L anding on a Moving Target using an Autonomous Helicopter
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Abstract

W\e present a vision-based algorithm designed to enable
an autonomous helicopter to land on a moving target. The
helicopter isrequired to identify a target, track it, and land
on it while the target is in motion. We use Hu's moments
of inertia for precise target recognition and a Kalman Iter
for target tracking. Based on the output of the tracker a
simple trajectory controller is implemented which (within
the given constraints) ensures that the helicopter is able to
land on the target. We present results from data collected
frommanual ightswhich validate our tracking algorithm.
Tests on actual landing with the helicopter UAV are ongo-

ing.

1 Introduction

In recent years, considerable resources have been de-
voted to the design, development and operation of un-
manned aerial vehicles. The applications of such un-
manned aerial vehicles are diverse, ranging from scienti ¢
exploration and data collection, to provision of commer-
cia services, and military reconnaissance and intelligence
gathering [1]. Other areas include law enforcement, search
and rescue and even entertainment.

Unmanned ageria vehicles, particularly ones with ver-
tical takeoff and landing capabilities (VTOL), enable dif-
cult tasks without endangering the life of human pilots.
This potentially results in cost and size savings as well as
increased operational capabilities, performance limits, and
stealthiness. Currently the capabilities of such unmanned
aerial vehiclesarelimited. A helicopter isacompact VTOL
capable platform; it is also extremely maneuverable. Au-
tonomous helicopters equipped with the ability to land on
moving targets would be very useful for various tasks as
search and rescue, law enforcement, and military scenarios
where micro air vehicles (MAVSs) may want to land on a

convoy of enemy trucks.

We have previously developed a system which was suc-
cessful in landing a helicopter autonomously on a station-
ary target using vision and global positioning system [2].
In this paper we focus on the problem of tracking and land-
ing on a moving target using an autonomous helicopter as
a platform. We track a moving target using a downward
looking camera mounted on a helicopter. Trajectory plan-
ning is performed to alow the helicopter to land on the
target. Data from ight trials show that our tracking sys-
tem works quite well. Based on the tracking information,
our controller is able to generate appropriate control com-
mands for the helicopter in order to land it on target.

2 Reated Work

Classical visual target tracking has concentrated on ob-
ject recognition using edge detection techniques followed
by a velocity eld estimator based on opticadl ow [3].
Edge detection may be bypassed altogether [4] using
inter-temporal image deformation for heading prediction
through feature matching. In related work [5] discuss
the merits of good feature selection and offer a mo-
tion computation model based on dissimilarity measures of
weighted feature windows. The idea of feature selection
and point matching [6] has been used to track human mo-
tion. In[7] eigenfaces have been used to track human faces.
They use aprincipa component analysis approach to store
a set of known patterns in a compact subspace represen-
tation of the image space,where the subspace is spanned
by the eigenvectors of the training image set. In [8], a
single robot tracked multiple targets using a particle |-
ter for object tracking and Joint Probabilistic Data Asso-
ciation Filters were used for measurement assignment. [9]
described a Variable Structure Interacting Multiple Model
(VSIMM) estimator combined with an assignment ago-
rithm for tracking multiple ground targets. Although con-



siderableesearcthasbeenperformedon trackingmoving
targetsfrom both stationaryaswell as moving platforms
for mobile autonomoussystemg8], almostno work has
beendoneon usingautonomouselicopterdor suchatask.
Thisis the rst paperwhich focuseson actuallytackinga
moving targetandlandingonit usinganautonomouserial
vehicle.

Several techniqueshave beenimplementedfor vision
basedlanding of an autonomoushelicopteron stationary
targets. The problemof landingassuchis inherentlydif-
cult becauseof the instability of the helicopternearthe
ground[10]. In [11], a vision-basedapproachto landing
is presentedTheir landingpadhada uniqueshapewhich
madethe problemof identi cation of thelandingpadmuch
simpler In [2], we useinvariantmomentdescriptorsfor
detectionandlandingon a stationarytarget. We do notim-
poseary restrictionon the shapeof the landingpadexcept
thatit beplanar

Figure 1: AVATAR ( Autonomous/ehicle Aerial Tracking
AndReconnaissancefterlandingon a stationaryhelipad

3 Problem Formulation and Approach

The problem of landing on a moving target can be
broadly divided into four stages. The rst stageconsists
of detectingthe target. We usevision for this purpose.In
our casewe assumehetargetshapes known andno dis-
tractortargetsarepresent.The secondstageis trackingthe
target. We formulatethe tracking problemas a Bayesian
estimationproblemandunderlinear systemand Gaussian
white noiseassumptionsolweit usingaKalman lIter. The
third stageis motion planningwhich plansa desiredand-
ing trajectoryfor the autonomouselicopterto landon the
moving target. The fourth andlast stageis control, which

regulatesthelocationof the helicopterovertime, in accor
dancewith the planneroutput.

The general problem is given a mechanicalsystem
(whosestateis givenby x) andinitial and nal conditions
X0, X; 2 @where@is thestatespaceof themechanicasys-
tem,wehaveto nd acontrolsignalu : t! u(t) suchthat
attimet; thesystenreachex; . Thegeneralizegroblem
isto nd controlinputsfor amodelhelicopterfor theentire
rangeof a family of trajectories.Although suchproblems
have beenconsideredor generalkcaseq12], to our knowl-
edgethisisthe rst timethatsuchaformalizationis being
appliedto a combinationof trackinga moving targetand
landingonit usinganunmannedelicopter

3.1 Assumptions

Real time target tracking for an autonomousmobile
robot in a generaldynamic ervironmentis an unsohed
problem.Howeverwith reasonablassumptionandproper
constraintgegarding the ervironment, the target tracking
problemcan be tractable. We male several assumptions
which simplify the problemfor our applicationbut arenot
restrictve. Theseassumptionglo not changethe general
natureof the problembut simplify the visual processing
part.

The mostdif cult aspectof trackingis the discrimi-
nationof the targetfrom the background We assume
thatthe shapeof the tamgetis known (we usea heli-
padwith the letter H paintedon it). Also we ensure
thatthereis a high contrastbetweerthetargetandthe
background.

It is assumedhatthe targetmovesslownly enoughfor
thehelicopterto trackit. We alsoassumehatthetar
getis notevasive or malicious.

Thetargetis smallerthanthe sizeof theimageplane,
in relatve terms.Thusthetargetfeaturepointsdo not
spanan arealarger thanthe pixel dimensionsof the
focal plane.

We assumethat the helicopteris orientedsuchthat
the focal plane of the cameramountedon it is par

allel to the target planeandthis attitudeis maintained
throughouthetrackingandthelandingprocessThis

ensureshatwe do not have to considerimageskew.

The targetis allowed to move in the x andy direc-
tionsonly. This allows usto employ anorthographic
projectionmodelfor imageacquisition.Also thelack
of roll andpitch in boththe target andthe helicopter
meanthatwe do not performfull 6 DOF poseestima-
tion. Althoughthis may seemquiterestrictive, our al-
gorithm canbe enhancedo considerrelative motions



