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PbIHOK OpOHOB

DRONME INDUSTRY INSIGHTS

Tor 10 DRONE MANUFACTURERS' MARKET SHARES IN THE US

Rank  Manufacturer Main Drone Types HQ Location I:ﬂnatrtit[:;;li US Market Share
1 cip Mavic, Phantom Shenzhen, China 2006 - R
2 erl_EJ Shooting Star, Falcon 8 Santa Clara, USA 2015 I 3,7%
3 YUNEES H520, Thyphoon H Hong Kong, China 2010 I 3.1% i
4 Parrot Anafi, Bepop 2 Paris, France 2009 I 2,2% é
2 COPro  Kama San Mateo, USA 2016 | RE :
] LI I Salo Berkeley, USA 2009 I 15% :
7 @s e HS100, HS700 Taipei, Taiwan 2014 I 0,8%
B nh{;I;EL X-Star Premium, EVO  Bothell, USA 2014 | 0,8% :
9 senseFly eBee Lausanne, Switzerland 2009 | 0,3%
10 kesgqf" Kespry Drone 2 Menlo Park, USA 2013 | 0.3% _
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BASIC QlJan COMPONENTS GRS RaNIN RECEIVER aNTENNZ
JED L0
ICSIHIENS

FRaME
BATTERY
rRaNIN RECEIVER
nsn PROPELLER

J o~

_.-:" FLIGHT CONTRAOLLER



[loNeTHLIN KOHTPONMEpP
(autopilot)
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[Oatymnkm Ha bopTy

rupockoIl (3D)

akcenepometp (3D)
MarauToMeTp (3D)

OapoMeTp

GPS

nuaap/Kamepsl/ . ..

BOJILTMETD (menurenb + ALLLT)

aMIIEpMETP (PEe3UCTOP WM JaTyuK Xojuia + Al



OnpeneneHne opueHTaumm
(attitude estimation)

* TMPOCKOI: TOUHO ONPEICISET YIIIOBBIC
CKOPOCTH, HO IIpY UHTETPHUPOBAHUU B
MacIITabdax MMHYT HaKaInBacTCs OIIMOKA

* AKCEJIEPOMETD: IMO3BOJISIET U3MEPHUTE
HalpaBJIEHUE CUIIBI THKECTH (), HO B IOJIETE
CHJILHO IITYMUT

* MarHUTOMETP: MO3BOJISET ONPEICIUTD
HaIpaBJICHUE HA CEBEP, HO pabdoOTaET
CPaBHUTEIILHO MEAJICHHO, HE OYCHB
YyBCTBUTEJICH U MOABEPKEH HABOAKAM



OnpepneneHne NofoXeHus

aKCEIICPOMETP: JBaXKbl HHTECTPUPOBATh =
OBICTPO YILIBIBAET

GPS: TonpKO Ha yIHIllE, HE OY4€Hb TOYHO

GPS RTK: Tonpko Ha yIuIie, HE OYCHD
ACIICBO, HAAO0 3allapuBaThCcs ¢ 0a3ou

Motion capture: ToIbKO B IOMEIICHNH,
A0POIro, HaA0 HACTPAUBATDb

SLAM (kaMepsl, JIUJapHI. .. )
ArUco-mapkepsl: TJIEAJIBHO




Obstacle avoidance




OnpepnenexHne BbICOTHI

* 0apoOMETp: HE OYCHb TOUYCH (JICLIUMETPHI),
3aBUCUT OT aTMOC(EPHOTO JTABJICHUS

* JaJIbHOMEp — JIa3ep, COHAP U T.J.. JAJBHOCTD
OrpaHUYCHA, U3MEPSET BBICOTY HE
OTHOCHTEJIBHO TOYKH B3JI€Ta, @ OTHOCUTEIBHO
IOBEPXHOCTHU (MHOT/IAa ATO XOPOIIO, HHOIIA
HET)

* GPS — B 3-5 pa3 MeHee TOYHO, YeM
ONpeACIICHUE KOOPIUHATHI



PerynnposaHune (control)

Kak 3acTaBuUTh KONITEP IIPUHATH TO COCTOSTHUE,
KOTOPOE€ HaM HY>KHO?

CoctosHue:

* [OJIOJKCHHE

* CKOPOCTD

* OpHUCHTALMS

* YIJIOBAsl CKOPOCTh



ABTOHOMHbIE OPOHbI

Keneszo
* KoHCTpyKIIUA

* DJIEKTPOHHUKA

110
e [11e MbI?
* Kyna nerers?

e Kak jmererh”?



bopTOoBOM KOMMNBLIOTEP
(companion computer)













Deep
learning

Learning type

Supervised

Unsupervised

Reinforcement

Algorithm

CNN

Autoencoder

DBN

DQN
DDPG
NAF
GPS

Tasks

Outdoor navigation

Indoor navigation
Object recognition

Object recognition
Scene classification
Scene classification

Path planning

Image registration

Feature extraction

Feature extraction

Indoor navigation

Field of application

Navigation

Generic

Agriculture
Generic
Agriculture
Search & rescue
Localization

Navigation

Agriculture

UAYV identification

Navigation



Training entirely in simulation Test in real world

1 ) A f Collision
| s 5 with wall

Different Platforms

Collision
with Furniture

Environment
feedback

time

Fig. I. We propose the Collision Avoidance via Deep Reinforcement Learning algorithm for indoor flight which is entirely trained in a simulated CAD
environment. Left: CAD2RL uses single image inputs from a monocular camera, is exclusively trained in simulation, and does not see any real images at
training time. Training is performed using a Monte Carlo policy evaluation method, which performs rollouts for multiple actions from each initial state and
trains a deep network to predict long-horizon collision probabilities of each action. Right: CAD2RL generalizes to real indoor fli ght.
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Fig 2. Examples of rendered images using our simulator. We randomize textures, lighting and furniture placement to create a visually diverse set of scenes.
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Fig 3. We use a fully convolutional neural network to learn the Q-function. —-‘T‘-]
Our network, shown above, is based on VGGI 6 with dilated operations. ;%
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(a) (b) ) (d) (f)

Fig 7. Snapshots of autonomous flight in various real indoor scenarios. Frames ordered from top to bottom. Red dots show the commanded flight direction
by CAD2RL. (a) Flyingnear furniture, around corners, through a window; (b) Flying up a staircase; (¢) Navigating in narrow corridors; (d) Navigating through
junctions, fly through rooms; (e) Flying through a maze of random obstacles in a confined space; (f) Avoiding dynamic obstacles.
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Obstacle
avoidance

5.2%

HRI and
teleoperation
6.8%
Localization and
mapping

12.4%

Task planning
17.1%

Hardware
development

30.6%

Modeling,
control

27.8%
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KoHCTpyKTOp KBagpokontepa “Knesep”

ﬁ;,] Electric motor Propellers (couple)
. 4 pcs. "N 4 pcs.
Speed controller ESC S=¢ Frame
4 pcs. > kit
Power distribution G ~ Propeller
board with BEC W™ protection
Flight 7 Assembly
controller Set
Single-board ﬁ Batteries
computer : 2 pcs.
Machine
vision camera H Charger
Assembly manual, A p Light-emitting
Training Materials 7 diode strip
Remote Assembly
Control kit

Laser 7] Training
rangefinder simulator



“Knesep”

A ,,,,,_,. y LA

®
Q.
)
-
=
O
X
o
Q.
|
®
o0
X
Q.
O
-
X
>
O
-
O
L
@)
'




Caiit komnanuu. https://ru.coex.tech
JlokymenTarusa Knesepa: https://clover.coex.tech
https://github.com/CopterExpress/clever
Telegram-kanan @DroneCode

Anjapen Kopuroackui, ITMpPEKTOP MO TEXHOIOTHUAM
ak@coex.tech



