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Abstract: The paper describes the methodology for carrying out airborne gravimetric surveys using the Chekan-AM gravimeter.
The features of processing airborne gravimetric measurements obtained in the course of draped survey are discussed. The results

of a detailed airborne gravimetric survey are presented.

Keywords: airborne gravimetry, gravitational field, gravity anomaly, Chekan-AM gravimeter, smoothing.

INTRODUCTION

Currently, airborne gravimetric surveys show
great potential for gravity field studies and continue
actively developing [1-3]. The advantage of this
method is obvious: it allows effective exploration
of specific areas, including remote, hard-to-reach
regions of the Earth, where other methods have lim-
ited use or cannot be used at all.

Mobile Chekan-AM gravimeters are extensively
used by Russian and foreign companies in marine
geological exploration [4-7]. In 2005-2007, the
Chekan-AM gravimeter software was upgraded,
which made it possible to carry out airborne gravi-
metric measurements [8]. In the period from 2007
to 2011, Chekan-AM was used in five regional
gravimetric surveys on the shelf of Greenland, and
in 2015, in a gravimetric survey with a scale of
1:500 000 in the northern part of the East Siberian
Sea [2, 9]. In addition, Chekan-AM gravimeters
were used in a number of flight trials aimed to ana-
lyze the possibility of using different types of air
vehicles for gravimetric surveys, including those at
high latitudes [10, 11].

In 2024, JSC MAGE conducted the first airborne
gravimetric survey over terrestrial areas in Yakutia
with the Chekan-AM gravimeter for geological ex-
ploration. Due to the complex nature of airborne
geophysical operations (gravimetric and magneto-
metric measurements), its key feature is draped sur-

veying, this being a traditional requirement for the
present-day geological exploration [12—14]. Addi-
tionally, the flight altitude should be the minimum
permissible value above the earth’s surface based
on the conditions that ensure a safe flight.

The purpose of this work is to describe the pos-
sibilities of using the Chekan-AM gravimeter for
airborne draped surveys and to evaluate the meas-
urement accuracy achieved. The paper also analyz-
es the features and results of measurements ob-
tained with the Chekan-AM gravimeter within the
framework of the airborne gravimetric survey under
consideration.

1. GENERAL CHARACTERISTICS
OF THE SURVEY CONDITIONS

The Chekan-AM gravimeter sensitive element is
built on the basis of a double quartz elastic system
(DQES) developed jointly with specialists from the
Institute of Physics of the Earth of the Russian
Academy of Sciences. A schematic of the sensitive
element is shown in Fig. 1.

A special feature of this type of the gravimetric
sensor is liquid damping of its quartz sensitive ele-
ment, which makes the processing of airborne grav-
imetric measurements significantly more compli-
cated [15]. In addition, to compensate for the orbital
effect inherent in all torsion-type measuring sys-
tems, the elastic system of the gravimeter comprises
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two identical systems made of ultra-pure quartz
glass, installed in the horizontal plane at an angle of
180° relative to each other.
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Fig. 1. Schematic of the gravimeter sensitive element.

The information on the angular position of the
elastic system pendulums is readout by an optoelec-
tronic converter operating in autocollimation mode.
A special 5-megapixel black-and-white CMOS ma-
trix is used as a photodetector [2, 16].

The gravimeter is mounted in a small-sized two-
axis digitally controlled gyrostabilizer. The
hardware of the Chekan-AM gravimeter is identical
in its shipborne and airborne modifications.

To perform the survey, the Chekan-AM
gravimeter was placed in the central part of the
Cessna 182 fuselage (Fig. 2). The navigation
support for the survey included an onboard
Novatel receiver of satellite navigation systems,
which synchronizes the gravimeter readings and
generates data for correction of the gravimeter
gyroplatform, as well as two Novatel base stations
located in the survey area. Taking into
consideration the fact that the field season began
in April and lasted until November 2024, special
attention was given to temperature stabilization at
the place around the gravimeter [17]. This task
was successfully accomplished, so that the
temperature range during the field work inside the
aircraft was from +10 to +25°C.

The base airport was located within the survey
area. The average flight speed during measurements
on survey lines was 50 m/s with variations within
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+5 m/s. The flight altitude, dictated by the terrain,
varied from 200 to 450 m. It is important to note the
high quality of the aircraft piloting owing to which
it was made possible to ensure the draped survey
when taking measurements. Thus, both when main-
taining a constant barometric altitude and when
conducting draped survey, as shown in Fig. 3, the
vertical speeds did not exceed 2 m/s in absolute
value, and the vertical accelerations were less than
200 Gal. It should be noted that it was for the first
time that the Chekan-AM gravimeter was used in
airborne gravimetric surveys with such a significant
background of inertial accelerations [11].

Fig. 2. Cessna 182.
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Fig. 3. Flight altitude when following a survey line.

Noteworthy also is the high dynamics of the
Cessna 182 aircraft in the flight conditions close to
the earth’s surface. Despite the fact that the flights
were carried out in the darkness, when there were
no ascending thermal air currents, the aircraft roll
and yaw angles varied within +5° with periods of
15 s and 30 s, respectively.

The roll with the above parameters was compen-
sated for in real time with the use of a gearless ser-
vo drive and an analytical system for generating the
heading of the gravimeter gyroplatform. Variations
in the yaw angle lead to changes in the E6tvos cor-
rection of £25 mGal with the same period, which
are taken into account during the combined pro-
cessing of gravimeter readings and satellite naviga-
tion data [15].



124

2. METHODOLOGICAL FEATURES
OF THE SURVEY AND DATA PROCESSING
ALGORITHMS

On board the aircraft, the Chekan-AM gravime-
ter is serviced by one operator whose duties are pre-
flight preparation of the gravimeter, as well as mon-
itoring of specified parameters during the aircraft
approaches to survey lines. Preflight preparation
takes one hour. It is aimed to carry out reference
observations and ensure that the gravimeter is ready
for the survey. All operations are automated. Dur-
ing the flight, the operator switches the correction
modes of the gravimeter stabilization system based
on GNSS receiver data during approaches to survey
lines. This is necessary to quickly bring the stabili-
zation system to a steady-state mode after perform-
ing a maneuver along the heading.
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After the flight, all gravimetric and navigation
information, as well as the gravimeter stabilization
system data recorded in real time are subject to
quality control with regard to their suitability for
postprocessing. All information acquired during the
flight is combined and then automatically allocated
to survey profiles to be further analyzed individual-
ly. About 20 parameters are evaluated, in particular,
the level of stabilization errors on a survey line, the
quality of the aircraft keeping on a given trajectory,
the degree of turbulence, and others. Since the crite-
ria are specifically developed for each of the pa-
rameters, the results of quality control are presented
to the operator as ‘usable/unusable’ (Fig. 4). In the
event of substandard data, the operator is able to
identify the cause of the defect and exclude faulty
sections from processing.
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Fig. 4. Quality control display.

Postprocessing of gravimetric data is performed
after compensation of residual errors of satellite
navigation information in differential mode. This
compensation was performed by JSC MAGE spe-
cialists using the Novatel software. The error in de-
termining the vertical coordinate on the survey pro-
files in the postprocessing mode was less than 5 cm
for 90% of the data.

Office processing of gravimetric data is per-
formed with dedicated Chekan QC software [18].
The program allows for calculation of all necessary
corrections, calculation and smoothing of the free-
air gravity anomaly. The data processing results are

available in graphic and digital form. In addition,
owing to this program, databases of reference ob-
servations and surveys with the evaluation of the
intrinsic data convergence are formed. A flowchart
of data processing implemented in the Chekan QC
program is shown in Fig. 5.

Though all the operations are performed auto-
matically, the operator is able to display a certain
plot and control the value of any parameter or sig-
nal at each stage of data processing.

In contrast to the previous airborne gravimetric
surveys, because of terrain following, we had to addi-
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tionally compensate for the orbital effect, which was
done for the first time using formula [19]

Agors = k(my —m)W .,

where & = 3.15-107 rad/px is the coefficient of
conversion from pixels to the angle of rotation of
the gravimeter elastic system pendulum; m1, m> are
current readings of the gravimeter elastic system

pendulums in pixels; Wy is longitudinal horizontal
acceleration recorded from the gravimeter gyroplat-
form accelerometer readings.

This correction allowed us to increase the final
accuracy of the airborne gravimetric measurements
and ensure the required cutoff frequency of the
smoothing filter, which made the survey on a scale
of 1:100 000 possible.
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Fig. 5. Flowchart of data processing in Chekan QC.

3. RESULTS OF THE AIRBORNE
GRAVIMETRIC SURVEY
AND ACCURACY ESTIMATION

In accordance with the methodology of the air-
borne gravimetric survey, before each flight, we
made reference measurements with the Chekan-AM
gravimeter for one hour. Figure 6 shows a part of
the database which presents the results of one-
month reference observations. The statistical esti-
mates of reference observations for the whole peri-
od of the field survey are as follows: the gravimeter
drift was 0.94 mGal/day, with its standard deviation
not exceeding 0.1 mGal/day. This made it possible
to process the survey results without additional cor-
rection for the gravimeter drift.

Because of weather conditions and forest fires,
the airborne gravimetric survey operations were not
unevenly distributed:
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e March—August — 8000 km;
e September — 19 000 km;

e October — 9000 km;

e November — 9000 km.

In total, measurements were made on 319 main
coverage survey lines and 10 control lines, with a
total length of 45 000 km, and an average work
productivity of 250 km/day. However, the actual
productivity per flight, including take-offs, ap-
proaches to survey lines and returns to the base,
was 100 km/h.

The accuracy of airborne gravimetric measure-
ments was estimated by the differences of the main
and control survey lines at their cross points, as
well as on the repeat lines. Because of the small
number of control lines, the number of cross points
was 355, the RMS error in determining gravity
anomalies was 1.94 mGal.



126

A.V.SOKOLOV, A.A. KRASNOV et al.

06
mGal I + (59 ]
59 :
; ; ; ; ? ; + 06D
DA feemmmmmmmenees broermnnannnoos bommmoonneneees beommooonononoes beesmmmnnononos K ormninnnees bommoonneneees brommomnnnnons 4 |0
| | | | : : + 064
osl : + 070
1| I | —— | ——— | —— T LT E—— | i + 071
0o : % : + 072
045 + 080 - 4
gt * 074
- [ S e R . L e Bl | S B
007 ¢ + : UED o + 078
+ 1009 : i 042 : b pa I : ¥ 3;19
e e e B3pdcronant e thanns e Sensirennins e IR e T = ¥
e H ) + H H H H + 054
: T ; 048 , u7s; ; + 088
| I —— ISR - T L/ A A 4| oe
(R ot : : | e : + 088
: * oot | 09 B | + 090
i I L — b 7 I (R (U L LA R - + 091
| A ar
' 013 ' I ' ' ' '
: e g : : | 051 :
e AT AT i AT ATERATIRART T QQ@JT """"""" 7 File
015 & : L
- S T TR I W SN N : i Add | Del |
* 156
: : : : : .* Seve | gt I
43 i i i i i i i JDay
185 190 128 200 206 210 215 220 225

Fig. 6. Reference observation database.

Figure 7 shows the gravity anomalies obtained
from the measurements on the 125 km repeated
survey line made during the flights on May 19 and
June 7, 2024.

The standard deviation of the measurements on
the repeated survey line was 0.83 mGal with 422

(AR \ )
250 3;<anm\§
N

repeated points. The average value of the measure-
ment difference is 0.35 mGal. The data processing
was performed with a low-pass filter with a 0.01 Hz
cutoff frequency [15]. Taking into account the
flight speed of 50 m/s, the spatial resolution of the
measurements is 2.5 km [20].
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Fig. 7. Gravity anomaly curves based on measurements on a repeated survey lines (blue and green, scale on the left) and their difference (red,

scale on the right).

Additionally, Fig. 8 shows the orbital motion ef-
fect on the gravimeter data. It is obvious that the
proposed correction has changed the estimates of
gravity increments by up to 10 mGal.

The airborne gravimetric information obtained in
this survey served as a basis for the construction of
a 1:100 000-scale gravity anomaly map at a con-

ventional level (Fig. 9). The anomaly gravity dif-
ference in the survey area was 40 mGal. At the
same time, the survey area has different spatial var-
iability of the gravitational field: from tenths of a
mGal/km in the northern part of the area to 10
mGal/km in the southern part.
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Fig. 9. Gravity anomaly map based on the results of the first field season survey.

4. COMPARISON OF MEASUREMENT
RESULTS WITH THE GLOBAL MODEL

Figure 10 shows a fragment of the gravity anom-
aly field measured in this airborne gravimetric sur-
vey and the gravity anomaly field for this area ac-
cording to the EGM2008 global model data.
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From the difference between the measured and
model GA fields (Fig. 11), it is evident that for weak-
ly anomalous areas, the model and measurements co-
incide to within a few milligals. In areas with a GA
gradient of more than 2 mGal/km, the deviation of the
model GA values from the measurement results in
absolute value can reach 10 mGal, which confirms the
insufficient detail of modern models of the Earth's
gravity field and the prospects for high-precision air-
borne gravimetric surveys [21].
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Fig. 10. A fragment of the gravity anomaly (GA) map constructed in this airborne gravimetric survey (on the left) and the global model data

(on the right).
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Fig. 11. Map of the differences between the measured and model Gas.

CONCLUSIONS

The analysis of the airborne gravimetric survey
data has confirmed the possibility of using the Che-
kan-AM gravimeter (model Shelf-E) to perform
surveys at a scale of 1:100 000. The terrain follow-
ing during the draped survey reduces the accuracy of
measurements to a certain extent, but it is not a limit-
ing factor for airborne gravimetric measurements. It
was for the first time that the draped survey was car-
ried out with a gyrostabilized gravimeter.

The airborne gravimetric survey conducted in
2024 by JSC MAGE has shown that the Chekan-
AM gravimeter can be used not only to accomplish
the previously formulated objectives of studying the
Earth’s shape [22-29] and exploring hydrocarbons

on the shelf [2—7], but also to search for oil and gas
structures on land, which opens up new prospects
for damped gravimeters of this type. Currently,
Concern CSRI Elektropribor, JSC, is conducting a
research aimed to improve the accuracy of airborne
gravimetric measurements using algorithms of
Kalman filtering and smoothing [20].
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