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 Nowadays, implementation of real-time embedded system or safety-critical 
in a real-time system is significant within emerging technologies because the 
system involves many aspects such as safety and task execution without 

missing deadlines. The main cause of implementation is to avoid catastrophic 
loss. Besides that, effectuation of the mixed-criticality system in embedded 
system making system more complex for task execution. For an embedded 
system, the main component involves real-time scheduling. The 
implementation of DPM method in real-time scheduling is well known, but 
in the mixed-criticality system, DPM method is still lacking. In order to cater 
this problem, Dynamic Power management (DPM) method is deployed onto 
the microcontroller of the mixed-criticality system to save energy when 

executing tasks in order to have better performance in the system. The usage 
of the DPM method in mixed-criticality of microcontroller resulting decrease 
of 0.82% in LED output voltage value meanwhile, for the LCD output,  
the voltage value decreased by 1.37% in the home alarm system. Thus,  
the energy-saving in the microcontroller of the mixed-criticality system using 
the DPM method is defined. 
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1. INTRODUCTION 

Microcontroller is widely used in a real-time system due to it’s of performing heavy-duty or 

complex task during execution. However, when the microcontroller is executing tasks, high energy usage or 

energy leakage to surrounding could occur because of the powering up of unnecessary components. For the 

mixed-criticality system, microcontroller needs to have better instruction or an RTOS in order to execute task 

quickly. Besides that, the size of the microcontroller is decreasing and smaller nowadays and a chip mounted 

on microcontroller resulting in smarter execution of the microcontroller. The chip nowadays can multitasks 

such as by monitoring and controlling connected farm. Thus, many microcontroller manufacturers are now 

competing to develop microcontroller that can perform and show better performance with the benefits of high 
performance but low power or energy consumption in the system [1]. 

Moreover, mixed-criticality systems require significant challenges to design safety-critical real-time 

embedded systems [2, 3]. In the mixed-criticality system, safety-critical is one of the important 

characteristics because of priority task scheduling. Figure 1 shows an example of a safety-critical system for 

a vehicle. In the safety-critical system, high-priority task commonly preempts low-priority task at a certain 

level to ensure quickest response making safety as the first priority. In addition, in a safety-critical system, 

they define some tasks into either low-priority or high-priority because of safety element involvement [4]. 
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Besides, the requirement placed upon safety-critical computer system increased significantly in size and 

complexity, and continued to increase at a very rapid place [5]. Furthermore, the higher the criticality level, 

the greater is the need for the task to complete well before any safety-critical timing constraint and hence the 

smaller the value of the relative deadline parameter [6]. However, in a complex system, the declaration of 

high-priority task is commonly used to avoid missed deadline and severe damage, meanwhile for low-priority 

task, missed deadline in the system does not affect system much. In many applications, the consequence of 

missing dateline vary in severity from task to task [7]. 

 

 

 
 

Figure 1. Example of safety-critical system in car 

 

 
During task execution in the mixed-criticality system, voltage and frequency used to perform a task 

is usually high and is not efficiently preserved as in mixed-criticality system, a task needs to be executed fast. 

Besides that, utilization of frequency and voltage in the mixed-criticality system for executing varieties of 

task scheduled is not expeditiously handled, resulting in severe energy loss or energy leakage to the 

surroundings. In addition, with shared resources in the microcontroller, limitation of memory can happen, 

thus it will lead to insufficient energy to perform tasks. In the mixed-criticality system, shared resources 

fetched needs to be accurate and smooth in order to avoid any possible mistakes during task execution.  

Thus, the power consumption in the mixed-criticality system needs to be efficaciously managed to preserve 

energy. Manipulation of voltage in the mixed-criticality system helps to conserve more energy. 

The introduction of mixed-criticality system scheduler is one of the ways to preserve energy during 

task execution. Implementation of DPM method in the microcontroller for the mixed-criticality system is 
significant as it is energy saving and has low power consumption. By having an effective method in the 

system, execution of the high-priority task can be done easily and energy saving could occur. Thus, it shows 

the significant function of the energy-saving method in the mixed-criticality system on the microcontroller. 

Therefore, this project is aimed to refine the method of DPM in the microcontroller for the mixed-

criticality system. This paper will investigate how DPM method handles the task in the mixed-criticality 

system by shutting down unnecessary components as the components can be put into idle state by disabling 

the clock [8]. This project is done using microcontroller provided to perceive voltage used in executing task 

and analyses the voltage value when task execution uses LabVIEW and NI-DAQ device. Section 2 of this 

article discusses the existing work related to the DPM method. The flowchart, case study system,  

and experiment are described in Section 3. Subsequent section will discuss the result of the experiment. 

Finally, Section 5 concludes this project. 

 
 

2. RELATED WORK 

Despite being a complex system, the implementation of mixed-criticality system in microcontroller 

or microprocessor is an emerging trends nowadays. A current trend in real-time embedded systems, driven by 

size, weight, power and cost concerns, is merging in many complex software tasks [9]. In order to perform 

integrated multiple functions or tasks with a different degree of importance or criticalities, the deployment of 

task in common platform or integrated platform [10] is needed to ensure the execution of the task is 

successful. However, power consumption has been an overriding concern in the design of computers [11] 

system and the power consumption in the real-time embedded systems has become an important issue. It is 

because processors consume a large portion of energy around 50% of the overall consumed energy of 

computer [12, 13]. Some scheduler or methods had been introduced to save the energy in the microcontroller. 
The new version of FlexPRET processor is focusing on the mixed-criticality system [9]. It uses the 

fine-grained multithreaded processor, which is designed to exhibit architectural techniques, useful for the 
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mixed-criticality system. The scheduling used in the FlexPRET is based on round robin scheduling where the 

execution of the task is without priority. The thread scheduler used in this processor is based on two control 

registers that are slots control register and thread mode control register. The processor will schedule the task 

based on this two control registers. 

Another scheduler introduced is dynamic power-aware scheduling which is implemented in the 

mixed-criticality systems. The scheme used in the scheduling is to make use of the slack time by reducing the 

energy in the mixed-criticality for high-priority reservation [2]. The algorithm used in the scheduling is 

Earliest Deadline First-Virtual Deadline (EDF-VD) that can provide an optimal virtual deadline and 
frequency levels of tasks. Thus, it can decrease the power consumption in the system as the frequency is 

dynamically being adjusted. 

The global mixed-criticality scheduling is introduced where fpEDF implementation is used in the 

task scheduling [10]. The deployment of three phases in the fpEDF algorithm is pre-processing, runtime 

phase and an execution phase. It results in the schedulable mixed-criticality (MC) implicit-deadline sporadic 

task system for pre-processing phase and whenever some job is executing more than the LO-criticality 

WCET without sending a signal of completion. The introduction of algorithm GLOBAL and GLOBAL-

PRAGMATIC is done when the values of ϰ is the value for scaling factor cannot be found in the  

fpEDF algorithm. 

The new algorithm, Priority List Reuse Scheduling (PLRS) is used to solve the problems arising in 

the LB [14] which are the performance of LB and the large run-time overhead of LB. The deployment of off-

line computation and the run-time scheduling is the technique for PLRS to solve the problems arising in LB. 
PLRS not only theoretically dominates, but also on average, it significantly outperforms LB in terms of 

acceptance ratios and also the run-time complexity of PLRS is polynomial (quadratic in the number of tasks), 

thereby is much more efficient than the pseudo-polynomial run-time scheduling of LB. In practice, PLRS’s 

run-time overhead can be several orders of magnitude smaller than LB’s. 

In [15], usage of the DPM and DVFS algorithm for energy saving in the microcontroller is done.  

The function of the algorithms is to vary the voltage of each microcontroller involved, varies the frequency 

based on the system workload and other I/O devices and selectively switches off the system when in idle 

mode. The algorithm used focuses on the embedded system in the microcontroller. 

Meanwhile, in [16], implementation of DPM and DVFS method in the microcontroller for 

embedded system is done and results in 47% energy-saving for sole use and 12% energy-saving on the core 

for the whole microcontroller. The algorithm function is to supply different voltages applied to each 
processor, shut off one processor to switch to a single processor configuration, varies the component voltage 

and selectively turns off the system whenever microcontroller is in the idle mode. 

 

 

3. METHODOLOGY 

3.1.   Block Diagram of System & Flowchart of Mixed-Criticality System 

Figure 2 shows block diagram of system used to conduct this project. There are 3 elements that are 

very important in this project. Elements involved are microcontroller (which consists of mixed-criticality 

system), DPM method (the triggered factor in the system to preserve energy) and low energy consumption 

(the main output for the system). These 3 elements show the importance of the project is conducted in order 

to preserve energy in mixed-criticality (MC) system using DPM method. 
 

 

 
 

Figure 2. Block diagram of the system 

 

 

Figure 3 shows flowchart of mixed-criticality in home alarm system. The flowchart begins with start 

and then goes to input is task assignation priority and input data from the potentiometer. After that, the 

process to assign the task to priority mode is done where the first task is assigned as low-criticality mode, 
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task two can be assigned as low or high-criticality mode and third task are assigned as high-criticality mode. 

Then, the condition is done based on the input data from the potentiometer. When the temperature detected is 

less or equal to 36 degrees, the first task is assigned as low-criticality mode, task two is assigned as low mode 

and third task is assigned as high-criticality mode for output of the process. However, if the temperature 

detected is more than or equal to 38 degrees, the first task is assigned as low-criticality mode, task two is 

assigned as high-criticality mode and third task is assigned as high-criticality mode priority is assign as low-

criticality mode as output of the process. If there is no temperature detected, it will go to the end. 

Temperature of 36 degrees and 38 degrees is the threshold that has been used in the home alarm system case 

study. This is to ignite the given priority task involved in the home alarm system. 

 
 

 
 

Figure 3. Flowchart of mixed-criticality in home alarm system 

 

 

3.2.   Case study (Home alarm system) 

In order to see the effectiveness of DPM method in terms of energy saving in the microcontroller 

(contain the mixed-criticality system), the home alarm system is used as the case study and act as the real-

time embedded system with the mixed-criticality system. The home alarm system is used to monitor 
temperature in the house and alert residence of the house about increasing temperature in the house. In home 

alarm system, tasks are defined as task of LCD, LED and loudspeaker. The LCD task has highest priority 

task which is task 2 and task loudspeaker has second highest priority task which is 1 meanwhile lowest 

priority task is given to LED which is 0. The task of LCD, LED and loudspeaker are the output of the home 

alarm system, meanwhile the input for the tasks is taken from the potentiometer that acts as temperature 

sensor in the home alarm system. 

Figure 4 shows how the potentiometer will act as the temperature sensor to give input to the home 

alarm system. The reading of potentiometer starts from 0x0000 to 0x03FF as shown in Figure 5. For each 

phase of potentiometer, it indicates the temperature involved for the home alarm system. In the first condition 

or the first phase of potentiometer reading, if the potentiometer reading is less than 0x0065 (or temperature is 

equal or less than 32 degrees), it will turn on LED 1. If potentiometer reading is equal to 0x0065 and less 
than 0x021F (or temperature is equal or less than 34 degrees), LED 2 will turn on for condition 2 or second 

phase of potentiometer reading. In condition 3 or the third phase of potentiometer reading, if potentiometer 

reading is equal to 0x021F and less than 0x03C9 (or temperature is equal or less 36 degree), LED 3 will turn 

on. In condition 4 or last phase of potentiometer reading, LED 4 turn idle, the LCD shows a message and 

loudspeaker turn on if the potentiometer reading is equal and higher than 0x03C9 (or temperature is equal or 
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more than 38 degrees). The LEDs, LCD and loudspeaker will function based on the range of the 

potentiometer reading as the input data.  

 

 
 

Figure 4. Flowchart of case study 

 

 

 

 

 
 

 

 

 

 

 
 

Figure 5. Potentiometer reading range of home 

alarm system 

 

 

3.3.   Simulation & Experiment 

The experiment was done using a simulator called LabVIEW. LabVIEW is used to develop block 
diagram of voltage reading for case study system. The connection between microcontroller (MCB2300) and 

NI-DAQ using jumpers and header is also done to measure voltage and energy usage during task execution 

and no task execution in phase 3 and phase 4. Each of the output is connected to one channel and voltage 

value is measured during task execution and no task execution. Better understanding of the result obtained 

can be done when the result is being written in excel, so that analysis on the result can be done. Besides that, 

the software to download the home alarm system into microcontroller is called Keil uVision 5. Keil uVision 

5 is used for home alarm system programming and LabVIEW, which is used to design connection between 

NI-DAQ and voltage channel to measure voltage when task is executed. After the coding for the home alarm 

system is done in the Keil uVision 5, the code is downloaded into the microcontroller in order to test the code 

that consists of elements of mixed-criticality. 

 
 

4. RESULTS OF EXPERIMENT 

The implementation phase will focus on case study implementation of home alarm system that acts 

as real-time embedded system with mixed criticality system. The experiment is used to see the effectiveness 

of DPM method done on non-mixed-criticality system and mixed-criticality system. Differences between 

non-mixed-criticality system and mixed-criticality system is the priority set up. For mixed-criticality system, 

the priority is being set up meanwhile for the non-mixed-criticality system, no priority is being set up.  

For mixed-criticality system, priority being set up for each task is significant because it can help the system 

to meet deadlines and avoid any catastrophic effect from missed deadlines. 

 

4.1.   Performance Analysis 

4.1.1  Phase 3 

A. Non-Mixed-Criticality System 

In this section, results of the non-mixed-criticality system (non-MC) on the voltage calculated is 

discussed and the result is stored in the excel format. For each of the result, the voltage is calculated when the 

task executes or no task is executed using the NI-DAQ device. The result obtained using the NI-DAQ is very 
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useful because the result then can be analyzed and can help to see how the DPM method can benefit the 

mixed-criticality system. 

Table 1 shows the voltage calculated using the NI-DAQ device when the device is connected to 

each of the outputs. The value of 0.001 until 0.01 shows number of samples taken from the result and overall 

number of samples taken is 1250 samples. For this project, only 10 samples are taken to show voltage 

difference in each phase. It shows that the voltage calculated in the task executed is lower compared to the no 

task executes. Phase 3 focuses on the LED because in the phase 3, the LED 3 will turn on when the 

potentiometer reading is in range of 0x0220 until 0x03C9. Increase in number of samples decreases the value 

of voltage in the LED. 

 
 

Table 1. Result of the Voltage Measured using NI-DAQ Device in Phase 3 for Non-MC System 

 
 

 

B. Mixed-Criticality System 

In this section, the result of mixed-criticality system (MC) on the voltage is calculated and the result 

is stored in excel format. Based on the excel file, the performance analysis is done to see how the 

performance of the system without DPM implementation. 

Table 2 shows the result of voltage calculated using the NI-DAQ device when the device is 

connected to each of the outputs. It shows that the voltage calculated in the task execute is higher compared 

to the no task executes because in the no task execution, no output is functioning meanwhile in the task 
execution, the LED will function to give an output of the system. However, as the numbers of samples in the 

task execute increases, the voltage value of the LED decreases. 

 

 

Table 2. Result of the Voltage Measured using NI-DAQ Device in Phase 3 for MC System 

 
 

 

4.1.2  Phase 4 

A. Non-Mixed-Criticality System 

In this section, the result of non-mixed-criticality system on the voltage is calculated and the result 

is stored in excel format. Table 3 shows the result of the voltage calculated using the NI-DAQ device when 

the device is connected to each of the outputs of phase 4. It shows that the voltage calculated in the task 

execute is lower compared to the no task executes and the voltage value for each of the output is smaller for 

the task execution. 
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Table 3. Result of the Voltage Measured using NI-DAQ Device in Phase 4 for Non-MC System 

 
 

 

B. Mixed-Criticality System 

In this section, the result of the mixed-criticality system on the voltage is calculated and the result is 

stored in excel format. In order to analyze the voltage value obtained using the NI-DAQ device, the voltage 

value in excel format can help analyze better. Based on the excel file, the performance analysis is done to see 

how the performance of the system without DPM implementation. 
Table 4 shows the result of voltage calculated using the NI-DAQ device when the device is 

connected to each of the outputs. It shows that voltage calculated in the task execute is lower compared to the 

no task executes for each of the outputs in the home alarm system. 

 

 

Table 4. Result of the Voltage Measured using NI-DAQ Device in Phase 4 for MC System 

 
 

 

4.1.3  Phase 3 VS Phase 4 

In this section, analysis of the result of phase 3 and phase 4 is done to see how the LED becomes 

idle in phase 4 meanwhile in phase 3, the LED is not idle. DPM method implementation of phase 4 is 

significant because the voltage value obtained using NI-DAQ device is lower with increased number of 

samples. Table 5 shows the difference in voltage value for phase 3 and phase 4. 
Based on Table 5, the difference in voltage value measured for phase 3 and phase 4 can be seen 

where the voltage value for LED in phase 4 is high at first, but slowly decreases because of the DPM 

implementation meanwhile voltage value in phase 3 increased along with the increased number of samples. 

Similarly, the LCD output in phase 4 has higher priority compared to LED output, resulting LED to turn off 

selectively via DPM method. Based on Table 5, we can see the importance of DPM implementation in the 

mixed-criticality system. Average voltage for Phase 3 VS Phase 4 when Task (T) executes as shown in 

Figure 6. 

Figure 5 shows the average voltage for phase 3 compared to phase 4 when task execution in the 

mixed-criticality system occurs. It can be seen that the decrease of the average voltage for LED, LCD and 

Loudspeaker in phase 4 compared to phase 3. The decrease of voltage in phase 4 is 0.049323455 for LED, 

0.022344457 for LCD and 0.313630818 for Loudspeaker. It can be seen that the advantage of DPM method 

take place in phase 4 whenever the priority assignation is done at early process. 
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Table 5. Different in Voltage Value Measured for Phase 3 and Phase 4 

 
 

 

 
 

Figure 6. Average voltage for Phase 3 VS Phase 4 when Task (T) executes 

 

 

5. CONCLUSION 

The main focus of this project is to fulfil 3 objectives, which are to analyze available energy-saving 

technique in mixed-criticality system for DPM method, to develop DPM method for mixed-criticality system 

in microcontroller, and to evaluate the DPM method in preserving energy for mixed-criticality system in 

microcontroller. Based on the project done using the DPM method to save energy in microcontroller contain 

mixed-criticality system, it shows that the energy can be saved up to 5% when task execution occurs for 

phase 4. Thus, implementation of DPM method can be done to save energy and can help to prolong battery 

life in the microcontroller. 
Improvements that can be done in the future are implementation of DVFS method for mixed-

criticality system in microcontroller to see the effectiveness of the method in order to preserve energy, 

combination of DPM method and DVFS method for mixed-criticality system in microcontroller to save more 

energy when task execution occurs, increase the complexity of mixed-criticality system to see effectiveness 

of DPM or DVFS method in order to be used in bigger systems and implementation of the DPM or DVFS 

method in other microcontroller board such as Arduino or MCU 8051 to see how the method works in 

different microcontroller environment. 
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