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Abstract: The article describes the specialized complex system for the hydraulic lift location 
determining. System consists of INS, Glonass and odometer. The advantages and disadvantages of 
used navigation systems are observed. The different error correction methods are also considered. 
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1. Introduction

The fast development of technology for the last ten years has shown a great opportunity
for successful solution of different navigation tasks, with the help of different devices that 
can be sat on the board of any craft or outside it. These tasks are actual not only in aviation, 
missiles, fleet, but also on the ground transport. But the high price is a reason why people 
cannot use them everywhere. 

2. Statement of the problem

There are two different ways to calculate the way, inertial navigation systems (INS) and
Glonass. An Inertial navigation system is a system of sensor designed to measure specific 
force and angular rates with respect to an inertial frame which, when integrated, provide 
velocity, position and attitude.  

There are two approaches for the navigation frame simulations in the inertial system 
technology. The first one deals with the physical implementation of the navigation frame 
using a three-axes gyro-stabilized platform with three orthogonally placed accelerometers. 
Such type of a system is called INS platform.  

The second one, called INS strapdown, provides the analytical image of the navigation 
frame in an on-board computer, using measurements from accelerometers and rate gyros 
installed directly on a vehicle body. The platform creates navigation frame on the board of 
the object, due to which it is possible to define the parameters of motion. 

The principle of Glonass working differs from INS working. Glonass is a network of 
about 24 satellites orbiting the Earth. Wherever you are on the planet, at least 4 satellites 
are visible at any time. Each one transmits information about its position and the current 
time at regular intervals. These signals, travelling at the velocity of light, are intercepted by 
your Glonass receiver, which calculates how far away each satellite is based and how long 
it takes the messages to arrive.  

In general, the Glonass signal contains pseudorange, carrier phase and Doppler 
measurements. The pseudorange and Doppler measurements can be utilized for position 
and velocity calculation; these measurements are typically in high sensitivity receiver 
applications. Pseudrange observations are obtained by measuring the transit time of the 
signal as it travels from Glonass satellite to the receiving antenna.  

Due to non-synchronized receiver and satellite clocks, the measured range 
(pseudorange) is biased. Therefore, the receiver’s clock difference with respect to the 
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satellite’s Glonass time must be taken into account. This leads to a system of equations with 
four unknown parameters (three coordinates and clock drift); thus at least four satellite 
observations are necessary for position calculation. 

A Glonass receiver calculates its position by precisely timing the signals sent by 
Glonass satellites high above the Earth. Each satellite continually transmits messages that 
include time the message was transmitted and satellite position at time of message 
transmission.  

The receiver uses the messages to determine the time transmission of each message and 
calculates the distance up to each satellite using the velocity of light. Each of these 
distances and satellites locations defines a sphere.  These distances and satellites locations 
are used to calculate the location of the receiver using the navigation equations. Mistakes 
don’t accumulate during their work. 

Glonass orbital errors occur due to the differences in the actual and modelled positions 
of the satellites.  Three types of data, of non-uniform accuracy levels, are accessible for 
position and velocity determination of the Glonass satellites: almanac, broadcast 
ephemerides and precise ephemerides. Broadcast ephemerides are available in real time and 
orbital parameters are uploaded for each interval of two hours.  

 
Figure 1. Principle of Glonass working 

Another type of error is satellite clock error. These errors are due to the offsets in the 
clock frequency of each satellite with respect to the reference clock, which is monitored by 
the Master Control Station. The satellite error is usually less than 1 ms and, after 
implementing the broadcast correction, the remaining error is in the order of 8 to 20 ns (2 to 
3 m). This error can be eliminated by D Glonass (difference in between the receivers), since 
it is the same for all receivers in the proximity, subject to essentially identical signal paths, 
simultaneously tracking the same satellite. 

Both methods have advantages and disadvantages. INS systems errors are large in 
magnitude, low frequency in nature and grow over time. These error qualities stem from the 
solution of the second order differential mechanization equation. INS errors can be divided 
into two parts. The first is the stationary component (e.g. gyroscope drifts, horizontal 
attitude errors) which is independent of motion parameters and yields those INS errors 
oscillating over time with a very small Schuler frequency corresponding to a period of 
84,4minutes. Therefore, this large component is quite predictable from an estimation point  
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of view and, thus it can be compensated in the output. The second non-stationary class of 
errors (e.g. sensor scale factors, installation errors and azimuth misalignment) is defined by 
motion parameters (vehicle accelerations and velocities, travelled distance), which makes it 
different to predict. The advantage of inertial systems is there autonomous working, all 
calculations are made on the board of the craft.  

The universal system, which can work with all kinds of objects, doesn’t still create. 
That’s why the creation of system, which allows to use extra information about motion is 
relevant. The source of this information can be odometer – the device which counts the 
way. Odometer counts the rotation of wheel and conversion this to the value of the 
traversed path. There are several automobile systems, which include odometer. 
Unfortunately most of these systems exist like a prototype. High price and low accuracy 
doesn’t allow produce them serially. That’s why the creation of low cost system, which 
able to determine the position of the object with a given accuracy is still topical. INS errors 
determined by the accuracy of using sensors. The gyro drift is a very important parameter. 
If we use these systems on the Earth we can get information about velocity using odometer. 
Thus there is no need to count these velocity using INS systems.  

However, both systems have a number of limitations which challenge their use in many 
land-based applications. Inertial sensor errors, for example, can be large in magnitude and 
grow over time without compensation using external information such as Glonass. On one 
hand, widespread use of a very accurate INS is constrained by their high cost. On the other 
hand, the operational capability of Glonass degrades in harsh environments such as urban 
and forest areas, where Glonass signal may be partially or completely blocked by buildings 
and dense foliage. Glonass receiver does not provide attitude information. The combination 
of Glonass and INS is well suited to the development of a range of applications as each unit 
compensates for the other’s shortcomings. 

 
Figure 2. Configuration of orbital grouping system Glonass 

The combination of Glonass and INS can deliver superior system performance in 
comparison to the performance of either system in stand-alone mode. One important  
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advantage of an INS is the ability to provide attitude data in addition to position and 
velocity information. The data rate of GPS measurements is typically 1–20 Hz, while the 
INS data rate is 60–100 Hz on average.  

Despite above advantages, system inaccurate due to gyro drifts and accelerometer biases 
cause a rapid degradation in position quality, while Glonass errors are generally smaller and 
are not time-dependent. A Glonass receiver has high frequence errors while an INS 
typically does not. The differences in the nature of errors associated with the two systems 
benefits their integration through the use of a Kalman filter, which is a linear estimator that 
uses knowledge of the system dynamics and external measurements to obtain an optimal 
estimate of the state variables at the current epoch. It follows, therefore, that these two units 
combined in a common system will provide superior operation in terms of accuracy, 
integrity and availability than each system in stand-alone operation. 

The problem of achieving better performance in terms of accuracy of INS/Glonass 
systems can be divided into two distinct problems: modeling and estimation. The modeling 
problem is concerned with the development of error models that describe more accurately 
the INS/Glonass system. The estimation issue devoted to achieving moro accurate error 
estimates, which are used for error compensation, trought the proper of the available 
process and measurement information. However, there is a contradiction between the two 
issues, since excessive complication of a system degrades the estimation accuracy of the 
state vector components. To achieve optimal results, a balance of two approaches should be 
attended.  

Although recently a wide variety of different estimationalgorithms have been 
investigated for INS/Glonass integration. Kalman filter techniques are still more commonly 
applied for many applications. From the estimation viewpoint, the optimality of a 
conventional Kalman filter requires, in principle, good a priori knowledge about the process 
and noise statistics as well as a sufficiently long estimation time or data length. If the above 
information is inaccurate or varies in a manner that is not readily predictable, the estimation 
accuracy degrades from the theoretical prediction. These criteria have limited the 
applicability of the traditional Kalman filter in the case of INS/Glonass systems, both 
conceptually and practically. Adaptive filters and smoothing techniques sense the properties 
of the environments in which they operate and adjust the filter parameters accordingly. 
Therefore, when the properties of the operating environments are not known, or when they 
change with time in a previously unknown manner, these filters become very useful. Thus, 
such estimation methods are beneficial for INS/Glonass integration in changing Glonass 
conditions. 

Several different integration schemes have been developed in recent years. They can be 
divided into two types: loosely coupled (sometimes referred to as centralized) and tightly 
coupled (referred as decentralized) strategies. In centralized schemes all measurements 
from INS and Glonass are processed in the same filter. The main advantage of this 
technique is in preserving data integrity. When there are less than three satellites observable 
and Glonass receiver does not provide any navigation solution, the pseudorangels of the 
remaining satellites can be used for a measurement update.  

Another benefit of this type of integration comes from the fact, that poor Glonass 
measurements can be detected and rejected from the solution. However, tightly coupled 
algorithms usually have a sophisticated system model; consequently, large dimensions of 
the state vector degrade the estimation accuracy. The decentralized approach has become 
more popular for many applications. This method is based on the independence of the  
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Glonass and the INS navigation functions. It is a simple and flexible approach, since the 
filter size is relatively small compared to the extended Kalman filter in the tight integration. 
The only limitation of the loosely coupled integration scheme comes from the fact that at 
least four satellites are necessary to provide Glonass updates for the INS filter. 

The high price of INS/Glonass system doesn’t allow to produce it.  The main goal now 
is to create a complex cheap system that consists of INS and Glonass with less accurate 
sensors and creation of data processing algorithm providing the specified accuracy. The 
main idea of the working system is alternately switching of INS and Glonass.  

Error correction of INS by uses classic algorithm from Glonass receiver can be done 
with the help of the closed method. It is based on the application of additional control 
actions to the real or imaginary system platform. This system can be done only if for 
arbitrary motion can be allocated in the output values of the inertial velocity ܸ݁ߜand ܸ݊ߜ. 
To avoid errors, we can apply external sources of information about the speed. If we have 
eastern and northern components of the velocity of the object due to Glonass, then up to its 
own satellite system errors: 

δVe ൌ Ve െ VE
G୪,   ܸ݊ߜ ൌ ܸ݊ െ ௡ܸ

ீ௟ (1) 
Damping-K1δV control signal is input to the velocity calculation unit of the navigation 

algorithm. The single channel error model has a form (E-channel): 

δVሶE ൌ െgФN ൅ δfE െ KଵδVE, Фሶ
N ൌ

ஔVE

R
൅ δωN ൅ KଶδVE, (2) 

Differentiating the first equation and substituting the second in his right part, we obtain 
the variation of error ܸ݊ߜ: 

δVሷE ൅ KଵδVሶE ൅ ቀ
୥

R
൅ Kଶgቁ δVE െ gδωN ൅ δfሶE, (3) 

From the last equation it follows that the error in the output data decreases subsequently 
time, and the frequency 

ω଴ ൌ ඥνଶ ൅ Kଶg ب ν, (4) 

 
Figure 3. Closed method of error correction 

The open method uses special algorithms for estimating errors of uncorrectable 
(autonomous) inertial system, which can be based on a priori information about their 
character, as well as the measurement of object motion parameters using external devices,  
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including Glonass receiver and odometer. The most common and effective algorithm of this 
kind is the optimal Kalman filter. 

Let us consider any linear system that can be described by certain values usually 
inaccessible for the measurement. These values are elements of state vector ݔҧ௞  ܽdopted a 
linear variation of the system (model): 

xത୩ାଵ ൌ Фxത୩ ൅ Gwഥ ୩ (5) 
whereФ is the transition matrix, G is the input matrix, ݓഥ௞ ൌ  ௞ሻ is the input whiteݐഥሺݓ

noise with covariance matrix Q. 
The parts of the state vector components or their linear combinations are directly 

observable according to the equation: 
zത୩ ൌ Hxത୩ ൅ vത୩, (6) 
whereݖҧ௞ is the  measurement vector; ݒҧ௞is the measurement white noise with zero 

meaning and known covariance matrix R. 
Kalman logic allows to obtain the best estimation ߦ௞ of the system, based on the 

measurement with errors. The Kalman filterprovides minimization of the mean-square 
error. 

J୩ ൌ TrMሾሺxത୩ െ ξ୩ሻሺxത୩ െ ξ୩ሻTሿ ՜ min. (7) 
At the first stage of applying the algorithm creates a priori estimate ߦ௞ାଵ ௞ of the state 

vector of the system based on the assumption that the adopted model is accurate and 
contains no input noise: 

௞ାଵ ௞ߦ ൌ Фߦ௞ (8) 
When the next value of the measurement vector ݖҧ௞ାଵ obtained, it is possible to specify a 

priori estimate by introducing feedback changes with matrix ܭ௞ାଵ: 
ξ୩ାଵ=ξ୩ାଵ ୩+K୩ାଵሺzത୩ାଵ െ Hξ୩ାଵ ୩ሻ. (9) 

 
Figure 4. Open method of error correction  

The second stage of the application filter algorithm includes finding the optimal value 
of the matrix ܭ௞ାଵ in accordance with the selected criteria: 

ௗ௃ೖశభ

ௗ௄ೖశభ
ൌ 0,   (10) 

௞ାଵܭ ൌ ௞ܲାଵ ௞்ܪሺܪ ௞ܲାଵ ௞்ܪ ൅ ܴሻିଵ. (11) 
where ௞ܲାଵ ௞ ൌ ҧ௞ାଵݔሾሺܯ െ ҧ௞ାଵݔ௞ ௞ାଵሻሺߦ െ  ௞ ௞ାଵሻ்ሿ is the covariance matrix ofߦ

estimation errors, which can be calculated: 
௞ܲାଵ ௞ ൌ Ф ௞ܲФ் ൅  (12) .்ܩܳܩ
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Then we can calculate covariance matrix: 

௞ܲାଵ ൌ ሺܫ െ ሻܪ௞ାଵܭ ௞ܲାଵ ௞ (13) 
If we cannot find measurement vector ݖҧ௞ାଵ then Kalman filter is put on prediction 

mode. For example, take R=∞ and then, according to the above described sequence of 
operations, the state vector estimation is performed using only a single model, and 
coincides with the a posteriori estimation of the a priori: 

௞ାଵߦ ൌ Фߦ௞ (14) 
Concurrently with the main estimation function Kalman filter allows to smooth the 

noise contained in the measurement vector ݖҧ௞ାଵ. 
The principle of open inertial correction relies on the definition of its errors. So, for the 

eastern channel platform inertial obtain: 

൦

δE
δVE
ФN

δωN

൪

୩ାଵ

ൌ

ۏ
ێ
ێ
ێ
ۍ
1    T       0      0
0    1    – gT   0

0   
T

R
       1      T

ے1      0       0    0
ۑ
ۑ
ۑ
ې

൦

δE
δVE
ФN

δωN

൪

୩

൅ ൦

0
0
0
T

൪ w୩ (15) 

 

൤ ܧ െீܧ௟

ாܸ െ ாܸ
ீ௟൨

௞ାଵ
ൌ  ቂ1 0 0     0

0 1 0     0
ቃ ൦

ܧߜ
ߜ ாܸ
Фே

ே߱ߜ

൪

௞ାଵ

൅ ൤ீܧߜ௟

ߜ ாܸ
ீ௟൨ (16) 

Knowing at each step of calculating the value ீܧ௟, ாܸ
ீ௟and applying the Kalman filter, 

we can estimate the errors of the inertial system, including those that are not available for 
direct measurement (in particular, the deviation Фே platform from the horizontal plane and 
angular velocity ߱ߜே  its drift).  

 
Figure 5. Integration scheme of INS, Glonass receiver, odometer 

These estimates are used to amend the output readings of the coordinates ܴ ൌ
ሾܧ, ܰ, ܷ௉ሿ், velocity ܸ ൌ ሾ ாܸ, ேܸ, ௎ܸ௉ሿ் and orientation angles Ψ ൌ ሾߛ, ,ߴ  .ሿ்ܪ
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In practice creates different combination techniques to correct the INS output data 

combining dignity closed and open circuits. One such techniques use information from 
Glonass receiver, inertial navigation system and odometer. In fact this method repeats the 
classical scheme of integrated inertial navigation system: errors of the inertial system are 
evaluated in real time using a Kalman filter, the obtained estimates are used for damping of 
physical or imagined platform, and to amend in the output data of the system.  

This method extended by using the information from odometer. On the one hand they 
allow to identify and compensate the residual error of azimuthal alignment, on the other - to 
implement forecasting errors of the inertial part during the absence of high-quality 
reception of signals from navigation satellites, because odometer measurements are always 
available. The comparison of the distance traveled, calculated by the Glonass and odometer 
allows to calibrate the scale factor. 

However, there are several reasons impeding of incarnation of described scheme. First 
of all it is low accuracy of micromechanical sensing elements. It does not allow such 
testimony to the coordinates and velocity which errors would submit to linear law. 
Unfortunately we can’t use more expensive primary information sensors in this system 
because the price of the whole system will rise up.  

Moving transport occurs in a narrow space, so very often satellite signal disappear, in 
these circumstances, the most reliable source of information about traversed path speed is 
odometer. All that means, that we have to develop specialized alternative algorithm of 
synthesis of navigation information, which we can get from different sources.  

3. Conclusion 

This paper proposes an alternative approach procedure to evaluate location settings land 
mobile objects that require precise positioning. The proposed system is fundamentally 
differs from existing, one because it is based on sensitive elements having a small size, and 
low market price. The proposed algorithm analysis of the system was tested in actual 
operating conditions. 
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