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The modified Ziegler-Nichols method for obtaining the optimum
PID gain coefficients under quadcopter flight system
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Abstract This paper implemented quadcopter-type drone system and proposed the heuristic method
for obtaining the optimum gain coefficients in order to minimize the settling time. Control system for
quadcopter posture stabilization reads the posture data from accelerator and gyro sensor, revises the
original posture data using Mahony filter, and drives 4 DC motors using PID controller. The first step
of the proposed method is to obtain the gain coefficients using the Ziegler-Nichols method, and then
determine the optimum gain coefficients using the heuristic method at the next 3 steps. The
experimental result shows that the maximum overshoot decreases from 44.3 to 29.8 degrees and the
settling time decreases from 2.6 to 1.7 seconds compared to the Ziegler-Nichols method. Therefore, we
proved that the proposed method works well in quadcopter flight system with high motor noise while

reducing trial and error to obtain the optimal PID gain coefficients.
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Fig. 1. Control flow for quadcopter posture stabilization
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Fig. 2. Quadcopter control module
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Fig. 3. Flowchart of algorithm for quadcopter posture
stabilization
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Table 1. Process of the proposed method to obtain the
optimum gain coefficients of PID controller

Criterion

Measure }(;L and Tu by applying Ziegler-Nichols
Step 1 | method, and calculate gain coefficients of [(p, ](d and

K,

i

Measure the response waveform while increasing K;)
Step 2 from the gain coefficients obtained in step 1, and select
the K;) value of the response waveform with the

sharpest rise time.

Measure the response waveform while increasing ](d
from the gain coefficients obtained in step 2, and select
Step 3 | the Ki value of the response waveform where the first

overshoot decreases and the magnitude of the first
overshoot and the second overshoot becomes similar.

Measure the response waveform while increasing K;

Step 4 from the gain coefficients obtained in step 3, and select

the K value of the response waveform with the shortest
settling time.
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Fig. 4. Response waveform of step 2
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Fig. 5. Response waveform of step 3
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Fig. 6. Response waveform of step 4
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Fig. 7. Final response waveform of each step
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