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Abstract. In fact, Computer Aided Design (CAD) offers powerful design tools to produce digital large scale topographic
mapping that is considered the backbone for construction projects, urban planning and landscape architecture. Nowadays
local agencies in small communities and developing countries are facing some difficulties in map to map transformation
and handling discrepancies between the physical reality and represented spatial data due to the need for implementing
high cost systems such as GIS and the experienced staff required. Therefore, the require for providing a low-cost tool
based on the most common CAD system is very important to guarantee a quality and positional accuracy of features. The
main aim of this study is to describe a mathematical relationship to fulfil the coordinate conversion between two differ-
ent grid references applying two-dimensional conformal polynomial models built on control points and a least squares
fitting algorithm. In addition, the automation of this model was performed in the Microsoft Visual Studio environment to
calculate polynomial coefficients and convert the positional property of entities in AutoCAD by developing spatial CAD
tool. To evaluate the proposed approach the extracted coordinates of check points from the interpolation surface are com-

pared with the known ones.

Keywords: conformal transformation, least squares adjustment, polynomials, AutoCAD automation.

Introduction

Representation of the Earth’s surface on a plane is a sig-
nificant and complex topic of surveyor to produce topo-
graphic maps at the field scale in many applications in
civil engineering. AutoCAD software is considered as a
useful and easy tool for making digital large-scale engi-
neering mapping in a vector model. The reference map
provides general information about features location in
accurate coordinate system.

The GIS system is applied to capture, store, retrieve,
analyze and visualize spatial data with a view to support
decision-making (Awange & Kiema, 2013), while Com-
puter Aided Design (CAD) is the use of computer sys-
tems to help in the creation, optimization, modification,
or analysis of a design (Moreno & Bazéan, 2017). Combin-
ing data available in GIS and CAD requires new meth-
odologies and models that merge real world phenomena
while maintaining the details of entities for facilitating

calculation and representation (Karimi & Akinci, 2009).
CAD users are seeking to utilize data exported from GIS
and conversely, they are also creating attributed GIS layers
within CAD files ready for direct use in the GIS system
(Esri, 2011).

Geospatial data depict features from real world in
terms of (a) their position with reference to an applied
coordinate system, (b) their attributes that are unrelated
to location, and (c) their topological relations that rep-
resent how they are related to each other (Burrough,
R. McDonnell, R. A. McDonnell, & Lloyd, 2015). The
high level of the positional accuracy of objects is very sig-
nificant, therefore they must be illustrated in a suitable
coordinate reference system.

Georeferenced data are captured from various sources
that usually reveals the data have different coordinate sys-
tems, therefore changing the coordinates must be applied
to unify data references. Transformations between diverse
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frameworks are not just preliminary steps, but essential
for GIS analysis (Chrisman, 1999). It indicates how ob-
servations captured from one sort of geometric model can
be converted to another one, subject to specific constraints
(Snyder, 1987). The angles in conformal conversion are
correctly represented and scale is the same in all directions
at any point (Thomas, 1952).

The transformation components of any point within
the grid are generally determined by parameters of inter-
polation surface utilizing common stations in both sys-
tems (Janssen, 2009). The number of control stations and
their spatial distribution play a very important role in the
conversion process since they affect the accuracy of the
mathematical models. Thus, redundant data points give
the best polynomial coefficients by selecting good stations.
Least squares approach is applied to estimate the most
probable values of polynomial coefficients from redundant
observations and determine the accuracy and reliability of
measured and estimated quantities (Tasci, 2009).

There are many commercial, PC-based CAD packages
available for assisting in generating engineering drawings.
One of the most known software is AutoCAD, which was
developed by Autodesk Corporation to supply a flexible
development platform for specialized design and appli-
cations. AutoCAD data are much more precise than GIS
data on large-scale maps, but they often adopt coordinate
systems different from that of GIS (Shi et al., 2016).

The main objective of this study is to develop a software
tool in the Microsoft Visual Studio environment that can
be applied to match DWG data from one coordinate sys-
tem to another, with preserving all other properties or
thematic elements without any change. Furthermore, this
research provides a verification of the proposed approach
by performing the transformation between two maps from
various control stations using polynomial model and com-
paring the computed coordinates of check points with the
rectangular coordinates derived from a map.
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Figure 1. Two-dimensional coordinate transformation

1. Mathematical approach

A coordinate transformation is a mathematical procedure
that matches between the coordinates of a point in one
grid system with another (Maling, 1992). In general, a
two-dimensional (2D) coordinate conversion can be split
into combining axes rotations, origin shifts and a scale
changes as shown in Figure 1. The most common one in
surveying applications, and the only type dealt with in this
study is conformal that preserve angles and thus the shape
of objects. A transformation model is usually defined by
polynomial functions of degree, u, with an infinite num-
ber of terms as follows (Herrault, Sheeren, Fauvel, Mon-
teil, & Paegelow, 2013):

u u—i u u—i
EDIDITE SIS EDIDILTESZE =
i=0j=0 i=0j=0

where, a;; and by are the polynomial coefficients. Expand-
ing Eq. (1) to the first power gives the same equations as
in affine transformation:

,— .
x'=ay+a x+a,y;

2
y'=by+b x+b,y. @

The conformal mapping of coordinates using polyno-
mials can be done by applying the Cauchy-Riemann con-
ditions on (Deakin, 2004) previous model in Eq. (1).

ox' 0y ox' 0y
=L, —=" 3)
Ox 0y 0Oy Ox

However, the relation between any two conformal pro-
jections can be defined by the following equation:

Z' = flz), (4)
where

Z=x+iy} (5)

z=x+1iy, (6)

(x', ') and (x, y) are rectangular coordinates of the two
respective projections for the same point and i is the
imaginary number (i = -1). In general, the function f that
describes the relationship between these coordinates is not
known. Eq. (4) may be expanded in a Maclaurin’s series as

Z=Cy+Ciz+Cy 2%+ .... (7)
The C’s are complex coefficients of the form
Ckzak+ibk. (8)

In any textbook on complex variables, it is shown that
every polynomial in z is analytic (i.e. satisfies the Cauchy-
Riemann conditions) at all points; therefore Eq. (4) rep-
resents a conformal transformation. Writing out the first
few terms of Eq. (4) in full, then

x'+iy':(ao+ibo)+(a1+ih1)(x+iy)+
(a2+ib2)(x+iy)2+~~. )

Or in a more generalized form (Pedzich, 2005)
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x’+iy'zzu:(ak+ibk)(x+iy)k. (10)
k=0

The number of the conformal polynomial coefficients,
m, is related to the degree of polynomial and equals m =
2 x u + 2. The four terms up to first degree, u = 1, repre-
sent the well-known similarity or Helmet's transformation.
Terms beyond the first power represent what is known as
conformal deformation. However, the fifth power confor-
mal functions are

x'=ay+a,x-b y+
az(xz—yz)—szxy+
as
a,
as(x5+5y4x—10x3y2>—b5(y5+5x4y—10x2y3);
(11)

x3—3y2x)+b3(y3—3x2y)+
x4+y4—6x2y2)—b4(4x3y—4xy3)+

y'=by+a y+bx+
2a2xy+b2(x2—y2)+
b3(x3 —3y2x)—a3(y3 —3x2y)+
a4(4x3y—4xy3)+b4(x4+y4—6x2y2)+
as(y5+5x4y—10x2y3)+b5(x5+5y4x—10x3y2).
(12)

Scale factor of a point and convergence of meridian
for this conversion are calculated as follows (Vanicek &
Krakiwsky, 1987):

=)
K= [|— | +| =1 ; (13)
ox O0x

oy' [ox'
tanO=—7-/—; (14)
Ox /[ Ox
ox' —
E:al+2a2x—2b2y+3a3(x -y )—6b3xy+
4a4(x3—3y2x)—4b4(3x2y—y3)+
SaS(x4+y4—6y2x2)—20b5(x3y—y3x); (15)
a ’

—y:bl+2a2y+2b2x+3b3(x2—y2)+6a3xy+
0x

4b4(x3 —3y2x)+4a4(3x2y—y3)+
5b5(x4+y4—6y2x2)+20a5(x3y—y3x). (16)

2. Determination of the transformation
parameters

A map to map transformation requires to estimate con-
version parameters by applying a least squares approach
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through common points. The method of least squares is
widely used to fit data to a mathematical model that is
generally formulated as a Gauss-Markov model (Velsink,
2018). However, the accuracy of estimated transformation
parameters is highly correlated to certain characteristics of
the control points (Kutoglu & Vanicek, 2006). In any case,
extrapolation should be avoided and thus the common
stations must surround any unknown coordinate points.
Therefore, a transformation of first-degree this requires
that an unknown point lie within a triangle formed by
three known ones, but second-degree needs the station lie
within a quadrilateral fixed by four control points (Vin-
centy, 1987).

Using least squares adjustment in the transforma-
tion problems gives the best estimation of parameters by
analysing simultaneously all the common points (Green-
feld, 1997). The mathematical model of the parametric
technique for least square adjustment in matrix form is
(Mikhail & Gracie, 1981)

V+B -A=f, (17)

2nx1 2nxm mxl 9,
where, V vector of observational residuals, B numerical
coefficients matrix of parameters, A vector of unknown
parameters, f vector of numerical constants, n number of
common stations and m number of the polynomial coef-
ficients. The solution of observation equations as follows:

N =B . B;

mxm  mx2n 2nxm

t =B . f; (18)
mx1  mx2n ..

A=N-'t.

In writing the transformation equations, in the form
given here, any redundant measurement admits to errors
in system (x, y), while system (x', y’) values are considered
constant. The matrix form of Eq. (15) and (16) is:

v, :x'—(ao+a1x—b1y+a2(x2—yz)—Zbey+--~);
v :y’—(bo+b1x+a1y+b2(x2—y2)+2a2xy+~~).

y
(19)

By writing these equations for common points in the
form V + B A = f, then:

Vi + g+ X by ay (6F = y7) = 2by x; y 4=
vy, +by+byx;+a y; +by(xXF —yH)+2a,x, 5, + =y
(20)

Ly (F-y) . 0 -y
2y - 1 x

—2x1 )
(x2—y%) ..

B . o
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At:[ao a, ... as by b .. bs];

’

f’:[x{ Voo e x;, yn]. (22)

The precision of the estimated parameters is the
cofactor matrix, Qu,, equals

Qup =N7" (23)

The residual errors in, x and y, horizontal and verti-
cal components of coordinate for each control point are
computed based on

V=f-B -A. (24)

2nxl o 2nxm mx1

Thus, the residual vector for each position of common
point is given by

— (42 2
Vposition_ Vx +vy . (25)

The root mean square, RMS, of these errors is deter-
mined as follows

ViV

RMS = .
2n—m

(26)

A higher-order polynomials lead to a lower RMS but
this does not mean that give a more accurate model. High-
order polynomials give more flexibility in bending the sur-
face to fit the common stations. Furthermore, this bend-
ing may remarkably distort the coordinates of unknown
points and add significant errors when the conversion is
applied (Bolstad, 2016). Otherwise, the accuracy of the
transformation model relies basically on the accuracy of
the polynomial surface.

3. Proposed software

Information technologies are one of the most dynami-
cally developing areas of science and engineering, which
contributes to the improvement and continuity of new so-
lutions, aimed at creating advanced information systems
(Petrov, 2017). Automation of AutoCAD is an effective
approach for time saving, raising the quality of processes
and enhancing integration with other automated opera-
tions outside of AutoCAD (Lowe & Hartman, 2011). The
developed software in the current study, Figure 2, named
“TopoGC” has been created in Visual C++ language. More-
over, to share information between this application and Au-
toCAD a small program in Visual Basic was performed to
generate an ActiveX control (TopoGCTransf.ocx).
The ActiveX control is extracted geometric informa-
tion of entities (point, line, block, etc.) that is required in
transformation process, after passing the values of poly-
nomial coefficients. Figure 3 illustrates a flowchart of Ac-
tiveX control for automation of AutoCAD in Visual Basic.
The following are some lines of pseudo-code of Auto-
CAD automation:
Private Sub OpenCAD_Click (...)
Dim acadApp As AcadApplication
Dim acadDoc As AcadDocument

‘Create a new AutoCAD instance
acadApp = New AcadApplicationClass ()
acadApp.Visible = True
acadApp.Application. WindowState = acMin

‘Open a new drawingacadDoc =

acadApp.Documents.Open (“[drawing name]”)
acadDoc = acadApp.ActiveDocument

End Sub

Requirements analysis |

Algorithm design —»

Software interface design

A

Testing and analysis

Writing the code

Figure 2. Schematic diagram of developed software life cycle
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Figure 3. Flowchart of AutoCAD automation architecture
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All the ActiveX objects can be exposed in one way
for further programming and they are composed by hi-
erarchies (Togores, 2019) as in Figure 4. The view of this
hierarchical structure is referred to as the Object Model.

The system architecture consists of the following main
components:

1) Determination of transformation parameters:

The dialogue box of transformation parameters com-
putation is shown in Figure 5, where input data is rectan-
gular coordinates of the common stations in both systems.
These coordinates can be entered manually or imported
from MS-Excel and can be reordered within the list. The
software uses the least squares adjustment with a maxi-
mum number of control points that does not exceed hun-
dred points. The output data are shown in a new window
as a report contains the following:

- Degree of polynomial functions used in calculation.

- Coordinates of control point in two systems.

- Transformation parameters along with their standard

deviations.

- Resulted residuals with respect to both systems.

- Standard deviation of unit weight.

2) Transformation of coordinates into a new system:

Transformation from system I to Il...

System |
County:
[l ) [ E1 (m) [ N1 (m)
Syria = 1 1 231924.8359 97806.9724
2 10 6442785852 4774953559
3 1 175077.1373 505907.7538
Area: 4 2 1730340502 1943135039
- 5 3 2153801130 389823.2362
Entire = 3 4 226476.7004 465527.3704
7 5 4460361838 3336624057
. 8 5 515105.6653 2844460458
Polynomial Degiee: ] 7 6313713760 305107.0446
10 8 6260626472 4039281906
o o 1 3 6465732129 562183.8998
< >
 ad Add.. | | import.. |
@ Sth C dth el
ystem
# [ [ I E2 (m) I N2 fm)
1 1 -236548.0164 149619.4911
2 10 182427.7744 2226957370
3 1 -286162.5994 2535336046
4 2 -293775.3885 -52103.0317
Final... 5 3 -247366.5143 142686.3734
6 4 -235498.3170 2182081146
Open. 7 5 -18335.3018 824131862
8 6 49838.7818 31973.7270
] 7 166456.0270 50545.8306
10 8 163019.4768 1554558154
n 9 186202.0247 307329.7300
Save As.. 8 >
Close. | Add.. | Import... |

Figure 5. Transformation parameters window
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The transformation of coordinates to another system
from concluded parameters can be executed from the win-
dow which indicated in Figure 6, by implementing one of
the following.

Inserting the coordinates of the point manually or
from MS-Excel and then the coordinates are transformed
into a new system. However, the transformed coordinates
are displayed in the same list view and can be printed,
exported to MS-Excel, or presented in AutoCAD draw-
ing file.

Changing the coordinates of every entity in AutoCAD
data by passing the transformation parameters and degree
of polynomial to ActiveX control. The conversion between
two coordinate systems in AutoCAD, can be done on
selected objects, all objects or determined layer in DWG
data.

Figure 7 shows the hierarchy chart of CTransforma-
tion2D and CFinal2Dcoord classes for transformation
parameters calculation and conversion to the new system.

3) Solution of direct and inverse problems for projections

Figure 8 indicates a dialog box for calculating map
projections, namely Lambert conformal, Transverse
Mercator and stereographic mappings.

4. Applied study and result

To verify the proposed approach and its accuracy, in
addition to test the developed software the following
applied study has been performed to transform from
Lambert to stereographic coordinates. The available data
for this application is the coordinates of eleven first-order
Syrian points indicated in Figure 9, where Syrian map
is produced by using ArcGIS software. The rectangular
coordinates in stereographic and Lambert projections are
shown in Table 1.

The transformation parameters from Lambert to
stereographic coordinates with their accuracies are
calculated using developed software and listed in Table 2.
The residuals at common stations are found to be at most
subcentimeter. This attests to the high accuracy of the

Final Coordinates...

Input
| D [ E1 (m) | N1 (m) | E2(m) | N2 (m)
1 m 277346.7380 397538.3240 -185856.2356 149358.1936
< | 5
Add... | Adjust... | Delete | Import... | Expolt...l Print... |
Compute IPloiec!ion...l Draw... | AuloEAD...l Close |

Figure 6. User interface of transformation to another system
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215 =iz
-5 Cransformation2D | - CFinal2Dcoord =
- @ CTransformation2D(Cwnd “pParent = NULL) ® CFinal2Dcoord(CWnd “pParent = NULL)
¢ DoDataExchange(CDataE xchange *pDX) @ ContinueModal)
3 GetExcelDriver) P4 DoDataExchange(CDataE xchange *pDX)
P inverse_mati) ?‘ GetExcelDriver()
P¢ OndddPaints1() @
@ OnaddPoints2() 9 OnAddCoardis()
9% OnadistPaints1() ¢ OnddiustmentP()
¢ OnAdjstPoints2() ¢ OnClealtem()
¢ OnClickListMapProfNMHDR *pNMHDR, LRESLILT “pRest ¢ OnClickListMapProfNMHDR *pNMHDR, LRESULT *pRest
$¢ OnClickListMapProi2NMHDR “pNMHDR, LRESULT "pRes 9% OnComputation)
-9 OnComputation() ¢ OnDataDraw()
$¢ OnDataOpen() % OnDataPiin
¢ OnDataSave(] 9 OnDataPiint()
$¢ OnDataSaveds() ¢ OnExportDatal)
¢ OnDegl() P OnFilePrint])
¢ OnDeg2() P4 OnlmportCaordts() |
@ OnDeg3() ¢ OnlnitDialog)
P OrDeg4) P9 OrMapProf)
P¢ OnDegs() N
. ?‘ OnShowwindow(BOOL bShaw, UINT nStatus)
P¢ OnDelListP1() @
B¢ OnDelListP2() '$ OnTransfCAD()
P OnDownlListitem1() § PreTranslateMessage(MSG “pMsg)
B¢ OnDownListitemn2() @ m_CCadastral
2@ OnFinalTransf{) @ m_CCity
B¢ OnlmportDatal() | @ m_DegPoly
. g. OnlmportData2() 0 m:EEActivElrlX
¢ OninitDialogl) Lt
-9 OnOK() @ m_ListMap
D¢ OnUpListitem1() @ m_PPoly
D¢ OnUpListltem2() P4 m_tooltip
§ PreTranslateMessage(MSG “pMsq) @ m_Transf
-~V A P9 pelob
ﬁ?g o = P sensave ad
o S = il =
73 ClassView ﬁnesoucs\liew | . FiIsVisz B3 ClassView E] ResourceView FileView

Figure 7. Hierarchy chart of CTransformation2D and CFinal2Dcoord Classes

Map Project

Country: ’ Syria ;J Convert to: Plane Coordinates .
Zone: Entire v Paramete: =
Projection: | Syrian Stereographic Y, Ty Geodet v
Input

E (m] | N (m) | Latitude (gr] | Longitude (ar] Geoidal Height (m] Convergence Distortion (cn
6548.0164 -149619.4911 36.4715800000N  40.6923400000 E 0.0000 -1.1082641 1.7
0427.7744 222695.7370 40.2125550000N  45.7538500000 E 0.0000 0.9216621 45
6162.5334 2595336046 40.5538800000N  39.9509700000 E 0.0000 -1.4564480 454
3775.3885 -52103.0317 37.4323300000N  39.9781500000E 0.0000 -1.4034339 83
73665143 142686.3734 33.3360800000N  40.4713500000E 0.0000 -1.2234145 37
5438.3170 218208.1146 40.1552200000N  40.5323400000 E 0.0000 -1.1886072 16.9
B335.3019 824131862 38.8256800000N  43.2769000000 E 0.0000 -0.0300362 -42.2
838.7818 31973.7264 38.3130899342 N 441031300002 E 0.0000 0.2422461 -44.4
£456.0270 50545.8300 38.4915899342 N 455181093998 E 0.0000 0.8120539 -27.9
[3019.4768 155455.8154 39.5430100000 N 454391700000 E 0.0000 0.8124100 -15.3
£202.0247 3073297300 41.0538300000N  45,8225500000E 0.0000 0.957M727 30

£ | &

Add... | bdjust | elete | Export... | Import... I Print... |
Compute I Points... | Draw... I Define | 3 | Ren | SaveAs... Save... | Open... | Close |

Figure 8. Window of calculating map projections
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Table 1. Projected coordinates of common points

Point |  xgr (m)

ysr (m)

Xpp (m)

Yo (m)

-236 548.016

-149 619.491

231 924.836

97 806.972

-293775.388

-52103.032

173 034.050

194 313.504

-247 366.514

142 686.373

215980.113

389 823.236

-235498.317

218 208.115

226 476.700

465 527.370

-18 335.302

82 413.186

446 036.184

333 662.406

49 838.782

31973.727

515 105.665

284 446.046

166 456.027

50 545.831

631 371.376

305 107.045

163 019.477

155 455.815

626 062.647

409 928.191

O || NN ||| |W|N|—

186 202.0247

307 329.730

646 573.213

562 183.899

—_
(=)

182 427.774

222 695.737

644 278.585

477 495.356

11 |-286 162.599

259 533.605

175 077.137

505 907.754

proposed method and control points. Also, computing
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Table 2. Coefficients of fifth degree polynomial and their

the coordinate differences at check points between the
data and the reproduced from the derived transformation
parameters performs another test on the accuracy of this
model.

The following data were prepared in Syrian Lambert
projection system using total station, the symbols and
map composition such as a title, a scale, a legend and so
on have been created. However, converting coordinates of
unknown points in “TopoGC” can be done for inserted
ones manually or imported from MS-Excel, Figure 7, or
directly on AutoCAD drawings saved in DWG format,

accuracies

Parameter Value ]gteavniggfi Units
a, -470 096.7122 +0.007 m
by -243 587.6819 +0.007 m
a 1.0003773030 +7.07x1078 —
b, -1.5890020012x1072 | +7.07x1078 -—
a, -2.7900765202x107° | #2.75x10°13 | m!
b, -2.1038445198x107° | +2.75x10713 | m!
as 1.9282043166x1071> | +526x107° | m™>
b, 1.0262582815x1071¢ | +526x1071 | m~
a, -2.7901749985x1072* | +4.99x1072° | m™>
b, -1.0951157002x107%2 | +4.99x107%° | m™3
as -2.1026766897x10730 | +1.87x1073! | m™
bs 1.8274376290x1073! | +1.87x1073! | m™

Conclusions

The integration of spatial data between CAD system such
as AutoCAD and GIS increases operational efficiency and
enhances CAD mapping. The automation of AutoCAD
is significant for map to map transformation to fulfil de-
mands of AutoCAD users. Conformal conversion of rec-
tangular coordinates using polynomial functions gives suf-
ficiently accurate results for most purposes. The developed
software relies on the least squares adjustment approach

Figure 10.

AutoCAD 2010 ACAl

ADproj 2dig

P OREGEN 7 1.
SIVEH
166206.00, 467347.36,000 AEE el <~ [xa]

IvoneL B[RS IQIEE R0 Drating & Amotion~ [ ]-|0]

Figure 10. Transformation of Lambert coordinates to Stereographic ones of AutoCAD
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to perform corrected values of conversion parameters. The
system architecture is split into two parts, the first one
was written in Visual C++ to compute conformal map-
pings and determine the polynomial coeflicients, but the
second one was built in Visual Basic to automate Auto-
CAD by creating ActiveX control. This study ensures that
ActiveX control approach is reliable, accurate and efficient
for automation of AutoCAD to change the coordinates of
entities in DWG file.
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