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Abstract—This article is devoted to investigation of metrological characteristics of hardware-in-the-loop 
simulation tables. Methodology for accuracy parameters estimation is shown, and experiment planning 
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I.  INTRODUCTION 

During the flight aircraft is exposed by a lot of 
different factors affecting on a flight in undesirable 
manner (angular position, velocity and acceleration 
of aircraft), that can lead to unintended change tra-
jectory or fail of equipment or even aircraft. Due to 
mass parameters, these negative effects are even 
stronger for unmanned aerial vehicles (UAV). The 
main way to detect any change in angular position 
and angular velocity is to measure them during the 
flight and compare with given course. Gyroscopic 
measurement devices, such as various inertial navi-
gation systems obtained wide usage in aviation. 

Usage of navigation systems in aviation is con-
nected with great demands and put forward to the 
navigation system, because wrong flight route can 
lead to some problems of legal, economic and tech-
nical nature. In case of UAV wrong sensors indica-
tions can lead to even more failures, due to automatic 
control and full dependence on data from sensors. 
Accordingly, there are certain high-level require-
ments for flight safety and compliance trajectory. 
Consequently, these requirements apply to navigation 
systems. For checking the equipment on compliance 
we should make some tests (verification), both during 
the any aircraft design and maintenance. The most 
important part of the organization is competent test 
development and approval of testing methods. 

II. HARDWARE-IN-THE-LOOP SIMULATION TABLE 

Most productive way to perform such tests (taking 
into a count economical and accuracy benefits) is 
seminatural modeling of flight with the help of 
hardware-in-the-loop (HIL) simulation tables. 

Main mean for this ground testing are seminatural 
modeling test benches which allow to simulate flight. 
There are a lot of different seminatiral testing benches 
types, according to their functionality, quantity of 
degrees of freedom, load capacities, accuracy cha-
racteristics and others. Different simulation tables are 
presented in Fig. 1. 

 

 

 
Fig. 1. Different HIL motion simulators 

As it is seen from general structure of HIL test 
benches presented in Fig. 2, human-operator interacts 
with test bench through External data input and vi-
sualization system. Test program is transmitted to 
HIL system from here, and measured values of im-
portant equipment parameters together with movable 
platform data are also presented here. Then needed 
trajectory data is transmitted to data processing sys-
tem, where needed control influences are determined. 
Motion control system is responsible for correct 
control signals transformations suitable to execution 
by motion producing elements. Power supply and 
transformation system mostly refers to supplying 
whole system with different needed voltages and 
currents. Motion producing elements usually have 
rigid connection with moveable platform and can be 
different motors, hydraulic or pneumatic devices. 
Equipment under test data acquisition system to-
gether with additional functions devices (such as for 
example, heat chambers or pressure chambers) and 
tested equipment are mounted on top of movable 
platform. Movable platform sensors and equipment 
under test data acquisition system send data back to 
data processing system where they are compared and 
saved. 



B.V. Roman.  Hardware-in-the-Loop Simulation Table Characteristics Determination                                             135 
 

External data input and
visualization system

Data processing system

Motion control system

Power supply and 
transformation 

system

Motion 
producing 
elements

Movable platform

Equipment 
under test data 

acquisition 
system 

Additional 
functions 
devices

Movable 
platform sensors

 
Fig. 2. General structure of HIL simulation table 

Hardware-in-the-loop simulation table under in-
vestigation is triaxial test bench with high load ca-
pacities. 

Triaxial test benches are applied when there is a 
requirement about simultaneous rotation of the load on 
the three axes. Data about motion simulation (angular 
positions, velocities, accelerations) is transferred from 
sensors from corresponding sensors into system, 
where it is processed and saved. Conclusion on navi-
gation equipment performance and workability is be 
made on the basis of this data analysis. 

III. PROBLEM STATEMENT 

Strict requirements to parameters and characte-
ristics of test benches are put forward during design 
stage. Consequently there is the problem of estimat-
ing the parameters of the test benches, in other words, 
of their certification. 

Due to HIL simulation table is referred to labor-
atory testing system strict legislative requirements are 
applied to it. As the result of test bench use the fol-
lowing must be actions must be performed: 

– identifying nonconformities (eg from 
complaints and internal audits); 

– determining the causes of nonconformities; 
– the elimination of nonconformities; 
– evaluation of the needed actions to prevent their 

repetition; 
– identification of the necessary actions and their 

timely implementation; 
– documentation of the results of taken actions; 
– analysis of the effectiveness of corrections. 

Often used method of certification is to compare 
the readings of the investigated device with the 
readings of a higher accuracy class instrument, ex-
posed to the same influences as investigated device. 
However, such control devices are often expensive, 
especially when it comes to the most accurate devices 
and it is not convenient to use this control equipment 
at the stage of early testing. So, the problem of pri-
mary HIL simulation table behavior and metrological 
characteristics determination and analysis arises.  

IV. EXPERIMENT PLANNING 

The main goal of the experiment – is to determine 
the possibility of navigational equipment test bench 
usage for the certification of aircraft or UAV angular 
values gauges (position, speed, acceleration). The 
experiment consists of two main parts. 

1. Estimation of the ability of test bench to 
reproduce (simulate) the specified movement of the 
aircraft during flight. 

2. Estimation of the accuracy characteristics of 
navigational equipment test bench. 

Following methodology can be used to estimate 
the ability to reproduce (simulate) the specified 
movement of the aircraft during the flight. 

Experimental input data inpX  is pre-recorded data 
aircraft flight (matrix of dimension n × 3, with a row 
for roll (r), pitch (p) and yaw (y), n is the number of 
measurements). 
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Output data outX  are values of angular positions 
taken from the platform sensors (the matrix of the 
same dimension and the organization as the input 
matrix inpX ). 
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Modern means of the angular displacement mea-
surement, are closely associated with the use of mi-
croprocessor technologies (that means they are digi-
tal), which lead to their high data removal rate. On the 
other hand, the angular movement of the aircraft 
during flight is slowly changing process, particularly 
for civil aviation, allowing to slightly change the 
classical methods of data analysis. 

The total positioning error ( pos ) consists of a 
plurality of error items, such as movable platform 
mechanical backlash, positioning errors of motors, 
etc., and is calculated as the difference between the 
input signals and the corresponding output data: 
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V. EVALUATION OF THE ACCURACY 
CHARACTERISTICS OF NAVIGATIONAL EQUIPMENT 

TEST BENCH 

In order to estimate accuracy characteristics of 
testing equipment generally accepted method is to 
compare the readings of the investigated equipment 
with the readings of the control device. 

The total error of navigational equipment test 
bench can be determined as: 

pos meas ;= +    

where pos  is movable platform positioning error; 

meas  is movable platform measuring devices error. 
Error of movable platform sensors may be caused 

by a number of factors that should be considered 
during the evaluation. Such factors may include: 

– impact of a measuring object (mostly impact of 
high voltage transformation units on sensors);  

– errors introduced by means of measurements 
(inaccuracy of axial sensor positioning(mounting), 
zero position error, sensor dead zones (for digital 
sensors are usually by their digital nature i.e. their 
discreteness), and others); 

– the impact of the external environment (Elec-
tromagnetic fields action, action of external forces, 
partially action of inertia forces (for high load ca-
pacities)). 

It is known from metrology that increase of the 
number of independent measurements of the same 
parameter the average value of the measurement 
approaches the true value. To determine the accuracy 
of movable platform positioning it is proposed to use 
several devices of the same accuracy class as the 
tested device. It will allow to determine the total ab-
solute error (Δ) as: 
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 where cdX  are data (readings) of control devices;
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 is average reading from control devices 

in a given point; m  is quantity of control devices. 

VI. PROCEDURE FOR INVESTIGATING 
THE CHARACTERISTICS OF TEST BENCH  

The next step is to establish testing procedure for 
evaluation of metrological characteristics of HIL test 
bench. 

– Setting the test bench movable platform into the 
zero position. 

– Determination of the static component of the 
navigational equipment test bench absolute error by 
comparing the output signal of the test bench with 
zero input signal. 

– Estimation of the ability to reproduce (simulate) 
the specified movement of the aircraft during the flight 
by performing a set of movements by the movable 
platform without load. 

– Determining the amount reference instruments. 
– Installation of control equipment on the movable 

platform. 
– Simulation of aircraft movements using data 

from a real flight with parallel control equipment and 
the movable platforms output data recording. 

– Analysis of the data and determination of the 
accuracy characteristics navigational equipment test 
bench. 

As a result this procedure will provide informa-
tion about the accuracy of the test bench, and on the 
basis of this data information about accuracy class 
and other metrological characteristics of test bench. 
In the case of poor accuracy characteristics it is ne-
cessary to make a decision about modernization (re-
vision) test bench as a whole or its individual parts. 

Also, it is necessary to note that the accuracy class 
of HIL test bench must be higher than accuracy class 
of the tested equipment. 

The main ways to improve the accuracy of testing 
equipment. 

1. Replacement of less accurate sensors by more 
accurate – is effective when the instrumental 
components of error are dominant. But also, it should 
be noted that in case of replacement of sensors, 
increases the total economic value of test bench, 
accordingly, the procedure should be used only as a 
last resort. 

2. Creating the conditions for the application of 
measuring instruments – useful if additional external 
errors of measuring devices dominate. For the most 
part it is used when excessive external influences 
(such as electromagnetic noise of the environment) 
and is often aimed at suppressing (reducing effect) 
these factors. The main advantage of this method is 
helps to improve the overall system stability, and 
reliability of testing. 

3. Execution of multiple measurements in case of 
random error appearance. This method mostly 
improves the overall testing methodology, but greatly 
increases the time of testing, which in turn negatively 
affects the cost of testing, although a sufficient 
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amount of measurement allows to reduce the 
influence of random errors greatly. 

4. Implementation of control methods operating 
condition of measuring devices during their operation 
– facilitates the detection, elimination or reduction of 
metrological failures of measuring instruments. This 
method increases the overall fault tolerance of testing 
equipment by introducing different protection stages 
into system. Reduces further service costs. 

5. Information redundancy. Getting data about the 
same parameter from different sources minimizes the 
effect of random errors in the system, and increases the 
fault tolerance and reliability of the system, however, 
leads to a drastic increase in the cost of testing 
equipment. 

VII. CONCLUSIONS 
Primary analysis of the behavior of navigational 

equipment test bench, as well as its characteristics 
can be performed without the use of external control 
instruments. This allows to obtain the diagnostic card 
of equipment with its characteristics, to verify the 
accuracy and the condition of critical parts of the test 
bench, and make the necessary adjustments at the 
initial stage of testing. 

The use of additional external control equipment 
allows to define accuracy class of HIL test bench, and 
will give more precise information on the metrolog-
ical characteristics of the investigated test bench. 

Generalized methods of navigational equipment 

test bench accuracy improvement are considered. 
Their strengths and weaknesses are identified. 
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