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Abstract This paper presents the design process and results of an automatic flight control law for a fixed
wing-type UAV. Target flight controllers are the pitch, airspeed, and altitude controller. The flying
qualities of the controller performance are defined, and the controller gains are shown to satisfy the
requirements. In general, the manual tuning method is conducted to meet the flying qualities, which
require trial and error because each control gain makes mutual effects through dynamic equations. This
problem takes time. For improvement, the paper adopts optimization software CONDUIT(Control
Designer's Unified Interface). After defining the flying qualities, such as step response, gain/phase
margin, damping ratio, eigenvalues, and rising time, the optimized controller gains are obtained by
treating the flying qualities as constraints and cost functions. To verify the effectiveness of the proposed
method, a simulation of the designed controller was conducted compared with the manual controller.
Therefore, the unsatisfied responses, such as overshoot oscillation, transient error, steady-state error,
and rising time, are improved. By optimizing six control gains at once to satisfy all flying qualities at
Level 1, the optimization method was found to be more efficient than the manual method.
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T/337E Aoj7lel tigt Y= 932 9 o]5of
(GM: Gain Margin)/ 914l (PM: Phase Margin)s
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Class I(Low-maneuverability), B|3EtAl= Category

L= A
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Table 1. Requirement of the Flying Qualities

Spec. Descrintion Pitch Airspeed | Altitude
Name P Controller | Controller i Controller
EnvImG1 | Step response v v v
StbMgG1 Gam/Pl'jase v v P
margin
EigDpGl Damping v v v
ratio
Short-term
FrqSpL5 response to v
pitch controller
EiglcG1 Eigenvalues v v v
Damping ratio
OvsTmGl1 (from peak v v v
overshoot)
Generic Rise
RisTmG1 time (10% to v v v
90% of Peak)
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Fig. 1. Flight Control Law for Longitudinal Motion
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Table 2. Optimization Results of Controller Gain

Controller Case-1 Case-2
Gain (Manual Tunning) (Optimization)
Kq 0.4 0.397
Ks 1.0 1.25
Koi 0.12 0.835
K+ 0.04 0.0106
Kui 0.0006 0.0001
Kh 0.012 0.014

Name (Const Type) Levell Level2  Level3 Name(ConstType) Levell Level2 Leveld

EnvTmG1 1 (H) |e—— 9,65 -01 EnvTmG1 1 (H) |ee— g 80e-01
ENVTMU2 1 (H) |me—— a0 0= EnvTmU2 1 (H) |ee— 9.53e-01
EVTMUZ 1 (H) |se— 9.842-01 EnvImU2 1 (H) (me—  8.97e-01
StbMgBG1 1 (H) |[ee——1.11 e+00 SIbMgG1 1 (H) |ee— 4.90e-01
SMgGT 1 (H) [mmm 2.91e-01 SibMgGT 1 (H) Pl -1.66e-01
EQDPG1 1 (3) (el 7.07e-01 EiQDPG1 1 (S) i 4.95e-01
EQDpG1 2 (§) |me——50e+ 00 EigDpG1 2 (S) Jelfemm 5.25e-01
EQDpG 3 (S) |m—0+00 EigDPG1 3 (S) Pl 5.25-01
FraSpLs 1 (S) | 4.41e-01 FroSpL5 1 (S) |memm 3.58e-01
OvsTmG1 1 (S) [— 1,01 e+00 OvsTmG1 1 (S) | e—— 8.34e-01
OVSTMG1 2 (S) |—G ¢ + 00 OVSTIMG1 2 () |mem— 9. 91e-01
OvsTMG1 3 (S) el 5.79e-01 OvsTmG13 (S) 8 7.91e-02
RIsTMGT 1 (5) (e -4.91e+00 RiSTmG1 1 (S) jufm— -5.70e+00
RisTmG12 (S) tefe— -4,41e+00 RisTmG1 2 (S) il -3.00e+00
RiSTMG13 (S) |ne———r03 e+ 0w RISTMG13 (S) |mem— 3.11e-01

~
Z

(a)

Fig. 3. Cost Function Results
(a) Case-1(Manual Tunning) (b) Case-2(Optimization)
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4. Constraints Results
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Fig. 5. Simulation Results of Pitch Controller
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