[image: image1.wmf]0

e

Li Shujun, PhD., Professor, Department of Hydrography and Cartography, Dalian Naval Academy. Teaching and researching on the area of the nautical cartography and Geographic information system. There are more than 100 papers and 20 books have been published. 

STUDY ON THE METHODS OF AUTOMATIC CONSTRUCTING OF CHART MATHEMATICAL FOUNDATION
LI Shujun, ZHENG Yidong, WU Di, LI Gaixiao, HUANG Weiqian
Department of Hydrography and Cartography,

Dalian Naval Academy,

667, Jiefang Road, Dalian, Liaoning, 116018,

P.R.CHINA

E-mail: lishijunhao @163.com
Abstract: In the 21 century men have a rapid increase for requirement of charts with the utilization and exploitation of ocean resources. Improving the automatization of chart production and decreasing the periods of production are the key questions to study. Chart precision is determined by chart mathematical foundation, whose level of automatization decides other factors’ quality on charts. Thus it is significant to study on the automatization of constructing chart mathematical foundation. In this paper, the integrated system model is designed based on the practice of chart manufacture and automatic methods, several subsystem data modules are set up and the main calculating program is put forward. In conclusion, abundant calculating experiments are carried out, which prove the scientific composing of the system and the validity of the calculating models. Then the constructing of chart mathematical foundation is realized automatically. All the methods to calculate and plot grids, control points and linear scales are more accurate and rapider than other methods by comparing with them.
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1  Introduction
Ocean covers 71 percent of the total global surface. As resources on the land are being dried up, resources in the sea and outer space have been exploited and utilized step by step. All the activities on the sea including politics, military and economy, etc., could not act without charts. There are more requirements on charts as more and deeper activities are carried out on the sea. The requirement on charts has increased drastically, which results in the requirement on chart automatic production. Thus, it is a key problem to study on the theory and technology of chart automatic production. Chart mathematical foundation is the key content and chief step of chart automatic production because it determines chart precision and has a controlling and framework function. Therefore it has great importance to study on the automatically constructing of chart mathematical foundation.

2 Model and Programs Automatically Constructing of Chart Mathematical Foundation
Chart mathematical foundation mainly includes cartographic grid, survey control point, subdivision of meridians and parallels, kilometer scale and chart boarder. The study has taken Mercator projection for example because charts of most countries have been presently adopted Mercator projection.
2.1 Constructing of System Model

It is an important question for discussion to design the system model as the whole design of system model because it determines the degree of automatization. According to the work task and work flow, the system could be divided into eight sub modules: data acquisition module, parameter calculation module, meridians and parallels creation module, survey control points creation module, meridians and parallels subdivision module, kilometer scale creation module, projection distortion calculation module, output and display module. These are also shown in Figure 1.


Fig. 1  Constructing of System Model

2.2  The Function, Calculational Modules and Implementary Program of Each Module

2.2.1 Data Acquisition Module
Mainly input the longitudes and latitudes (put d, m, s as units) of the four ticks of cartographic grid, and input the scale and latitude of reference. It can obtain data from outer environment automatically by sensor or interactively by hand.
2.2.2 Parameter Calculation Module
This module mainly includes the calculation of two parameters: charting unit and projection interval, which will provide necessary value to the following module.

Charting unit is the length of a minute on latitude of reference of the chart, as shown in 
[image: image40.jpg]}\..

\i
‘nl



, and its calculation model is:


[image: image2.wmf]r

m

¢

=

/

0

0

0

r

e

                          (1)

Here,
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In these formulas, 
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is the natural scale, 
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is the major radius of ellipsoid, 
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 is the first eccentricity of the ellipsoid, 
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is the latitude of reference。

As the distance of longitudinal direction in Mercator projection increases while the latitude increases, a minimum distance to avoid this influence must be defined, so the minimum distance is called projection interval[1]. In fact, to confirm the projection interval is to define the calculation interval of cartographic grid. Its calculation model is:
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In this formula, 
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 is the value of projection interval, which unit is in minute. 
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 is the denominator of natural scale. 
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 is the north latitude of cartographic area.

2.2.3 Meridians and Parallels Creation Module
Mercator projection calculation formula is: 
[image: image12.wmf]U

r

x

ln

0

=

,
[image: image13.wmf]l

r

y

0

=

, import the natural scale, and convert the left below point into plot coordinate origin, thus a practical mathematical model is improved in the following way:
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In this formula,
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 is charting unit (put centimeter as unit), 
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is the value of arc-minute. 
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 is the meridianal part and longitude of a certain point, put minute as unit. 
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, 
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 is the meridianal part of south chart boarder and longitude of western chart boarder, put minutes as unit. 

Use the calculation interval of cartographic grid calculated above, the latitude lines 
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 and the longitude lines 
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 are obtained, and calculate the longitude and latitude (
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) of each intersection in the cartographic grid, then use the following calculation model to get longitude coordinate and latitude coordinate in the chart of Mercator Projection.

The main computer program of longitude and latitude coordinate is as the following:

a）Main computer program of meridianal part (Bs is latitude of south chart boarder) :

D(double Bi)

{

double e=sqrt(0.0066934216);

double 
p=3437.7467707849;

double D1=log(tan(pie/4+Bs/2))+(e/2.0)*(log(1-e*sin(Bs))-log(1+e*sin(Bs)));
double D=log(tan(pie/4+Bi/2))+(e/2.0)*(log(1-e*sin(Bi))-log(1+e*sin(Bi)));

double x=e0*(D-D1)*P;

return(x);
}

b）Main computer program of longitude interval:

double P1=pie/180

y=e0*(L-L1)*60/P1;

return(y);

2.2.4 Survey Control Points Creation Module 

Use Mercator projection calculation formula (Simulate the calculation process of cartographic grid.) to get the plot coordinates directly according to the longitude and latitude coordinates of the input control points. Simulate the computer program above to get longitude coordinate 
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 and latitude coordinate
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2.2.5 Meridians and Parallels Subdivision Module

There are subdivision belts of longitude and latitude outside the chart sheet-lines in order to measure in the charts. Subdivision belts include maximum graduation, second-class graduation, subdivision graduation, minimum graduation, etc.,[2] and the black and white lines should be plotted. Thus it is very complex to calculate and plot the subdivision belts. Different scale charts have different style of subdivisions, so it is necessary to build up a rule base. The following is an example to calculate a subdivision belt with the scale 1: 100000. The calculation method is to take the minimum graduation as step-by-step value and then calculate step by step. The calculation model is similar with cartographic grid calculation model. Constructing approach and key program are the following.

Firstly define the origins of sheet-lines, subdivision belts and chart boarder: x0, y0, x1, y1, x2, y2, x3, y3. Then use the formula 
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 and calculate the coordinates of vertexes of each boarder and subdivision belt. Then use the function: MoveTo( xi, yi), LineTo(xj ,yj), and plot the boarder lines.

The following is the program to plot the subdivision belt of south sheet-line:

a）Minimum graduation:

for(int m_jxfh=1;m_jxfh<307;m_jxfh++)
{

double m_wx=e0/5;

if((m_jxfh-1)*m_wx>=m*e0) break;

else{dc.MoveTo(x0+(m_jxfh-1)*m_wx,y0); dc.LineTo(x0+(m_jxfh-1)*m_wx,y0-8);}
}
b）Subdivision graduation (m is integral value of difference between east and west longitude ):

for(i=1;i<m+1;i++)
dc.MoveTo(x0 + (i-1)*e0,y0); 

dc.LineTo(x0 + (i-1)*e0, y0-20);
c）Second-class graduation:

hhh =1 + (DHK.m_L1-(int)DHK.m_L1)*100-(int)((DHK.m_L1-(int)DHK.m_L1)*10)*10;
int kkk=5-hhh;

if (i%5==0)
{ dc.MoveTo(x0 + (i+kkk)*e0,y0);

dc.LineTo(x0 + (i+kkk)*e0, y0 - 29 ) ; }

d）Black and white lines:

CPen pen1; ( Define a pencil.)
pen1.CreatePen(PS_SOLID,3,RGB(0,0,0)); (Set up a thick real-line pencil.)
pOldPen=dc.SelectObject(&pen1);
for(int n_wx=0;n_wx<m;n_wx=n_wx+2){

dc.MoveTo(x0+n_wx*e0,y0-14); 

dc.LineTo(x0+(n_wx+1)*e0,y0-14);}

dc.SelectObject(pOldPen); (Resume former pencil.)
pen1.DeleteObject(); (Delete the pencil.)
2.2.6 Kilometer Scale Creation Module

There is the kilometer scale in each side of chart boarder in order to measure in the chart expediently. Because the distance of longitudinal direction in Mercator projection increases while the latitude increases, each graduation is not the same length, but increases with latitude. The calculation of kilometer scale is to calculate the longitude coordinate 
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 of each graduation point on Mercator projection chart.

The calculation process is: to ascertain the projection interval of the kilometer scale, then calculate the one minute length of longitude at middle latitude of the chart, and calculate the latitude difference of the integral kilometer scale interval, therefore calculate the latitude of each integral kilometer graduation point relative to south chart boarder, then calculate the length of each graduation relative to south chart boarder. The mathematical model of calculating the latitude of each integral kilometer graduation point is:
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In this formula, 
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 is latitude of south chart boarder, 
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 is the graduation value at 
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 kilometer of the scale, 
[image: image36.wmf]0

D

 expresses the one minute length of longitude at middle latitude of the chart.

The main computer program is:
Ob=(int)(1.852*OB); P=a*(1-e*e)/(p*(1-e*e*sin(Bm)*sin(Bm))*sqrt(1-e*e*sin(Bm)*sin(Bm)));

oB=Ob/(100*P);

for(B=Bs;B<=Bn+oB;B+=oB)
{
double x；

if(B>=Bn)

x=e0*(D(Bn)-D(Bs));

else

x=e0*(D(B)-D(Bs));

}
2.2.7 Projection Distortion Calculation Module

Projection distortion is an important parameter to study chart precision. Mercator projection has the character of conformal projection, so it has no angle distortion, but has distortion in length and proportion. Proportion ratio is square to length ratio, so only get length ratio then proportion ratio and its distortion could be ascertained.

The calculation model of length ratio is: 
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The formula of length ratio is:
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Its main computer program is:

Distortion(double B)
{
double a1=e*e*sin(B)*sin(B);

double a2=e*e*sin(B0)*sin(B0);

double b=(1-a1)/(1-a2);

double u=sqrt(b)*cos(B0)/cos(B);
return u;
}
v=Distortion(B)-1;

2.2.8 Output and Display Module

The results could be displayed on the computer screen, and also could be imported to the graph plotter and be plotted, and could be printed on the printer.

3 Experiment and Conclusion
The advantages and disadvantages of the inspection model are mainly judged by calculation precision and time. Great deals of experiment are carried out using the above calculation model and program to construct chart mathematical foundation automatically. The conclusion is every guidelines being all satisfied with precision and application requirements, and the calculation time elapses so fast that a complex account could be completed in several seconds, and the results are more accurate and rapider than other methods. In the following example, a 1:100000-scale chart mathematical foundation that in Chinese East Sea area has been constructed by using the calculation model. Figure 2 is the graph display of cartographic grid, sheet-lines graduation and survey control point. Table 1 and Table 2 are data output of cartographic grid calculation and data output of projection length distortion, respectively.

Some conclusions can be drawn in Table 2, such as: there is no length distortion at latitude of reference 30°, but less than 30°there is negative distortion, and the farther away the latitude of reference, the distortion is bigger, and till north latitude 29°24', the negative distortion could be 5.925‰. In reverse, more than 30°there is positive distortion. In a word, inside the cartographic area, the distortion is relatively well-proportioned, which will entirely be satisfied with the charting requirement. 
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Fig.2  Graph display of cartographic grids, sheet lines graduation and survey control points

（the graph reticles are the positions of survey control points）
TABLE Ⅰ

DATA OUTPUT OF CARTOGRAPHIC GRID CALCULATION
Charting    29°24'00''- 30°01'00'' N       Latitude reference   30°N
area     121°49'00''-122°50'00'' E           Scale  1/100000
Charting unit    e0 = 1.608132 cm       Projection interval  10´
Chart proportion     681.6mm×981.0mm 
Latitude       From south boarder (cm)        Longitude        From west boarder (cm)
29°24'00''           0.00                 121°49'00''           0.00

29°30'00''          11.02                 121°50'00''           1.61

29°40'00''          29.42                 122°00'00''          17.69

29°50'00''          47.85                 122°10'00''          33.77

30°00'00''          66.31                 122°20'00''          49.85

30°01'00''          68.16                 122°30'00''          65.93
                                         122°40'00''          82.01

                                         122°50'00''          98.10
TABLE Ⅱ

DATA OUTPUT OF PROJECTION LENGTH DISTORTION
	Latitude
	Length ratio
	Length distortion
	Latitude
	Length ratio
	Length distortion

	29°24′
	0.994075
	-0.005925
	29°43′
	0.997180
	-0.002820

	29°25′
	0.994237
	-0.005763
	29°44′
	0.997344
	-0.002656

	29°26′
	0.994399
	-0.005601
	29°45′
	0.997509
	-0.002491

	29°27′
	0.994562
	-0.005438
	29°46′
	0.997674
	-0.002326

	29°28′
	0.994724
	-0.005276
	29°47′
	0.997840
	-0.002160

	29°29′
	0.994887
	-0.005113
	29°48′
	0.998005
	-0.001995

	29°30′
	0.995050
	-0.004950
	29°49′
	0.998170
	-0.001830

	29°31′
	0.995213
	-0.004787
	29°50′
	0.998336
	-0.001664

	29°32′
	0.995376
	-0.004624
	29°51′
	0.998502
	-0.001498

	29°33′
	0.995539
	-0.004461
	29°52′
	0.998668
	-0.001332

	29°34′
	0.995703
	-0.004297
	29°53′
	0.998834
	-0.001166

	29°35′
	0.995866
	-0.004134
	29°54′
	0.999000
	-0.001000

	29°36′
	0.996030
	-0.003970
	29°55′
	0.999166
	-0.000834

	29°37′
	0.996194
	-0.003806
	29°56′
	0.999333
	-0.000667

	29°38′
	0.996358
	-0.003642
	29°57′
	0.999499
	-0.000501

	29°39′
	0.996522
	-0.003478
	29°58′
	0.999666
	-0.000334

	29°40′
	0.996686
	-0.003314
	29°59′
	0.999833
	-0.000167

	29°41′
	0.996850
	-0.003150
	30°00′
	1.000000
	0.000000

	29°42′
	0.997015
	-0.002985
	30°01′
	1.000167
	0.000167
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