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 Abstract − Many instruments for velocity measurement 
are based on the physical phenomenon, a Doppler effect. 
The paper deals with accuracy of laser meters used in the 
measurement of automobile velocity. The measurement 
results of such devices as well as of any other electronic or 
mechanical devices inevitably possess errors. For error 
analysis we will use a probabilistic method assuming that 
only random errors are present. To analyse systematic errors 
algebraic methods are usually used expressing systematic 
error as a function of some variables. For that purpose 
special measurements are performed when the measurement 
results are compared with the known values of the variables 
or those having been measured by the devices of higher 
accuracy. 
 The accuracy of measurement by Doppler meters 
depends mostly on the parameters of two kinds – stabilising 
and measuring laser emission frequencies and the errors of 
determining the emission speed in the atmosphere. These are 
the systematic errors of measurement. Other errors appear as 
a result of direct and indirect measurement of differential 
frequency. Since measurement is based on Doppler effect, 
the main parameter of emission affecting measurement 
accuracy is the frequency of emission. The influence of the 
changes in emission speed in the atmosphere due to the 
instability of atmospheric parameters on measurement 
accuracy is markedly weaker. 
 A Doppler meter can operate in one system with a pulse-
phase range-finder enabling the determination of the 
distance to a moving object. The measurement accuracy of 
such system is higher. 
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1. INTRODUCTION 
 
 The car speed measurement systems are used in many 
applications beginning from design and testing of new 
models, applying it in tracking systems during races and, at 
least, during traffic control operations performed by the 
traffic police. In all these cases different control equipment 
is used among which the instrument based on the Doppler 
effect have a prevailing significance [1, 2]. The equipment 
used for this purposes have their technical specifications 
indicating their many technical characteristics and accuracy 
indicating as relative value from the range of measurement. 

Nevertheless, the influence factors, as environment 
influence, sometimes are neglected and their input to the 
accuracy of measurement can reach rather significant values. 
 The accuracy of measurements instruments using the 
Doppler effect depends mainly on the parameters of two 
types – of the laser stabilisation and of the accuracy of 
measurement of the laser light emission frequency and of 
the errors of determination of light speed in the atmosphere 
[3, 4]. It depends on the errors of the method of the 
measurement. Other errors occur as the result of the bias of 
frequency. As the principles of measurements are based on 
Doppler effect, the frequency of light emission is the main 
parameter facilitating the accuracy of measurements. The 
variations of light emission velocity in the atmosphere due 
to instability of the atmosphere parameters have significant 
influence on the accuracy of measurements [5]. The Doppler 
meter can operate as one system with pulse – phase distance 
measuring equipment (DME) enabling to determine the 
distance to the moving object and performing the 
measurements with higher accuracy.  

2. THE MODEL OF THE MEASUREMENT 
 

 The Doppler frequency f while a transmitter and a 
receiver move relative to each other is determined by the 
formula [1]:  
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where   – the frequency of transmitted emission, – 
the frequency of received Doppler emission, 

0f df

 rν – radial velocity or the difference of the velocities of 
movement between the transmitter and the receiver, ν  – 
speed of emission in the atmosphere. The signs in the 
numerators correspond to the shortening of the distance 
between the transmitter and the receiver. 
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Fig. 1. The diagram of influencing factors in car velocity measurement 
 
 

 The expression of corresponding accuracy parameters 
will be determined from the series (1) ignoring the members 
of the second degree and higher as their influence is 
infinitesimal. As electromagnetic emission reflects from the 
automobile body and goes back to the receiver, the formula 
(1) becomes 
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 The radial velocity rν is expressed from this equation 
(in case of shortening of the distance): 
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here ∆ = - . f df 0f
 The equation for the calculation of the standard deviation 

rν
σ  of the radial velocity rν  is derived from the equation 
(3): 
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here f∆σ , fσ , νσ  - the corresponding standard deviations 
of differential frequency, transmitted emission frequency 
and the emission velocity in the atmosphere. The correlation 
between the values  and ff∆ 0  is ignored as it is sufficiently 
small. It is evident from the equation of covariation: 
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here K ( , ) – covariation between the values f∆ 0f f∆  and 
f0 , M – the symbol of mean value (mathematical 

expectation); δ ( f∆ ), 0fδ  - random errors of relevant 
values. 
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In case of =100 km/h the value of covariation 
is ( ) , 2

0 fffK σ=∆  so it is negligible. 
 The analysis of the measurement accuracy under the 
influence of atmospheric parameters on the velocity of 
propagation of the electromagnetic radiation ν and for the 
radial velocity  can be performed.  
 The velocity of propagation of the electromagnetic 
radiation in the atmosphere is 

 nc=ν  ,            (6) 

where c=299,792.458 km/s – velocity of propagation of the 
electromagnetic radiation in vacuum,  
n – the coefficient of its diffraction in the atmosphere. For 
more convenient calculations, the diffraction coefficient is 
expressed through the diffraction index N: 

           (7) n 101+=

 The standard deviation σ  of the velocity of radiation v

ν  has the following expression: 

 km/s 3.0102 NNv n
c σσ ==  , (8) 

because n≈ 1.00030 on average; Nσ – the estimate of the 
standard deviation of the radiation diffraction in the 
atmosphere. 
 The index N of the radio waves diffraction is the 
function of atmosphere parameters – temperature T, pressure 
P and humidity e:  ),,( ePtN . Further it can be 
written as: 
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 The values of partial derivatives of the index of 
diffraction for medium of meteorological conditions  
( mmHg 12 ,K 288= PT ) will be [8]:  
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 Air humidity has the strongest influence on the velocity 
of the propagation of electromagnetic waves. The values of 
atmospheric parameters are not registered in radiometer 
devices, and they are not taken into account during 
measurements. That is why their maximal errors can be 
considered as the average value of change in the atmosphere 
parameters: 

K20°=Tσ ,  , mmHg 10=Pσ mmHg 10 =eσ . 

 Using the previously presented values of the partial 
derivatives and values of errors of atmospheric parameters 
the calculation gives 67=Nσ . 
 Further, from formulas presented here we can obtain the 
standard deviation of the propagation of electromagnetic 
radiation in the atmosphere in case when the influence of the 
atmosphere parameters on the results of measurement is 
ignored (only the mean values are taken into account): 

Nσ =0 =20 km/s. 673. ⋅

 The necessary accuracy parameters are known, so 
according to formula (4) and after some development, an 
important index of accuracy, the standard deviation

rvσ , of 
the velocity measurement of an automobile can be 
calculated. The value rν  that equals to 100 km/h can be 
used for this purpose. It can be written:  

km/h101051010 251422 −−−− ≈⋅++=
rvσ  

and 
rν

σ  = 0.1 km/h, when rν =100 km/h. 
 

3. CONCLUSIONS 
 

 The accuracy of velocity meters based on the Doppler 
effect depends on various parameters, the main of which is 
the accuracy of measurement of the difference of 
frequencies . The accuracy of velocity measurement 
using the meters based on the Doppler effect can be 
determined by standard deviation. 

f∆

 The influence of atmosphere parameters on the 
determination of velocity of movement using the Doppler 
effect can be limited by small values. 
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