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Abstract

This paper presents an algorithm that uses only visual information to drive an autonomous robot
towards a previously visited place. The proposed mechanism, called “homing”, is inspired by the
behaviour of social insects, like bees and it is used for a precise positioning in the latter phase of robot
navigation. -

The algorithm uses an affine model and a best matching criteria, on color images, to estimate the
robot distance from the goal position. It has been implemented and tested in an indoor environment

and results are presented.

1 Introduction

A lot of research has been done about insect homing strategies and several interesting models have
been developed [4, 5, 1, 8, 6], but few of them have been applied to real robotic navigation with color
images. This paper presents a homing method inspired by bee’s behaviour.

A robot navigation task is normally composed of two subtask: a coarse approach to the target and
a precise positioning to it. In this paper the latter phase, called “homing”, will be investigated.

The described homing method can be divided in two phases. In the first matching phase the
perceived image is compared with goal image in order to estimate the parameters of the affine model
and in the second navigation phase from these parameters is computed a navigation vector to drive
the robot. The matching and the navigation phases have been implemented and tested.

2 Matching phase

In order to drive the robot to the goal®, comparisons are made between what the robot "sees” from
its actual position and what it "saw” when it was standing at the goal position. In fact the robot
displacement from the goal position results in a shift and in a variation of the object size in the actual
image that can be described using a simple affine model [2]:

Sx(X,Y)=ax +arx - X +arx-Y
Sy(X,Y)=aoy +a1y - X +asy-Y

i
that must have been already reached at least once
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where Sy and Sy are the displacement components in x and y directions respectively, (X, Y)
are the pixel co-ordinates, Gox, agy are the translation parameters and ajx, asy, a;y, asy are the

parameters for rotations, compression and deformation respectively.
The camera heading is kept constant in order to eliminate fixed objects rotation and the fixed

height of the robot eliminates pure vertical shift.
Thus all the possible changes due to robot movement can be described with this simplified version

of the previous model:

An apparent vertical shift in the image plane can be introduced by the change of object distance

and is described by the compression/dilation parameters @, X and a,Y.
The parameters that maximize the intercorrelation value between the goal image and the actual

one, modified by the model, are used to compute the navigation vector. The maximum intercorrelation
value is found minimizing the following Mean Square Error (M SE):

1 — - " Vs
MSE =+ Y. E(X,Y)+ B (X,Y) + Ey(X,Y)

(z.y)eS

with
Er,_q.b("‘.i }') = [Il[r.g.b}("t‘v Y) e LZ(r,g,b](X + SX\ Y+ S)")]E

where M is the number of couples (X + Sy,Y + Sy ) still in the image plane S, I; and I, are the
images, r, g and b are the chromatic components, Sy and Sy are the estimate displacement vectors
for each pixel.

In order to speed up the parameters estimation and at the same time to allow the estimation of large
displacement vectors, a multi resolution pyramidal technique has been implemented as in Wittman
[8]. Before each subsampling operation a low pass seven coefficients gaussian filtering is applied in
order to exclude possible spatial aliasing [3]. The estimation ranges and the multi resolution levels are

chosen according to the maximum displacement considered.

3 Navigation phase

Using a projection model it is possible to estimate a navigation vector. In fact a point in the real
world can be'linked to its projection in the image plane in the following way [7]. Let p be a point of
the environment and P its projection on the camera image plane. The relationship between the two

points is:

P
I
R
| B

~
I

|
by |

where X and Y are the co-ordinates of the point P in the image plane, z, y, z are the co-ordinates

of the point p in the 3D space and F is the focal length.
It follows that the navigation vector estimation can be computed as:

42




nce %

ual
ion

o o -0 2 e o o
i i i i i i
! i i } i
i i i i i !
i i 1 3 r

S e S e i
i i i u

_<,
O O

O
e
asaa { -
-
aaas .-,,..........(}.-......... -

<

5

Q

O < O o} -
< O O > O 0
i H
o C el O < Q
[ ;
i i
oy i
el C O O O Q
i H v i
i \
! z
i " i
e, > O > O s -0
$ i [} =
i
O O < O 0 Q .

Figure 1: Navigation tests

The values of K and H are determined for a more efficient navigation through an initial calibration
phase, consisting of a series of known displacements around the goal position.

Due to the null value of the vertical shift, vertically decimated images of a factor 2k have been
used.

The noise in the acquired images is substantially due to the following factors: people moving in
the room, changes of displays on computer monitors and lighting being switched on and off.

The main error contribution in the matching of two images acquired in the same point derives from
the moving objects (people walking, etc.) and occlusions that cause a “punctual” error higher than the
average. For this reason in the final matching phase the MSE over the whole image is substituted by
2 new MSE computed only over the pixels with error lower than the whole MSE previously computed.

4 Tests of the system

The system, tested in an indoor environment, has shown its ability to estimate the robot position with
respect to the goal point. The robot driven with the estimated distance vector can move itself toward
the goal position in a very limited number of steps and with a very low error, as visible in Fig. 1.

The algorithm has also been tested computing the first step from a wider set of starting points.
The results (Fig. 2) show that the algorithm can drive the robot towards the goal point in the major
part of the tested area, expecially when the goal point is beyond or around the robot camera. [n Fig.
2 only the direction of the navigation vector is plotted.

In Fig. 3 are plotted the estimated target point of the first navigation step. The accuracy in the
estimation can suggest the use of this algorithm also for robot self-localisation.

The algorithm has shown different results according to different navigation areas with respect to
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Figure 2: First step tests
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Figure 3: Estimated first step points
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Figure 4: Region of applicability

the same goal position. A reason of this fact could be found investigating the matching algorithm in
order to find a "region of applicability” (ROA). This region depends mainly on the distance between
the the goal position and the objects in front of the robot camera. This distance influences the
parallax angle with the robot visual reference system that the algorithm uses to calculate the goal
point position.

In Fig. 4 is shown the generic shape of a ROA where (Dzm,-Dzm) is the maximum distance range
with no translation and (Dxm,-Dxm) is the maximum translation range with no distance changing.
In this region, except in the case of occlusions, the algorithm has all the visual information to perform
correct results. This does not mean that the algorithm fails outside the ROA.

From the following formula, that checks if a point is in the ROA, it can be noticed that also the
parameters H and K influence the extension of this region:

ROA={(DX,DZ)| -Szm < % + % . % < SzmA-Sym < % . l-j- < Sym}

where (DX,DZ) € R x R are the checked co-ordinates in the environment, Szm,Sym are the

maximum translation and compression, respectively, in the image plane, R,C are the number of row

and columas of the image.
The shape of this generic ROA can be easily individuated checking the first step directions in Fig.

2,

5 Conclusions and perspectives

This homing method, intended as final step for robot positioning, originates precise navigation in a
small number of steps. It can also be used as module for visual self-localisation.
The influence of noise, robot undetected rotation and color shifting in the illuminant could decrease

the algorithm performance and will be investigated.
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