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Absrrace- Indoor navieation of aerial vehicles pozes zeveral
challenges im sustaining hover flizhts. The key challense: are the
hich prezence of obstack: im comtraimed emvironment:z, frogal
payload budget and the need for real-time comirol rezponsze. In
thiz paper, we describe a successfol application of computer
vision and machine learning technigues for autonomons panming
of RC helicopters in fixed indoor setting=. Our framework wses
images of the eoviromment to “learn’ itz swrmommding and
perform attitude estimation on lve-sireaming data from an on-
board wireles: camera wing the learned model. We then detail
the design of our controller, capable of hovermg the helicopter in
place, suztaining orientation with respect to reference points and
following panming frajectories. Fimally, we present test resmlts
bazed on simulations and actual autonomons test flizghts.

I. INTRODUCTION

Unmanned zenal wehicles have several mdispensable
applicatioms m survellance, imtelbzence and mformation
relayv. Small radic confrolled helhcopters are particularly
smted for mdoor navigahion owmng to their stable low-spead
flizght and mn-place hoverme capabilihes. The restnicted nature
of mdoor emvironments with wall: and other obstacles,
however, pose wuque challenses for aufonomous nagahon
and mnecessitate real-time control responss Frugal pavlead
budeet and power restnichons of EC helicopters place
additional constraints on the use of on-board sensors. These
make mdoor autonomous navigafion an mterssting problem,
from both the vi1sion and control aspect. We use monocular
vision and machme leaming techmques to extract information
from 1mares streamed from a hight-weight wireless camerz
mounted on the hehcopter and tramsemt back appropnate
control sienals for autonomous pannng.

Several related work on autonomous helicopter flisht n
outdoor settmzs [1], [2] have lad to termfic control algorthms
and are capabls of performms extreme acrobatics. Ohr
challenses are quite comphmentary to these:
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Fie. 1. Dhazram of helicopter panning

Fiz. 2.

# Indoor nanization 15 more of a percephon and nannzation
problem than a confrol problem- 1t 15 crucial to be able to
datact and avoud obstacles at close guarters 1n real-time.

# The smaller RC helicopters are limited m thewr payvlcad
capacihies and suffer from ar tobulence senerated by 1t
ocwn motion m closed spaces

# Hazy 1mages from the on-board video capture are subject
to severe vibrations from helicopter mohion.

To address these 1szues, our framework 13 composed of two
tightly coupled systems: the vizion and the control zystem
Dhurng the trammg phase, the framework forms 2 modal of the
emronment basad on labeled mages of its surrounding. Ths
model can be uzed to specify motion paths for flight, such as
stable hoverng with respect to refarence points or zmmple
panmng trajectornies. The vision system performs atfitude and
motion estmation on mmages streamed from the omboard
camera. The control svstem usss these estimates to senerate
panmng control signals and mmterfaces with the hehcopter’'s
transmutter to efficiently conmfrol navigaton for sustamed
fhizht. Fiz. 1 shows pannms direction m a 30 space.

. HELICOPTER PLATFORM

Ohar test platform 1= based on the EFlite Blade CX2 cozaal
helicopter (Fi1z. 2). We starfed workne with a dual-rotor
model (Exceed RC), but faced severe mstabihity and laterzl
dnft 155ues. The coamal model was chosen over this since they
provide stable flizht and are consmiderably eazer to control
than thewr dual rotors counterparts. A heht-weight wireless
camera 1z mounted on-board (Fiz. 1 mset) to stream 1mages 1n
real-time to the confrol algonthm We use a commercial
mterface, called the PCTx [3], to link the tramsmutter to the
USE port of the laptop, vi1a the tramer port (Fie. 3). Th=
enzbles the hehicopter to be controlled w1z the PC wzing the
confrol svstem of our framework We encountered several
compatibalifty 1ssues m gettmz fhiz to work smee the
tran=matter {Tx) shipped with Blade CX was wmable to accept




PPM sigmals from the tramer port, which 15 what PCTx uses to
commumicate with the Tx We now use the Spektrum DE&
Tx, which 1= capabls of translating PPM mmput to DSM signals
for controlling the helicoptar.

. CONTROLLER FRAMEWUORE

We use techmgues from computer vision and machine
learning to be able to quickly and rehably get an estimate of
our current postion and veloerty. We chose the K-Mearest
Meighbors (KNI aleonthm to claszify a frame with respect to
its athtude because 1t 1z a fast, simple, data-driven approach.
Howeaver, thiz alone 15 mzufficient for fine-gramed naization
and stahlity. We calculate opfical flow to measure the relative
veloerty from frame to frame Cur soal 1= to combmne these
eshmates fo produce sensirve confrol sigmals capable of
sustamine autonomons parmme flizht. Fig. 5 shows the block
diaeram for the naigation svstem. The right side shows the
control path for Inve hebicopter fhizht, winle the laft side shows
the control flow for the virtual controllar, discussad mn saction
IV.

A Trainimg the Mbdel

In the trammsz phase we attempt to leam a model of the
emvironment. The choiwce of a constramed settmz 15 an
mportant factor; an emaronment that 1= too dynamue (varymg
from day fo day tests) wall perform poorly. We began with a
tramunge et taken along an oval m the Al Lab. A frammng video
15 taken at each pomt by one of us holdmz the helicoptar
facng a fixed reference pomt and rotahing 360 degrees. Each
frame m a video 1z then labeled using s angle wrt a
reference pomt.

Current Frams Number

Label =
= Total Framss

# 360

Thiz procedure has some weakmesses. First, data collechion
can be a slow process if thers are many pomnts m the
emvironment. Second, 1t 15 difficult for a human to rotate at a
uniform veloerty. Lasthy, the Al lab has many students and
many gadeets m a state of flux To addresz some of these
problems, m the second half of the quarter we moved our
tramme anviromment to the 4th floor of Gates, just outzide of
the elevators (Fiz. 4).

Fig. 4. The tramng emaronment
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Fig_ 5. Control flow dizgram

Thiz 1= an open space suiftzble for mitial testing that does not
change muoch from day to day. We collected two sets of
tramine data along and withm cirelss of varying radn, each at
a dufferent height For each pomnt, we tock a video rotating
first 1n the clockwize direchon and then m the counter-
clockwise direchion; we hypothesized that thiz would help
marginahze some of the human ermror 1mvolved from pomnt to
pont. We also expenmented wath methods of removms
human action from the process by rotating the halicopter on 2
turntabla, but foumd that we were wmable to slow the rotation
to a satisfactory speed.

Owur finzl traimng dataset consisted of 70 videos and 16039
frames (each frame 15 640 x 480). As this 13 a large amount of
data, we ongmally resized each frame to 30x30 to meet
memory and speed constramfz for real-hme processme.
Exeutuaﬂ},weﬁamdﬂnatwemuldlmmremrﬂuhah}
usme Principal Components Analyziz (PCA) to reduce each
frame's dmenzionalty from 307200 to 10. PCA was
mplamentad vsng OpenCl's computationally afficient bmlt-
m elgen objects and eigen projechons. Instead of arbitrankh: re-
scalme the mmage, using PCA also helped us reduce the
clazsfication's sensirvity to noise perturbations and height
vanations. Fimally, wehm.u&dﬂneﬁl‘-learﬂtﬂﬂghh:ﬂmﬂdel

B. Attituds and Velocity Estimation

When a new frame 1= recerved from the helicopter's wireless
camera, we extract the K nearest neighbors from 1= PCA
projection. We meorporate the image history on the last fre



Fiz. 6. Visnahzation of optical flow with attiude meat

classifications to select the closest prediction (1Le. predichions
of the previons five frames are used to find the closest match
from among the K resulis), and that 15 cutput as the pradiction
of currant attrtuda

Optical flow 1= apphed on the onginal full-sized frame to
erve us a measure of which direction the helicopter 13 moving
m. Thiz veloeity estimate wall be fad mto the control aleonthm
and used to refine the masniude of the tum command
generated Thiz provides a counter-acting effect that helps
prevent the hehcopter from tunms too drastically. Optical
flow 13 mplementad wsmg 400 faghwes and OpenCVs
Pyramudal Lucas Kanade (PLE) algonthm [4]. We calculate
the total optical flow as the mean over all the features for each
frame wath respect to the honzontal direction only. Fmally,
we apply 2 median-mean filter to smooth the ophcal flow
vahies over time. Fiz. & shows the calculated optical flow on 2
frame and the mset shows the attitude estimated by KN,

B. Control Algorithm

We propose an alzonthm to combine the ophical flow result
with the K nearest neighbor classmificahon to produoce an
updatad athtude estimate for each frame The update equation
15 grven as follows:

Turnlnnd= II'.'I.HII:IJ'.'III].{E' 'ﬁ:-::l:'_ o .I?I:S-_":-.-;‘_ IE'--'-'i'-':l: P_H-l:l: I‘:_TI'P_,I

where Q.cicar 1= the velocity estimate calculated by ophical
How, 8acnires 15 the desited ansle we wash to nagate to, Gy
15 our current estimate from kNI, o and £ are constants usad
to account for tme and thune the result. We can alter iz as
a functon of time to make the hehicopter follow a particular
trajectory at fixed altitude. TwnCwmd 13 the control signal
generated by the algorthm which 1z passed on to the
transmutter to autonomously control the heheopter parmmne.
The TwnCmd value 1= chipped to he between the nezatve and
posthve threshold W TH and P TH, to avoid over-
controllms.

IV. CONTROLLER INTERFACE AND SIMULATOR

A Contraller Iterface

We have developed a fimchonal GUI framework for
ramotely confrolling the EC hehicopter. Chur framework 12 built
on top of the OpenCV hibrary and Endurance’s low level PCTx
drrver. It was designed fo provide us fleabbty m nmnms
experiments, smooth control of navigashon and effective real-
time feedback. It also serves as the Ul for trainmgs and romming
the zimulator.

The controller maps the transmutter contrels to mturtive
kevboard presses, allowine the user to easily control the
helwopter m real-time It 1= mulh-threaded with non-blocking
I'0 to ensurs responsrveness. With a single keyv press, the usar
can fransfar control of the rodder (for panmng) to the already
nmmne v ision Contrel alsonthm while contirmns to control
the throttle alleron, and elevator from the kevbeoard. To
prevent the helicopter from recersing wild swings m control
signalz which could damaze itz gears, the confroller haz 2
configurable maximum change per chammel per tmme step. The
frequancy of updated channel values being transmmtted to the
hehicopter 1= also configurable from the mterface. Fig. 7 shows
a scresnshot of the confroller durmz an actual flisht. The
dizplay presents several pertinent real-time results to the usar:
the current desirad and actoal channel values, the videc stream
from helicopter's wireless camera, a radar diplaving the
current desired panmne angle and actual KNI estimate, and
trackhbars showmng the kNI estimate. opfical flow values, and
turn command senerated by the control alzonthm.

E. Simulator

We mplementad a simple simulator, or virtual controllar, to
verfy our framework. The virtual controller forms a map of
the surroumding based on the test videcs. It mtaracts with the
vision and control framework by accephns a2 tum control
command, retneving the image frame that would have resulted
if the command was 1zzued fo the helicopter m the actual
sethng, and pEB-E.]J]gﬂ'lEI' on to the confroller. Thaz allows for

simulating panmng trajectories and isuahzng the controller's
dvnarmes. The simmlator was usad extensively m the testing of
our svetam framework.

Fig_ 7. Screenzhot of the controller mtarface




