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Case 1: Energy efficienc

A quadrotor must go from a starting point to a .
goal point while transmitting as much data as
possible to a base station, using as little energy
as possible. This must be done in a finite time 7". miréir%ize J(C,T)

s.t. Motion model,
Channel model,
Trajectory constraints,
Communication constraints.
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Case 1: Energy efficiency

A quadrotor must go from a starting point to a .
goal point while transmitting as much data as Problem Formulation

possible to a base station, using as little energy

as possible. This must be done in a finite time 7". miréir%ize J(C,T)
s.t. x = f(x,u),
Channel model,
x(T) = xg,

Communication constraints.
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Case 1: Energy efficiency

Problem Formulation

A quadl.rotor l‘I.lllSt go frqm a starting point to a minimize J(C,T)

goal point while transmitting as much data as ,

possible to a base station, using as little energy s.t. x = f(x,u),

as possible. This must be done in a finite time 7. Channel model,
x(T) = xg,
Communication constraints.

Should we consider:

@ ONLY the energy spent by the motors?
@ ALSO the energy spent by the transmitter?
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Case 1: Energy efficiency

Problem Formulation

A quadrotor must go from a starting point to a minimize J(C,T)
goal point while transmitting as much data as G

possible to a base station, using as little energy st x = f(x,u),
. . . . Channel model,
as possible. This must be done in a finite time 7.
X(T) = Xga

Communication constraints.

In this example, we take E(0,7) = fimecn (7).

How to include £(0,T) into the
optimization problem?
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Case 1: Energy efficiency

Problem Formulation

A quadrotor must go from a starting point to a minimize J(C,T)
goal point while transmitting as much data as Gt

possible to a base station, using as little energy st x = f(x, ),
P . . o Channel model,
as possible. This must be done in a finite time 7.
x(T) = xg,

Communication constraints.

Depending on prior information:
@ STOCHASTIC model. (almost none)

E0,T) = fumeen(T) o MEASURMENT based model. (RF
N measurements at some positions)

@ RAY TRACING model. (3D map)
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Case 1: Energy efficiency

A quadrotor must go from a starting point to a Problem Formulation

goal point while transmitting as much data as
possible to a base station, using as little energy minimize J(C,T)
as possible. This must be done in a finite time 7'. C,
s.t. x = f(x,u),
y(t) = Bl 4 n,, (8),
x(T) = xg,
Communication constraints.

E0,T) = fumeen(T) Stochastic model with shadowing.
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Case 1: Energy efficiency

Problem Formulation

A quadrotor must go from a starting point to a ..
d & £p minimize J(C,T)

goal point while transmitting as much data as

)

possible to a base station, using as little energy s.t. x = f(x,u),
as possible. This must be done in a finite time 7. y(t) = % + nyp(t),
x(T') = xg,

Elg Communication constraints.
— I V.

& Does the transmitter use:
E(0,T) = fueen(T) @ Power control?

o Constant power?
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Case 1: Energy efficiency

@ P at the receiver whenever possible. o Transmits with constant power, received
@ Requires feedback for channel estimation. power depends on transmitter position.
o Transmitted data depends on time spent in @ No feedback required.

connected regions. o Transmitted data depends on trajectory.
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Case 1: Energy efficiency

Problem Formulation

A quadrotor must go from a starting point to a mil(lji’l%lize J(C,T)

goal point while transmitting as much data as St x = f(x,u),

possible to a base station, using as little energy y(t) = h(e)s(®) (1)

as possible. This must be done in a finite time 7. [Pro—puoll e
X(T) = x97
Communication constraints.

N\,

T.‘#" & ;
For constant tx power the tx rate is

h*(p)P )

||prx - pthQU%

E(O,T) = fmech(T) r(t) = Blog2 <1 +
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Case 1: Energy efficiency

Problem Formulation

A quadfotor n}ust 2o frqm a starting point to a s G
goal point while transmitting as much data as Car
possible to a base station, using as little energy s.t. x = f(x,u),
as possible. This must be done in a finite time 7'. y(t) = HSLL;EZH + N (1),
X(T) = Xga
[} Communication constraints.

i\"
B
\,

o How to include E(0,7T)?
E(0,T) = fumeen(T) r(t) @ How to include r(#) ?
e How to combine £(0,7T") and r(¢)?
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Case 1: Energy efficiency

T

T —1
r(t)dt minimize JE(0,T) + (1 — ) (/ r(t)dt)
. . 0 u
max e E(0,T) s.t. x = f(x,u), ’
st x=f (Xah‘(lggs(t) y(t) = 2220y (1),
Y(t) = Tppeprar T M2 (t), x(T) = %y,

x(T) = xg, ) ’
7

minimize E(0,T)+ D'
u,D

magimize r(t)dt — Emax = )
u, Emax ‘0 s.t. X = xX,u),
s.t. x t: Ji(x,hl(lgss(t) t y(t) = 22 | o (8),
y(t) = Tore—piall T s (t), x(T) = xg,
x(T) = %y, [T r(t)dt > D.

E(0,T) < Emax.
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Case 1: Energy efficiency
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D. Bonilla Licea, et al., “Communication-Aware Energy Efficient Trajectory Planning
With Limited Channel Knowledge,” in IEEE Transactions on Robotics, 2020
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Case 2: Disconnectity

60
TN o0 = B = ~ ~ ~
D 4 X o N\ 7 \ P2 N
50 _// \\ / «(‘))) X / \
/ () \ - 7{ s A | 50
A | R g \ /
/ N
0 _\\ / (/ ©) ~ N \‘ // ML N Z
S - . \ AA 1= & Y
o = \ / 2 |
: o ) /! 2 30
% 30+ Mo - g
8 o = \
- _ P =
7 e =S i s S 20k N
20y (@ vy ) \ ’
) b £ | § ¥ 1
\ / : / 101 max disconnected duration=2
/ \ : ;
10N P . / 4 —e— max disconnected duration = 6
N ~ ~ 4 —a— max disconnected duration = 12
P \mf// 0 \\1// 1 1 \\I/ 1 ~ 1 1
0 10 20 30 40 50 60 70 80
0 F . : . x (time units)
10 20 30 40 50 60 70
x coordinate

E. Bulut et al, “Trajectory Optimization for Cellular-Connected UAVs with
Disconnectivity Constraint,” in IEEE International Conference on Communications Workshops, 2018.
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