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Fig. 1. Betaflight and Blackbox



= NGIREERING Commercial UAV Projects @/

T
= o

‘ i\‘\\%@ rLiaHT

JAXY e '|

outopitot

v
==

FLIGHT

Fig. 2: Commercial UAV Projects
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Fig. 2: Commercial UAV Projects
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2. Overview of GNC for UAS

Conventional GNC Scheme

3. Optimal Control: Hamiltonian l—Ground control
Formalism Y . -
Navigation }->|Guidance |-+ Control |>|Flight Dynamics
4. E-guidance T_(Measurements
Fig. 3: Conventional GNC scheme (proposed
5. Research Papers GNC scheme provided on slide 19) [1]

6. Future Work & Considerations
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1. Guidance = steer vehicle to stay on an intended trajectory or path
2. Navigation = estimating current state variables such as position, velocity, and orientation with sensors
3. Control = using actuators and sensors for feedback to create motion
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Fig. 4: Fixed-wing drone autonomous flight gif 6
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3. Optimal Control: Hamiltonian
Formalism

4. E-guidance
5. Research Projects & Papers

6. Future Work & Considerations

Fig. 5: Hamiltonian formalism flow chart /
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e Hamiltonian Formalism [2] @/
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O s Optimal Control:
e Hamiltonian Formalism [2]

- Let u = [u; u, uz uy] and u; = w? (based on thrust)
Control Constraints

wi i, = 0w < w?
State Constraints are dependent on the maneuver.

I,min — Lmax
D; = (mi?..ma.x - mlz)(mi - mi,mm) - 7}'2 =0
1. 360° roll
2. Point of interest maneuver

Functional of the form:
¥ = J(xg, Y0, X1, ¥1, to, t1) + j g(x,u, t)dt

Find the optimal control for the Mayer problem in minimum
time (time optimization):
min | = min[t; — t;]




O s Optimal Control:
e Hamiltonian Formalism [2]

* Pontryagin function defined as:
H(t, S, u,ﬂ., v, n) - /1151 + -+ ;{12512 + Vl(Di + -+ V4(D4
* Canonical equations

¢ Hxlw = -4
s Hl.=x

* First-order necessary condition for control (local optimality):
 H,.=0

* From first-order necessary condition for control, auxiliary control variables:
« Hyl.=-2vm;=0,i=1234
* Two main cases

* n; #0, v; =0 (Variable Motor Thrust)

* 1n; =0, v; # 0 (Constant Motor Thrust)
10
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Fig. 6: Title page of George Cherry’s E guidance [3] "
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(= NGINEERING E-guidance [3] @

Goal: provide thrust (control function) from IC to desired BC

ar = [arx(t) ar, (1) ar,(1)]
(Acceleration from thrust)

Fig. 7: E-guidance flow chart [3] 13
e
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ZNGINEERING Translational Acceleration [3] @

ar,()=c, (T—t)*+ (T —1)°— g« (t) (thrust x-acceleration)
ary(t) =c3 (T—t)*+ c,(T—1) — gy(t) (thrust y-acceleration)
ar,(t) =cs (T—t)*+ ¢, (T —1t)° — gz(t) (thrust z-acceleration)

14



FCOlkﬁ v E-guidance:
uuuuu NGINEERING Angular Acceleration [3]

-y, 26

l

are(t)=c; (T—1t)*+ (T —t)° - i‘iILI’"""'m w, (thrust ¢-acceleration profile)

y

arg(t)=c3 (T —t)?2+ ¢, (T— 1) — Z”; fez"lex W, (thrust 6-acceleration profile)

yy
ary(t) =cs (T—t)*+ ca (T —1)° — Ix%f-’—’-"’—’mxmy (thrust y-acceleration profile)
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Note: not in Cherry’s original work 15
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INTEGRATED TARGETING, GUIDANCE, NAVIGATION, AND
CONTROL FOR UNMANNED AERIAL VEHICLES

Evan Kawamura®' and Dilmurat Azimov'

This study aims to develop tarpeting, puidance, navigation, and control functions and their
miegration for applications. Due o its simpicity and accessibulity, the INAV softwam has
boen seleciod as a framework for the proposed integration. It is showa that the proposed stady
changes the curent PID control Law s and the gtility of new poalinear control schemes allow
us to keverage the Right autonomy themby paving the way for creating an autonomous control
chnology with real-time target-relative guidance capabilities. An illustrative exampic s
considered to demonstrate the utitity of gamdance, navigation, and control functicns in INAV
0 perform a rolling maneuwer.

INTRODUCTION

5' Resea rCh Pa pers The goal of this study is to develop a framework for inlegrating targeting. guidance, navigation, and control
functions for applications. In this study, specifically control and guidance are integrated together as a find step
towards a complete integration of targeting, guidance, nav igation, and control. It is known that many research
studies have been devoted to the development of control chnology of unmanned aerial vehicles (UAVs), bat

6. Future Work & COnSidel’atiOI”lS not many works deal with or address questions related to optimality. 1t has been shown that pone of the

works surveyed here used the Hamiltonian based on the dynamical model of UAVs One example includes

16
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+ Maneuvers in a vertical plane with
. Modified E-guidance with ISM based-
invariants (Guidance)
. Use EKF —HME (Navigation)
. Use Hamiltonian formalism-based motion
planning (Control)

Fig. 8: Fixed-wing UAV FBD [4] Fig. 9: INAV Block Diagram [4]
Azimov, D_, & Kawamura, E_ (2018, June). Real-Time Guidance, Mavigation and
Control Framework for Fixed-Wing Aircraft Maneuvers in a Vertical Plane. In 2018 >
International Conference on Unmanned Aircraff Systems (ICUAS) (pp. 621-630). IEEE. ICUAS™ 17
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* Roll maneuver in a vertical plane [5] Euler Angles vs. Time
. Modified E-guidance for angular ' ' ' ' '
acceleration (Guidance)
. Use Hamiltonian formalism-based motior
planning (Control)
. Final roll angle: 342° (5% error)
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# Kawamura, E. & Azimov, D. (2019, Jan.). Integrated Targeting, Guidance, Navigation, and Control for @AMA

American Abtronautical Socety  UNManned Aerial Vehicles at the 291" AAS/AIAA Space Flight Mechanics Meeting at Maui, Hawaii. swasina T ruuse or asroseace 18
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« Fly to a point of interest for agricultural and * Desired final position [m] ~ 430, 160, 100
environmental applications [6] « Final x,y,z position [m] ~ 424.79, 156.83, 98.95
. Modified E-guidance for translational * Final position errors: 1.16%, 1.05%, 1.05%
acceleration (Guidance) —— o
. Use Hamiltonian formalism-based motion o
planning (Control) I ol
. Software-in-the-loop (SITL) simulation 07
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Kawamura, E. & Azimov, D. (2019, Feb.). Integrated Optimal Control and Explicit Guidance
for Quadcopters. Submitted to 2019 International Conference on Unmanned Aircraft Systems (ICUAS). IEEE.

19
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https://www.copybook.com/companies/nsf-international-pharma-

biotech/articles/want-to-reduce-human-error-just-change-your-habits

6. Future Work & Considerations

20
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« Add navigation function, HME, to have integrated GNC ; Proposed integrated TGNG 5;2::: — |
» Create fields of extremals including optimal trajectories ~[Targeting] - [ Guidance} ~{Control] ~ Fiight Dynamics
* Once errors are small enough, implement and test in - |Measuremen :
open source UAS software Fig. 10. Proposed GNC scheme [1]

Urb i planni Roll maneuver: Point of interest: add g |

rnan pa anning. . . . w2 @1k '“‘--‘_\_‘ x
. path p 9 q 0 . attitude guidance for ' —EE i@y
Incorporate an energy ecrease 5% erorin. - jouial tum to face — | I
cost [7] final roll angle [5] target [6] - —T.ﬂ LN

ﬁD 200 400 600 800 1000 1200 1400 1600 1800 DD 100 200 300 400 500 600 700 800 900 1000
time (ms) Time (ms)
7 @ A Fig. 11. Proposed Navigation
American AStronautical Society ~ SHAPING THE FUTURE OF AEROSPACE IC [,\\ Fu n C tl 0 n ! H M E [ 1]
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