of the light
" modulator structure. The first results of
nat .02 m— 7 the light modulator study led to the
/‘% /-#”"fm conclusion that by dividing the resonator
213 7 - into 2 parts, where the gaps are
_________ / >( proportional to the half of the crystal
R T ;,,lew \ length ”‘7” it is possible to combine 2
X / / N resonators with radially installed crystals.
e 7 We will get a light modem with split

g g p
___,,«// \ , G channels ~ of  modulation and

0 02 D4 D D8 0D =i demodulation (Fig. 6) on the combined

. . resonators. To excite the modulator, a
Fig. 5. Curves for modulator calculation
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large-scale UHF generator can be connected to 2
the "aa" attachment line. The peculiarity of the |<E;r1"_,,| UHF generator
two-side coaxial resonator is that the modulator x i : . Y
can be excited in 2 modes — synchronous and D. | : I -
antiphase. A strong electric field in the gap of the ) I | l I
. ! — b —>

resonator allows to carry out modulation |

-y - - - - __'.___|
frequency addition in a significant range by | |d. | _ _ _Ir__;;___| ___________ 1L
introducing V volume dielectric. The distance Dayr |__i__JI
between electro-optical crystals is Dayr = 30 mm, E

. . . KDP EDP ler
which is the average diameter of the receiver- i
transmitter optics. |
]

Estimate the modulation power reduction for

the new modulator. For a KDP crystal when the Fig. 6. Light modem with separate light

light wavelength is 4= 0,6328um, the half-wave modulation-demodulation channels
voltage is Uy, = anr [10], where ng is the refractive index of the KDP crystal for a regular wave and
0763

no = 1.47,re3 is the electro-optical coefficient, rg; =10.5+10"%cm/V, which results in U;,» = 9500V. According
to the expression (1), the P, .4 calculation half-wave power for a frequency of 1200 MHz will be:

(9500)2-2:3,14-12-108-0,95-10~12
Py caic. = 5800 =410 W.

The ratio IL of modulated and demodulated light intensities is determined experimentally in the case of P,
0

I
1o=05[1-Jo( \/%)]
determined. The difference in pOWers Prexp. - Prcac. = 40 W is due to losses of stable wave coefficient.

Among the well-known solutions that reduce the light rangefinder modulation power, let us point out the
biphasic mode of accurate linear measurement, where the optimal ratio U/U, = 0.54 takes place and the
modulation power at the Pm,,1200 MHz frequency is Pm,, = (0.54)2- P, =131 W.

If the modulation frequency is reduced to 800 MHz, i.e., electro-optical crystal capacity is reduced by 1.5
times and the modulator quality is raised to Q = 1000, the magnitude of the half-wave power will be:

of certain modulation powers. Then from the equation the value Of Prexp= 450 W is

(950)2-2-3,14-8-108-0,65-10~12
Pncalc: =150 .
2-1000

Taking into account the losses, we can assume that P,=180 W. Since P,, = P, - (U%)z in compensation
mode it will be P,, = 180 - (0.61)? = 67 W. In the biphasic operation mode we will have:
P, =180-(0.54)2 =53 W.
Conclusion

Thus, the construction scheme of a high-precision light rangefinder should be based on light modulation-
demodulation in biphasic mode, and the electro-optical crystal KDP should be placed in the radial direction in
the resonator excited by the TEM wave.

As a result of studies, a new type of light modulator is proposed, which will allow to create a high-precision
laser rangefinder, providing a phase error of m, = 0.03...0.05 mm. If modulators with axial and radial
installation of crystals have equal modulation efficiency, it is rational to build the light modem for laser
rangefinder on resonators combined with separated modulation-demodulation channels, which will allow to
directly connect the receiver-transmitter optics with the light modem.
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In a high-precision light rangefinder, it is preferable to perform laser light modulation-demodulation on the
electro-optical effect in the frequency range of 750... 800 MHz, increasing the modulator quality up to
Q = 1000, which will allow to significantly reduce the modulation power.

The study of the temperature-dependent phase error showed that the size of the coaxial resonator A gap
should be determined according to the curves shown in Fig. 5.

References

[1]. V.D. Bolshakov, F.Deymlikh, A.N. Golubev, V.P. Vasilyev, Radio-geodetic and electro-optical
measurements. Nedra, Moscow, 1985 (in Russian).

[2]. H. Kamen, Electronic measurement methods in geodesy. Nedra, Moscow, 1982.

[3]. A.G. Beglaryan, K. S. Gyunashyan, Ye.H. Hayrapetyan, High precision light range-finder DVCD-
1200 for linear comparator. Proceedings of 3rd international conference on contemporary problems
of architecture and construction, Beijing, China, Nov. 20-24, 2011, 5-8.

[4]. K.S. Gyunashyan, R.R. Sinanyan, Ye.H. Hayrapetyan, Constant "K" of the CD-1200 light range
finder and the results of production tests. Geodesy and aerial photography, 4, 1996, 136-143.

[5]. H. Meinke, F. Gundlakh, Radio-technical reference book. Gosenergoizdat, Leningrad, 1, 1960.

[6]. Ye.H. Hayrapetyan, H.S. Petosyan, H.A. Hunanyan, A.S. Tsaturyan, High-precision two-phase laser
rangefinder PFSD-1,2 international scientific conference on construction the formation of living
environment 2019 (FORM 2019), Tashkent, April 18-21, 2019, 1-9.

[7]. K.S. Gyunashyan, E.A. Hayrapetyan, Phase light range finder, RR Patent 1598613 (1990).

[8]. E.A. Hayrapetyan, S.K. Petrosyan, V.G. Harutyunyan, A.A. Khachatryan, Vybor modulyatora sveta
etalonnogo svetodal'nomera. Bulletin of National University of Architecture and Construction of
Armenia, 1, 2020, 50-57 (in Russian).

[9]. K.S. Gunashyan, E.A. Hayrapetyan, V.G. Harytunyan, Kh.V. Vardanyan, Microwave modulator-
light demodulator, RR patent 1420367 (1988).

[10]. E.R. Mustel, V.N. Parygin, Methods of modulation and scanning of light. Nedra, Moscow, 1970.

Yegisabet Hakob Hayrapetyan, doctor of philosophy (PhD) in engineering, associate professor
(RA, Yerevan) - National University of Architecture and Construction of Armenia, senior scientist at the
Problem Laboratory of Geodetic Measurements, helizabet@yandex.ru

Stepan Karen Petrosyan (RA, Yerevan) - “VOLIOS” LLC Design Institute, engineer,
styop.petrosyan96@mail.ru

Submitted: 06.05.2021

Revised:  10.05.2021
Accepted: 17.05.2021

31


mailto:helizabet@yandex.ru
mailto:styop.petrosyan96@mail.ru



