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GEOMETRICAL CORRECTION AND GEO-REFERENCING
FOR AUTOMATIC MAP DATA ENTRY

NGO QUOC TAO

Abstract. Thls paper presents the method of Geometrical Correction and Geo-referencing for Auto-
matlc Map Data Entry. We propose the method to find linear and polynomlal transformations. We
transform relative coordinate system maps vectorlzed into maps of projection coordinate systems. Be-
slde, we use this method to merge two pages of an Image (a map) Into a page. The paper also present
the selecting most appropriate projection-best fitting, This technlque is implemented in the software
packages MapScan and POPMAP, This technique Is applled to maps such as topography, hydrogra-
phy, transportation, satellite maps, etc., Besides it Is aleo used for geometrical correction of technlcal
drawings, electronic circuits, fingerprints, etc..

1. INTRODUCTION

For automatic and semi-automatic map data entry systemy the rubber sheeting correction
and transforming relative coordinate map into real-world coordinate map with projection are very
important. A map is the presentation of earth shape. There are many algorithms for rubber sheeting
correction such as affine or polynomial transformations. In the software package MapScan, we use
only the linear and bilinear transformations. These transformations are used in most of geographic
information systems. In order to define these transformation, we can apply the root mean square
method. Then we can compute effects of polynomial transformations. In order to transform a relative
coordinate map to the real-world coordinate map, we choose special points in the relative coordinate
map that we know the real coordinates of these points. We consider these points as control points.
We use linear or polynomial transformations from the relative coordinate map to the real-world
coordinate map.

After the vectorization process the map is in a relative coordinate system (plain z,y). The
map is geo-referenced at this stage in order to convert the generated vector data into the real-world
coordinate system using known ground control points and information about the map projection. For
a given set of control points, the first component is a point in the relative coordinate source map
and the second component is a point in the real-world coordinate systems. We must use the library
GOTP [14] (General Cartographic Transformation Package: National Mapping Program Technical
Instrudtions, U.S. Geological Survey, National Mapping Division) to convert the units of the second
components of the set of control points into a necessary units of user. There are about thirty standard
projections in this library such as UTM (Universal Transverse Mercator), Mercator, Albert, Lambert,
Conig, etc.. ;

We can transform a projection of a map. Each projection of a map needs less than 13 pa-
rameters. The parameters of the projection of the map can be Radius of reference sphere (6870997
meters), Latitude of the standard parallel, Latitude of the first standard parallel, Latitude of the second
standard parallel, CentMer Longitude of the central meridian, OriginLat Latitude of the projection
origin, False easting in the same units as the semi-major azis, False northing in the same units
as the semi-major azis, TrueScale, Latitude of true scale, Longitude down below pole of map, Scale
factor at central meridian (Transverse Mercator) or center of projection (Hotine Oblique Mercator).
CentLon Longitude of center of orojection. CenterLat Latitude of center of projection. Height of
plerspective point, Longitude of first point on center line (Hotine Oblique Mercator, format A) ete..
The parameters of each projection are supplied by users.

Sometime we don't know exactly the projection of maps vectorised/digitized. Therefore we
must recognize the projection of maps. We can do it by using RMS errors. We can choose some
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control points and extract parameters from these control points. Depending on the parameters, we
can choose 10 projections having smallest root mean squares that are called the best projections (the
best fitting projection).

In the Section 2 we discuss the detail of the rubber sheeting correction. In the Section 3, we
introduce the combining of projection and rubber sheeting correction. Section 4 discusses the auto-
matic defining of best appropriate projection. In the Section 5, we discuss the result of implementing
the rubber sheeting map correction and map projections.

2. THE METHOD OF RUBBER SHEETING CORRECTION

Definition 2.1 (Control points). A control point is a pair (p, p') of points in two-dimension Euclidean
space, where p is a point in a relative coordinate map and p' is a point in the earth surface with some
projection. We call p and p' the first and second component of control point (p, p).

The polynomial method ‘

Let p = (2,y) be a point, we need define a point p’ = (2',y/), where 2',y’ are functions of
z,y. We have a control point ((z,y), (f1(z,y), fa(2,y)). Now we need determine function f; : R? -
R, 1= 1,2, where

fulmy) = Y aff oty (1)
i+j8n
In order to determine a polynomial with degree n, we need (n + 1)(n + 2)/2 parameters,
Therefore we need (n -+ 1)(n + 2)/2 control points to define the function f;.

The linear method

Replacing n = 1 to equation (1), we obtain the following linear method

{ v = fi(2,y) = aly) @ + al}) y + aly)
ya = fa(z,y) = aly &+ al} y + af)

The bilinear method

Replacing n = 2 to equation (1) we obtain following bilinear method

(n o = el vl ol e

va = fi(m,y) = afd) 2 + of ay + o) y? + aff) 2 + af} y + aff)
Calculating Error for each and for all the control points

Definition 2.2. Error RMS (Root Mean Square) of a transformation for a set of control points
Cp = {((=, %), (=}, ¥!))}. In the case of the theoretical model z' = fi(z,y), ¥ = fa(z,y), then the
errors for each and all control points are written as follow:

i=]1

RMS (Cp) = J %fl [(fulmi,w) = 2)3 + (falmiow) = 9)7] . (2)

The basic idea of rubber sheeting correction is to define the parameters a;; of the transformation
from equation (1) so that RMS (C,) is minimum. We show that parameters which are deduced [9]

for linear transformation are not correct. Therefore, we determine the general formulation of af,',',).

'In order to determine a,(,'.;) p,q = T;n we use the smallest root square. By replacing (1) into (2) we
have the following equation:

Error (px) = ( Z aﬁ-' zh, yi, - :l:.'.,)2 + ( Z a}?) o, v — !Ji,)2
i+s5<n t+isn
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a.n:li

RMS () = J VU Y e+ (T @esi-u)]. @

k=1 {45<n i+iSn

The partial derivative of RMS?(C,,) with respect to a,(p‘q’ is equal to 0, where [ = 1,2, p+¢ < n.
We have the following linear system:

b “S)“rp!‘{.ﬂ-”f.zﬁvﬂ) =0,p+g<n, 0<p,g<n
k=1 {+j<n {4)

m
b :(¢+Z:s a{f) aftP Yty 2P yf) =0, p+q<n, 0<pg< n
= J7<n

The equation (4) can be written into two linear equation systems as follows

m m
{ & a3 it = S detut pra<m b= T ()
i+1<n k=1 k=1
GHd 3 m , m
{ 2 ol 1A=y d eyl ptasn iy =Tn. (5b)
i+5<n k=1 k=1

Let us denote

m
k k k §
"5(3.:') = “f(:') ! Al[i[i].:').f’(p.c) = ; zkﬂ yiﬂ !
- (6)

n n
1 2
64"(3.41 = E Zh Ty Ui » 55(,},.¢) - E Yh Tk Vi

where 8(; ;) = (¥ +7)* (¢ + 7 + 1)/2 + 5. We can prove that 0(i, ;) is uniquely defined for each pair
("nJ.)'

By replacing the equation (6) into (5a) and (5b) we obtain the following linear system:

n 2
{ Yo ual <o, 05 BEUREE gy, (7)
f=]1

The equation (7) can be solved by Gauss method. For n = 1,2 we can obtain linear transfor-

mation or degree two polynomial respectively.

3. COMBINING PROJECTION WITH RUBBER SHEETING CORRECTION

In this section we discuss the transform of a set of points of plane-coordinates into a set of
points with real-world coordinates. The problem of geometrical correction is based on a set of control
points Cp so that (p,p') € Cp, p' is a point of a map in a specified projection and coordinate system.

Let Cp, be a set control points. Let us denote Py(C)) be a set of points that consist of the first
components of control points of Cp, and P;(C,) a set of points that consist of the second components
of control points of Cy,.

We must find a traneformation that image of P;(C,) is approximate to P, (Cp) 8o that RMS (C})
is minimum. The difficult problem is to compute RMS (Cp) by length unit, but unit of P,(Cp) can
be angular measures such as degree or radian units.

Therefore, we must transform a control point (p, ') in to control (p, p") by using library GCTP,
where p" is calculated by length unit (met, kilometer, mile). Using this transformation Cj, is replaced
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by C;, = {(p, ") | (p,p') € Cp and p" is the image of p, } and geometrical correction is based on the
set of control points C},.

4. THE METHOD FINDING SOME BEST PROJECTIONS

4.1, Definitions

Denote Pro.set be a set of map projections in the projection library. Denote Pro_user be a
set of map projection supported by users so that Pro.user C Pro.set. From the set of projections
Pro.user, k best projections can be automatically detected.

Let E = Rec(P:(C))).
Depending on E, a data base and a set of projections Pro.user proposed by users, a software
can automatically select some best projections.

The important problem is to select appropriate parameters Par; based on a projection P; &
Pro_uaser,

Definition 4.1.
1. Denote C(P) be the center of a set of points P which is a point so that sum of squares of
distances from C(P) to each point in P is minimum,

2. Denote Cy(Cy) and Cy(Cp) be the center of the first components Py(Cp) and the second com-
ponents P;(C),) respectively.

Deflnition 4.2, Given a set of points P = {(z,y)}. Let (20,y0) be the center of P. Denote Rec(P)
be a rectangle depending on P on that its center is (2o, yo) and it satisfies:

1. There a two points p; (2y, y;1) and pa(z3,y2) of P so that

Zo—21 = max (zp—2) and 23 —29g= max (z - ).
p(x.ylEP( ) n[mv)EP( )

2. There are two points (3, ys) and (24, y4) of P so that

Yo = ys = p(fsﬁ’éf’(”" -y) and Y4 - yo = n(fu'.‘uﬁ’ér(y - o).

8. The width Rec(P) is 2* min(zg ~ 2y, 23 ~ zy) and
the length of Rec(P) is 2* min(yo — ya, y4 — w).
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Figure 1. The center of a set of P and the rectangle Rec(P) surrounding P

‘4.2, Selecting parameters for best fitting projections
In this subsection we discuss the method selecting parameters based on projections,

Proposition 4.1, For azimuthal projections, the closer points are to the center of projections, the
smaller errors are,

o Depending on the Proposition 4.1, we can consider Cy(C,,) as the center of projections,

Proposition 4.2, When conical and cylindrical projections have an intersection circle, the closer
points are to the intersection, the smaller RMS errors are.
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e Depending on this Proposition 4.2, we can consider C;(C}) as the center latitude and the center
longitude of projections.

Proposition 4.8, When conical and cylindrical projections have two intersection circles, the closer
points are to the center latitude and the center longitude of projections, the smaller RMS errors are.

o Depending on the Proposition 4.3, we can consider edges of rectangle Rec(C,) as the standard
latitude and longitude parallels.

4.8, Best fitting algorithm

Depending on a set of control points C, and a list of projections Pro.user. MapScan can anal-
yse Op, and compute parameters such as STDPR1 (Latitude of the first standard parallel), STDPR2
(Latitude of the second standard parallel), CentMer (Longitude of the central meridian), OriginLat
(Latitude of the projection origin). These parameters are enough to determine errors for all pro-
jections of Pro.user, Depending on C},, MapScan can calculate the RMS errors for all projections
of Prouser and select k first best projections. Therefore, the best fit algorithm can be written as
follows:

Input: Control points Cj.
A list of projections Pro.user in the GCTP library.

Output: 10 best projections.

Step 1: Depending on control points Cp and Rect(C),), compute the parameters:
STDPR1, STDPR2, CentMer, OriginLat.

Step 2: For each proj € Pro.user, '

(RMS(proj), project) — list /* computing the RMS error, store it to a queue e
Step 3: Sorting the list of projections list by advancing,

Printing k first projections and their RMS errors.

6, EXPERIMENT

We implemented the linear and second order transformations with map projections in the
MapScan-the software package for automatic data entry, MapScan can concert relative maps into
the real-world maps. Relative maps are obtained from vectorisation or imported from vector map
such ad (Atlas Gis, AutoCad, MapInfor, POMAP, for DOS or POPMAP for Windows). MapScan
can support about thirty map projections, Among projections, the none-earth projection is a normal
geometrical correction. ‘

5.1, Selecting control points

After the vectorization process the map is in
a relative coordinate system (plain, z,y). The map
is georeferenced at this stage in order to convert the
generated vector data into the real-world coordinate
system using known ground control points and infor-
mation about the map projection.

If the units of the real-world coordinate sys-
tem is measured by degrees, users can be inserted
by the formats dddmmmasss or decimal. For exam-
ple, if user want to input the angular value 45'30" - Department
(45 degrees and thirty minutes), they can input the == Cammune
numbers 049030030 or 45.51. Figure £, The set of control points

Metaland is a mall fictitious country. We will geo-reference the map based on eight ground
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control points identified on the map. The real world coordinates of the control points are:

Control point Longrltude Latitude
01 0.248 degrees East 0.231 degrees South
02 0.838 degrees East 0.505 degrees South
03 1,079 degrees Enst 0.390 degrees South
04 1.374 degrees East 0.070 degrees South
05 1,608 degrees East 1.250 degrees South
06 1,156 degrees East 1.079 degrees South
07 0.610 degrees East 1,065 degrees South
08 0.251 degrees East 1,125 degrees South

59

5.2, Selecting a set of projections

Specify the control points by digitizing them on the map and entering their coordinates. Note
that East longitudes and North latitudes are entered as positive numbers while West longitude and
South latitudes entered as negative numbers. From the Projections list box (this means no projection
is applied), specify the unit and format of the coordinates.
When completed, click on the OK button. Digitize the con-
trol points on the map and enter the coordinates in the Map
X and Map Y boxes respectively. When the coordinates in
the Map X and Map Y boxes are completed, from the Pro-
Jections list box click on the Best fit button, From Select
projections list box, select a list of projections. When the
selecting were completed, click mouse on the OK button to
accept or CANCEL to escape the best fit processing. If
OK button is clicked, MapScan will print ten best projec-
tions and their RMS errors respectively.
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Figure 4. Select the projection, unit and format Figure 5. Select a list of projections

5.8, Changing parameters and processing

Users can select appropriate projections by inputting parameters into dialog box of projections,
MapScan will compute RMS(C)) error for each projection and display ten projections having smallest
RMS(Cy) errors. Therefore users can choose one suitable projection and change parameters for this
projection. When users accept these parameters and the projection, they can click on to the OK
button to convert map into the real-world system map.
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6. CONCLUSION

In this paper we have dealted with geometrical correction based on linear, second order transfor-
mations and showed some error coefficients of linear transformations [9]. Therefore we have proposed
the general method for computing the coefficients of polynomials used for geometrical correction.
The formulations of polynomial coefficients are easily computed. Linear transformations and second
order transformations have been implemented in the software POPMAP and MAPSCAN.
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