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Aircraft Pose Estimation from Homography
Eric Beets, Samia Boukir, and David Suter

Abstract
The aim of this work was to determine, experimentally, whether the relative pose (position and
orientation of an aircraft), with respect to the ground plane, could be usefully determined by vision
alone. It is relatively well known that such is, in principle, possible by exploiting the image
homography between two views of the same planar surface.

1. Introduction

This work is related to the ARC SPIRT grant funded project “Vision for Aircraft Landing®. In that
project, the main aim is to develop visual means to enable a robotic aircraft to land (without the
assistance of a trained remote control pilot). As such, the project requires the determination of what
useful information can be extracted visually. Specifically, in this case, whether one can determine the
relative change in pose, given two views taken from the aircraft at two different time instants (see
figure 1).

In some sense, the present work is complementary to the work reported in [Suter, Hamel & Mahony
02]. In that work, the principle of using an homography to visually servo an aircraft to a given
position, w.r.t. a ground plane (or, indeed, any planar surface that is visible) was investigated.
However, that paper focused on the control aspects of the task — assuming that the visual processing
could provide the required quantities (rotation and translation, up to a scale, between the two views).
The work reported here aims to determine the accuracy to which one can realistically extract these
parameters by that method. Moreover, [Suter, Hamel & Mahony 02], since it dealt with control
aspects, was more concerned with a particular airframe (the X4-flyer), whereas this work is
independent of the viewing platform — there are no dynamics involved. A major motivation of this
work is to aid in the visual positioning and landing of any aircraft — but particularly the fixed wing
type craft typically flown by Aerosonde. This work is an alternative approach to that of [Mahony &
Suter 01]. It was also intended to be integrated with the work of [Tung, Suter & Bab-hadiashar 03].

Position/Orientation of the
r aircraft at time t,

Position/Orientation of >
the aircraft at time t;
-
P - P

Fig.1 — lllustration of the aircraft pose-estimation task

—= Transformation between two instants (77)
—-—-—> Rotation of the transformation (R)
------ > Translation of the transformation (7)

B Visual features on the land
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The approach taken here is to employ pose estimation method based on the tracking of a rigid planar
patch [Tsai & Huang 82]. The steps involved are :

1. A corner tracker algorithm is used to track at least 4 points belonging to the plane of interest. This
work used the token tracker available in OpenCV. This token tracker consists of two steps: first, it
determines strong corners in an image and then, it calculates the optical flow between two images
using the iterative hierarchical Lucas-Kanade method [Shi & Tomasi 94] to follow the tracked points.

2. A pose estimation algorithm based upon homography extraction [Tsai & Huang 82].

The code developed uses several libraries:

- Direct Show : to read video sequences (AVI files).
- OpenCV : to read images, track points and compute matrices.
- OpenGL : to visualize the results (2D and 3D).

2. Homography estimation

The three-dimensional motion parameters of a rigid planar patch can be determined by
computing the singular value decomposition (SVD) of a 3x3 matrix containing the eight so
called “pure parameters.” This planar transformation is called a homography. Furthermore,
aside from a scale factor for the translation parameters, the number of solutions is either one
or two, depending on the multiplicity of the singular values of the matrix [Tsai & Huang 82].

This method provides the rotation, the translation of the moving camera (mounted on an
aircraft in our case) up to a scale factor and the orientation of the 3D plane of interest. To lift
the ambiguity and ensure a unique solution, Faugeras suggests the use of a third image in the
estimation scheme [Faugeras & Lustman 88]. Thus, the first estimation (using 2D points of
image 1 and image 2) gives two different planes orientation (defined by their normals). The
second estimation (using image 2 and image 3) leads to two solutions too. The common
solution to both estimations is the right one.

2.1 — 2D Mapping

We consider a 3D point M belonging to a plane (P), moving to M’ belonging to a plane (P°),
respectively such that:

by
X
M|yle (P) with [Y} the coordinates of the perspective projection of M in image |
z

and

!

X!
M'|y'|e (P') and [Y } the coordinates of the perspective projection of M’ in image I’.

The projective transformation A (or homography) between the two planes is as follows:

1 '

X X X x/z 'x'/z' x/z
VI =Aly|=>|)V|=zed y/z == yWz'\=A4ylz

z
z' z z' 1 1 1

'
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S.X' X
S| SY'|=4Y
S 1

with A=|a,, a, a, | andSbeingan indeterminate scale factor.
a; 4z ds

The former development involves the well-known perspective projection equations for a pin-hole
camera:

X=r=
z
v=r2
z
Without a loss of generality, the focal length f'has been set to 1.

2.2 — Least squares estimation of the homography

The following system links the 2D coordinates of two corresponding image points via the homography
A:

S.X' X
syil= v
g Gﬁ)l

This system is composed of 9+1 unknowns (parameters of the homography A4 and the scale factor .S).

!
SX a,, a, a; X
" —
S| SY' |=lay, a, ayl|e|Y

S as;; 4z dy 1

SX'=a,X+a,Y+a;
S=a,, X+a,Y+a,,

=a,; X Xvay Y X+Ya,. X'=a, X +a,Y +a,

The estimation of the parameters a, is possible if we set, for example, a,; =1, a commonly used

assumption. Indeed, 4 is defined up to a scale factor.
< anX+a,Y+a,—a, X X'-a,Y X'=X' (1)

We have as well:
SY'=a, X +a,Y+a,,
=
S=a, . X+a,,Y+a,

' ' "
=ay, . XY'va, YY'+a,Y'=a, X +ay,Y+a,,

3
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Thus:
S ayX+a,,Y+a,—a, XY'-a,YY'=Y (2)
This leads to the following linear system of 8 unknowns (&;):
ay
~ -|la -
X, v, 1. 0 o0 0 -x.x, -rx,|| | [x|
a
o 0 0 X, v, 1 -x.x, -ry, || " Y,
ot | _
' ' as '
X, Yy 1.0 0 0 -X X' -Y.X' X',
a
0 0 0 X, v, 1 -x Y, -vy, | *|V]
~— — i ——
L 932 |
M(anS) [2
X

We need at least 4 corresponding projectively independent (i.e. such that any 3 of them are not
aligned) points (M ,, M ;) between 2 images to solve this system (so n > 4).

Least squares resolution:

3. Singular value decomposition (SVD) of the homography

To compute the SVD decomposition of the homography, appropriate routines from OpenCV
library were employed.

The function SVD decomposes matrix 4 (consisting of the 8 pure parameters «;) into a product
of a diagonal matrix and two orthogonal matrices:

A=U'WV

where:
A is an arbitrary M x N matrix,
U is an orthogonal M x M matrix,
V'is an orthogonal N x N matrix,
W is a diagonal M x N matrix with non-negative diagonal elements.
W is such that:
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4 - Computing actual motion parameters from pure parameters

If the singular values of the homography 4 are all distinct, e.g. A; > A, > A3, then there are exactly two
solutions for the motion and geometrical parameters of a rigid planar patch aside from a scale factor
for the translation and geometrical parameters [Tsai & Huang 82].

We denote the motion parameters by a rotation matrix R and a translation vector 7. The plane
is defined by its normal #.

Closed-form solution to the pose-estimation of a planar patch is as follows:

a 0 p Ax B a
R=U| 0 1 0 V' . T=Ay :w-{—ﬁ.ul+(i—3—sa}u3]n= bl=wsV, +V,]
-sB 0 sa Az ?

where

2 2 1/2 2
5:i[ﬂq—/12j g2 ARO[ s = det(U).det(V)

-2 A,(1+67)

In each of the two solutions, sgn(f) = - sgn(d), and w is an arbitrary coefficient (we will set it
at 1). Let us notice that only the orientation of the planar patch is estimated. Its position is not known.

To solve the ambiguity problem, i.e. to choose the right solution from above, Faugeras and
Lustman suggest three ways to proceed [Faugeras & Lustman 88]:

1) Look at a second plane.
2) Use a third image.
3) Use relationships between features in the plane.

We have chosen the second way which provides then two pairs of solutions (S,,S,) and (S’;,S",) for the
motion and geometrical parameters of the rigid planar patch. In general, there is only one compatible
pair and the problem has therefore a unique solution [Faugeras & Lustman 88] as confirmed by our
experiments.

First pose-estimation

A rigid planar
patch

. Second pose -estimation
T Transformations
Ti

--- Normal to the plane
Fig.2 — Illustration of the ambiguity probie
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In practice, to determinate the right solution, we compute four different screw products between the
four obtained normal vectors. The compatible pair of normal vectors is then the one which minimizes
the absolute value of this product.

However, an ambiguity in the direction of the normals remains. For example, the planes 1 and 3 (see
fig. 3) are parallel but their normals have opposite direction.

)
z ?1

Py

Fig.3 — [llustration of the sign ambiguity
With P, and P’;, defined as:
P =a.x+b.y+cz=0 withn = (a1 b, cl)’ and here n, = (O 0 l)t
P =a' x+b,.y+c'z=0 with n', = (a'1 b, ¢ )t and here n', = (0 0 —1)'

To solve this sign ambiguity, we just apply to the estimated normals the same sign we obtained for the
first estimated normal.
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5 — Summary of the Pose-estimation algorithm

The 3D motion estimation of a rigid planar patch algorithm is summarized here with
flowcharts.

5.1 - General algorithm

Corner tracking between the
first and the second images

¥

First pose-estimation
(From the first and second images)

./
Corner tracking between the second
and the third imaoes

Second pose-estimation
(From the first and third images)

7

Determination of the right solution

End

5.2 — Pose-estimation algorithm

Begin

Least squares estimat@n of the homography

SVD decomposition of the homography

N
v

Determination of the motion and geometrical
parameters of the plane using Tsai method

End

6. Experiments

6.1 - Corner Tracking

We used the corner finding and corner tracker provided by OpenCV. During the initialisation step, if
the video sequence contains significant corners, these routines will find and track them. However, we
can also choose them manually with the mouse (we can add or remove points). In the following
illustrations, the green points are the tracked points.
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6.1.1 — Corner detection

The OpenCV function GoodFeat ur esToTr ack finds corners with big eigenvalues of the corner
strength matrix. The function first calculates the minimal eigenvalue for every pixel of the
source image and then performs non-maxima suppression (only local maxima in 3x3
neighborhood remain). The next step is rejecting the corners with the minimal eigenvalue less
than a threshold. Finally, the function ensures that all the corners found are distanced enough
from one another by getting two strongest features and checking that the distance between the
points is satisfactory. If not, the point is rejected.

For accuracy, one should try to refine the location of the corners to sub-pixel accuracy.

<4 (red) gradient direction
Sub pixel accurate corner
? q Pi f

PT

_> 0 _>

The OpenCV function Fi ndCor ner SubPi x iterates to find the accurate sub-pixel location of a
corner.The core idea of this algorithm is based on the observation that every vector from the center g
to a point p located within a neighborhood of g is orthogonal to the image gradient at p subject to
image and measurement noise. Thus:

&=V, (q-p.)

where VI is the image gradient at the one of the points p in a neighborhood of . The value of g is

to be found such that &, is minimized. A system of equations may be set up with &; ‘s set to zero:
T T
[Z vi, VI, J °q- (Z Vi, VI . p[] =0

where the gradients are summed within a neighborhood (“search window”) of ¢. Calling the first
gradient term G and the second gradient term b gives: g = G~ .b. The algorithm sets the center of

the neighborhood window at this new center g and then iterates until the center keeps within a set
threshold.

Manual selection of additional
features

Significant corners — easily found. Low contrast image

Automatic and manual selection of corners
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6.1.2 — Tracking

The OpenCV function Cal cOpti cal Fl owPyr LK calculates the optical flow between two images
for the given set of points using a hierarchical pyramid approach to handle large motions. The function
finds the flow with sub-pixel accuracy. Both parameters pyrA and pyrB comply with the following
rules: if the image pointer is 0, the function allocates the buffer internally, calculates the pyramid, and
releases the buffer after processing. Otherwise, the function calculates the pyramid and stores it in the
buffer unless the flag CV_LKFLOW PYR_A[ B] _READY is set.

Example 1: “Star sequence”

8 tracked points %

e

frame 0 frame 41 frame 75
10 tracked points ¥ *
frame () frame46 frame75
frame 0 Sframe 10 frame 28 ) frame 48
24 tracked points i Successful corner tracking
. * * over the Star sequence
frame 76 frame 112 frame 121

However, the tracking is not as good when the rotational component of the motion is
Example 2: “Rotation Square sequence”

significant shown below.

frame 0 frame 27 frame 33 frame 39

4 tracked points

frame 59 frame 68 frame 76 frame 83

Problematic corner tracking over the Rotating Square sequence
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As we can see, little by little the four tracked points are lost. They are still representing a
square, but they are not any more corners of the real square, therefore, the corresponding
estimated rotation will be of poor quality. This shows the need for sub-pixel refinement of
corner locations. The resulting tracking is of much better quality as shown below.

4 tracked points

Example 3: “Aerosonde sequence”.

4 tracked points

The motion of this sequence is mainly a translation with a slight rotation.

frame 0

frame 27

frame 33

frame 39

frame 59

frame 68

frame 76

frame 83

Successful corner tracking over the Rotating Square sequence

L

:-;'/' sy &L
frame 0 frame 23 frame 39

ey | Pk % e
frame 59 frame 69 frame 75 frame 80

Successful corner tracking over the Aerosonde sequence (with a manual selection of features)

10
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Example 4: “Indoor sequence.”

frame 0 frame 63 frame 90 frame 126

8 tracked points

frame 153 frame 207 frame 252 frame 279

frame 315 frame 333 frame 387 frame 414

Successful corner tracking over the Indoor sequence (with a manual selection of features).

These various examples show the Lucas-Kanade feature tracker [Shi & Tomasi 94] can perform
adequately. However, a refinement of corner locations is indispensable after each tracking step to keep
an accurate feature tracking over the sequence.

We used the following parameters for the relevant functions:

cvGoodFeaturesToTrack ( img0, m temp([O0] ,
m temp[1] , &m_features([0] [O],
&m_count , 0.01,
10 );

cvFindCornerSubPix ( img0, &m features[0][0], m count,
cv3ize (5,5) , cvSize(-1,-1),

cvTermCriteria( CV_TERMCRIT ITER, 10,
0.1f ));

cvCalcOpticalFlowPyrLK( img0O, imgl,
pyr0, pyrl,
&m_features[I][0], &m features[J][0],
m _count , cvSize(10,10), 3,
&m_status[0], NULL,
cvTermCriteria (CV_TERMCRIT ITER|CV_TERMCRIT EPS
,10,0.1), pyr0 ready ? CV_LKFLOW PYR A READY
0 )

11
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6.2 - Pose-Estimation

6.2.1 —Transformations

After having estimated the 3D transformation from three images of a planar patch, we
obtain the translation, the rotation and the normal parameters to the plane.
For a better illustration and also to show the stability of the pose-estimation process through
the sequence, we represent the normal parameters with respect to the initial coordinates
system (related to the initial position of the camera). This involves the following.

First

‘L iteration?

- 4 The current normal has
Recording of the sign of the — the same direction than

maximum in absolute value of the the last?
estimated normal c?mponents ¢

First N current normal = -current normal
\Z iteration? / v

Total transformation = Total transformation ® =
current transformation current transformation

.. —- - 3D transformations
Application of the total transformation to the /
estimated normal

W .
. . 2D transformations
Application of the current transformation to %

the estimated 2D points

End

——  Determination of the normal sign
Transformation

12
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6.2.2 — Estimation results

Example 1: Aerosonde sequence with 4 points

——Point 1
—— Point 2

Point 3
. Point4

— Point 1
— Point 2

Point 3
-~ Point4

0
0 10 20 30 40 50 60 70 8o 90" 0 10 20 30 40 50 60 70 80 90 M

300
300
250
250
——Point 1
—PZ::t 2 200 , —Point 1
Poi —— Point 2
oAl 150 ponts
-~ Point 4
1007
0 frames
0 10 20 30 40 50 60 70 80 90

0
0 10 20 30 40 50 60 70 80 90"
Tracked points

Estimated points

Estimation of 2D points positions from the estimated 3D transformation on the Aerosonde sequence (4 tracked
points). This is one simple “sanity check” is to re-project and compare with the original tracked points.

13
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Diff

-2

-6
-8
-10

1 -
AbonvsrO®O

.

1

1

.

.

< x

Frames

Diff

Frames

ff

Frames

Diff

Frames

Errors between the tracked points and the estimated points The increase in
discrepancy towards the end of the sequence appears to be due to tracking error : it is
something that needs investigating further

14
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The three components of the estimated normal:

0.03

0.02

0.9999
0.9998

0.03

0.02

0.01

-0.01

-0.02

-0.03

sequence (4 tracked points)
We have normalized the estimated normal. We have obtained a normal close to: 7 = (O 1 O)Z.

Since the plane did not changed orientation with respect to the ground plane, significantly, during the sequence,
these results are encouraging. The standard deviations of the three normal components are 6,=0.003872,
65=0.000037, 6c=0.005257 which show a satisfactory estimation stability.

15
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Example 2: Square sequence:

Experiments such as the above are not that informative if we do not have precise ground truth.
Here we provide results of experiments with more artificial data.

——Point 1
——Point 2

Point 3
—— Point 4

0 5 10 15 20 25 30 35 40 45

——Point 1
——Point 2

Point 3
——— Point 4

——Point 1
——Point 2

Point 3
—— Point 4

0 5 10 15 20 25 30 35 40 45

10

15 20 25 30

35

40

45

——Point 1
——Point 2

Point 3
———Point 4

Tracked points

Estimated points

Estimation of 2D points positions from the estimated 3D transformation on the Square

sequence (4 tracked points).

16
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20
16
12
Diff 8
I g X
R S B e e 16 8\ 7R ~ 4 S 115 1 5 A B B AN A8 6 X4 1 W PN, 6 B N Y S N L L L L L L Y
-8
-12
-16
-20
Frames
Diff
X
....... Y
Frames
Diff X
....... Y

Frames

Diff 4

-8
-12
-16
-20

N
AoroRmod
.
:
.
.
< X

Frames

Errors between the tracked points and the estimated points

17
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Around the frame 15, we can notice that the error between the tracked points and the estimated points
is about 17 pixels. This important error is due to the poor video sequence quality.

The three components of the estimated normal are as follows:

1.0003

1.0002

1.0001

0.9999

0.9998

Estimation of the normaln = (A, B,C )t to the plane on the Square sequence (4 tracked
points)
The standard deviations of the three normal components are 6,=0.004188, 65=0.000043, 6c=0.003047, thus the
same accuracy is achieved here.

18
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Example 3: Aerosonde sequence with several points:

—Point 1 ~ N —Point 1
——Point 2 ——Point 2

Point 3 Point 3
———Point 4 —— Point 4
——Point 5 ——Point 5
——Point 6 ——Point 6
——Point 7 ——Point 7
——Point 8 ——Point 8

——Point 1 ——Point 1
——Point 2 ——Point 2

Point 3 Point 3
——Point 4 ———Point 4
——Point 5 - — ——Point 5
—Point 6 = —Point 6
——Point 7 - ——Point 7
—Point 8 = —Point 8

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Tracked points Estimated points

Estimation of 2D points positions from the estimated 3D transformation on the Aerosonde sequence (8
tracked points).

19
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The three components of the estimated normal:

0.03

0.02

0.01

-0.01

-0.02

-0.03
9997

9998

9999

0001

0002

faTaTale

0.02

0.01

-0.01

-0.02

-0.03

Estimation of the normal n = (A, B,C )z to the plane on the Aerosonde sequence (8
tracked points)
The standard deviations of the three normal components are 6,=0.008937, ©3=0.000217,
06c=0.003686. The results obtained with four points are of equivalent quality as shown in example 1.
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6.2.3 - Comparison between Mahony method and Tsai method

In this section, we compare the pose-estimation results we have obtained using a SVD method
[Tsai & Huang 82] with a recursive approach developed by Mahony [Mahony & Suter 01].
The former method offers a closed-form solution to the pose-estimation problem without any
filtering stage. It is therefore much less costly than the latter.

Manual Extraction of features
B00
200
4004 — Pairt 1
— Paint 2
¥
300 Paint 3
200 —_— — Pairt 4
100
u]
u] 100 200 300 400 S00 E00 pjaln]
b
Mahony method using manual extraction of features
GO0
500
400
— Paint1
v 300 — Paoint 2
Faint 3
200 — Point 4
100
1]
1] 100 200 300 400 500 G600 oo
X
T=ai method using manual extraction of features
G600
a00
400 -
— Paoint1
v 300 — Point 2
Foint 3
200 — Point 4
100
1]
1] 100 200 300 400 500 600 oo
X

Estimated 2D point positions from the 3D transformation on the Aerosonde sequence

21
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On the top, are the trajectories of four point features from the Aerosonde sequence. These features have been
manually extracted in 2001. On the bottom, are shown both the pose-estimation results obtained by Mahony
method and by Tsai method respectively. We can notice that, in the first iterations, the 2D trajectories estimated
by Mahony method are noisier than the results we have obtained with Tsai method. However, because of its
recursive nature, the estimated trajectories of Mahony method are significantly improved over time. One could
adopt some recursive smoothing into the currently investigated method.

The figure below shows the 2D trajectories we have obtained using the Lucas-Kanade [Shi & Tomasi 94] feature
tracker combined with a sub-pixel corner location refinement. These trajectories are smoother than the manually
extracted ones and lead to a significant improvement in pose-estimation accuracy by Tsai method as shown on
the bottom of this figure.

Tracked Points

240
200

— Paoint1

+180 — Paint 2

Paint 3

o s Foint 4
al
i

1] a0 100 140 200 240 300 350
"
Estimated Points (Tsai method)

250

200 S \(\

525555”1-.5555 —Pairt 1

y 130 s g

;/Ba Poirtt 3

joo EEEEEEEE B T P e Point 4
50 'ﬁ--{x%ﬁﬁ .....
0 |
i 50 100 150 200 250 300 350

Estimation of 2D points positions from the 3D transformation on the Aerosonde sequence with Tsai method

22
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Conclusion

We have shown through experiments on real image sequence that the SVD pose-estimation method of
Tsai gives satisfactory results in carefully controlled experiments with ground truth available. The
Lucas-Kanade corner tracking algorithm combined with a sub-pixel corner local refinement (available
in OpenCYV library) performed reasonably well even on tough sequences. In this regard, since we have
used automatic point tracking, the results and method presented here are more reasonable than the
implementation of the method to which he hoped to compare [Mahony and Suter 01]. The intention of
this work was to ultimately compare the two methods more fairly and conclusively. Moreover, the aim
included integrating these approaches with the work of another part of the project [Tung, Suter & Bab-
hadiashar 03]. However, time and other factors, meant that this was not possible.

It is hoped that the software developed here, supplemented by the documentation in the appendix to
this report, will be of use for further research in this area.
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Appendix

User interface and Implementation Details

System sequence diagram:

Application Bitmap Tracker Pose-estimation OpenGL
i i i i i
| | | | |
' : : : :

Mouse click ' : : !
Set frames :
Current :
frame :
|
|
Get tracked i
Get frames OTners !
|
|
|
|
|

[}
Traclked corners

]
Estimated}motion and gedmetry

parameters |

[}
Tracked corners

Visual
in ations

l:stlmatn:ad plane
Estimated BD motion
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Interface appearance and general flowchart

AVI streaming

) Captured frame
Control streaming

| Control processing

Application controls Frames viewer

=10l x|

& AeroSoit D\ ¥idro)5eql.avi

0.00/10.00

— Contral
= - Flpent — Shatistier — et |-

Cloze | Configurations

0, 00016
{ A
J
T e ....0,.00000
i | 0, D00ak4
Y ! C
X )

|302x158 I 2xD. ID_SBH.SD
+ *
Lo
H 4-3-»

OpenGL, OpenGL, OpenGL, OpenGL,

2D representation 3D representation Normal components of 3D motion of

of the tracked corners of the estimated plane the estimated plane the estimated

and the projection of aircraft
estimated 3D points

Aircraft pose-estimation interface
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This interface is based on the following flowchart:

Video sequence opening

With default point
Tracker initialisatiovn for the first frame - nulmbef (3)) poin
\ 4
Event loop Zl
End
Event loop flowchart:
Begin
v <
Show - Refresh contents
configuration? d Show the dialog box Y
Are the
configurations
changed?
Using posted
messages \
Refresh contents of
the main dialog box
| >
Refresh contents -
Show the dialog box
Close the
ial ?
Show data? dialog box
\ 2
Hide this dialog box
See section IV.3.2.1 I
Stepping forward/backward
in the bitmap images
I
—
Add or remove - See section [V.3.2.2
tracked points? ' Add / remove points
I
End
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Video Sequence reading flowchart:

Opening of the AVI file
A\ 2

Does the corresponding
bitmap files exist?

Convert AVI file into BMP files

I e
Next frame Corner tracking
A
7
@ Are there enough corners (4 minimum

per image) and images (3 minimum)?

|

v
Estimation of the 3D motion

parameters
|
7 .
Are there still
frames to process?
End
Objects architecture
Dialog Box
CMyBitmap
CConvert CMyAVlvideo
CMyAVlvid
o YA VVIECO CMyTracker CMyOpenGL2D
CIOWAUSUTS
CMyOpenGL3D
CConfiguration CMyEstimation
CMyOpenGLCurve
CData CMyOpenGLAircraft
Objects Architecture

] Control Dialog boxes

] Invisible objects (used for corner tracking and motion estimation)

Visible objects (used for results representation)
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Control Dialog boxes

File conversion

Dialog box look:

Files create list

Progress bar '—\

_

Current frame

Statistics

Dimension of the current sequence

Number of frames of the sequence

Id of the current selected point
(with the mouse)

104

Total &

Paints |4

Cloze

Selected Paint INC'l point

create
ASeqlha2 b =
ASeqlh031 bmp
ASeqlW0230Amp
ASeqlh024 bmp
ASeqlh023 bmp 4
ASeqlhW027 bmp s
ASeqlh026 bmp
ASeq14025.bmp " Control buttons
ASeqls024 bmp :
\Geq1\023 bmp — :I/ (Start the conversion
.tgecq tg%ggmp and close the dialog
ASeq bmp
M\Seqlh020.bmp | Fermer | box)
s ] Name of the current file
Mame File [BfidentSeq | | _——  Current frame
1
. I3E:EI><288 —
Current Frame |~ Number of tracked points
A

This dialog box gives some useful mformation about the current video sequence.

Set the zoom of the 2D-OpenGL
representation

Visualization of the 2D estimations

Visualization of the bitmap viewer

Confiqurations

Zoom OpenGL2D —I 0

L

Rezet OpenGL 20 |

W igwer

Cloze I

Apply

BT

\Hesetﬂpﬁ il B

E|

= S M I E—
%%ID

v Estimations 20
—_—

Set the number of
tracked points

Set the zoom of the 3D-OpenGL
representation

Reset the view (zoom and
position) of the OpenGL views

If a new point is added (by a click on the current image), its coordinates are unknown.
Therefore, we have to initialise again the tracking with the proper number of tracked points.
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Data
Id A
Rt 0 7EE4  105.73
Rt 10233 20032 A
pt 2 22256 1B
Rt 3 20002 75
Current calculated
normal to the plane N
>~ | B [ c |
0.0005 1.0000  -0.0028

Close

pata______ x|
/—{ Current tracked points

The three dialog boxes are managed with accessor functions to refresh their content.

Corner tracking process:

Does the bitmap
array exist?

A 7

Convert the current bitmap
image into Ipl image

Y

First iteration or

With a flipping of the image
since bitmap files have
inverted coordinates

L 4

asked reset?

Initialise the corner tracker

L7

Follow tracked points

L7

Convert the current Ipl
image into bitmap image

17

Increment the tracker indicator

End
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Token Tracker initialization:

Temporary images creation

Y
Current colour image
Using the OpenCV function: conversion into grey image
cvGoodFeaturesToTrack v

Determination of the most
significant points

Y

Were points

Using the OpenCV function:
cvFindCornerSubPix

found?

L 4

Refine corner location

End
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Token Tracking:

Do the

A 72

Creation of the images

images exist?

Images swap

v

- Follow of the tracked points
- Refine corners

Update of the point coordinates

Add a point:

g

Adjust the coordinates of the point
(Its coordinates are parameters)

72
Is the point valid?

A7

Adjust the coordinates of the point
(Its coordinates are parameters)

Y

Add those coordinates behind the
others.

Remove a point:

End

Begin

Using the OpenCV functions:
cvCalcOpticalFlowPyrLK
and

cvFindCornerSubPix

Using the OpenCV function:
cvFindCornerSubPix

As we can see, we adjust the
coordinates of the point: for
instance, when we use the mouse to
add a point (click in the image) we
cannot select a corner accurately, so
the OpenCV routine adjusts the
point coordinates.

Match the id of the selected point by the mouse

Y

Remove the corresponding id

End
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Tracking and Pose Representations

{)'xfﬁﬁ

2D perspective projections

0. 000006

A N N I |
. 0.000000

B | I I 5 O I |
L _0.000005

C N I I I

Normal components

3D motion

3D motion

@——— Tracked points (connected points)
: Estimated points (using the estimated 3D transformations)
Wrong estimated points (rejected through the ambiguity
& - resolution).

The right estimated plane
The wrong estimated plane (rejected through the
ambiguity resolution)

In this representation, we can see the estimated normal with respect
to the first coordinate system related to the initial position / orientation of the
camera .

e First component of the estimated normal: A
P Second component of the estimated normal: B
Third component of the estimated normal: C

We can see the evolution over time of the three components of the
current estimated normal.

This last OpenGL representation shows the estimated pose of the
aircraft over the sequence.
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