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Abstract—Truck scales are essential measurement systems in 
industrial logistics, where vehicle mass directly affects financial 
transactions, safety, and process control. Measurement 
accuracy depends not only on the metrological characteristics 
of load cells but also on the correct positioning of the vehicle on 
the weighing platform. Improper positioning introduces 
systematic errors due to partial support outside the platform, 
uneven load distribution, and dynamic instability. This paper 
presents an optical system for verifying vehicle position on a 
truck scale in an LPG storage facility. The system uses 
photoelectric sensors, a PLC controller, and video surveillance 
to ensure correct vehicle positioning before measurement. The 
proposed solution prevents weighing when metrological 
conditions are not satisfied, thereby improving accuracy, 
repeatability, and reliability. The system is also aligned with 
Industry 4.0 principles through its integration with higher-level 
control and enterprise systems.  
Keywords—truck scale, measurement accuracy, metrology, 
positioning system, photoelectric sensors, load cells, PLC, 
Industry 4.0 

I. INTRODUCTION

Liquefied petroleum gas (LPG) storage facilities are 
complex industrial systems that combine demanding 
requirements related to safety, reliability, and measurement 
accuracy [1]–[3]. LPG is a flammable hydrocarbon mixture 
stored under pressure; therefore, every loading and 
unloading operation must be performed under strictly 
controlled conditions and in accordance with applicable 
technical standards. 

The receipt and dispatch of LPG in road transport are based 
on mass measurement of tanker trucks on truck scales. The 
weighing result directly determines the delivered quantity, 
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financial settlement, and transport safety; therefore, the 
metrological validity of the weighing system is of crucial 
importance [4]–[6]. 

In real operating conditions, a number of factors affect 
measurement accuracy, particularly improper vehicle 
positioning on the weighing platform, instability during 
weighing, and human influence [7], [8]. These problems are 
more pronounced in LPG facilities because of different 
tanker dimensions, limited maneuvering space, the liquid 
phase behavior of the product, and strict safety procedures. 
An additional challenge is that equipment installed near gas-
handling areas must comply with requirements for operation 
in potentially explosive atmospheres [2], which restricts the 
choice of sensors and control devices. 

The subject of this paper is the implementation of a system 
for automatic verification of correct vehicle positioning on a 
truck scale in an LPG storage facility, with the aim of 
improving measurement accuracy, repeatability, and 
traceability. 

II. SYSTEM DESCRIPTION

The system consists of a truck scale, six photoelectric 
barriers (beam transmitter LEUZE LS318BI/9D-M12 and 
receiver LEUZE LE318B/4P-M12), a PLC controller (PLC 
EPXCPE205), weighing software, and a video surveillance 
system (MOBOTIX M16 cameras and a Mobotix NAS 
device). 

A. Truck scale
A truck scale is a static non-automatic weighing instrument 

intended for determining the mass of a vehicle at rest [4], [6]. 
The primary measuring element of the system is a platform 
supported by multiple strain-gauge load cells that convert 
mechanical load into an electrical signal proportional to the 
applied force [8]. 

The total force acting on the platform is defined by (1). 
           (1)
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where m is the vehicle mass and g is the gravitational 
acceleration. 

The electronic summing and processing module acquires 
the signals from all load cells, performs conversion and 
filtering, and calculates the total vehicle mass [9]. The 
measurement result is displayed on the scale terminal, which 
simultaneously provides communication with a higher-level 
weighing software system. In the considered application, the 
weighing software is used for data analysis, archiving, 
processing of weighing records, and integration with other 
information systems. 

In this study, a pit-type (flush-mounted) truck scale is 
considered, as it enables the installation of optical sensors 
around the perimeter of the weighing platform for accurate 
vehicle positioning. 

Fig. 1. Pit-type truck scale installed at ground level [10] 

Measurement accuracy on a truck scale depends on the 
fulfillment of specific mechanical and operating conditions 
[4], [11]. In real industrial operation these conditions are 
often non-ideal, which leads to both systematic and random 
errors. 

The most significant sources of error are: 
1. Partial support of the vehicle outside the platform

— if a part of the vehicle or trailer is not fully
positioned on the weighing surface, a portion of the
weight is transmitted to the surrounding ground or
structure, and the measured value becomes lower
than the true mass. If a vehicle portion of mass m₂
is outside the platform, the measured mass is
calculated according to (2).

                  (2) 
 The relative error is given by (3). 

     (3) 
2. Uneven loading of load cells — the axle load

distribution may cause different loading of
individual cells, which, in the presence of sensor
nonlinearities and tolerances, produces deviations
in the result [8].

3. Dynamic forces during weighing — vibrations,
vehicle movement, or engine operation change the
load over time, leading to signal instability and
increased measurement uncertainty [7].

4. Platform inclination or friction with surrounding
structures — additional horizontal or vertical force
components may influence load distribution and
cause systematic error.

A particular problem is represented by shorter vehicles, for 
which the weighing result significantly depends on the 
longitudinal position on the platform. Changing the stopping 
position changes the load distribution among the measuring 
cells and can therefore produce different results for the same 
true vehicle mass. For these reasons, correct vehicle 
positioning on the weighing platform is one of the key 
conditions for achieving the declared accuracy of truck 
scales in industrial applications [4]. 

B. Photoelectric Sensors (Barriers)
The optical barrier operates on the principle of interruption 

of an infrared beam between a transmitter and a receiver 
[12], [13]. When an object enters the zone between them, the 
beam is interrupted, which causes a change in the electrical 
output signal of the receiver. The receiver generates a digital 
signal that is fed to the PLC input, where it is processed 
according to the control logic. 

The barriers monitor vehicle entry and exit, lateral 
position, longitudinal position, and the optimal measuring 
zone. 

Sensor LS46CIM12_90 

 Sensor carrier  

 Protective stand - components 
Fig. 2. Photoelectric sensor mounting scheme 

The figure shows a sensor mounting assembly designed to 
support and position the optical sensor. In addition to its 
mounting function, the structure provides mechanical 
protection, preventing sensor damage during vehicle 
movement and the weighing process. 
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Fig. 3. Typical sensor response [13] 

The figure presents the typical response behavior of a 
photoelectric sensor as a function of distance and alignment. 
The diagram illustrates how the sensor signal varies with the 
distance (x) between transmitter and receiver, as well as the 
misalignment (y), indicating the sensitivity of the system to 
positional deviations. 

 
Fig. 4. Barrier layout 

The figure shows the arrangement of photoelectric barriers 
positioned around the truck scale. The sensors are distributed 
along the perimeter of the weighing platform, forming a 
controlled detection zone that enables accurate vehicle 
positioning and ensures that the entire vehicle is properly 
aligned within the weighing area. 

C. PLC Control 
A programmable logic controller (PLC) is the central 

control element of modern industrial automation systems 
[14], [15]. Its primary function is to collect information from 
input devices, process the information according to a 
predefined program, and generate corresponding output 
signals for actuating field devices. 

In the considered system, a transmitter–receiver optical 
barrier is used for object detection. The transmitter emits a 
modulated infrared beam that is continuously detected by the 
receiver. When the beam is interrupted by a vehicle, the 
receiver output changes state and generates a digital signal 
that is supplied to the PLC input. 

The PLC operates cyclically by scanning the inputs, 
executing the user program, and updating the outputs in 

accordance with IEC 61131-3 [16]. Based on the processed 
barrier inputs, the PLC generates a signal indicating correct 
or incorrect vehicle positioning, which is transferred to the 
weighing software via the Modbus TCP protocol. Such an 
approach enables high reliability, flexibility, and simple 
adaptation of system functions without hardware 
modifications [14]. 

D. Specialized Software 
Modern mass measurement systems are not based solely 

on mechanical or electronic scales, but also on specialized 
software that enables data acquisition, processing, storage, 
and analysis [7].  

The weighing process is supported by a weighing software 
system, which performs data acquisition, processing, and 
storage of measurement results. The system enables 
automated documentation of weighing operations, 
integration with higher-level information systems, and 
traceability of measurement data within the LPG handling 
process. 

 

E. Video Surveillance 
Video surveillance systems enable visual verification of 

the process and improve the reliability of measurements 
[17]. The system based on MOBOTIX M16 cameras and a 
NAS device represents a modern decentralized solution for 
collecting, processing, and archiving video data. The 
combination of optical, electronic, and network technologies 
enables reliable operation in different environmental 
conditions, high image resolution, and flexible data 
management. 

 
Fig. 5. Block diagram of the system 

F. Industry 4.0 and System Integration 
Modern industrial measurement and control systems are 

increasingly developed in accordance with the principles of 
Industry 4.0, which implies digitalization, networking, and 
automation of production and logistics processes. In this 
context, vehicle weighing systems should not be regarded as 
isolated measuring units, but as part of a broader information 
and control infrastructure. 

The implemented vehicle positioning control system can 
be integrated with higher-level control platforms such as 
DCS (Distributed Control System) and TAS (Terminal 
Automation System), thus enabling a continuous data flow 
between the measuring system and centralized supervisory 
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platforms. This allows automated decision-making and 
reduces the need for manual operator intervention. 

Further integration with enterprise information systems, 
such as ERP solutions (e.g., SAP), enables centralized data 
processing, automatic generation of receipt and dispatch 
orders, and real-time monitoring of logistics flows. This 
approach increases efficiency, transparency, and reliability 
of the overall system. 

From the metrological point of view, digital integration 
improves traceability of measurement results, their real-time 
availability, and the possibility of analyzing large data sets, 
which are all key elements of Industry 4.0. As shown in [18], 
metrology is one of the fundamental pillars of the transition 
toward Industry 4.0, especially in industrial systems where 
measurement accuracy and traceability are of decisive 
importance. 

G. Motivation 
The handling of liquefied petroleum gas (LPG) requires a 

high level of accuracy, reliability, and safety, since even 
relatively small deviations in mass measurement may have 
significant financial consequences and may affect transport 
and storage safety. In industrial practice, the mass of loaded 
or unloaded LPG is the basis for product accounting, vehicle 
load control, and monitoring of the logistics flow. 

Although modern truck scales achieve high nominal 
accuracy under laboratory conditions, in the real operating 
environment of LPG storage facilities deviations often occur 
due to inadequate vehicle positioning, dynamic loads, 
operator influence, and other external factors. Such 
deviations increase measurement uncertainty, reduce 
repeatability, and create opportunities for intentional or 
unintentional manipulation of the weighing process. 

The motivation of this work is therefore to improve the 
reliability and credibility of mass measurement in LPG 
receipt and dispatch through the implementation of an 
additional system for controlling the measurement 
conditions. Special emphasis is placed on ensuring that 
weighing is performed only when all technical conditions for 
a valid result are fulfilled. 

The main goals of the system are: elimination of errors 
caused by improper vehicle positioning on the weighing 
platform; reduction of the possibility of manipulation and 
preservation of data integrity; standardization of the 
measurement procedure independently of the operator and 
vehicle type; reduction of the time required for LPG receipt 
and dispatch; reduction of human influence on the weighing 
result; and provision of reliable documentation and 
traceability of the complete weighing process. Achieving 
these goals contributes to increased safety, higher logistics 
efficiency, and improved metrological reliability of mass 
measurement systems in LPG storage facilities. 

III. RESULTS AND DISCUSSION  
In the LPG handling process, the quantity of transferred 

product is determined by weighing the road tanker before 
and after unloading [4], [6].   

Table I presents representative measurement results before 
and after the implementation of the vehicle positioning 
system. 

TABLE I 
MEASUREMENT RESULT BEFORE AND AFTER SYSTEM IMPLEMENTATION  

 
Measu-
rement 

No. 

True 
Mass 
(kg) 

Measured 
Before 

(kg) 

Error 
Before 

(kg) 

Measur-
ed After 

(kg) 

Error 
After 
(kg) 

1 40000 38050 -1950 39970 -30 
2 40000 38120 -1880 39960 -40 
3 40000 37980 -2020 40010 10 
4 40000 38090 -1910 39980 -20 
5 40000 38150 -1850 40020 20 
6 40000 37960 -2040 39950 -50 

 
Typical LPG road tankers have a payload capacity of 

approximately 20–22 t, while the total vehicle mass reaches 
up to 40 t. The tare mass of the empty vehicle is in the range 
of 15–18 t. 

Considering the LPG density of approximately 0.50–0.55 
kg/l, a typical volume of 20,000 l corresponds to a mass of 
about 10–11 t. Therefore, even small relative measurement 
errors may result in significant absolute deviations in the 
transferred quantity. 

Prior to the implementation of the vehicle positioning 
system, measurement errors were primarily caused by 
improper vehicle positioning on the weighing platform, 
which represents a known source of systematic error in non-
automatic weighing instruments [4], [11]. In the worst-case 
scenario, when a portion of the wheel remains outside the 
platform (e.g. 20–30% of the tire contact area), part of the 
load is transferred to the surrounding ground instead of the 
load cells. 

Assuming a total vehicle mass of 40,000 kg and a typical 
axle load of 10,000 kg, the loss of 20% of the load on one 
wheel results in an unmeasured force corresponding to 
approximately: 
Δm ≈ 0.2 × 10,000 kg = 2,000 kg 
This represents a relative error of: 
ε ≈ 2,000 / 40,000 = 5% 
In the context of LPG transfer, this corresponds to an error 

of approximately 500–600 kg per operation (for a 10–11 t 
LPG load), which is unacceptable from both economic and 
safety perspectives[1]–[3]. 

After the implementation of the optical positioning system, 
the vehicle is forced to stop within a predefined 
measurement zone, ensuring that the entire weight acts on 
the weighing platform. As a result, systematic errors caused 
by improper positioning are effectively eliminated. 

Experimental observations indicate that the remaining 
measurement uncertainty is reduced to the level of the scale 
accuracy class, typically within ±0.05% to ±0.1% of the 
measured mass, in accordance with OIML R76 requirements 
[4]. 
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Fig. 6. Relative measurement error before and after system 

implementation 

This corresponds to an absolute error of approximately: 
±20–40 kg for a 40,000 kg vehicle 
and: 
±5–10 kg for the LPG mass determination 

 
Fig. 7. Absolute measurement error before and after system 

implementation 

The results demonstrate that the implementation of the 
positioning system reduces the measurement error from 
several percent (up to 5%) to below 0.1%, representing an 
improvement of more than one order of magnitude. 

The standard deviation of measurement results was 
significantly reduced after system implementation. 

In addition, improved repeatability of measurements was 
observed due to consistent vehicle positioning, while the 
prevention of measurements under dynamic conditions 
further contributes to the reduction of random errors [7], [8]. 

Although the proposed system significantly improves 
measurement accuracy, its performance may be influenced 
by sensor alignment and environmental conditions in 
industrial environments, while achieving correct vehicle 
positioning may require additional time, especially for less 
experienced drivers. 

Finally, the integration of the system with higher-level 
control and information systems enables full traceability of 
measurement results, which is a key requirement in 
metrological applications and aligns with Industry 4.0 
principles [18]. 

IV. CONCLUSION  
In practical industrial conditions, the proposed system 

improves the metrological characteristics of weighing in 
accordance with standards for non-automatic weighing 
instruments [4], [6] in LPG handling operations. By 
implementing automatic verification of the correct vehicle 
position, conditions are provided for the complete vehicle 
mass to act on the weighing platform, significantly reducing 
systematic errors caused by partial support outside the 
measuring area and uneven load distribution. 

The results show that the proposed solution improves 
measurement repeatability, result stability, and resistance to 
dynamic effects during weighing. Preventing measurement 
under unstable conditions ensures that the result corresponds 
to valid static loading, which is essential for the metrological 
validity of non-automatic truck scales. 

Additional integration of video surveillance improves 
process traceability and enables subsequent verification of 
measurement results, increasing transparency and reducing 
the possibility of manipulation. In this way, the system 
provides not only technical, but also operational 
improvement of the weighing process. 

From the industrial point of view, the most important effect 
is the increase in the efficiency of LPG receipt and dispatch 
without expansion of the existing storage capacities. 
Reducing delays, repeated weighings, and operating 
irregularities enables a higher vehicle flow through the 
system, which directly contributes to supply reliability and 
business efficiency. 

The proposed solution is also characterized by high 
interoperability with the existing automation infrastructure 
of the storage terminal. It can be readily integrated with DCS 
and TAS supervisory systems, while TAS typically acts as 
the top-level terminal management system. Through 
exchange of data and documentation with enterprise 
information systems, especially ERP platforms such as SAP, 
full automation of logistics processes is enabled, including 
centralized data processing, generation and distribution of 
receipt and dispatch orders, and continuous real-time 
process monitoring [19], [20], [21]. 

In this way, the proposed approach improves not only the 
metrological performance of the weighing system, but also 
becomes an integral part of the broader digital infrastructure 
of the storage terminal, in accordance with Industry 4.0 
principles [18]. 
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