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Nowadays the globe is covered by a gravity network, which is rather non-uniform.
Density of a network and estimations of errors of the gravity attributed to the sites
differ by 1-2 orders of magnitude.
     It is necessary to note that not all poorly investigated areas are inaccessible. For
example in less developed countries and countries of former Soviet Union there are
the motorways, the urban and village infrastructure, therefore is quite natural, that
densification of a network and increase of accuracy might be achieved by means of
traditional connection of sites using relative gravimeters. Moreover, there is the user's
conservatism based on the presence of the precise equipment and on existence of the
checked up and legislatively authorised techniques of measurement and data
representation.
     However in difficult accessible areas such as mountains, deserts, and polar regions,
repeated moving between sites using the ground or air transportation can become too
difficult technically or too expensive. In connection with this, interest of the
international scientific community (J. Manning, 1999) and governmental
organisations in the minimal expenses and in the simplicity of way to increase a
quality of the networks can enable the usage of special absolute gravimeters.
There is a price one has to pay for adaption of absolute gravimeter to field
measurements. It is reflected in the change of the status of the device. The existing
absolute gravimeters form the group standard, checked at the international
comparisons in Paris. The field apparatus representing slightly lower quality could be
considered as a working tool for measurements. It is the device for direct
measurements and it is checked by means of comparison with the standard.
So far the concept of checking or calibration of a ballistic gravimeter, for uniformity
of measurements, was not applied in the international practice. However, the necessity
to carry out the large projects with various devices, at strongly differing bases, has
generated the need of calibration. Certainly without legislative registration of separate
devices, each developer has a temptation to equate his device to the standard.
Nevertheless there are unconditional leaders in terms of accuracy level, namely FG-5
gravimeters, which may be used as standards for calibration of portable gravimeters.
On the other hand there is a problem of the gravity stability on the sites, used for
calibration. The variations of unknown origin limit accuracy of comparison and
require preliminary research and regular repetition of measurements.
     The requirements to special gravimeters can be formulated as follows.

- Stability of the systematic error at a level of 5-10µGal within 0.5-1 years
(gravimeter autonomy " in  Large ");
- Ability to carry out measurements automatically after installation at
unattended remote localities (gravimeter autonomy " in Small ");
- Small dimensions and weight;
- Simplicity of service and repair;
- Low cost of the device and complete set of spare parts;



- Invariability with respect to change of temperature and humidity.
Use of a gravimeter can be executed according to the following technique.
First of all before a long expedition the gravimeter will be serviced and checked on
the control site and the numerical amendments are estimated and fixed.
The measurements will be carried out according to the schedule :

- Gravimeter will be established on the base of the site and a control series of
measurements will be carried out;
- Instrument will be switched  into an automatic mode of accumulation of data;
- In case of the outdoor usage the gravimeter will be covered by a cap,
protecting the device from atmospheric influences;
- The control data  will be transferred by the radio channel to the computing
centre;

Thus the structurally AUTONOMOUS ABSOLUTE GRAVIMETER consists of two
parts:

 Primary gauge - ballistic gravimeter
 System of maintenance, power supply, data transmitter and protection .

The system of maintenance is not a specific one (A. Donnellan et al.,1999) and can be
made of modules, available on the market. The only requirements for its creation are
the engineering efforts supported with financial assets.
Design of the primary gauge is much more complicated.
     The concept of an autonomous absolute gravimeter has arisen during works on
design, creation and research on a field portable ballistic gravimeter. The brief history
of it is as follows.
     Initially a ballistic gravimeter was operating in laboratory conditions. The devices
about of equal levels of accuracy were developed in several countries. Recently best
apparatus of this class, i.e. JILAg and FG-5 make a basis for the international group
standard.
     Twenty five years ago in the Kharkov Institute of Metrology the works for creation
of a ballistic gravimeter began. Since then there were designed some devices of
various purposes. There were the complicated instruments, automobile mounted,
terrestrial  and shipborne. The advantages of these devices manifested in their ability
to operate in adverse conditions of external environment and simplicity of operation.
Unfortunately accuracy of these gravimeters is insufficient for the geodetic purposes.
     Despite of active work of several research groups in the world till now even the
existing rather small-sized gravimeters can not be considered as field ones. They are
connected to the net power supply and are intended for work in premises. It is
obvious, that the unique device of this class, namely A10 absolute gravimeter could
be found suitable for a field work. T.M. Niebauer (1999) announces the extremely
high characteristics of the device. The high data rate achieved with the new launching
chamber will allow kinematic absolute gravity measurements with use of marine and
airborne platforms (J.M.Brown et.all.1999). Nevertheless, despite of the large
potential opportunities of ?10, we consider, that for Remote Geodetic Observatories
the special gravimeters should be created.



Fig. 1: Gravimeter

It is very important for the present work that it is almost impossible to a priori
guarantee the absence of the superfluous tidal variations of gravity in unexplored
areas. Amplitude of these oscillations with the periods from 3 till 24 hours may reach
a substantial level (in Borowa Gora observatory it was recorded at the level of 4-
6µGal). For coastal areas of Antarctica the obvious problem is caused by ocean tidal
loading. The constant component of gravity on the site should thus be estimated  by
means of the continuous measurements, at least within 2-3 days.

 The time of data accumulation required to achieve the precision at a 5-10µGal level
is in the range of 3-5 hours. Rather long time admitted for measurements, provides an
opportunity of use of the simpler ballistic gravimeter.
The external seismic handicaps are the main sources of random errors. These errors
may be substantially reduced by use of the long period damping system. Besides
suppression of external handicaps, the isolation system suppresses as well auto-
seismic handicaps produced by work of the ballistic block. At a symmetric rise&fall
method of measurements a source of a handicap is a catapult, launching a test-body.
At the free fall method a source of vibrations is the mechanism accompanying a test-
body in fall.



The efficiency of such systems can be very high that is visible in case of a superspring
in both JILAg and FG-5 apparatus. However these high-sensitivity mechanical
devices with an analogue feedback are not adaptable for field conditions.
     Natural feature of remote areas is the absence of the artificial seismic handicaps.
This circumstance essentially simplifies a task of accumulation of data. Our
experience acquired in the process of development of a portable ballistic gravimeter
and research shows, that at nights and days-off there is possible to accumulate data
within 5 hours with a random error at the level of 10µGal. In coastal areas, obviously,
the influence of ocean produces an additional effect that increases the seismic
background. However this influence is random and stationary and not necessarily an
essential increase of time of data accumulation is to be expected.
In our portable rise&fall gravimeter no long period isolation system is implemented.
For suppression of auto-seismic effects the constructive and methodical solutions are
applied. First of all, due to the usage of titanium for a test-body and carriage of the
catapult, it was possible to launch a body with acceleration of 15-20 g. The
electromagnet of catapult with energy storing capacitor provides fast shot and stop of
the mechanism ensuring its stability during measurement. The decreasing oscillations
of a reference lever become the only seismic handicaps affecting the measurement.
The larger frequency and the faster attenuation of these fluctuations the smaller effect
of handicaps on measurements. It is achieved by means of much more rigid fastening
of the ballistic block to the base. The base should be not too small. If it is made of
ferro-concrete  its volume is supposed to be larger one cubic meter. Suitable variant
could be a solid natural rock with a rather flat and horizontal surface of the size of
0.8x0.8m. In mountain areas and on exposed rocks the measurements can be
successfully conducted without a preliminary bookmark of the bases. This mentioned
above disadvantage of our gravimeter excludes the opportunity of its use on the small
bases designed for relative gravimeters. The best way of fixing the ballistic block
system to the base is to use anchor screws, however the fixing by a load, i.e. for
example by a set of long life batteries is also found practical.
The strong correlation between an auto-seismic handicap and measurements causes
variations of systematic error depending on sites characteristics. This apparent
disadvantage of a system on the other hand makes an opportunity for reducing this
error. First of all, software makes possible to change the length of time interval
corresponding to a set of a test-body acceleration measurements conducted during a
single throw. Averaging the acceleration data obtained at several time intervals leads
to the reduction of influences of the decreasing oscillations. The operator can
manually implement the length of measuring time interval; it can also be done
automatically with use of the pseudo-random number generator. Secondly, it is
possible to control the total time of free movement. Averaging the results obtained in
various auto-seismic conditions provides an additional randomisation of the
systematic errors.
The up to date experiments and the analysis show the usefulness of simple absolute
ballistic gravimeter at the remote observatories.
The testing of the portable ballistic gravimeter was carried out on five sites of the
Polish Gravity Control Network. The majority of data was collected on the sites of a
small local network at the Borowa Gora observatory with three sites located in the
premises and three outdoor sites. The volumes of the base pillars varied from 1 to 6
cubic meters. The gravity measurements on outdoor sites protected against the rain
with a tent were carried out at temperatures above zero.



Examination of a gravimeter was carried out within more than three years from 1995
to 1998.
The results obtained by several instruments, including FG-5 and JILA-6 were used to
calibrate the gravimeter as the working tool of measurement. At the first stage the
calibration was conducted twice a year and while later only once. Season holidays
(Easter and Christmas) when several days in row are practically free of artificial
seismic handicaps were chosen for calibration. Calibration was focused on the
determination of the numerical factors used for calculation of the amendments for
influence of residual gas in the ballistic block and on the estimation of the random
error of a gravimeter relative to the absolute value on the site.
The standard time of averaging the results is always 24 hours. The data to be averaged
come either from a series of continuous observations covering 1 day in season
holidays period or two several hours data sets from two consecutive nights for the
week days.
The analysis of data collected followed by both hardware and software upgrading
over 1996 to 1999 resulted in error reduction from 70 to 15µGal. Further
improvement could be expected when the modern stabilised laser is applied.
The experience gathered over last few years show that the portable ballistic
gravimeter of the Institute of Geodesy and Cartography, Warsaw, can be considered
as the prototype of an autonomous absolute gravimeter.
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