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Outline of my talk... [1;1aH MOero BBICTYIICHUS

» Introduction BBenenue
» Hybrid UAV platforms ['mopugnbie nuiatopmel BITJIA

» Dynamics modeling MopenvpoBaHve JUHAMUKHU

» Flight control system CucrteMa ynpaBJieHUS [10JIETOM

» Some applications HekoTopble npuioxeHud

» Concluding remarks 3aKJIl0YMTeJIbHble 3aMeYaHUs
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An unmanned system architecture  ApxuTekTypa 6€ClIM/JI0OTHOU CUCTEMbI
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Internal framework of an intelligent autonomous UAS... ’%%\
(o < —=b
BHyTpeHHU KapKac MHTeJJIeKTyalbHOro aBToHOMHoro BITJIA 27
Data Processing Results for Users

Data Sensors

Mission/task Motion Control -‘ - Positioning
Management Planning System 5, /SLAM
GCS
‘ Flight Control Computer § Onboard Data Processing Unit « Avionics
Commands

System Integration
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Some common/uncommon drones... HekoTopblie 00bIYHbIE/HEOOBIYHBIE JPOHBI

www ., jn—huahang,com
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Why hybrid UAVs?

Long Range
Flight Efficiency

e

An aircraft with VTOL and
cruise flight capability
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Some existing hybrid UAVs HekoTopsle cylecTBywlMe ruopuaabie bJIA
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Evolution of our hybrid UAVs... IBOJIIOIUS HAalIUX TMOpuaHbIX BIIJIA
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Dynamics modeling... MogenupoBaHue JMHAMUKU

> Kinematics:

P, = R, b Vb, P Polsition vector
: V  Velocity vector
R = WR, ),
B /b F Force vector
_ : M Moment vector
> Rigid body dynamics: R Rotation matrix
mVy, + @ x (mVy) = F W  Angular velocity tensor
_ ’ J  Moment of inertia
Jo+oxJo) = M matrix

b  Body frame
n Local NED frame
m Mass

F = Fgav+ Fprop + Facro, ® Angular velocity
M Mprop + Mﬁn + Maero;

> Forces and moments:
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Dynamics modeling (propeller dynamics)...
thrust, 7
(j) rotational speed, Q
g ———— MoaenvupoBanue
— | JTMHAMMKH
it S (TmHAMHKA
Bt = 4 ‘ BO3YIIHOT'O BUHTA)
(\,r‘ﬁ
\‘——___—
IIII tvores ——— [ JAPC simulation database
[ Jdatabase fitting
40+ [ Jlow speed model

thrust (N)

Experiment Setup

Simulation and
. 0
EXperlmental Results inflow speed (m/s)

rotating speed (rad/s)
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{
Dynamics modeling (transition mode)... )\

MOI[GJII/IpOBaHHe JUHAMUWKH

Define stateas x = [« w ¢ 6 ]T, inputas uw = [T, T Ty ]T, then main dynamics: (epeXOIHBII PEXKKM)
W = (.’B) o gSin(Q) — qw + LTu =5 6ll(t):
w o= L Fu(:c) + geos(0) + qu — LTy + LT + 0w (1),
0 = q

Ftl_x(af) 1 _ { sina —cosa ] l IL)(O&) 1 (1)

—Coscy  —sina (@)

Lie) = 3+ w?)pAsCL(a),
D = L2+ wnA . o = atan2(u/w ) s
(Oz) 2 (u T )p wCp(@) ( / ) Ty Vectoring thrust titling angle
M,(z) = %(ug + w?) pAy Cu(a). o Tail fin control surface deflection angle
f Pitch angle of KH-Lion
d4q(t)  The unknown perturbations in ¢ dynamics P Alr density % ?“g“]ar SPEEdb“l‘J plt;h d}{';f“"“ TP
¢ " : ] / face area of i ce o C ac
Su(t)  The unknown perturbations in « dynamics Aw (S}urta(t,e area tc’)f [the wing f dﬁ;:ii;inerate y the tail fin control surfaces in Zj,
Ow(t)  The unknown perturbations in w dynamics g A s ey e e C
w(t) . p .. Y I, Moment of inertia of KH-Lion in Y -direction Tu Thrust decomposition in Xj,-axis direction
Cp(a) Aerodynamic drag coefficient X e A1 f . ) . , N et ot
o Acrod e lif fici Iy Distance from the tail fin center to the CG along X, T, Thrust decomposition in Zj-axis direction
L(a) Aero ynamic fft coclncient L Distance from motor to the CG along X u Velocity in the body frame Xj-axis direction
Cw(a) Aerodynamic moment coefficient m Mass of KH-Lion w Velocity in the body frame Zj-axis direction
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Dynamics modeling (aerodynamics coefficients)...

» Dynamics model is highly nonlinear
and complex

» Aerodynamics coefficients depend

on speed and AOA
» High AOA dynamics difficult to MonenipoBariie
d ﬁmate JANHAMHUKHN
measure and cs (a3poamHaMuYECKUe
K03 (PUITUEHTHI)

» Uncertainties & disturbance
» Input constraints

» State (velocity, acceleration, etc.)
constraints

Ben M. Chen @ CUHK & NUS
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Flight control systems (transition mode)... Cucremsl yIIPaBIeHUS IOJIETOM
(MEpPEXOAHBIN PEKUM)

» Find an optimal control law for the transition

— Discretise the feasible state and action space
— Find optimal action for each state in state space based on DP algorithm

— The control law for a random state is obtained by interpolating the state in the state spaces, and
sum up the corresponding actions

» Find the optimal trajectory for the transition

— Apply the optimal control law obtained to the model from an initial condition
— Recording the input and state trajectory for the transition

» Advantages of DP algorithm

— The complexity of the system does not affect the algorithm complexity
— Well handled the input and state constraints
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Flight control systems (transition mode)...

Denote the system (1) as

Discretising the system:
z[n+ 1] = fr(z[n], u[n])

To find an optimal policy:
uln] = 7* (a[n])

which optimizing the cost function:

N-1
J(@o) = h(x[N]) + ) g(x, u,n)

n=0
The cost function is selected to be:
(@) = (2n] - o) Qulzn] — )
(z,u,n) = wuln]’ Ruun],

X, Nominal state of cruise flight

C

Q;,R, Weight matrix
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Rewrite the cost function in recursive format:

J*(x,n) = minfg(x,u,n)+ J*(x[n+1],n+ 1)],
™ (x,n) = argmin[g(z,u,n)+ J*(x[n+1],n+ 1)

The optimal policy can be found by DP algorithm:

Data: State set S, action set A
Result: For each s € S, the optimal policy 7*(s) and
optimal cost J*(s)
for each state s € S do
| J*(s) + h(s)
end
while J*(s) not converged do
for each state s do
for each action a do
s’ « f(s,a);
do volumetric interpolation s’ in S so that
s’ = Z:;l WinSms Sm € S
J=g(s,a) + 1w, J*(sm)
if J < J*(s) then
J*(s) + J

T +—a
end

end
end

end

Cucrembl
yIIpaBIICHUS
MOJICTOM
(mepexoIHbII
PEKUM)
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Flight control systems (transition mode)...

Cucrembl

Once the 7 '(s) is obtained, the optimal control law for state X is obtained through: YIIpaBJIE€HUS
o MOJIETOM

1. Do volumetric interpolation so that: x = Z Wy Sm, Sm € S, (HepexOHbI

' PEKUM)

16
2. Obtain the optimal control input: v =Y wam*(sy)
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Flight control systems (transition mode)... CucTeMbl yIpaBiIeHUs 10JIETOM
(DEepEeXOAHBIN PEKUM)

Once we obtain the optimal trajectory:
o (t) = (u*(t), w™(t), ¢* (1), 0%(¢), T, (¢), T3 (t), T¢'(t))

The error dynamics for tracking the trajectory is:

i = W(i,,q,0,t)+ LT,

o = Uy (@,9,q,0,t)— LTy + LT,
i = U4(i,9,4,0,t)+nT, + LT
6 =g

Treat the error terms W(u), V(w), ¥(q) as lumped disturbances, then the nominal dynamics becomes is an

LTI system and any linear control law can be designed to regulate the errors to zero.

Ben M. Chen @ CUHK & NUS Page 16



T~

D
Fully autonomous flight test... I0JIHOCTHI0 ABTOHOMHBIE JIETHbIE HCIBITAHUSI
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Auto-landing on moving platform...  Asromarnueckas nocajxa Ha JBIKYLIYIOCS IIaT(hOpMy

Ben M. Chen @ CUHK & NUS



) v, A

Concluding remarks... 3aK/II0YUTE/IbHbIE 3aMeYaHUs

We invite nonlinear systems and control experts to help tackling our problem...

IIOMOI'TE!

MpblI nipuriiaiiaeM CrenuagIncToB M0 HEJIMHEWHBIM CUCTEMAaM U YIIPABJICHUIO
JUTSL PEIIeHUs] Halel MpoOJIeMbl.
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OrpomMHoe cnacuoo!
Thank You!

www.bmchen.net ‘
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