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Abstract: Nowadays the control of manufacturing and shipment environmental conditions represents a 
critical aspect to ensure high standards of safety and quality to the products in many inbound and outbound 
production and distribution processes, especially in the food industry. Many different variables can provide a 
relevant impact on the final conditions experienced by the client/consumer: vibrations, relative humidity, 
light exposure, temperature, etc.. In this context, the temperature represents a significant parameter in a wide 
range of different areas, e.g. medical and pharmaceutical, food and beverages, energetic, chemistry, etc…, and 
can cause, whether not monitored, an irreversible degradation of the chemical and physical characteristics of 
the product. 
The aim of this paper is to describe the realization of an experimental temperature controlled climate room 
developed to perform thermal stress simulations that allow to point out the impact of temperature changes 
on physical and quality conditions of final products. Hardware architecture, components and the closed-loop 
automatic control algorithm of the designed mechatronic plant will be described giving full details about it 
performances and possible range of applicability. Finally, a case studiy considering a typical Italian foodstuff 
is illustrated in order to exemplify the climate room working behaviour and potentiality. 
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1. Introduction and literature review   
To provide to products high standards of safety and 
quality represents, for many companies, not only a 
constraint imposed by legislation but also a strategic asset 
to compete (Wang et al., 2006). Consequently, the interest 
in monitoring and controlling the key variables that affect 
quality of produced goods increased progressively through 
years in an even more wide set of industrial sectors. The 
literature frequently discuss the importance of collecting 
and analysing data of manufacturing, storage and 
shipment conditions especially for those products that are 
more sensible to environmental stresses. Different 
strategies and solutions are presented, many of them 
adopt innovative tracing technologies like the radio 
frequency identification (RFID). See, as example., Ma, 
Panos & Freed and Amador et al. for applications in the 
fresh produce supply chain (Ma, 2009; Panos & Freed, 
2007; Amador et al., 2009). 
Among all possible parameters that have an impact on the 
quality conditions of products, the temperature is 
considered as a critical variable that, frequently, can 
damage and/or decrease the distinguishing features of a 
large variety of goods and products. Michrafy et al. and 
Glass et al. (Michrafy et al., 2006; Glass et al., 2004) 
discuss the effect of the ambient temperature on the 
compaction and photostability of pharmaceutical powders 

and solid drugs. Semith and Onur (Semith & Onur, 2011) 
investigate the effect of the temperature and thermal 
residual stress on the behaviour and damage of laminated 
composites, while Jagan et al. (Jagan et al., 2010) study the 
role of the temperature on test quality for semiconductor 
devices. Finally, Iqbal and Fitzpatrick (Iqbal & Fitzpatrick, 
2006) evaluate the effect of storage conditions for three 
common food powders. They all highlight the significant 
impact on the final conditions of products caused by 
thermal stresses and strong temperature variations and 
they point out the importance of controlling 
environmental temperature so that the quality and safety 
of produced goods along the whole supply chain can be 
preserved. In addition, they mention the importance of 
simulations and other laboratory thermal stress analysis to 
study and understand the degradation processes of each 
type of product in order to better control the 
manufacturing, storage and shipment conditions. 
A climate room represents a mechatronic plant useful to 
produce controlled heating and cooling cycles on different 
types of products with the purpose of making simulations 
and tests to study the dependence of safety and quality 
parameters from the temperature. In the last years, 
different devices have been developed adapting the 
structure, range of controlled temperature and sensitivity 
to the specific features of the context of employment. 
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Wenhui et al. (Wenhui et al., 2007) describe the 
development of a small environmental climate chamber 
designed for medical tests and environmental applications. 
Kruk-de Bruin et al. (Kruk-de Bruin et al., 1976) present a 
climate room for precise regulation of temperature and 
humidity for zoological tests and simulations while Foster 
et al. (Foster et al., 2006) design and apparatus to provide 
repeatable surface thermal treatments on food samples. 
Aim of this paper is to present a temperature controlled 
climate room developed for thermal stress simulations. 
Despite the designed plant can be considered a general 
purpose system it has been studied and realized in order 
to make simulations on typical Italian foodstuffs, e.g. olive 
oil, cheese, fresh fruit and vegetables, etc... For these 
produces the temperature is a critical variable that can 
undermine their quality and safety increasing the risks for 
the health of the final consumers. Firstly, this manuscript 
describes the physical structure of the plant, giving full 
details about component features and functions, then, the 
real-time temperature control system is presented 
describing the closed-loop algorithm useful to assure 
collimation between the measured temperature and the 
target setpoint. Finally, an example of simulation, 
considering a typical Italian olive oil, will be discussed. 
The reminder of this paper is organized as follows: 
Section 2 introduces the designed climate room with 
reference to the specification, the physical component 
features and their integration in the whole plant. In 
Section 3 the closed-loop algorithm for real-time 
temperature control is presented including a description 
of the flexible software interfaces used to implement it. 
Section 4 describes two case studies considering a typical 
Italian olive oil. Finally, Section 5 presents conclusions 
and suggestions for further research.  
 

2. Specification and overall physical structure  
The developed climate room is designed to simulate 
heating and cooling stress cycles that products, foodstuffs 
in particular, can experience along the supply chain. 
Particular attention is paid to transportation and storage 
conditions where high or low temperatures, e.g. from -10° 
to 60° degrees Celsius, can be reached also for a long 
time. In addition to this, the system can be used to make 
long or accelerated life thermal stress tests to study a 
particular property of the product or package, e.g. the 
maximum or minimum temperature a specific package 
does not damage itself and/or the quality and safety of the 
contained product. Consequently, the climate room was 
therefore designed to (1) heat or cool a sample of product 
reaching a specific temperature level, (2) automatically 
reproduce a given temperature profile measured during 
transportation or storage, (3) stress a product sample with 
accelerated thermal levels, i.e. accelerated life testing 
(ALT), since a failure event occurs, e.g. package crashes, 
product leaks, etc... 
The specification of the climate room are that it should be 
able to produce repeatable temperature cycles, with an 
average error of less than ±3°C, considering the air 
temperature inside the device, over any thermal profile 
included between -5 and 65°C. The apparatus should also 
be able to self-check it status and detect critical or 

dangerous conditions, e.g. high temperature levels, and 
rapidly stop and reach a safety state. Finally, a user-
friendly graphical user interface (GUI) has to provide an 
easy setting and control of the whole system. 
Next Figure 1 shows a schematic representation of the 
developed system presenting the main physical 
components together with their connections.  
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Fig. 1. Climate room: scheme of components and 

connections. 
 
The climate cell, integrating the cooling system, has been 
realized utilizing a commercial Iberna ITLP 130 
refrigerator (Figure 2) with dimensions equal to 
400×360×710mm high and a net capacity of 92 litres. 
 

 
Fig. 2. External view of the climate room. 

 
The integrated cooling system consists in an evaporator 
utilizing 21g of R600a isobutane as refrigerant fluid. The 
rated voltage is of 220V AC, the nominal  input power is 
of 90W and the lowest temperature obtainable is -10°C. 
In order to increase the temperature in the climate 
chamber an heating system is added. It has been realized 
using two electrical resistors with 75W of power each. 
Figure 3 shows the room from the inside. The resistors, 
made of two incandescent lamps, are placed on a 
supporting bar over the samples of produce tested (bottles 
of olive oil in the figure). 
 



 
Fig. 3. Internal view of the climate room: heaters, RTD and 

example of samples of produce. 
 
To measure and control the air temperature inside the 
chamber, so that the heater and cooler can be properly 
switched on or off, a resistive thermal device (RTD) is 
added and placed next to the samples on another 
supporting bar (see Figure 3). The adopted sensor is a Pt-
100 RTD calibrated to measure temperature levels from -
10 to 70°C. The current output signal range is 4-20mA 
with a nominal voltage supply of 24V DC. 
A closed-loop algorithm, developed with LabView 
graphical programming language, controls the switching 
on and off of the actuators so that the chamber 
temperature collimates with a defined setpoint. A detailed 
explanation of the algorithm is provided in the next 
Section. This procedure is saved and run on a remote 
control platform communicating, thanks to a NI 9174 4 
slot compact data acquirement (C-Daq) device, to a power 
panel that assures the power supply of both heater and 
cooler when necessary. This is done opening or closing 
the relative electric circuit thanks to two relays. Figure 4 
presents a picture of the C-Daq and power panel adopted.   
 

 
Fig. 4. Adopted C-Daq and power panel. 

 
Note the two power points to connect the heater and 
cooler plugs and the two C-Daq modules necessary to 
acquire the RTD electric signal, i.e. module NI 9203, and 
to control the relays, i.e. module NI 9481. A detailed 
diagram of both the control and power electric circuits is 
presented in the next Figure 5.  
Finally, in case of temporary power failures, a 
540W/900VA APC Back-UPS and a TEL32G 900MHz 
GSM box protect the plant and alert up to five remote 
contacts via SMS or phone message.        

 

3. The climate room closed-loop temperature control 
algorithm  
Purpose of the temperature control algorithm is to assure 
collimation between the measured temperature, 
representing the air temperature inside the cell, and a 
defined setpoint. Different studies have been done on this 
topic in order to increase accuracy in the collimation. 
Huang and Li (Huang & Li, 2010) design an intelligent 
temperature control system based on a 8-bit 
microcontroller with an error in the range of ±1°C. 
Similarly, Bi et al. (Bi et al., 2010) developed an high-
precision temperature control system based on PID 
control. Finally while Xin et al. (Xin et al., 2009) describe a 
fuzzy self-adaptive PID control algorithm for thermal 
simulations. Figure 6 shows a block diagram representing 
the logical structure, together with the used physical 
components, of the developed closed-loop climate room 
control system. Particularly, the remote controller 
implements an iterative algorithm based on the 
comparison between the retroactive temperature signal 
and the current setpoint. If the difference between these 
values is out of a given tolerance the temperature of the 
cell needs to be corrected.  
 

 
Fig. 5. Diagram of the control and power circuits. 

 
Consequently, the power panel supplies one of the two 
actuators, i.e. the cooler or the heater, until the thermal 
gap returns into the tolerance range. 
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Fig. 6. Diagram of the developed feedback control system. 

 
Figure 7 presents a flow chart explaining the implemented 
control for the cooler. A similar algorithm has been 
developed for the heater. In particular 𝑇𝑐𝑒𝑙𝑙−𝑖 is the 
current sensed temperature value while  𝑇𝑐 𝑜𝑛 and 𝑇𝑐 𝑜𝑓𝑓 
and, similarly, 𝑇ℎ 𝑜𝑛 and 𝑇ℎ 𝑜𝑓𝑓 define the switch on and 
off setpoint of the cooler and heater. 
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Fig. 7. Flow chart of the implemented algorithm for the cooler 
control. 
 
The cooler is switched on if the sensed temperature of the 
cell is higher than 𝑇𝑐 𝑜𝑛 and the cooler is actually off. 
Otherwise, if its value is lower than 𝑇𝑐 𝑜𝑓𝑓 and the cooling 
system is active the cooler is switched off. 
Following equation, correlating acceptable values of the 
defined limits to the temperature setpoint 𝑇𝑠𝑝 assures that 
no conflicts can happen, e.g. heater and cooler both active 
at the same time.  
  
 𝑇ℎ 𝑜𝑛 < 𝑇𝑐 𝑜𝑓𝑓 ≤ 𝑇𝑠𝑝 ≤ 𝑇ℎ 𝑜𝑓𝑓 < 𝑇𝑐 𝑜𝑛  (1) 
 
The described algorithm has been implemented using 
LabView programming language and developing both the 
algorithm and the user-friendly GUI represented in Figure 
8. Two different panels have been created. The setting panel 
allows the users to define all the necessary input 
parameters giving an high flexibility and possibility of 
personalization to the software interface. Particularly, the 
user needs to define: 
 
 The temperature profile to reproduce. This operation 

can be done both specifying the path of a text file 
containing the order list of temperature to simulate or 
typing the values directly in the Temperature profile Tsp 
variable; 

 The path of an output file where the measured 
climate room temperature profile is saved; 

 The sampling ratio in seconds and the time interval 
between two consecutive setpoint values, i.e. Setpoint 
ratio; 

 The already defined switch on and off setpoint of the 
cooler and heater; 

 The upper and lower control limits. These values 
define the normal operative range of the clime room. 
If a particular sample value falls out of this range the 
controller detect a dangerous condition, i.e. 
temperature of the cell too high or low, and 
automatically arrests the simulation. 

 

 
Fig. 8. Front panel of the LabView climate room control 

interface. 
 
The control panel shows to the user the current state of the 
whole system. The actual value of the temperature sample 
is displayed and graphed. The state of both cooler and 
heater, activated or not, is shown thanks to the two green 
Boolean indicators. In case a dangerous condition is, 
unfortunately, reached the white indicator becomes red 
and the simulation is automatically stopped. Finally, at the 
bottom left of the interface the Stop simulation button 
allows to force the end of the current simulation switching 
off the actuators. 
4. Case study simulation of an European truck 
shipment 
This Section presents a case study considering, as a 
product, a typical Italian olive oil: a two weeks truck 
shipment from Italy to the North Europe is simulated 
analyzing the collimation between the setpoint and 
measured temperature profiles.  
This case study considers a shipment of olive oil from 
Italy to the north of Europe. Approximately a hundred 
bottles, stored in cardboard packages and placed on 
pallets, are carried, by truck, from the south of Italy to the 
north of the UK. In addition, an intermediate transit point 
is reached during the two weeks long shipment and the 
produces are temporary stored and have to wait for some 
days. Figure 9 represents the temperature profile 
measured inside the packages. The min value is 24°C, the 
max value is 32.5°C while the average temperature is next 
to 28°C. 
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Fig. 9. Case study 1: measured temperature profile during the 
shipment. 

 
Previous graph clearly shows both the daily temperature 
variations between day and night and the intermediate 
transit point storage where this range is smaller.  
Considering this as the setpoint profile to reproduce using 
the described climate room a simulation is kept running 
for the exactly same period of time that the shipment took 
to get for Italy to the UK. The defined switch on values 
𝑇𝑐 𝑜𝑛 and 𝑇ℎ 𝑜𝑛 are set, respectively, one degree above and 
below the current setpoint temperature while the switch 
off values are equal to the setpoint. The sampling 
frequency is of 30s while the already defined setpoint ratio is 
of 7200s in accordance with the sampling frequency 
adopted during the shipment. Finally the values of the 
lower and upper control limits are 20°C and 36°C. 
Adopting these parameterisations the next Figure 10 
compares the setpoint profile (bond solid line) and the 
profile measured by the RTD Pt-100 (dotted line). 
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Fig. 10. Case study: measured and setpoint profiles. 
 
Following graph shows a detail of the two profiles 
including also the switch on setpoint of the actuators. 

Sample

0 50 100 150 200 250

Te
m

pe
ra

tu
re

 [°
C

]

22

24

26

28

30

32

34

Setpoint profile (Tsp)
Measured profile (Tcell-i)
Cooler switch on (Tc on)
Heater switch on (Th on) 

Fig. 11. Case study: measured and setpoint profiles, detail. 
 
Fig. 11 shows the typical trend of an on-off controller: 
measured temperature decreases due to thermal losses 
since the heater switch on setpoint is reached, than it 
increases rapidly till switch off value finally the cycle 
begins again. Due to the thermal inertia, the temperature 
of the cell generally continues to increase also after the 
heater switch off. To avoid a cyclical oscillation, i.e. 
system instability caused by continuous switching on and 
off of the actuators, the values of 𝑇𝑐 𝑜𝑛 and 𝑇ℎ 𝑜𝑛 need to 
be set carefully so that tolerance range is not too little. 
Presented results show that a range of ±1°C strikes an 
acceptable balance between the system stability and the 
accuracy in temperature collimation. 
In conclusion, discussed case study, made of an olive oil 
shipment from Italy to the UK, demonstrates the 
reliability and accuracy of the developed climate room in 
simulating a defined temperature profile. The next Case 
study 2 introduces the possibility to perform ALT analysis 
using the developed climate room by the description of a 
practical example.         
 

5. Conclusions and further research 
This paper describes the physical structure, the operating 
algorithm and the software control interface of a climate 
room designed for thermal stress simulations and tests. 
This mechatronic plant consists, mainly, of a climate cell 
where samples of products, foodstuffs in particular, 
experience controlled heating and cooling cycles to 
simulate measured shipment or storage conditions so that 
quality and/or safety degradation can be study. In 
addition, the plant allows to perform accelerated or non-
accelerated life tests investigating failure conditions and 
developing reliability analysis. The remote controller of 
the whole plant implements a closed-loop algorithm based 
on the comparison between sensed temperature inside the 
climate cell and a defined setpoint and switches on and off 
the cooler and heater system if these two profiles do not 
collimate. 
Further research deals with the improvement of the 
physical plant to expand its area of applicability. At first, 
operative temperature range can be extended so that new 



tests with high levels of stress or ALT become feasible. In 
addition, other sensors or actuators can be added to the 
system to control other relevant variables, e.g. relative 
humidity, failure conditions like package crash and liquid 
leak or to combine together simultaneously different types 
of critical variables, like the temperature and vibrations. 
By doing this new analysis become possible also 
considering other type of foodstuffs, e.g. fresh fruit and 
vegetables, and products.    
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