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Abstract—Unmanned Areial Vehicles(UAV)can be automat-
ically landed on airbag using Vision based algorithm. This
paper proposes a review on the novel algorithm based on the
color and shape detection of airbag. Color- and shape-based
detection vision algorithms are applied for robust detection
under varying lighting conditions.It discuss about the various
landing techniques used for aircrafts and Unmanned Aerial
Vehicles.
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I. INTRODUCTION

The Unmanned Aerial Vehicles (UAV) are indispensable
for various applications where human intervention is im-
possible, risky or expensive e.g. hazardous material recov-
ery,traffic monitoring, disaster relief support etc. Recently,
the applications of unmanned aerial vehicles are diverse,
ranging from search and rescue, reconnaissance and surveil-
lance. For, manual landing, the pilot obtains visual cue
by naked eyes or through the relayed video taken by the
onboard camera. Piloting outside the vehicle needs a lot
of training due to the limited situation awareness. As a
consequence, a large portion of mishaps happen during the
landing phase. Many fixed-wing military UAVs are known
to suffer a signicant portion of accidents due to human
factors during landing and as for Pioneer, almost 70% of
mishaps occur during landing.Therefore, it has been very
much desired to automate the landing of UAVs, preferably
without using expensive aiding systems.

The relevance of UAVs plays an important role in places
wherehuman intervention is impossible. It will not be bur-
dened with physiologicallimitations of human pilots.They
are having the advantages of small size, weight, very low
vibration and high power to weight ratio. Hence they are
deployed for military and special operation applications.

Vision-based landing has been found attractive because
it is passive and does not require special equipment other
than a camera and a vision processing unit. A vision-enabled
algorithm will identifies the runway or other visual markers.
In this paper, for the landing of UAVs, a vision based
algorithm is proposed.The UAVs are landed on hemishere
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shaped air dome. An air filled dome secured on the ground
serves both as shock-absorbing arrestor and visual marker.
Colr based and shape based detection of airdome has been
done using vision based algorithm. Hu’s moments has been
calculated for every object in mage obtained by the on-board
camera of UAV.

The rest of the paper is organized as follows. In Section II,
we present the current state of the art related to automatic
landing . In Section III, we discuss the various methods
of automatic landing. In Section IV we discuss breifly
about the proposed system the vision based algorithm for
automatic landing of UAV and in Section V we discuss its
applications. Finally Section VI summarizes this paper with
some concluding remarks.

II. CURRENT STATE OF THE ART

There are so many literature found in area of automatic
landing system. The field of works in automatic landing
system of both aircrafts and UAVs are in the following:

A. Automatic landing system of aircrafts

An aircraft is a machine that is able to fly by gaining
support from the air, or, in general, the atmosphere.Aircraft
usually land at an airport on a firm runway or helicopter
landing pad. The landing can be done automatically. The
global positioning system (GPS) offers a opportunity for the
automation of aircraft landing systems.

In 1989, Parkinson et al. [1] proposed Aircraft Auto-
matic Landing Systems Using GPS.The proposed method
measures aircraft position and velocity using a (carrier-
tracking) GPS receiver.The position and velocity measure-
ments provided by GPS receiver and working in a normal or
differential mode (D-GPS) and aided by one or two ground-
based PseudoLites (PLS), will be able to satisfy the landing
accuracy requirements.

In 2004, Jih-Gau Juang et al. [2] proposed a work on
Intelligent Automatic Landing System Using Fuzzy Neural
Networks and Genetic Algorithm. This work uses a func-
tional fuzzy neural network as the controller. Control gains
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Figure 1. Unmanned Aerial Vehicle named as FOX-C8

are selected by a combination method of a nonlinear control
design and genetic algorithm.

B. Automatic landing system of UAVs

An unmanned aerial vehicle (UAV), commonly known as
a drone and also referred to as an unpiloted aerial vehicle,
is an aircraft without a human pilot aboard. Autonomous
landing is one of the most challenging part of the ight.An
example of UAV is shown in Figure 1 named as FOX-CS.
Landing must be done in a limited amount of time and space.
In 2000, Nho et al. [3] proposed a method for Automatic
landing system design using fuzzy logic for UAVs. This
method developed a Proportional and Derivative(PD) type
of fuzzy logic controller and tested it on simulations using
both linear and nonlinear models. In 2006, Merz et al. [4]
proposed a method for Autonomous landing of an unmanned
helicopter based on vision and inertial sensing. This devel-
oped a navigation lter based on a Kalman lter that was used
to fuse highly accurate vision system estimates with inertial
data provided by the onboard accelerometers and high rate
gyros. This ltered out a large part of noise and outliers and
also these lters made a smooth landing possible even when
the vision system was blind.

In 2008, Miller et al. [5] proposed a work on Landing a
UAV on a runway using image registration. In this method
the estimation of the relative location of the runway as an
image by performing image registration against a stack of
images in which the location of the runway is known.In
2012, Jian et al. [6] proposed a method for Automatic
Landing Control of UAV Based on Optical Guidance. In this
method, the mishaps of landing for a UAV on the runway is
discussed and a control method based on optical guidance
is proposed.

III. METHODS OF AUTOMATIC LANDING SYSTEMS

The various methods for automatic landing systems are
discussed in the following:
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Figure 2. A type of Landing Controller used in UAV

A. Using Landing Controllers

A typical landing system uses both GPS (Global posi-
tioning system) and INS (Inertial Navigation Systems)for
its landing purpose. Figure 2. shows the tye of landiing
controller used in UAVs. Some close range sensors like
radar altimeter, or barometric pressure sensor is used in
conjunction with GPS when height measurement from GPS
are inaccurate.INS is a navigation aid that uses a computer,
motion sensors (accelerometers) and rotation sensors (gyro-
scopes) to continuously calculate position, orientation, and
velocity (direction and speed of movement) of a moving
object without the need for external references. Landing may
not be possible in many remote regions since GPS signal are
not always available. In the case of unmanned helicopters
GPS and INS systems are suitable for long range and low
precision ights.

B. Guidance-based Landing

Guidance refers to the determination of desired trajectory
from vehicles current location to a target, as well as direc-
tion, rotation and acceleration for following that trajectory.
Proportional guidance and pursuit guidance are two of the
widely used laws for UAV guidance. Proportional guidance
aims at maintaining a constant angle between the LOS
and the target whereas pursuit guidance aims at generating
commands to make the velocity vector of the UAV point
towards the target. There are two main types of pursuit
guidance laws namely pure pursuit and pseudo pursuit. Pure
pursuit guidance law leads the UAV towards a true target,
while the pseudo pursuit guidance law generates a guidance
command to track a virtual target. As the virtual target moves
to the true target, the UAV nally arrives at the true target
. There is designed guidance law for automatic landing of
UAV using vision sensors for both fixed wing and rotary
wing UAV. The method iteratively estimated a time-to-go
until target intercept and modied the acceleration command
based upon the revised time-to-go estimate. The time-to-go
estimate depends on the position, the velocity, and the actual
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or real time acceleration of both the vehicle and target.

C. Recovery Landing Techniques

Traditional landing of a xed wing aircraft undergoes
phases like glide slope and are which require a large area.
To accurately determine landing coordinates high precision
differential GPS (DGPS) and radar altimeter may be required
which are costly compared to the cost of small UAVs. In
addition, the small UAVs have limited payload capacity.
Net recovery landing methods have been (in particular
visionbased net recovery methods) proposed to land UAVs
in restricted areas. Another approach [7] for net recovery
is to divide the landing phase into spiral descent and nal
approach. The aircraft aligns along the ight path angle
towards the approach direction by the end of the spiral
descent phase. The aircraft is guided from approaching
waypoint to the recovery net using a pseudo pursuit guidance
law. Approaching waypoints were generated using a cubic
polynomial in the guidance law. Another landing technique
in this category is arrested landing which involves catching
a wire on board the ship with a deployed tail hook, bringing
the aircraft to a quick stop .

D. Vision-based Landing

Computer vision can be used in the feedback control loop
ofautonomous landing system. Use of vision included in
control loop is suited for the problems where the landing pad
is located in an unknown location or non-stationary position
(deck of ship). Different types of vision-based control tech-
niques for helipad detection, tracking and landing are used
in different fields. Classical vision-based target tracking and
landing focuses on object recognition using edge detection
techniques such as Canny edge dectors, Sober. Although
vision provides a natural modality for the detection of
objects and the landing of aircrafts but it can only sense
small changes due to applied forces not forces themselves.
Hence vision-based techniques can only be integrated with
conventional control techniques for good and robust landing
design

IV. PROPOSED SYSTEM

In the previous sections we have discussed the current
state of the art and various method of automatic landing
systems. In vision-based algorithm, detection of shape and
colour of landing pad or dome could be determined.Color
and shape based detection vision algorithms can applied for
robust detection under varying lighting conditions. Computer
vision can be used in the feedback control loop of an
autonomous landing system. Use of vision in the control
loop would be suitable for problems where the landing pad
is in an unknown location or non-stationary. The recognition
of objects and characters regardless of their position, size
and orientation plays an imporatnt role for the identification
of dome or landing pad.
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using Hu's Moments

Block diagram of Proposed System

Figure 3.

The block digram of proposed project in breif is shown in
Figure 3. The image Acquisition would done by the onboard
camera of UAV. The pre-processing of images wolud be
done to extact each objects in image seperately. Binarization
and thresholding could be done in pre-procesing stage. The
features would be extracted by using the shape descriptors
such as Hu’s moment and also colour detection as red
colored one. The Canberra distance would be used for the
distance metric to compare it with database of images. Hence
dome in which UAV is landed can be determined by the
shape and color of it.

The idea of using moments in shape recognition gained
prominence when Hu (1962) [8], derived a set of invariants
using algebraic invariants.He also dened seven values, com-
puted by normalizing central moments through order three,
that are invariant to object scale, position, and orientation.

My = (n20 + n02),
My = (n20 —no2)? + 413,
Mz = (n30 — 37712) + (3121 — mo3)?,
My = (n30 +m2)*+ (721 + 103)?,
Ms = (n30 — 37712)(7730 +n12)
[(n30 + m12)* — 3(n21 + 7703) ] + (3121 — 103)
(m21 + 103)[3(M30 + m2)? — (21 + Mos)?],
Mg = (n20 — 102)[(m30 + m2)* — (M21 + 103)?]
+4m11(n30 + M12)(N21 + M03),
M7 = (3n21 — no3) (130 + m2)[(M30 + M2)?
—3(n21 + 103)*] — (M30 + 3n12) (21 + M03)
[3(n30 + m2) — (121 + M03)?]
(1)
where
g = Hpa/HoosY = [P +q)/2] + 1 2)
and

=D (@- 2Py —9)f(z,y) 3)

_ Mo . Mol
z= G = 4)
moo Mmoo
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Here m,, denotes Two-dimensional moments of a digital
image of size M x M that has gray function f(z,vy), (z,y =
0,...M — 1) and is given as,

z=M—-1y=M-1

mpg= > > 2Py'f(x,y); pg=0,1,2,3...
x=0

y=0

®)
Hence Hu’s moment invariants will be used as feature
extractors.The distance metrics used could be Canberra
distance for comparsion with the dataset stored in on-
board controller. The domes color is as strong visual cue
that distinguishes it from other objects in background. In
RGB coding, a pixel at image coordinate(x,y) has three
integers,(Ir, Ig, Ip), each varying from O to 255. As the
pixels that belong to the red dome vary a lot depending on
lighting condition, shadow, color balance, or noise, a filtering
rule is needed to determine if a pixel belongs to the dome or
not. Based on many images of the dome taken under various

conditions, the following filtering rule is proposed:

alg(z,y) < Ir(z,y) < 255
bIG(xay) < IB($7y) <255 (6)
0<c<Ip(z,y)

where (a,b,c) = (1.5,1.5,20). The threshold levels are
chosen rather inclusively for detection of wider color range.
The processing of images acquired would be done using
MATLAB.

V. APPLICATIONS

There are mainly two types of UAVs: fixed wing type
UAVs and rotatory type UAVs. These drone find a numerous
application in this advance technology world. The UAVs are
used in Security, Search and Rescue, Monitoring, Disaster
Management, Crop Management, Communications and Sur-
vey applications. In traffic Service application the tool used
is camera to record videos and sent it to traffic Authority
to take procedures to solve problems and the tool used in
aerial photography is camera to record events, some country
want to know what the other country do, that’s why UAVs
have strong application in monitoring by used camera also.

In metals detection application we can used wave analyzer
to analyze waves emitted from ground. We need in this case
to two tools; one of them is wave transmitter to send waves
to ground and another to analyze waves back from ground to
know what inside ground. For military servicesapplications,
wars of future will be with use UAV to do their task without
any risks on human. For weather detection application, by
using sensors to measure humidity, dust, Celsius Degree etc.
The automatic landing of these UAVs are also curical for all
application when they are limited by time and space. Vision-
based Algorithm gives an efficient and low cost method to
land the UAVs automatically.
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VI. CONCLUSION

We have discussed about different ways in which UAVs
are landed in limited time and space. The various methods
of automatic landing systems were studied in detail. The
vision-based algorithm which uses for shape and color-based
detection was achieved. Acoording to this, out of all the
automatic landing system techniques Vision-based landing
technique provide a new roboust and efficient landing of
UAVs. The proposed system uses a Hu’s moment for its
feature extraction because of it doesnot change in varying
size , angle and position. This feature will be easy for the
detection of air bag or landing spot identification easily. The
red colr also act as a strong clue for identification. The
filtering rule was also applied for red color identification.
The image can be retrieved by the calculation of Canberra
distance of input image and image stored in the database.
This paper provide a review on different techniques of
automatic landing systems in air crafts and other Unmanned
Aerial Vehicle.
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