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AUTOMATION OF THE MEASUREMENT PROCEDURE
IN THE MECHANICAL NORTH-SEEKING GYROSCOPE

The aim of the work is to develop an automated measuring system in a mechanical gyrocompass with the help of
specially developed hardware and software in order to facilitate the operation of the device and minimize observer
errors. The developed complex provides automation only for the time method, as for the method of the turning point
it is necessary to constantly contact the motion screw of the total station. The project is based on an integrated system,
the hardware part of which contains a single-board computer, camera, and lens. The main software is a developed
motion recognition algorithm with the help of image processing. This algorithm was created using the Python
programming language and the open-source computer vision library OpenCV. With the help of the hardware, a video
image of the gyroscope's reference scale is obtained, and with the help of the software, the moving light indicator and
its position relative to the scale are identified in this image. The result of the study is a functioning automatic
measurement system, which determines the value of the azimuth of the direction with the same accuracy as manual
measurements. The system is controlled remotely via a computer and wi-fi network. To test the system, a series of
automatic and manual measurements were performed simultaneously at the same point for the same direction. Based
on the results obtained, it can be stated that the accuracy of the system is within the limits specified by the
manufacturer of the device for manual measurements. The application of computer vision technology, namely the
tracking of a moving object in the image for gyroscopic measurements can give a significant impetus to the
development of automation systems for a wide range of measuring instruments, which in turn can improve the
accuracy of measurement results. The developed system can be used together with the Gyromax AK-2M
gyrocompass of GeoMessTechnik for carrying out automated measurements, training of new operators. With the help
of the developed model, it is possible to avoid gross errors of the observer, to facilitate the measurement process
which will not demand the constant presence of the operator near the device. In some dangerous conditions, this is a
significant advantage.
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Introduction the movement of the gyro light indicator, the
sensors convert the received light information into
voltage and transmit the position of the gyroscope
tape on the scale to the computer. The disadvantage
of this system is the wired data transmission via
COM cable to the external computer.

In the previous work of the author [Heger, et al.,

The main goal of measurement automation is to
avoid human interference in this process, thereby
excluding possible errors of the observer, accidental
shocks and blows, incorrect reading of indicators.
The idea of developing automatic systems for
already existing mechanical gyrocompasses arose
in the early 2000s when powerful software and
programming tools began to appear. In [Wetherelt
& Hunt, 2002] the development of the “electronic

2019] there was an attempt to use a linear camera as
a motion sensor, which converted the intensity of
light into a voltage signal but was connected to a

eye” for the Wild GAK1 gyrocompass is covered.
This system consists of a sensor for converting light
into voltage, which transmits information to the
signal conditioning and communication unit. With

single-board computer, which allowed to transmit
data wirelessly. However, the size and format of the
linear sensor did not allow the implementation of
this idea in the working system.
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Unfortunately, more research on this topic is
not publicly available. Or they are so little known
that they are not published in periodicals. But
research and development of automated gyroscopic
systems is actively carried out using Micro-Electro-
Mechanical Systems (MEMS) [Johnson, et al.,
2010], Fiber-Optic Gyros (FOG) [Sun, et al., 2010]
and Ring Laser Gyros (RLG) [Juang & Radha-
ramanan, 2009]. In [Barbour & Schmidt, 2001]
authors covered all technologies, that were trending
in the early 2000s. There are also quite non-stan-
dard developments that are based on completely
different principles of gyroscope operation, for
example, Maglev gyro [Zhen, et al., 2013], Coriolis
Vibrating Gyro (CVG) [Parent, et al., 2007].

Returning to traditional suspended gyro compasses,
there have been models with automatic azimuth
measurement on the market for a long time. The most
famous are the Gyro X II gyrocompass from SOKKIA
and the GYROMAT devices from the DMT company,
which have shown themselves in practice as one of the
best in the world [Heister & Liebl, 2016]. At the same
time, they remain the most expensive devices not
available to most businesses and customers. This is
precisely the interest in the automation of already
existing mechanical gyrocompasses. It aims to reduce
the cost and increase the reliability of the device.

Aim
The purpose of this work is to develop an
automatic measuring system that will carry out azi-
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which in turn will facilitate the use of the
gyrocompass and also avoid gross observer errors.

Methodology

The idea of automation is based on the de-
legation of the registration process of the gy-
roscope’s light index position on a measuring scale
to the single-board computer to which a video ca-
mera is connected (Fig. 1). For the usual azimuth
measurement with a mechanical gyrocompass, the
operator needs to independently observe the mo-
vement of the light index on the scale and record its
extreme positions, as well as the timestamp when
the index passes through the zero-point of the scale.
With the help of video broadcasting and computer
vision algorithms, an application that will notice the
movement of a light index on an image and deter-
mine the coordinates of its position can be deve-
loped. Wireless communication and measurement
control from a distance can be established with a
single-board computer.

To implement this project, it was decided to use a
single-board computer Raspberry Pi 4 and a camera
from the same manufacturer — Raspberry Pi High-
Quality Camera with 12,3 megapixels and Tamron
16mm lens. Due to its low-cost and fairly high-quality
image, this camera is widely used in scientific
research in various fields [Cuciuc, 2018; Dinesh &
Bhaskar, 2020; Albert & Surducan, 2017].

Single-board computer

Videostream

Fig. 1. Schematic representation of the developed model
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In order to place the measuring scale of the
gyrocompass exactly in the center of the camera lens,
a special housing was developed on the 3D printer,
with the help of which the camera is connected to the
mount of the gyrocompass (see Fig. 2). The housing
has two holes through which the focus and aperture
can be adjusted. The horizontal position of the module

a

can be adjusted using the image displayed on the
computer screen, where the data is transmitted
wirelessly. Since the eyepiece of the gyrocompass is
currently unavailable for observations, the gyro motor
can be released in the same way, by controlling the
movement of the light index on the computer
screen.

b

Fig. 2. Camera module inside the plastic housing: a — disassembled; b — connected to the gyro

For further operations with the image and the
ability to track motion on it, the computer vision
library OpenCV [Gollapudi, 2019] for the Python
programming language was used. This is a powerful
tool for working with images, in particular for
movement tracking and all kinds of image
transformations.

In order to get the position of the light index
relative to the scale, first, it is necessary to tie the
measurement scale to the image coordinate system.
Since with each connection of the camera module
to the gyro bayonet, the position of the camera slightly
shifts in relation to the measuring scale, it was
decided to take the leftmost index on the scale (-15)
as the origin. All scale indices can be identified as
separate objects in the image using the threshold
function which changes the intensity value of each
individual pixel by either 0 or 255, depending on
whether the original intensity value was greater or
less than a given threshold. In other words, it’s called
binary image (Fig. 3), that consists only of two

colors. With the help of such a transformation, it is
casier to detect separate objects on the image. The
distance between the leftmost index (-15) and the
rightmost (+15) in pixels is approximately 600 pixels
(Fig. 4). The distance between adjacent indices is 19
to 21 pixels. This slight inaccuracy is due to the
different thickness of the black lines on the scale, as
well as the resolution of the camera. The gyroscope
tape indicator itself is 3 pixels wide. Therefore, the
middle row of pixels can be taken as its center. In
the case of ordinary observations of the gyro scale
with the help of the eyes, the space between two
adjacent indices can be conditionally divided into
10 parts. With the help of the camera, the same
segment can be divided into 20 parts. This means that
the position of the gyro index can be determined up
to 0.05 scale units.

The basis of the motion recognition algorithm is
the comparison of the reference image of the gyro
scale, where the light indicator is absent at all, and
all subsequent frames of the video broadcast of the
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scale, on which the light indicator is present. By
finding the absolute difference between two datasets
(i.e. images), it is possible to determine where they
differ. And they differ only in the presence of a
light indicator. Now the position of the light

hresholding

i =

indicator in the picture can be determined. The
black frame in (Fig. 5) that surrounds the light index
is the result of the algorithm, and the black dot in
the middle shows the position of the gyroscope tape
index.
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Fig. 3. Transformation of the input image into the binary
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Fig. 4. Schematic representation of the measurement scale on the video image
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Fig. 5. Movement detection algorithm on the display

Now it is possible to follow the movement of
the gyroscope tape index in digital form and
record its extreme positions on the scale, as well
as timestamps of passing through the zero point.
The measurement procedure is the same as for
conventional gyro measurements. But it should
be noted that due to additional oscillations of
the gyrocompass tape, the measurement data is
somewhat noisy, which can affect the value of the
turning points and the exact time of crossing the
zero point. Therefore, the Savitsky-Golay filter was
applied to filter the data and smooth the measured
sine wave.

Results

To check the accuracy and reliability of the
developed system, several series of measurements
were carried out automatically and mechanically.
In parallel with the automatic recording of the
movement data of the gyroscope tape indicator, a
manual measurement was carried out by observing
the movement of the gyroscope tape indicator on
the computer screen, which broadcast the camera
image. All of them were carried out on the same
pillar for the same target. The data for manual and
automated measurements are given in tables 1 and
2. Analyzing the data obtained, it can be noted that
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the difference in standard deviation between manual
and automatic methods is 2 mgon, which in degree
equivalent is approximately six arcseconds. The
difference in the mean value of azimuth is 3 mgon,

9

which in degree equivalent is about 10 arcseconds.
The manufacturer of the AK-2M gyrocompass
claims an azimuth accuracy of 6 mgon or 20
arcseconds.

Table 1
Series of manual measurements
No z N1 dtl de2 al a2 dN1 dN2 Azi(raw) | Az(corr.) A% diff of dN,,
gon gon N N gon gon gon gon gon gon gon gon
1 79.387 | 181.550 | -0.08 2.15 398 | 3.90 | 0.000 0.006 297.834 297.843 -0.003 -0.006
2 79.387 | 181.549 | -0.71 1.32 3.00 | 3.00 | -0.002 0.003 297.837 297.843 -0.003 -0.004
3 79.388 | 181.552 | 1.10 0.55 353 | 3.50 | 0.003 0.001 297.834 297.843 -0.003 0.001
4 79.388 | 181.554 | -3.03 -2.14 2.30 | 2.40 | -0.005 -0.004 297.839 297.841 -0.001 -0.001
5 79.388 | 181.554 | 0.43 -1.36 3.80 | 3.80 | 0.001 -0.004 297.836 297.845 -0.005 0.005
6 79.388 | 181.554 | 0.55 -2.10 2.03 | 2.03 | 0.001 -0.003 297.835 297.841 -0.001 0.004
7 79.388 | 181.554 | 1.29 3.74 3.15 | 3.15 | 0.003 0.009 297.828 297.837 0.003 -0.006
8 79.387 | 181.552 | 4.14 7.91 2.10 | 2.10 | 0.006 0.012 297.826 297.835 0.005 -0.006
9 79.388 | 181.554 | 0.05 3.60 2.00 | 2.00 | 0.000 0.005 297.832 297.843 -0.003 -0.005
10 | 79.388 | 181.553 | -4.02 3.58 2.18 | 2.10 | -0.006 0.006 297.836 297.841 -0.001 -0.012
11 | 79388 | 181554 | 7.65 | 852 | 1.78 | 1.73 | 0.010 | 0.011 | 297.824 | 297833 | 0.007 -0.001
12 | 79387 | 181552 | 471 | 732 | 1.55 | 1.50 | 0.005 | 0.008 | 297.829 | 297.840 | 0.000 -0.003
13 | 79388 | 181.552 | 420 | 339 | 2.65 | 265 | 0.008 | 0007 | 297.828 | 297.837 | 0.003 0.002
14 | 79388 | 181.552 | 547 | 1.69 | 3.15 | 3.10 | 0.013 | 0.004 | 297.827 | 297.837 | 0.003 0.009
mean 297.840 gon
sdev 0.003 gon
Table 2
Series of automated measurements
No z N1 dtl | dt2 al a2 dN1 dN2 | Azi(raw) | Azi(corr.) V | diff of dNy),
gon gon s s gon gon gon gon gon gon gon gon
1 |79.387 | 181.550 |-1.95 | 0.42 3.99 3.87 -0.006 0.001 297.840 297.848 -0.005 -0.007
2 179387 | 181.549 |-1.16 | 0.75 3.01 3.01 -0.003 0.002 297.838 297.844 -0.001 -0.004
3 179.388 | 181.552 | 0.18 | -0.60 3.55 354 0.000 -0.002 297.837 297.846 -0.003 0.002
4 179388 | 181.554 | -6.82 | -3.50 240 245 -0.012 | -0.006 297.843 297.845 -0.002 -0.006
5 [79.388 | 181.554 | -1.29 | -2.18 3.78 3.78 -0.004 | -0.006 297.839 297.849 -0.006 0.002
6 |[79.388 | 181.554 | -5.55 | -7.39 2.07 2.07 -0.008 | -0.011 297.844 297.848 -0.005 0.003
7 [79.388 | 181.554 | -1.07 | -0.17 3.16 3.09 -0.002 0.000 297.835 297.843 0.000 -0.002
8 [79.387|181.552 | 3.71 | 4.79 2.12 2.09 0.006 0.007 297.829 297.837 0.006 -0.002
9 179.388 | 181.554 | -3.01 | 0.12 2.02 2.00 -0.004 0.000 297.837 297.846 -0.003 -0.005
10 |79.388 | 181.553 | -4.56 | -2.48 2.18 2.11 -0.007 | -0.004 297.841 297.846 -0.003 -0.003
11 |79.388 | 181.554 | 641 | 6.35 1.75 1.69 0.008 0.008 297.826 297.834 0.009 0.000
12 79387 | 181.552 | 521 | 5.34 1.56 1.48 0.006 0.006 297.830 297.838 0.005 0.000
13 [79.388 | 181.552 | 2.77 | 1.65 2.65 2.64 0.005 0.003 297.831 297.840 0.003 0.002
14 |79.388 | 181.552 | 4.65 | 1.06 3.20 3.10 0.011 0.002 297.829 297.838 0.005 0.009
mean 297.843 gon
sdev 0.005 gon
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Analyzing the difference in azimuth values
between manual and automatic measurements in
Fig. 4, it can be seen that the value of the azimuths
determined by the automatic method is almost always
greater than the value of the azimuth obtained by
the manual method. To understand the reason for
such a constant deviation in one direction, it is
necessary to analyze the values of dtl and dt2,
which are the difference between the time of the
right and left half-swing of the gyro tape (Fig. 5
and 6). They affect the final azimuth value the
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most. It can be seen from the graphs that the time
differences dtl and dt2 are almost always larger for
manual measurements. This may mean that the
position of the gyro light index, at which the time
stamp is recorded, does not coincide with the zero-
point of the scale due to the strong vibrations of the
gyro tape.

However, the result obtained is within the
acceptable accuracy. This nuance leaves room for
improving the measuring algorithm and, possibly,
improving the accuracy of determining the azimuth.
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Fig. 6. Comparison of the Azimuth values between manual
and automated measurements (gon)
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and automated measurements
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Fig. 8. Comparison of the dt2 values difference between manual
and automated measurements

Scientific novelty and practical significance

The process of the azimuth determination in the
gyroscope was improved. This was implemented using
the developed detachable measurement automation
module with the involvement of the image processing
technology. This opens up opportunities for
improving the existing old models of gyrocompasses,
as well as for the further development of monitoring
gyroscopic systems.

As for the practical value, the developed automatic
measurement modules can be equipped with the
existing models of the AK-2M gyroscope, which
will improve their attractiveness and facilitate their
operation.

Conclusions

Using a Raspberry Pi 4 single-board computer,
a Raspberry Pi HQ camera and a Tamron 16mm
lens, a measurement automation module was created
for the Gyromax AK-2M mechanical gyrocompass.
The developed automation system is capable of
autonomously determining the value of the azimuth
direction without operator intervention. Using
computer vision algorithms and hardware for image
recording and processing, a tracking system was
created that follows the movement of the gyroscope
tape index along the scale and records all its
positions.

The results of test measurements showed that the
azimuth values obtained automatically differ from the

azimuth values obtained mechanically by 3 mgon
(approx. 10 arcseconds). And the standard deviation
of a series of automated measurements (5 mgon) is
within the declared accuracy of the device.

Further steps to improve the technology may
consist in calibrating the algorithm for determining
the position of a moving object in the image, testing
different filters to remove noise. Using a camera
with a higher resolution will allow to determine the
position of the indicator light on the scale more
accurately, which in turn will increase the precision
of measurements. The good idea will be to
investigate the possibility of remote controlling the
robotic total station using a single-board computer,
which will automatically correct the position of the
horizontal circle in accordance with the position of
the gyro tape indicator. This would make it possible
to automate the Turning Point Method, which requires
constant adjustment of the horizontal position of the
total station.
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ABTOMATHU3ALIA BUMIPIOBAHb VYV MEXAHIYHOMY I'TPOKOMIIACI

Merta poboTu mojsirae 'y po3poOIli aBTOMaTH30BaHOI BUMIPIOBAJIBHOI CHCTEMH B MEXaHIYHOMY TipOKOMIIACI 3a
JIOTIOMOT'OI0  CIIEiabHO PO3POOJICHOr0 anapaTHOro Ta MpOrpaMHOro 3a0e3leueHHs Ui TOro, MO0 MOJETIIHTH
EKCIUTyaTallif0 MPHIaay Ta MIHIMI3yBaTH MOXUOKHU criocrepiraya. Po3poOiieHui KOMIUIEKC mependadae aBTOMATHU-
3alilo JIMIIE ISl YaCOBOTO METONY, OCKIJIBKH JJIsl METOIy IOBOPOTHOI TOYKH HEOOXIJHO MOCTIHHO KOHTAKTYBaTH 3
HaBIJIHUM TBHHTOM TaxeoMeTpa. B OCHOBI MpOEKTy — iHTErpoBaHa CHCTeMa, arapaTHa YacTHUHA SIKOI MICTHTh OJIHO-
TUIATHUI KOMIT'I0TEp, KaMepy Ta 00’€KTHB, a B OCHOBI MPOTPaMHOro 3a0e3neueHHs — PO3POOJICHUH alrOpuT™M Po3-
Mi3HABAaHHS PYXY 13 3aCTOCYBaHHSIM TEXHOJOTH 00poOku 300paxkeHHs. Lleil anropuTM CTBOpEHMi 32 IOMOMOTrO0
MoBHu mporpamyBaHHsi Python ta Computer Vision 6i0iiorexu 3 BiakputuM modatkoBuM kojoMm OpenCV. 3a no-
MIOMOT'OI0 amapaTHOl YaCTHHH OTPUMYETHCS BiZ€0300pa)KeHHsI BiIUTIKOBOI IKAJIM TipOCKOIA, a 3a JOMOMOTO0
MPOrpaMHOro 3a0e3TeYeHHs Ha IbOMY 300pa)KeHHi ieHTH(IKYEThCS PYXOMUH CBITJIOBHU 1HINKATOP Ta HOT0 MO3UIIis
BiJTHOCHO IIKanu. Pe3yapTaToM MOCHiPKeHHS € QYHKIIOHYIOYa aBTOMAaTHYHA CHCTeMa BHMIipIOBaHHS, sIka BU3HAYAE
3HAYEHHsI a3MMyTa HaIpsSMKY 3 TaKOI K TOYHICTIO, IO W MaHyallbHI BHMiproBaHHs. CHCTeMa KepyeThCsl AMCTaH-
iHHO 32 JOIIOMOTOI0 KOMIT'roTepa uepe3 wi-fi Mepexy. [l mepeBipku CUCTEMH MPOBEACHO CEPit0 aBTOMATUYHUX Ta
MaHyaJbHUX BUMIpIOBaHb, SIKi BUKOHYBAJIHCh OJHOYACHO B OJHOMY W TOMY CaMOMY IYHKTI JUIS OJHOTO W TOTO
caMmoro HampsiMKy. Ha OCHOBiI OTpHMaHHX pPe3y/lbTaTiB MOXKHA CTBEP/XKYBAaTH, IO TOYHICTh CHCTEMH € B MeXax,
3a3HAYEHUX BUPOOHHKOM MpHIIaLy Uil MaHyaIbHIX BUMIipPIOBaHb. 3aCTOCYBaHHS TEXHOJIOTII KOMIT IOTEPHOTO 30py, a
caMme BIJICTeXXEHHS pPyXOMOro o0’e€kTa Ha 300pakKeHHI Uil TIPOCKOMIYHHX BHMIPIOBaHb MOXKE JaTh BIAYYTHHUIM
TIOIITOBX JIJIsl TIUTaHHS PO3POOKM CHUCTEM aBTOMATH3alii BUMIpIOBaHb /ISl IIMPOKOTO CHEKTPa BUMIipPIOBAJIbHUX MPH-
Ja/iB, IO CBOEI0 YEPrOK MOXKE MPU3BECTH IO TMOKPALIEHHS TOYHOCTI Pe3yNbTaTiB BUMipioBaHHs. Po3pobieHa
cHCTEMa MOXKE 3aCTOCOBYBATUCH pa3oM 3 ripokoMmnacom Gyromax AK-2M ¢ipmu GeoMessTechnik mis mpoBeneHHs
aBTOMaTHU30BaHUX BHMIipIOBaHb, HABUAHHS HOBHX OIEPATOPiB. 3a IONOMOr00 pOo3pOOICHOI MOEi MOKHA YHUKHYTH
rpyoHX MOXHOOK CrocTepiraya, MOJErIIMTH MPOLEC BUMIPIOBAaHHS, SKUM HE BUMaraTHMe IOCTiHHOI HPUCYTHOCTI
orrepaTtopa Oi1st npuiiaay. B neskux HeOe3neyHnX yMOBax Iie € CYTTEBOIO MIEpEBarolo.

Kniouosi crosa: aBromatun3aliis, Tipockoll, computer vision, BiICTE&KEHHS pyxy, 00poOka 300pakeHHsI.
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