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METHODS FOR DETERMINING THE DYNAMIC 
CHARACTERISTICS OF INSTRUMENTS MEASURING 

PARAMETERS OF MOVING OBJECTS

Dimitar Dichev, Momchil Kirinov, Hristofor Koev

Abstract: This paper considers stand equipment for determining the frequency dynamic characteristics of 
instruments measuring parameters of ship motions. The stand equipment is characterized by its high accuracy at 
determining the above characteristics and a wide range of frequency change where sinusoidal fluctuations of the 
moving platform occur. Methods for determining the amplitude-frequency function of the measuring instruments have 
been developed. The results obtained upon determining the frequency dynamic characteristics of specific prototypes 
of instruments measuring the ship’s heel and trim are presented.
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1. Introduction

In metrological aspect, experimental research 
of measurement equipment and systems, working 
under dynamic changing conditions, includes 
determining and exploring the two major index 
groups – dynamic characteristics and accuracy 
characteristics. Good knowledge of this charac-
teristics gives opportunity to solve large number 
of metrological problems such as: choice of meas-
urement instruments, measuring result processing, 
error correction etc. [1, 2]. Thus, determination 
of the measurement unit’s dynamic and accuracy 
characteristics takes central place in the problem of 
ensuring dynamic measurement entity. Implement-
ing of measurement tasks is impossible without 
having enough information about measurement 
instruments characteristics, except in the individual 
case of standard measure methods [2].

Characteristics can be grouped as full and pri-
vate [3, 4], depending on instrument’s dynamic 
properties range. Indexes like transmission func-
tion, transient function, weight function etc. [5] 
belong to full dynamic characteristics of linear 
measurement instruments. Full characteristics 
experimental obtaining consist in measuring of 
the experimental equipment reaction, when they 
are subject of a standard probing signal to input.

Private dynamic characteristics include differ-
ent quality indicators of transient process (such as 
duration, result settle time, integral quality rating 
etc.), frequency bandwidth, own frequency, border 
frequency etc. Usually one gets them experimentally 
by a methodic, that basically differs from these used 
for full dynamic characteristics [6]. In many cases 
specific characteristic determination manner distin-
guishes by the experimental influence type and the 

gathered information processing algorithm [7, 8].
One can conclude, depending on methods 

described by now, that experimental research of 
dynamic characteristics of stand equipment for 
movement of objects parameters measurements 
are an important procedure during the analytics 
process and also through unit synthesis process. 
Results, exposed in this article are based on re-
search of ship differential measurement system, 
developed in TU-Gabrovo.

2. Frequency dynamic characteristics 
stand equipment
Stand equipment consist of three channels, 

functionally combined into a system for frequency 
characteristics exploration and dynamic accuracy 
research during interfering influence. Equipment 
pictures are shown on figures 1 and 2. Unit control 
is realized by a personal computer, interconnection 
to the mechanical module is implemented by an 
appropriate interface. Basically, connection and 
control interface consist of three modules: control 
and information gathering hardware, control and 
information processing software, user interface.

Information that refers to work platform angular 
movement is transferred through the first meas-
urement channel. This movement is registered by 
a photoelectric raster transducer, and information 
from the sensor is fixed through time coordinate 
as a signal that presents equipment “dynamic” 
gauge. The purpose of the second channel is to 
transfer tested measurement unit current informa-
tion to control software. Third channel is to control 
movement parameters from the personal computer.

Structured this way, stand equipment has two 
main advantages. First one is that metrological 
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path is relatively short, which decreases possi-
ble interfering sources of signal that presents 
“dynamic” gauge. Second advantage is wide 
frequency bandwidth of work platform sinusoidal 
fluctuations, which is hard to be implemented on 
multi-dimension stand-simulators.

3. Dynamic characteristics 
determination method
Developed method refers to experimental 

synthetization of amplitude-response function 
(ARF) of ship’s roll and pitch measurement units 
and systems. It was created depending on an ARF 
mathematical model within inertial sinusoidal 
interference. Measurements are implemented on 
described stand equipment.

Method is consistently executed for both 
measurement channels, respectively for meas-
uring onboard roll and heel from one side, and 
measuring keel roll and different from another. In 
every point of frequency bandwidth five consecu-
tive working platform amplitude fluctuations are 
measured, after that measurements are taken once 
more in opposite order. Fluctuation amplitudes 
differ for each channel. During onboard roll and 
heel exploration, working platform creates angu-
lar variations with one of following amplitudes: 

 25,20,15,10,5=b
jA . Keel roll amplitudes 

are:  15,12,10,8,4=k
jA . Values for b

jA  and 
k
jA  are chosen according to the practical physical 

meanings that they can reach in real conditions. 
When maximal values of amplitude meanings 
are reached, measurements are taken in opposite 
downgrade order.

Fig.1. Experimental determination  
of the amplitude-frequency characteristic (AFC)

Fig.2. Experimental determination  
of the amplitude-frequency characteristic

Number of points in frequency range, in which 
amplitude-response function is defined is 33, 
including zero frequency for both measurement 
channels. Firs frequency, at which measurements 
are done is w2 = 0,5 rad/s, where wl+1 = wl + Dw; 
Dw = 0,5 rad/s; w1 = 0 rad/s; l = 1, 2, ..., 33. For 
every single frequency we have ten consecutive 
measurements - each one corresponds to amplitude 
values, shown before.

Measurement begin at moment of time t1 = 0, 
when the working platform of stand equipment is 
at a horizontal position. When working platform 
starts fluctuating at frequency w2 = 0,5 rad/s, and 
smallest amplitude Aj = Amin, we measure angle 
ordinates yi at repetitive moments of time ti, thus  
ti+1 = ti + Dt, а Dt = 0,02 s. Duration of every 
single realization in time region Tr is determined 
by the period of sinusoidal fluctuations of the plat-
form, and is calculated by the following formula: 

l
lr TT

w
π.2.10.10 =≥ .

When counter of time region i = i + 1  reaches 
value, at which  ‘i’  moment of time is ti > Tr , 
measurement of  j + 1 realization begins, which 
equals to (j + 1) amplitude Aj+1. After obtaining 
every single realization, that consist of measured 
angle ordinates yi collected at repetitive moments 
of time ti, one can calculate the numeric values of 
amplitude ak,j as function of yi. Values of ak,j  are 
record in a data array Ml, that presents a m´n  di-
mensional matrix . Number of rows m in matrix Ml 
is equal to count of realizations, i.e j = 1, 2, 3, ..., 
m; m = 10. Number of columns depends of count 
of amplitudes ak,j that are recorded in j realiza-
tion, in which k is the serial number of amplitude,  
k = 1, 2, 3, ... n.  After recording each row, pro-
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cessing data in matrix Ml continues with relative 
amplitude ch

jka , , calculation:

j

jkch
jk A

a
a ,

, =  . (1)

When counter that determines the consecutive 
value of amplitude Aj, at which the condition  
j > 5 is true, changes its increase to j = j + 1, new 
five realizations with the same amplitudes are 
measured, but in opposite order, where the new 
cycle is controlled by a counter, that decreases its 
value at each step - j = j - 1. Measurements are 
done until condition j > 0, is valid; when counter 
reaches j = 0 the consecutive measurements of 
current frequency wl are terminated. 

To determine moment of time ti, at which tran-
sient mode Tp has finished and real measurement 
of serial amplitudes of the realization begins, in 
the methodic, described in the article, a pre-work 
cycle is executed, in which established amplitudes 
are used only for determination of Tp, but not as 
values for the calculation of the statistic charac-
teristics. Pre-work cycle includes measurement 
of angle ordinates yi in consecutive moments of 
time ti, beginning from the zero moment, when the 
platform begins to move. According to ordinates 
yi  amplitudes ak,j are determined. For each value 

of ak,j., except for the first one, the relation 
j,1k

j,k

a

a

+

  

is calculated, where k = 1, 2, ... u; u – is the count 
of amplitudes during transient mode. Condition

η<
+ j,1k

j,k

a

a
 , (2)

is checked, where
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Reaching moment ti = tp, when three serial 

relations 
j,1k

j,k

a

a

+

 observe condition (2), it is con-

sidered that transient process is finished and real 
working mode has started, also measurement  
yi = yp at moment tp is considered to be the first 
value in the realization j.

Average arithmetic value of relative amplitude  
ch

jka , , collected in array Ml, are calculated:
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where k – is the sequent number of amplitude, 
determined in working station mode k = 1, 2, 3, ... 
n; j –is the sequent number of realization, obtained 
when stand fluc  tuate with amplitude Aj and fre-
quency wl; j = 1, 2, 3, ... m; m = 10. 

Value of dispersion of the relative amplitude for 
each frequency is calculated using formula:
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The weighted standard deviation of the nominal 
value estimate of the relative amplitude at point 
l from the frequency range corresponding to the 
frequency wl is determined by

la nm
ch
l

σσ ~
.

1~
~ ⋅=  . (6)

Limits of nominal values of relative ampli-
tudes for each frequency wl are calculated busing 
formulas:

ch
la

ch
l

ch
l aa ~

~.3~
max

σ+=  ; (7)

ch
la

ch
l

ch
l aa ~

~.3~
min

σ−=  . (8)
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Fig.3. Approximation of AFC by  
a fourth-degree polynomial

4. Results
Representing experimental results (4) as graphic 

to frequency wl does not give a finalized form of 
function, defining amplitude-response characteris-
tic; it only shows position of discrete point values, 
that are not committed in a functional form. the task 
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related to approximation of discrete dependence  
ch

la~ (wl) with continuous function A(w), appears, 
which presents actual ARF of explored prototypes.
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Fig.4. Approximation of AFC by  
an eighth-degree polynomial

Graphic resolution of approximation problem 
using smaller square method is shown at figures 
3 and 4. At figure 3 approximation of discrete 
relation ch

la~ (wl) is shown, using polynomial on 
power of four, on figure 4 a polynomial on power 
of eight is shown. From both figures one can see, 
that increasing power of polynomial, the curve 
does not reach to numeric data enough. Presence 
of expressed extremum in function method of small 
squares does not give good results. 

With the purpose to achieve maximum approach 
of the ARF function to the experimental results 
the methodic provides realizing of cubic spline 
interpolation. At figures 5 and 6 are shown spline 
interpolation for both measurement channels. Un-
known values w0 = wl   and n = u1 can be determined 
from figures 5 and 6 or using program at the stage 
of measurement of results processing.

5. Conclusions
Stand equipment for frequency dynamic char-

acteristic that was developed, realized and exposed 
in this article, has all necessary attributes, allowing 
determination of this characteristics of units and 
systems for ship onboard roll, heel and different 
measuring. This is very important in the process 
to synthesize measurement equipment of described 
quantity, and also in its choice for a current vessel.
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Fig.5. Spline interpolation of AFC  
for the roll and heel channel
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Fig.6. Spline interpolation of AFC  
for the pitch and trim channel

Developed methods for determination of am-
plitude-response function of measurement systems 
gives ability to implement metrological verification 
of real frequency characteristic in relation to per-
missible deviation region.
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