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[Abstract]

This paper reports the single-input-single-output cascade control by using 1-axis attitude control test-bench for quad-rotor UAV.
The test-bench was designed as a see-saw shape using 2 motors and propellers, and to enable changing the center of gravity with
the center of gyration using ballast. The experiment was carried out by constructing a PID-PID controller having a cascade
structure with the test-bench. The SIMC based PID gain tuning process, which makes PID gain tuning easy, was grafted to
cascade control. To graft SIMC method, the system parameter estimation result was conducted with second order time delay
model by using Matlab-Simulink. Gain tuning was conducted by simulating with estimated system parameter. In this paper, the

conventional application of SIMC was conducted and improved application was proposed for improving stability at tuning process.
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Fig. 2. 1-axis attitude control test-bench.

Receiver

R5232t0 TTL
Translator bridge

18 3. HRHOIAIAE
Fig. 3. Flight control system.

E 1. 15 KMol Tulel s W 2t 84 Y x2

Table 1. 1-axis test-bench shape parameters and changes.

Shape parameters of test—-bench (Case 2)

Item Value
Distance of rotor to body (d) 30 cm
Rotor height (H) 12.5¢cm
Rotor diameter (r) 13 in—6.5 pitch

Weight of total mass 1252 g

Distance of weight to center of gyration 15.0 cm

Shape cases
(weight shape: cylinder, diameter: 40 mm, thickness: 9 mm)

Item Attachment location Weight
Case 1 -15 cm (for z—axis) 100 g
Case 2 None (for z—axis) None
Case 3 15 cm (for z—axis) 100 g
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K 0.32 K 3.2 K 0.5147 K 3.2
2 oo 7 oo 7 0.4800 7
7, 0 7% 0 7 0.0547 2, 0
gmﬂ F -—-—=-——roll response (case 2, process 2) ® -emmm= roll command (case 2, process 2)
Fgor | T p command (case 2, process 2) 15 roll response (case 2, process 2)
S p response (case 2, process 2)
_‘_,; 80 | 10F " " Al " 43 "
B OO AV S I O
$u A 25 NI R A
@ 20 i o il !‘! nl\ ,‘/w‘\"\.\
: . | o ; VLT e
£ 0 ’ \ ML gl M R g f-',” # ‘J’,Jdl : | i |\|,’|\\H\‘|.|‘-'\,‘\'\ if
£ VYA atig g hdhe!l st Wl A Y
VoW W WOy W
g_m | '\H.‘J \&," \.\‘f ‘jl”w \,U a0k 75 Y W Vi 3] W
g 5 time (sec) 10 15 0 5 o (550) 10 15
J8 14, 2455 MY 23 (=F M, process 2) g 16. 24T Fuke Ag Ae A (=™ ®, process 2)
Fig. 14. Angular rate test result (before tuning, process 2). Fig. 16. Roll angle test result (before tuning, process 2).

- . ]
E 7. NAY e £H 23 58

Table 7. Parameter estimation result and inner loop gain.
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Item Value ltem Value
K 171.03 7 0.08
it 10.563 K? 0.5147
7§ 0.0547 7-7; 0.4800
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Table 9. Parameter estimation result and outer loop gain.

Item Value Item Value
K° 5.8708 70 0.15
I 5.0035 K’ 4.4893
75 0.0556 7 0.7594
n’ 0.0398 ™ 0.0556
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Fig. 17. Roll angle test result (after tuning, process 2).
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I 10. Process 12} process 22| A|AH] B =X Z7|
Table 10. Parameter estimation results (process 1 and 2).

Process 2, Case 1 Process 2, Case 2
ltem | Value | Item | Value | Item | Value | Item | Value
kP |101.83] k2 9.9897| R [171.03| ? 5.8708
7 |6.7977| 19 |8.3319] ¥ [10.563] 7 | 5.0035
7 0.0625| 7§ |0.0838] 75 |0.0547| 175 | 0.0556
P 0.04 77('5 0.0103] q? 0.04] ¢ 0.0398
Process 2, Case 3 Process 1, Case 2
kP 198.08| k¢ |4.3019] P 150.22| p® |11.852
T 11.798 rﬁ’ 3.4262| 7Y 10.175 7{’ 8.976
b 10.0508| 7§ |0.0777) 15 |0.0564| 75 |0.0969
P 0.04 77¢ 0.0400| 4” ]0.0398 n‘f’ 0.0394
E 11. Process 12} process 22| S8 £EM
Table 11. Property of response (process 1 and 2).
Process 2, Case 1 Process 2, Case 2
ltem Value ltem Value
Overshoot avg. 15.1 %| Overshoot avg. 13.0 %
Overshoot max. 16.0 %| Overshoot max. 15.4 %
Angular rate max. | 54.86 °/sec|Angular rate max.| 45.98 °/sec
Rising time avg. 0.29 sec| Rising time avg. 0.35 sec
Process 2, Case 3 Process 1, Case 2
Overshoot avg. 13.6 %| Overshoot avg. 14.6 %
Overshoot max. 14.4 %| Overshoot max. 16.7 %
Angular rate max. | 45.09 °/sec|Angular rate max. 48.34 °/sec
Rising time avg. 0.37 sec| Rising time avg. 0.37 sec
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Table 12. Simulation result of response parameter along

desired response time constant.

For angular rate

tem |7.=n/2 ] =7 |7.=2n]7=3n | =14y
Max,u 100 %| 76.91 %| 50.82 %| 37.95 %| 30.28 %
IAE 4.092 4.569 5.661 6.844 7.93
TV 482.2 322.9 197.7 17561 115.6
For roll angle
tem |7.,= 0.005 |7,=0.1 |[7,.=0.15|7,=0.2 |7.=0.3
Max,u 250 %| 122.54 % 104 %| 88.78 %| 67.8%
IAE 2.088 6.111 7.951 9.718 12.96
TV 1992 324 264.8 223.9 168.9
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Fig. 19. Angular rate simulation result along desired
response time constant (case 2, process 2).
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Fig. 20. Roll angle simulation results along desired
response time constant (case 2, process 2).
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