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ABSTRACT

This paper presents a dynamic hyperboloidal mapping model aimed at building image of electronic navigational
chart which constitutes an equivalent to that obtained from a hypercatadioptric camera system. In the Ist part,
space and three reference frames located in it are defined. These are: the observer frame and horizontal topocentric
frame considered secondary (both connected with water-surface platform), and the geocentric frame, primary one.
The 2nd part provides description of a way of interconnection between the observer frame and horizontal topocentric
one as well as of determination of their location in relation to the geocentric reference frame, depending on course
and position of water-surface platform. In the final part is presented a model of panoramic image mapping in the
observer reference frame and principles of generating ENC image by using dynamic hyperboloidal mapping. Finally,
conclusions indicating possible applications of the developed model are presented.
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INTRODUCTION

Electronic navigational chart (ENC ) is today a basic
source of information on marine environment for navigator
on almost every ship. On its basis he plans and monitors ship
voyage. Additionally, already during the voyage, he makes
use of it for conducting terrestrial navigation called also
comparative observational one. He then compares selected
spatial objects contained in the ENC (which represent e.g.
navigational marks, coastal line edges and wave breakers, or
emerging separate navigational obstacles) with those actually
observed, recognizing this way a coast and next determines
his ship position against the identified objects. It could be
metaphorically said that performing the comparative optical
navigation process he serves asa measuring instrument (e.g.
an image recording camera) as well as a computer processing
the recorded actual image together with selected patterns
comprised in the ENC in order to compare them to each other
and then to determine against the identified positions.

In the last years image recognition and its use as a basic
source of information on environment has been a subject of
extensive research especially in the area of photogrammetry
and robotics - an interdisciplinary scientific field of mechanics,
automation, electronics, cybernetics and informatics.

However maritime navigation purposes in the area of
image computerized processing are satisfied only partially
and deal a.o. with ENC visualization in ECDIS, comparative
navigation carried out on the basis of radar image, methods

of presentation of sea bed sonar images as well as evaluation
of limitations in satellite positioning [8, 11, 12, 14].

Rather scarce investigations concerning image processing
are focussed only on automation of the process of keeping the
ship along the water path axis, on line towards a navigation
mark, in a given navigation light sector, assessment of accuracy
in determining navigational parameters by using CCD camera
as well as optical methods for anti-terroristic protection of
ships [2, 3,4, 5,6,7,9, 10, 13].

It may be observed that there is a lack of scientific research
in which an attempt would be made toward implementing the
existing solutions or developing novel ones in the domain of
computerized image processing or analytical photogrammetry,
aimed at developing a comparative optical system intended
for e.g. the position determining of a water-surface platform
manoeuvring in coastal zone, or a panoramic optical system
serving a role of the so called passive navigational radar.

This paper presents a model of ENC dynamic hyberboloidal
mapping for creating an image which would be equivalent
to that achievable from a hypercatadioptric camera system
composed of a hyperbolic mirror and a panoramic camera
CCD.

The developed ENC mapping model is based on two
projection surfaces (hyperboloid and plane) and two projection
centres (hyperboloid focus and camera lens focus) connected
with water-surface platform.

As assumed, the model should be able first of all to serve as
a theoretical basis for the dynamic hyperboloidal cartographic
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mapping of ENC, which is dedicated to comparative optical
systems to be used in the future on water surface platforms.
Secondly, it should provide a theoretical basis for projection of
an image available from a panoramic optical system for ship
traffic monitoring (which determines position and motion
parameters of ships).

DETERMINATION OF SPACE AND
REFERENCE FRAMES

Let E’ be 3- dimensional Euclidian space over a body
of real numbers R, E’ - associated Euclidian space, O
- a point of E’ ,a (el ,€,,€5 ) - an orthogonal normal base
of E*.The below written system will be called the orthogonal
Cartesian reference frame ( a global datum point) of A space:

3 :{O’(el’ez’e3)}- (1

The point O will determine its origin (or base point ) and
(e1 , 62,63) - base of the system 3.

Let 3 be the fixed reference frame of the space E’. The
set of numbers (X, ),z) determines orthogonal Cartesian

coordinates of the point P in relation to the reference frame
3, and:

Pzﬁzxe1+ye2+ze3, @)

location vector of P against 3.

Let 3=10,(e,,e,.e,)} and ' ={0",(e], e}, ¢})}
be two orthogonal Cartesian reference frames of E’ space.

The reference frame J (further called geocentric one)
will be connected with the Earth in such a way as its versors
€,,e,, e, will respectively determine the axes OX, OY, OZ
of the frame. The axis will coincide with the Earth rotation
axis. The remaining axes (OX and OY ) will lay on the Equator
plane, whereas the axis OX will lay in the 0° meridian plane,
and the axis OY - in the 90°E meridian plane (also known as
the Earth-centred, Earth-fixed coordinate system) [1].

The reference frame 3’ (further called the observer
reference frame) will be connected with the water-surface
platform position P (more precisely - with position of
apanoramic optical system fixed with hull of the water-surface
platform ) and its origin and base will be determined in relation

to the reference frame 3 .

3
Fig. 1. Mutual arrangement of the reference frames T’ and I ofthe space E
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Let the observer reference frame '

be in turn
connected with the horizontal topocentric reference frame
g = {OH,(e?,e;{,e?)} (also known as the local East-
North-Up Cartesian coordinate system).

The horizontal topocentric reference frame 3" will be
obtained as a result of transformation of 3 = {O, (e1 ,€,,€; )}
The transformation will be composed of the translation of
{OH, (e}{,e;{,e?)} against I and the rotation of " with
the origin O" = P against the frame {OH, (el,ez,eS)}. The
transformation will be described by the translation vector
£ =00" of the point O to the point O" as well as the
rotation matrix My of the base (e{{,e?,e?) against the
base (el,ez,e3).

A
z
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2 el €5
Yo" =p
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0 v o R
Y
A
el
X
3 a3
Fig. 2. Mutual arrangement of the reference frames and

The base (ef,e?,e?) will be formed as a result of the
parametrizing of the 3-dimensional domain V by means of
the spherical coordinates and7,4 and . The parametrizing
function (map) of the domain V in relation to the reference
frame I will be described as follows:

P =rcosycosie, +rcosysinie, +rsinye,. ©)

As a result of calculation of derivatives of the function
(3) against A, i/, r, the following local base vectors in the
three-dimensional domain'V will be achieved:

g,=—rcosysinle +rcosycosie,, @)
g, =—rcosycosle —rsinysinle,+rcosye;, (5)
g =cosy cosie +cosysinie,+sinye,, (6)

which, after their normalization

e"=8 _ inje, +cosle,, @
2]
ey =g—“’=—sint//cos/1el—sinwsinle2+cos://e3,
2| ®)
7]
el = ir =cosy cosie, +cosysinle, +sinye,,
r )

will constitute the base 3" ,for every point on the Earth surface,
of known geocentric latitude ¥ and geographic longitude 4.In
order to facilitate further calculations the rotation of the base
of the reference frame 3 against the base 3" will be described
by means of the complex matrix of rotation as follows:

—sinA cosA 0 0
.y | —sinpcosAd  —sinysind cosy 0| (10
My = . . ,
cosycosA  cosysind  sinyg 0O
0 0 0 1
where:

¥ - geocentric latitude of the point P,
A - geographic longitude of the point P.

CONNECTION OF THE HORIZONTAL
TOPOCENTRIC REFERENCE FRAME WITH
WATER-SURFACE PLATFORM

Let be known an actual heading HDG and position (the
geocentric latitude ¥ geographic longitude 1) of the point
P in relation to the reference frame 3. Let the point P
determine the centres of 3" andJ’, and 4, = HDG change
sense of the versors e} and e (at unchangeable e} ) of the
base of horizontal topocentric reference frame 3" by means
of the following matrix of rotation:

cosd, sin4, 0 0

M(I{I“) _ —sin4, cosd4, 0 0 ’ (1)
0 0 1 0
0 0 0 1

determining this way the base (e;’e;ae;) of the observer
reference frame J'.
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) North Pole

Fig. 3. Graphical interpretation of transformation of the

base of the horizontal topocentric reference frame 3
into the base of the observer reference frame 3'

South Pole

The transformation of the base of the reference frame J,
successively into the base of 3", 3, will be described by means
of the following complex matrix of rotation:

—sin4, siny cosA—cos4, sind cos4, cosA—sinA, sinysind  sin4, cosy 0

—sin4, sinl—cos4, sincosi —sinA, cosl—cos4, sinysini cos4, cosy 0
cosy cosA cosy sind siny 0l

0 0 0 1

As assumed, all geometrical transformations will be

(12)
Mg W, AO) — M(lfu )Mg’s'//) - =

conducted on the basis of homogeneous, orthogonal Cartesian

coordinates which enable to join rotations and simultaneously
to scale (dilatation) with translation. In the case of the examined R
—¥, | - matrix of translation of the

transformations, the assumption will make it possible to join M© =
point Q into the pointQ'= Q" = p

(l,(//,AO

0

1

oS O = O
S = O O

1
0
together the rotation matrix M )and translation matrix ! 0
M(Té) ( which represents the vector & = 00"M). As a result of 0
combining the two transformations the final complex matrix
of geometrical transformations, M5 _, 5 , which enables to
transform the base and origin of J = {0,(61,62,63 )} into
the base and origin of J' = {O', (e’l,e'z,e; )}, will be obtained: xj =—sin A, sin y cos 1 —cos A4, sin 4,

e =(x],7].2)),

v, =cos 4, cos A —sin A4, sin y sin 4,
= 20 ) —
M, . =MIMro) =

R r .
z,=sin A, cos y ;

’ ! ’ ’ ’ ’
Xy & - (xzxo T YV Z]ZO) e, = (x),),2))
X’ ’ Z' _( ’ + ' ' ) (13) 2 20 2042)
X2 ) 2 XyXg + V2o + 252, , . . .
- ’ ’ ' 1 ' 1 , X2=—SIIIAO Slnl—COSAOSIIl),COS/l,
X3 Vs Zz T (x3x0 T Y3Vt 2320) , ) . .
0 0 0 1 y, =—sin 4, cos A —cos A4, sin y sin 1,

’ .
z, =cos A, cos y ;
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e; = (x},v5,2}),
Xy =cosy cos 4,
Yy =cos y sin 1,
zi=siny;
0'=0"=P=(x,,7,,2,).

MODEL OF THE PANORAMIC IMAGE
MAPPING IN THE OBSERVER REFERENCE
FRAME

On the basis of the assumption that image should be
generated around a ship of changeable position it is proposed
to rigidly fix a hypercatadioptric camera system with the
observer reference frame J'.

A position of hyperboloidal mirror surface S against J'

will be determined by using the following relations:

P"cE’, P"=0'+ x'el +y'e, +z'e}, (x', V', z’)e R’?
S =

m

(Z'—Cm)z _x12+yv2 4
a b -

m m

(X,, yv’ Z’)

(14)

where:

c, =,/a,i +b,f, ,

a,, - is the semi-major axis of the hyperbola,
™ - is the semi-minor axis of the hyperbola.

And, the relations:

P eE’, P =0+ x|+ y'e,+(2¢, + f)e,, (x', y')e R?
m=:0"=(0,0,2¢, + 1) :
3" ={0" (el.e))

(15)

will determine , against the 3, the pr?gection plane[] (of
CCD camera matrix), the focal point Q" and the reference
frame of projection plane S where f is the focal length of
camera .

The mapping of an arbitrary point P’ =[x, y, 2, 1]" into
the point P" = [xm, ', z", I]T located on the hyperboloidal
mirror surface S will be conducted by means of the mapping
matrix I:

k, 0 0 0
M., . = 0 £k, O 0’ 6)
" 0 0 £, O
0 0 0 1
where:
2
kmzlb—m,P’.
a.lP|-c.z A7)

The next, successive mapping of the
point P =[x"’,y’”,z"’,1]T located on the
hyperboloidal mirror surface S, into the
point P" = [x”, ¥, 2", 1]T located on the
projection plane IT will be performed by using
the mapping matrix II:

’
Fig. 4. Arrangement of the optical system elements in relation to the ' and the

hypercatadioptric projection model

ky O 0 0
- 0 ky 0 O , 18
Sm—>3 0 0 kl‘[ 0
0O O 0 1
where:
S m
k, =——P". 19
L +2c, 19
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The image of the point I1 achieved on the projection plane
IT will be inverted by 180" against e’;. Owing to this its spatial
orientation will coincide with the actual heading HDG of the
water-surface platform.

To facilitate the calculations it was assumed that the
mapping P' > P™ — P" will be performed by means of
a single mapping matrix combined of the mapping matrix I
and the mapping matrix II:

k. 0 0 0
0 k,; 0
M, .= : (20)
S =3 O O ka—[ O
0 0 0 1
where:
k= — brif
i (ai +c, )Z' +2a,c,[P| (21)

PRODUCING AN IMAGE OF ELECTRONIC
NAVIGATIONAL CHART IN DYNAMIC
HYPERBOLOIDAL MAPPING

Producing process of ENC image on the water surface
platform in motion must be preceded by determination of its
actual heading HDG, e.g. by using a gyro-compass , as well as
its position P (usually described by the ellipsoidal coordinates:
@, A and, additionally, by a pre-set ellipsoidal height H
of CCD camera matrix) against the J, e.g. with the use of
an inertial system. On the basis of the obtained parameters,
should be determined J - origin coordinates against the J,
expressed in the geocentric orthogonal Cartesian coordinates
and spherical ones. To this end the following relations may

be used:
a
———————+ H |-cos@-cosi
[ 1—¢’ -sin’¢p J
o 22
P=|y, |= 4 iH -cosg-sind |, @2)
1-¢’ -sin’p
2y
4-(1—e2)+H -sing
1—e’ -sin’p

p_| V]| areel —— (23)
Al NSRS AR

A

where : a - length of semi-major axis of reference
ellipsoid, e - square of its st eccentric (for WGS-84
ellipsoid @ =6378137.0 m and e = 0.006943800229 should

be taken). On the basis of the orthogonal Cartesian coordinates
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(x),5,2,) and the spherical ones (, 1) of the point P, obtained
this way, as well as the actual heading 4, = HDG , elements
of the complex matrix M., , transforming I into J' (13)
should be developed.

Next, by applying the relation (22 ), the ellipsoidal
coordinates (¢, 4, H, =0) should be changed into the
orthogonal Cartesian coordinates (x,31.2,) of all the points
which represent ( in a vectorial form ) geometrical objects
contained in ENC. The so changed coordinates describing
geometrical objects in orthogonal Cartesian coordinates in
relation to I, should be transformed into 3 by using the
matrix M.

After transformation of all coordinates of ENC geometrical
objects into the reference frame ', the final , based on them,
operation which results in the creating of the “map-like” image
on the hyperboloidal mirror and , subsequently , on the CCD
camera matrix, by means of the matrix M, . (20), will be
performed. o

Fig. 5 presents two “map-like” images (including only
coastal line edges) generated with the use of the application
developed by this author, the first - in the Mercator mapping
system and the other - in the dynamic hyperboloidal mapping
system, both based on the ENC basic cell of port of Gdynia
(,PLGDYNA.000”).

a)

b)

Fig. 5. ENC map-like images of port of Gdynia , generated : a) in the Mercator
mapping system, b) in the dynamic hyperboloidal mapping system

CONCLUSIONS

The developed mapping model may be implemented In the
future into optical comparative systems as well as panoramic
optical systems for ship traffic monitoring.

The optical comparative system could be applied on
water-surface platforms manoeuvring in coastal zone
(including unattended platforms), as an autonomic
system or that supporting other navigational systems
(e.g. Loran C or GPS) in circumstances which
exclude any use of the above mentioned systems.



The panoramic optical system for ship traffic monitoring could
be installed on water-surface platforms as well as land-based
systems for ship traffic control and supervision (i.e. Vessel
Traffic Service - VTS) in good visibility conditions, also as
an autonomic system or that supporting other radar system.
The developed cartographic mapping system is untypical
because in it two projection surfaces (of hyperboloidal
mirror and CCD matrix plane) and two projection centres
(hyperboloid focus and camera lens focus) are used, as well as
due to the fixing of the projection system with the water-surface
platform (this is why it is named “dynamic mapping®). For this
reason any attempt to apply the mapping in the optical system
for ship traffic monitoring should be preceded by additional
investigations connected with assessment of a character of its
mapping ability distortions (especially concerning distance).

A research team of Navigation and Marine Hydrography
Institute, Polish Naval Academy, presently carries out
assessment tests on usability of the developed ENC
mapping model for optical comparative methods of position
determination of water-surface platform (also autonomic one)
in harbour areas as well as usability of optical comparative
methods for determination of water-surface platform position
against quay during mooring (unmooring) manoeuvre.

Preliminary results of the tests in question are promising
and - after completing whole the project - its results will be
submitted for publication.
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