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. summary

. Auto‘nomOUSs‘ysterﬁto a\(oid objects in collision course for UAVs in search and
'fé_si-cu‘ey opéra_’t_,iohs u__s-‘;ing d':istance Sensors;
e Lans_.er senso (i ’DAR)";-
~ ® “Sense and AVdid” algorithm;
® Manual control and autonomous tasks;

® Search and Rescue operations (SAR).
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~ Goals

e De,vélopm_ent"and .impiemehtation of an autonomous object collision avoidance
" system for UAVs in SAR operations:
F S A‘R..(_);pe-r:a;.‘-t_i"ons-i.h ’u_rba'h environments;
-.-"‘Human..failure ’Caﬁ cause object collision risks;
® Distance sensor for obstacle detection;

® Autonomous algorithm to perform collision avoidance maneuvres;

INSTITUICOES ASSOCIADAS

instituto de

‘ telecomunicacgoes

ISCTE &> IUL

Instituto Universitario de Lisboa

Applying algorithms in UAVs to perform smart object collision avoidance maneuvers

4 | Lisbon, January 18th; 2017




- Motivation

o Dev’élo‘p_,_ﬂ'a system for fast":_response in SAR operations;
' D;ec;r‘éase r'e‘s;po'hse_t'imes,*'of SAR operations requests;
R " Resolve difficulties of human help on certain environments;

. ‘D'e"\'/elop-a-solution to resolve one of the UAV’s major problems: Possible obstacle

collisions.
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Unmanned Aerial Vehicle (UAV)

/ Control

Navigation

Payload -

Needed UAV components in order to

control an UAV remotely;

Communication

—
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.~ UAV -Sensors
|« |fertia Measurement Unit (IMU):
“ .‘:'-‘.4,;-3-'a$<is éyrq_sc'(ﬁ)pe,fé-axisf accelerometer;
. "to.mb_ass; ba ro m'éte_r, rﬁé gnetometer;
. GIo-baI--P-os-itioningSystem (GPS);
* Distance sensors:
® Radio Detection and Ranging (RaDAR);

® Sound Navigation and Ranging (SONAR);

® Light Detection and Ranging (LiDAR);
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- Light Detection and Ranging
° Dlsta nce m easu femeﬁt ;
° U‘s,e_s"lilght b'e‘a_-,msv, tra_.ﬁsmitter and receiver;
e ')'I‘-Iigha_ccura_cy, hlgh rg’so’lxution and high distance measurements;

. 'V‘a"riousrapp-l-icat'iOhs such as environment mapping, UAV landing assistance and

terrain following (LiDAR altimeter), object detection.
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~ Control and communication

o Co h't‘rQI._;_ re
* Radio controller (RC), for manual UAV operation;
.,- '  -'0&.__G@un-d_-tont‘r'o'll St_’,at‘i’(")-n (GCS), manual and autonomous operations.
+ Communication:
® \Wi-Fi (2.4 /5 GHz);
® Radio Telemetry (433 MHz);

® Cellular networks (3G, 4G);

tttttttttttttttttttttttttttttt

9 | Lisbon, January 18th; 2017




“Sense and Avoid" algorithm

o Aléorith_m dé\-/.élope‘a.. to é'\_/oid obstacles in collision course;
- I‘\A/‘Ilanu‘al and‘aut'-ono.rﬁous*operations;
- | ).iTwo m_.-Od-e_-_s: 7 |
| “"'"’Br-ake’-’-mod/e-‘,for UAV manual operations;
® “Avoid and Continue” mode, for autonomous tasks.
* Only requires LiDAR (for object detection) and GPS sensor to work;

* Manipulates Pixhawk’s flight modes and RC inputs to perform avoidance

maneuvers.
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“Sense and__Avoid” algorithm — Brake Mode

. Ohly for rhanQaI cohtrol (RC piloting);
' Trlggered when an object is detected at a distance of 7 m or lower from UAV;
- E»Changes to ”Brake” fllght mode, overriding RC inputs from pilot;
° 'N uII'Ifl'es--"dr’lftlng effect” by flying backwards;

* Restores last flight mode used before “Brake” mode was triggered;
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“Sense and Avoid” algorithm — Brake Mode

v o

Change flight Change to
@ mode to Brake Fly badkwards v 7| Previeus :hght
3rake mode is rdlstane
i greater than 7
meters?
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“Sense and Avoid” algorithm — Brake Mode

[ Object ] [ Object ]
A

No object in Object is in sight At 7 m distance, “Brake”

sight, “Brake” but it's safe mode is triggered and UAV

mode will not because it's too far will block RC input and will fly

be engaged from UAV =7 backwards to nullify drifting
m) ct
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”Sense and Avoid” algorithm — Avoid and
Contmue Mode

' Only for autonomous ﬂlght modes (automated waypoint navigation, e.g. mission);
. .').Tr~|.gg.e__red _\_)\--/_h,en'an q_’bject is detected at a distance of 7 m or lower from UAV;
° ‘Saves next -missibn-‘waypoints to use after object avoidance;
* “Rolls” to the left or right randomly (no obstacle width awareness);

* Resumes mission by restoring next waypoints in order to continue the task.
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“Sense and Avoid” algorithm — Avoid and
Continue Mode

' Save next @ /
‘ S e eion UAY Roll to the UAV Roll to the | 1second
. Stop mission issic Right / Left et
- - waypoints bee
. Avoid and @
Continue feature
is triggererd
1 second No, d?ang.e Yas
Roll direction
Is the object at a S
distance greater ontnue
than 7 m? mission
Is the object at a
distance between 7 m
and 10 m?
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“Sense and Avoid” algorithm — Avoid and
Continue Mode
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\ Tests

. TWOdisti'nCtthirohments:
©* 3OSimulation
- ~-'Q_._Ré_z:_ﬂ0- Qfd,oo-r'
. ‘Both algorithm hﬁddes were tested on a 3D simulator (Gazebo)

* Only “Brake” mode was tested on a real outdoor
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- Tests - 3D Simulation

Gazebo / ROS (Robot Operatlons Simulation) 3D software

Slmulates a near reaI UAV flights, respecting its behaviors

F'Iy—mg_ a nd_ _CO-||I‘SIOI’1 p,hysms

Interfaces with MAVProxy and simulated UAV (ArduPilot SITL)
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R Tests — 3D Simulation

ardupilot_sitl_gazebo_plugin

Hector_gazebo_plugin

Rotors_simulation
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~T_gsts43D"S‘-~i\mu-l-ati°n — Brake Mode
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Tests — 3D Simulation — Avoid and Continue Mode
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Tests — Real outdoor — Brake Mode

WY s
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.~ Results
o “Brake” _,_r’,',no"d'e worked flawlessly on both environments;
' ”A\/‘o'id and CQn'tinu_e"” mode presents some flaws:
a ®_Concave Wa-I'I's';' P -
- ® No “vision” on UAV sides;

® No object height or width awareness;
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Results — Brake Mode

13 Mavlink Log Graph

12 I distance rangefinder t(Minao Maxz 2. Mean:8)
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 Results and evaluation — Brake Mode
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Results — Avoid and Continue Mode
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‘Conclusions
o I_;i-DA'R sensor p‘r'oved‘a.to b'é a reliable distance measurement sensor;
' ”Bjr;aké” mbdg of “Sense and Avoid” algorithm worked flawlessly after a long
"»"nu.mb_er of_t_r.ia-l—'ahd-e,rr’br tests.

e The “Avoid and Continue” mode proved to be useful feature for every UAV on

autonomous missions, but presented some flaws;
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‘Future work ~

. Implement a system that can sweep an entire environment (3602 LiDAR)
' Dlstance sensor dlver5|ty (hybrld solution using LiDAR, SONAR and RaDAR)

° ') Dynammlc algorlthms for decision making and path optimization using artificial

intelligence

* Algorithm’s generalization for mobile objects sharing the environment
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THANK YOU!
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