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Geographical system of coordinates NEH is connected to the Earth surface. Axis N and E are 
located in the plane of local horizon. Axis N is directed to the North Pole of the Earth. Axis E is directed 
to the East and perpendicular to the N axis. Axis H is situated in a vertical direction to the place.  
The system of coordinates is realized by gyro-stabilized platform, on which the sensors of primary 
information of navigation system are fitted.  

In order to get the algorithms of the semi-analytic type INS with the correction of the parameters 
of absolute movement functioning in the geographical system of coordinates it is necessary to project  
the vector equation of relative velocity changes on the axis’s of the geographical system of coordinates: 
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where:  accα
r

 – vector of the output signal of the accelerometer, 

 aV
r

 – vector of the absolute velocity of movement, 

 eV
r

 – vector of the carrying velocity, 

 U
r

 – vector of relative velocity, 

 3Ω
r

 – vector of the angular velocity of rotation of the Earth, 

 3V
r

 – vector of the linear velocity of rotation of the Earth, 

 SCΩ
r

 – vector of the angular velocity of the geographical system of coordinates’ rotation. 
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The vector of the linear velocity of the Earth’s movement 3V , directed by the E axis. The vector of 
the relative velocity of the aircraft movement has projections on all axes of the geographical system of 
coordinates. According to that projections of the vector of the absolute movement velocity aV

r
on the axes 

of the geographical system of coordinates will be determined as follows: 

EaE UVV += 3 ;  NaN UV = ;  HH UV = . (2) 
The geographical system of coordinates is the moving reckoning system in the world’s absolute 

space. Geographical system of coordinates rotating with the angular velocity SCΩ , that depends on 

absolute movement velocity of the aircraft. North component of the absolute velocity aNV  will produce 

the East component of the angular velocity of movement of the system of coordinates: 
3R

VaN
SCE −=Ω . 

The East component of absolute velocity aEV  will produce angular velocity of movement of the system 

of coordinates 
ϕcos3

3 R
VaE

SCj =Ω , which have components by both N axis ( SCNΩ ) and H axis 

( SCHΩ ).  
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The projections of vector of angular velocity of system of coordinates SCΩ
r

 on their axes will be 
determined as follows: 

3
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where ϕ  is latitude angle. 

In the equation (1) the member 
dt
Vd e

r

determined as the value changes of the vector 3V
r

. At the 

movement of the aircraft by the meridian (when latitude angle ϕ  changes) will change vector’s )(3 ϕΔV
r

 

value. Let’s find out the value of the vector 3V
r

 changes: 
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From the equation (4) we will get the value of the differential
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The differential 
dt
Vd e

r

 has a projection ( )ϕΔΔ 3V
r

 only by axis E of geographical system of 

coordinates: 
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where iϕ  is a current value of the latitude angle. 
When we find separate components in equation (1), we can calculate projection of the vectors 

multiplication ( )aSC V
rr

×Ω  on axis’s of geographical system of coordinates. Projections of the vectors 

multiplication ( )aSC V
rr

×Ω  on axis’s N,E,H will be equal: 

( ) SCEaHSCHaENaSC VVV Ω+Ω=×Ω 1

rr
, 

( ) SCNaHSCHaNEaSC VVV Ω+Ω=×Ω 1

rr
, (7) 

( ) SCNaEHaSC VV Ω=×Ω 1

rr
. 

Now if we will collect all components of equation (1) by the appropriate axes, will get the full 
algorithm of Inertial Navigation System operating in geographical system of coordinates with the 
correction by the absolute movement parameters: 
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Without a vertical channel the algorithm of the semi-analytic type Inertial Navigation System, this 
is operating in geographical system of coordinates with the correction by the absolute movement 
parameters: 
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Developed algorithm contains less number of operations (23) in comparison with classical variant 
of INS (39). This will cause the decreasing of the number of the structural technical elements and 
therefore increasing of the reliability of the INS operation. 
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