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௡௘௪ߙ ൌ ௠௜௡ߙ ൅ ሺ
௠௜ ௡ሺூሻ

௠௘௔௡ሺூሻ
൅

௠௘௔௡ሺூሻ

ଶ∗୫ୟ୶ ሺூ ሻ
 ௠௔௫ߙ*(

Where ߙ௠௜௡ ݅0.1 ݏ and  ߙ௠௔௫ is 1;Here I is the intensity of light of all fireflies taken together. 

The algorithm is implemented in MATLAB and Simulink environment for various transfer functions. 
The objective functions here are PO and ITAE.The modified approach is run for several times and the optimized 
values are noted down. 

2.(a).Example 1: 

In example 1 the process considered here is a stable second order system. From table I(a)& table I(b) it 
is inferred that the I-PD controller outperforms the PID controller in all the aspects. The performance indices 
such as ISE, ITAE and PO and ts are less for I-PD controller. 

Table: I(A) Performance Results for PID of Example 1 

Transfer Function PID Parameters PO ts ISE ITAE 

2݁ሺିଵ௦ሻ

ሺ10ݏ ൅ 1ሻሺ5ݏ ൅ 1ሻ
 

Kp=2.6696 
Ki=0.2458 
Kd=2.0396 

1.48 40 9.7990 99.428 

Table: I(B)  Performance Results for I-PD of Example 1 

Transfer Function I-PD Parameters PO ts ISE ITAE 

2݁ሺିଵ௦ሻ

ሺ10ݏ ൅ 1ሻሺ5ݏ ൅ 1ሻ
 

Kp=-0.9817 
Ki=0.0711 
Kd=0.1025 

1.13 50 9.4235 83.169 

 
Fig.2(a) MATLAB Response for the Example 1 

2(b).Example 2: 

In example 2 the process considered here is a second order non minimum phase system. From table 
II(A)&tableII(B) it is inferred that the I-PD controller outperforms the PID controller in all the aspects. The 
performance indices such as ITAE and PO and ts are less for I-PD controller. 

Table:II(A) Performance Results for PID of Example 2 

Transfer Function PID Parameters PO ts ISE ITAE 

ሺെ0.2ܵ ൅ 1ሻ݁ሺି଴.ଵ௦ሻ

ሺܵ ൅ 1ሻሺܵ ൅ 1ሻ
 

Kp=1.2624 
Ki=0.5324 
Kd=0.0999 

0 10 3.444 372.12 
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Table:II(B) Performance Results for I-PD of Example 2 

Transfer Function PID Parameters PO ts ISE ITAE 

ሺെ0.2ܵ ൅ 1ሻ݁ሺି଴.ଵ௦ሻ

ሺܵ ൅ 1ሻሺܵ ൅ 1ሻ
 

Kp=-0.8347 
Ki=0.4480 
Kd=-0.2276 

0 8 3.7145 333.88 

 
Fig.2(b) MATLAB Response for the Example 2 

III. PID & I-PD CONTROLLER ON ARDUINO 

The PID and I-PD controller is implemented on Arduino board using Arduino IDE.The controlled output is 
obtained on the board at the specified pin.It can be viewed through the serial port and also can be logged in a 
excel file. 

From the file the obtained controlled output is exported to MATLAB so that it can be compared with the 
existing output in the MATLAB environment. 

(a).ALGORITHM OF PID CONTROLLER: 

1.Initialize the PID parameters 

2.Set the initial conditions as zero; 

3.Set the setpoint as 1; 

4.Compute m(n),e(n) and c(n ) using the following 

Equations 

݉ሺ݊ሻ ൌ  ݌ݏ݋ܿ  ൅ ܿܭ   ൜݁ሺ݊ሻ ൅ ൬
ܶ

߬ூ
൰ ݑܿܿܽ_ݎݎ݁ ൅ ሺ߬஽/ܶሻ൫݁ሺ݊ሻ െ ݁ሺ݊ െ 1ሻ൯ൠ 

݁ሺ݊ሻ ൌ ሺ݊ሻݕ െ  ݐ݊݅݋݌ݐ݁ݏ

Where m(n) is the manipulated variable and c(n) is the controlled variable 

(b).ALGORITHM OF I-PD CONTROLLER: 

1.Initialize the PID parameters 

2.Set the initial conditions as zero; 

3.Set the setpoint as 1; 

4.Compute m(n),e(n) and c(n ) using the followingEquations 

݉ሺ݊ሻ ൌ ݌ݏ݋ܿ  ൅ ܿܭ   ൜െ݁ሺ݊ሻ ൅ ൬
ܶ

߬ூ
൰ ௔௖௖௨ݎݎ݁ െ ሺ߬஽/ܶሻ൫݁ሺ݊ሻ െ ݁ሺ݊ െ 1ሻ൯ൠ 

݁ሺ݊ሻ ൌ ሺ݊ሻݕ െ  ݐ݊݅݋݌ݐ݁ݏ
Where m(n) is the manipulated variable and c(n) is the controlled variable. 

3.(a).Arduino output: 
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The program is written in arduino IDE environment and it is downloaded through the serial port to the 
arduino ATMEGA 328 board.The output can be obtained at the COM port and also at the specified pin.The 
obtained output is then loaded in MATLAB workspace and thus the results can be shown in the form of graph. 

 The PO,ts and the  performance indices for the example 1 is shown in Table III(A),which are evaluated 
in Arduino environment.On observing the results it is infered that the PO of I-PD is considerably less than that 
of  PID. From table III(B) it can also be said that the PO is less in I-PD than PID 

Table:III(A) Performance Results for PID in Arduino for Example 1  

Transfer Function PID Parameters PO ts ISE ITAE 

2݁ሺିଵ௦ሻ

ሺ10ݏ ൅ 1ሻሺ5ݏ ൅ 1ሻ
 

Kp=2.6696 
Ki=0.2458 
Kd=2.0396 

1.95 55 9.19 232.47 

Table:III(B) Performance Results for I-PD in Arduino for Example 1 

Transfer Function I-PD Parameters PO ts ISE ITAE 

2݁ሺିଵ௦ሻ

ሺ10ݏ ൅ 1ሻሺ5ݏ ൅ 1ሻ
 

Kp=-0.9817 
Ki=0.0711 
Kd=0.1025 

1.84 67 12.15 294.18 

 
Fig.3(a). Arduino output for the example (1) 

The table IV(A) and table IV(B) shows the results of PID & I-PD controller for example:2 respectively. From 
table IV(B) it is well known that not only PO but also all the performance indices are less comparatively. 

Table:IV(A) Performance Results for PID in Arduino of  Example 2 

Transfer Function PID Parameters PO ts ISE ITAE 

ሺെ0.2ܵ ൅ 1ሻ݁ሺି଴.ଵ௦ሻ

ሺܵ ൅ 1ሻሺܵ ൅ 1ሻ
 

Kp=1.2624 
Ki=0.5324 
Kd=0.0999 

1.73 10 2.24 11.12 

Table:IV(B) Performance Results for I-PD in Arduino of Example 2 

Transfer Function PID Parameters PO ts ISE ITAE 

ሺെ0.2ܵ ൅ 1ሻ݁ሺି଴.ଵ௦ሻ

ሺܵ ൅ 1ሻሺܵ ൅ 1ሻ
 

Kp=-0.8347 
Ki=0.4480 
Kd=-0.2276 

1.56 10 1.96 7.45 
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Fig.3(b).Arduino output for the example 2 

IV. CONCLUSION: 

Thus the parameters of PID and I-PD (a PID variant)are found out  with the firefly algorithm  and are 
implemented in Arduino platform. From the  obtained results it can be said that the I-PD controller is better in 
both the set point and disturbance rejection. The implementation in embedded platform leads to a formation of 
standalone controller in the places where space and cost is a main constraint.In both the cases the I-PD 
outperforms the PID. 
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