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ABSTRACT: This paper presents a new mechanism exploiting the redundancy of sensors to ensure reliability in measuring 

baby incubator parameters where no error is tolerated. 

Several research based on the sensors redundancy have been done to several various areas, e.g., aerospace, automotive. 
However, no investigation is done, based on this technique, to ensure reliable measurement of baby incubator parameters. 
This paper, precisely, addresses this luck by proposing a new mechanism to precise and efficient measurement of 
temperature in an incubator. Our way of using redundancy consists in the use of a double of materials sensors with an 
analytical sensor as well as a time-redundant.  
Our new solution has been validated through several tests on baby incubator. Our tests showed that our solution enables the 
reduction of transitory events and faults in sensors. 
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I. INTRODUCTION 
Recent research has been focused in the use of sensor redundancy to ensure reliable supervisory. While 

supervisory in medicine is directly involving the lives of human beings, no research is done to ensure reliable 

baby incubator supervisory. In an incubator, premature baby's life depends on the reliability of the supervisory 

system. Indeed, the safety of operation in such system depends on the parameters perceived at supervisory. That 

is, an incubator system acts according to defined orders, which, in their turn, depend on the perceived 

measurements of the supervisory. Thus, the reliability of the supervisory in such system is tightly related with 

the safety.  

Redundancy is the main method used for fault tolerance. Generally, redundant systems consist in 

detecting, isolating, and accommodating failures among the redundant elements. The concept of analytical 

redundancy has been investigated to replace some of the hardware redundancies. To further improve the 

reliability, the temporal redundancy permits to reduce noise due to transitory events. 
The major contribution of this paper is to combine these three redundancy methods. First, our solution use two 

hardware sensors to cope with failures or crashes at physical sensor. In addition, our solution relies on the 

analytical redundancy to measure the temperature to expect according to the actuators. Using comparison 

between measurements perceived at hardware sensors and those computed analytically, our solution is able to 

detect failures at actuators. 

Moreover, to cope with noise due the transitory events, our solution relies on the temporal redundancy. 

We use this mechanism to reduce possible gap between subsequent measurements. In such case, this mechanism 

defines the new measurement according to the measurements perceived in the past. 

Roadmap: This paper is organized as follows. Section II describes our studied environment. More 

precisely, this section presents the parameters related to baby incubator. Section III gives the details of our 

solution. Section IV describes the redundancy technics. Section V defines the process monitoring. Section VI 
expand discussion about conclusions and future work will be made in the last section. 

 

II. STUDY OF THE INCUBATOR 
The temperature in the incubator is modeled as a first order system with delay identified through 

several measures that are represented on the following graph: 
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Figure 1 : Measure of the temperature in the incubator when heating 

The incubator is a system of first order when heating. The model associated with this latter is : 

y t = 𝑦0 + K(1 − 𝑒−𝑡
𝜏  ) 

With 𝑦0 the initial value, K=2.560 and 𝜏=330  

 

 
Figure 2 : Measure of the temperature in the incubator without heating 

When the incubator is not heated, the model remains the same with a change of the parameters: 

K =- 0.9 and  𝜏=680. 
 

III. ARCHITECTURE OF THE BOARD 
We developed a board for acquisition and control which requires a tool for its digital processing. 

For this we used a microcontroller (PIC 16F877), given its good reputation in the industrial and automatism 

sector. We also need some output devices as the 7-segment displayers, a power supply, keyboard, temperature 

sensors, a control block of thermal resistance and finally a communication network. 

 The general architecture of the acquisition and control board for incubator is presented by the diagram below: 

 
Figure 3 : Block diagram of the card 
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IV. REDUNDANCY TECHNIQUES 
1. Dual Redundancy 

The redundancy provides effective protection against random component failures. It is commonly used 

for systems including the critical functions due to the increased cost (equipment, installation, maintenance, 

weight and power). In the majority of redundant facilities we use the double or triple redundancy. The dual 

redundancy is used when we only need to detect the sensor failure, but the triple redundancy could be used for 

more purposes. The redundancy of high order is reserved for complex applications that require high 

performance and to which access is difficult and expensive as it is the case of a space vehicle. Each of these can 

be implemented in static or dynamic redundancy. 

In our case we focus in measuring the temperature inside the incubator. We used two identical linear 

type of sensors LM35, the same chain of conditioning and the acquisition which is done in the same converter 

built into the PIC 16F877. This latter has eight multiplexed analogical inputs. Once the acquisition is done, we 
obtain the following shape: 

 
Figure 4 : Temperature measurements during heating 

The voting system used in most dual redundant analogical system is the average. The results are shown in the 

figure below: 

 
Figure 5 : The shape of the acquisition 

Systems working with small errors are effective ones. However, if one sensor is disconnected, the system will 

not be able to resolve the problem adequately. The system response is illustrated by the following two graphs: 
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Figure 6 : acquisition (sensor 2 fault) 

 
Figure 7 : Shape of for acquisition (sensor 2 fault) 

The dual redundancy is architecture with two different usage  and provides a “self-use” vote to reduce transitory 

events. Hence, this latter technique could be used as a noise filter. 

 

2. Time redundancy 

We know that the temperature in the incubator varies very slowly and is almost constant during one 

second. For this, the final decision at the output level of our system will be influenced by the output of both 

sensors at time t and time t-1. 

𝑆 𝑡 =
𝐶1 𝑡 + 𝐶2 𝑡 + 𝐶1 𝑡 − 1 + 𝐶2 𝑡 − 1 

4
 

C 1: Sensors at temperature 1 
C 2: Sensors at temperature 2 

In the time redundancy, voting time is used instead of spatial redundancy. The combination of dual redundancy 

and self-electors can provide a good performance. 

 Such redundancy eliminates a fault that occurs during a short time. We can notice below the influence of the 

time redundancy on the system output.  

 
Figure 8 : acquisition (sensor fault) 
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Figure 9 : shape for acquisition with time redundancy 

 

3. Triple redundancy 

Security and user-friendly aspect are the benefits of new systems during the last ten years. The 

challenge, however, remains in the reliability and fault tolerance in the systems. The most tolerant control 

system of faults requires redundancy in the hardware to make it more reliable. However, the additional 
components used for hardware redundancy increases its cost. The concept of analytical redundancy has been 

designed to replace some equipment especially in aerospace applications, reducing the overall cost and 

improving its reliability. 

The theoretical methods of analysis of redundancy have been studied in the drive systems for aerospace 

applications up to today. 

We first developed a model for the temperature in the incubator to enable then the development of 

methodologies for analyzing redundancy. Based on the model of an incubator system, an estimator is designed 

to assess the current temperature in the incubator. The observed value is then used as a sensor for analyzing the 

reading step and to replace one of two sensors of the redundant hardware.  

The algorithms used for fault detection, isolation, and accommodation were also developed, based on the voting 

algorithm for the minimization of errors. 
To develop the analytical redundancy, we must first understand the dynamics of the steering system. This 

dynamics can be approximated by the equations of the first orders described above. 

 
Figure 10 : voting system 

he voting system calculates the absolute differences between each pair of entries. These differences are called 

residuals.  

R1=|sensor1- sensor 2| 

R2=| sensor 1-Model| 
R3=| sensor 2-Model| 

The smallest residue is the best measure. For this we take as output the average of theses values. This technique 

provides a good decision even if one sensor fails as shown in the graph below:  
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Figure 11 : acquisition (sensor2 fault) + model 

 
Figure 12 : Shape of the acquisition with triple redundancy 

 

4. Triple redundancy and time redundancy 

The time redundancy and analytical one can provide alternative solutions which are  less costly than 

hardware redundancy for applications where a delay or loss of accuracy can not be tolerated. 

The system opted for the reliable measurement of temperature is the integration of hardware redundancy with a 
dual analytical redundancy and time redundancy. The solution is a dual quad architecture jobs and self-use 

voting to reduce transitory events and faults of this sensor and to ensure reliability.  It uses the same algorithm 

as for the triple redundancy taking into account the last value generated by the voter.  

 
Figure 13 : triple redundancy voter with temporal redundancyThe output becomes: 
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Figure 14 : Output of triple redundancy voter with temporal redundancy 

 

V. PROCESS MONITORING 
When calculating the final value, the voter also calculates the number of times the sensor1 is used for 

voting the same for the sensor2.  A fault is reported on the operation of the sensor which is rarely used in the 

calculation of the output. Our system is able to carry using the incubator in a proper way even if one sensor fails, 

while providing a filter for the sensor’s output. 

 

VI. CONCLUSION 
Dependability is realized by exploiting the redundancy of the sensors in the case of an application on 

the error is not tolerated. The treatment method of redundancy used for reliable measurement of temperature in 
an incubator is the hardware redundancy with dual analytical redundancy 
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