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Abstract. Manual cartographic digitizing is still commonplace worldwide.  To achieve maximum benefit from it;  digitizing tables should regularly be subjected to calibration tests.  This paper describes a simple and direct technique of assessing the cartographic accuracy of some digitizing tables to attest that they perform satisfactorily.  The method also serves a good purpose for those cartographers who intend to purchase new equipment or update their existing tables.

Introduction

Digitizing (sometimes referred to as semi-automated digitizing) is known in cartography as the process in which geocoding takes place in a manual manner.  As such, a map is placed on a sensitized flat surface (e.g. a table) and an operator traces out the map features using a cursor.  The locations of features on the map are sent back to the computer every time the operator presses the button of the cursor.  The digitizing table is a digital and electronic equivalent of the traditional drafting table.  The main components of a digitizing table are a flat surface to which a map is customarily based, and a stylus (cursor) with the capability of signaling to a computer that a point has been measured [1], Fig. 1.  As a matter of fact, this technology has developed as computer mapping and computer-aided-design have flourished and exerted new demands on computer hardware.
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Historically speaking, many different methods have been used to geocode cartographic data.  In the early times of development of geographic information systems (GIS), some packages required maps to be encoded and entered by hand.  The lengthy time required to accomplish such monotonous work made errors easily made and their  

correction rather difficult.  Since special-purpose digitizing hardware becomes available, and specially since the cost of such hardware fell drastically, nearly all geocoding has been carried out using a computer.



Essentially, two techniques have evolved to store maps into the computer.  In the first, digitizing mimics the approach maps were drafted by hand and;  as defined above, involves tracing the map over using a cursor while it is taped down onto a sensitized table.  The second approach involves having the computer sense the map by scanning it electronically.  Both methods work fine and have their respective merits and demerits over one another.  In this respect, manual digitizing has the merits of being “selective”;  in that only points or features of interest are digitized thus saving on computer storage and data manipulation.  In contrast, raster-scanning is “comprehensive”;  in that every item on the map (needed or unneeded) is digitized.  This immediately points to the obvious advantage of manual digitizing when a decision has to be taken to integrate selective data for GIS construction.  The important fact is that the method of geocoding a certain map dictates its characteristics onto the data in such a way that many GIS tasks are adversely or inadversely affected afterwards.

Manual Digitizing


Despite the tremendous development in raster-scanning technology in the last 10 to 15 years, manual cartographic digitizing is still ubiquitous and is, in fact, the most cost-effective method of obtaining digital vector data to most world-famous specifications (e.g. NATO specifications for maps).  The mensuration equipment required comprises a high-accuracy digitizing table with precision electronic stylus linked to a data output device such as a magnetic tape or CD-ROM unit;  or else directly linked to a computer.  The digitizing table should also be equipped with some additional interactive edit facilities in order to make corrections and to control data capture operations.  Manual digitizing is therefore a simple and straightforward process and is usually carried out as follows:

(i)
The map to be digitized must have a stable base.  On this map, digitizing control points are selected at known locations.  Map elements to be digitized are then marked clearly on the map using some analogical means (e.g. a pen).

(ii)
The map is then fastened firmly and secured down on a flat and clean tablet.  The map should not move at all during digitizing.  This is facilitated by allowing air bubbles escape from underneath the map.

(iii)
Control points (which are used for map registration) are then entered in sequence along with their map coordinates (national grid or (, (, h coordinates).

(iv)
Digitizing then begins by tracing out relevant map features using the cursor.  Utmost caution must be exercised when practicing this; keeping in mind the level of cartographic detail required.  Features can be traced in sequence or in a “waxing-and-waning” stream mode from the cursor.  After completing digitizing, certain element (or elements) feature attributes can be entered.


Carried out in this manner, manual cartographic digitizing should maintain certain accuracy standards.  Usually, the imposed criterion in this type of cartographic work is to reproduce the map document “to within half a line width” i.e. to ( 0.1 mm  [2] .  In order to meet this in digital map production, the digitizing table must have a resolution of 0.05 mm or better and a local precision of the same order [3] .  The absolute accuracy of a table is not that critical because the map bears the National Grid and map elements can be adjusted to this grid cell by cell.


Manufacturer brochures state that cartographic tables used for map digitization have resolution values of the order of  ( 75 (m  or ( 125 (m.  However, different table manufacturers normally measure and quote accuracy figures in rather inconsistent ways.  This, no doubt, complicates any process of accuracy comparison of digitizing tables from different manufacturers or vendors.  Although almost all of those who deal with cartographic map data and digital map making tend to take table manufacturer accuracy quotations for granted, national mapping agencies and other private, state and governmental mapping bodies, should device and implement their own procedures for assessing the accuracy of the cartographic digitizing tables they own (or intend to purchase). This is specially true for tables that have been in use for several years where they start to behave in a rather inconsistent manner.  This paper therefore reports on a simple and rather straightforward method for evaluating cartographic accuracy of digitizing tables.  Many such tables are now in production worldwide and it seems quite imprudent to discard or even underuse such valuable resources in which a wealth had been spent only some years ago just for the sake of introducing the new electronic map scanning technology.

Method of Approach


Basically, the method of approach consists of first measuring the calibrated coordinates of a high-quality test grid on a number of digitizing tables from renowned manufacturers and then comparing these with their known equivalents.  The discrepancies in coordinates are then analyzed statistically.  This simple and direct approach is, however, confronted with a number of technical problems, the most important of which are obtaining table coordinates free from extraneous errors (e.g. cursor and operator-induced errors) and obtaining an accurate test grid.  The only feasible undertaking for minimizing the possibility of occurrence of such extraneous errors is to carry out the test with utmost care and vigilance e.g. cartographers usually check cursor eccentricity by the simple test of repeated measurements of a number of points with various cursor orientations relative to the surface of the table and noting any discrepancies  [1].


The test grid is vertebral to the experiment.  Important grid characteristics to be considered are stability of grid material, definition of grid crosses and calibration data of the grid.  The appropriate grid material to be used is dictated by digitizing table characteristics and ease of use on the part of the operator.  Metal grids are out of consideration since they will affect table operation.  Very thick materials are also to be excluded since they tend to increase the distance between the stylus and the table surface.  From theoretical point of view, glass seems to be the most suitable for grid making.  However, it has to be adequately thick in order to handle it safely.  In practice, high quality plastic grids are found to be most suitable for such tests if they are regularly checked, maintained and calibrated.

Test Equipment Used and Premeasurement Procedures


In this particular experiment, a high quality 0.2 mm thick polyester film grid was utilized.  The grid comprises a mesh of very black highly-defined crosses with a line gauge of 0.1 mm and 50 mm intervals in X and Y directions.  The size of the grid was large enough to reasonably cover the active surfaces of all the digitizing tables used in the test.  The test grid was first made to undergo a calibration test before being utilized in the experiment.  Four different rounds of grid measurements were made each being done in a different orientation (namely with 90o difference between each two consecutive rounds);  and the average results were adopted.  These gave grid accuracy value of 0.01 mm. This value was considered as reference for the subsequent comparison with the coordinates obtained from the digitizing tables (Recall that most commercial cartographic digitizing tables are manufactured to accuracy values of ( 75 (m  to  ( 125 (m).


As mentioned above, cursor eccentricity error should first be checked for in such tests.  Most digital mapping tables operate by precisely timing the delay between generating and receiving an electronic electromagnetic impulse from a coil in the cursor by means of wires embedded beneath the table surface.  During digitizing , the cursor coil is positioned by relating a graticule in the cursor to the map detail required.  Any measurement should make the center of the coil exactly fall on and coincide with the cursor graticule, otherwise cursor eccentricity errors may be introduced in the measurement if the cursor is rotated during the digitizing process.


In the present test, a usual procedure for checking table eccentricity was adopted.  In this, a fixed point (one grid cross) was measured four times rotating the cursor 90o between measurements.  The idea is to compute the statistical range of the sample (i.e. the four  measurements).  If this range is found to be greater than ( 125 (m, it is likely that a cursor  eccentricity error has been introduced in the table coordinates of the measured point.  If, on the other hand, the range value is smaller than ( 125 (m , this may be due to sources such as operator error and/or a pulse counting error of the electronic circuit referred to as table cyclic error.  In this experiment all test tables gave measurement ranges much less than ( 125 (m  (( 27 (m  and  ( 36 (m maximum).


Cursor eccentricity could, therefore, be a serious sort of error in map digitization.  In normal cartographic work, however, this error, as explained earlier, could further be removed or mitigated to low levels by keeping the orientation of the cursor constant during the digitizing process.  If the source map to be digitized is of large scale or requires some complicated operations, this undertaking may not be satisfactory and in this case, cursor adjustment is deemed necessary.

Test Procedure and Processing of Data


Great care had been taken when pointing to grid intersections (remember that being over-cautious may, on the other hand, produce negative effects on the results).  The procedure was as follows:

(i)
The digitizing table is first switched on and allowed to remain in this state for at least 2 to 3 hours in order to reach the recommended operating temperature.

(ii)
The polyester film grid was firmly secured flat to the surface of the digitizing table under test and then left to settle for three hours before commencing the digitizing process.

(iii) Grid intersections are then digitized in the same sequence of their calibration (to allow direct and easy comparison).  The digitizing process was repeated five times in three consecutive days in this manner:  round one in the morning of the first day, round two in the evening of the first day, round three in the morning of the second day, round four in the evening of the second day and round five in the morning of the third day.  This is believed to minimize adverse operator bias on the results.  During digitizing, every effort was made to use the cursor in the same orientation with respect to the table edge so as to eliminate or at least minimize cursor eccentricity errors.


Having completed all five measurements, the five sets were examined for consistency by carrying out some statistical tests, namely computation of the mean and standard deviation for each pointing.  The root-mean square error  (  was computed as standard deviation value for each point using the standard formula  ,
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where  (i = discrepancy between measurement  i  and the mean;  and n = number of acceptable measurements.


In  applying  Eq. (1) , a rejection criteria was adopted in which readings showing discrepancy values > 3(  were rejected because it is clear that they suffer from presence of some systematic (gross) error.


In order to make a better interpretation of the results, all root-mean-square error values obtained  from  Eq. (1) for all grid intersections were combined to form a so-called grand-pooled root-mean square error  [4,5]   
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where  ni  =  number of acceptable readings of a grid intersection  i.

            (j   is as defined  by  Eq. (1).


The value  of  
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  should by no means be greater than a certain threshold value which is dependent on the quoted resolution and accuracy of the table in question (e.g. as stated earlier, some mapping organizations use a tolerance value of ( 125 (m).  Any deviations greater than this must be examined to attest whether they arise from operator error source, cursor eccentricity or from a more serious problem pertinent to the digitizing table.  The 
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 values obtained with the four test tables were found to be acceptable (namely a maximum error of only ( 11 (m) which allowed proceeding to the next stage of the test.


The accepted mean values of coordinates were then transformed from the arbitrary table coordinate system to the grid coordinate system using a two-dimensional affine transformation and a least squares fit programme.  This transformation has the advantages of catering for the effects of any sort of shrinkage and/or expansion of the grid material [6] .  The programme computes X, Y residual errors between calibrated coordinates of grid intersections and their transformed table equivalents.  Vector errors were then computed and plotted for each grid point.  Also root-mean-square errors (r.m.s.e) in X and Y (i.e. (x and (Y) were compute for the whole grid together with the vector root-mean-square error  
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.  The vector plots will reveal any pattern of distortion not evident in the tabulated results. Figure 2 and Fig. 3 are examples of such plots.  Fig. 2 shows plot output for a seemingly faulty table while Fig. 3 represents the output from an acceptable-performance digitizing table (note the small residual errors and even vector plot distribution of Fig. 3 compared with those of Fig. 2).  In fact, Fig. 2 was produced by deliberately frauding the performance of one of the test tables by placing a small steel nail underneath the table in the left bottom corner of it.  In this test, none of the test tables actually showed unacceptable form of vector plots.



Results, Discussion and Conclusions


Four cartographic digitizing tables were made available for the test.  These are shown in Table 1 together with the results obtained with each of them.

Table 1.  Results of the test
	Digitizing table
	Years table has been in service
	Quoted accuracy

(by manufacturer)
	RMSE from test

(P

	ALTEK Datatab 2

GTCO

ARISTO

Astrogrid

CALCOMP
	14

10

8

7
	( 75 (m

( 100 (m

( 127 (m

( 127 (m


	( 74

( 88

( 94

( 92





The contents of Table 1 look largely self-explanatory.  However, it is appropriate to augment them with further comments:

(i)
All test tables were able to maintain the quoted accuracy figures despite the long period of time they have been in service.  However, it seems that, if everything goes normal, digitizing tables should be made to undergo calibration tests after 10 to 14 years since after this lengthy period, table accuracy figures tend to approach (or possibly exceed) those quoted by manufacturers.  Also, table coordinate output can deteriorate through time perhaps by something as simple as tarnishing of an electronic connection in the table or by a stubborn stain on the surface.

(ii)
It  is important to make sure that the digitizing table does not display any sort of large irregularities over its active surface area.  Then the table is quite likely to give many years of satisfactory service.

(iii) Usually, the accuracy figures quoted by manufacturer are not root-mean-square errors (RMSE).  Some manufacturers quote maximum error figures, but even these might have been obtained using only a few points.  Generally, table manufacturers are reluctant to divulge or disseminate procedures or ways they used to compute the accuracy of their products.  This immediately points to the significance of the present test.  Mapping agencies, private firms and educational institutions need to carry out their own testing of their existing tables or those they are about to purchase using the simple and direct technique described in this article.  The authors, therefore, appeal to cartographers, geographers, geologists, foresters and other field scientists who deal with digital cartographic work to consider the results of this experiment in their respective mapping projects.
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تقييم الدقة الكارتوغرافية لبعض طاولات الترقيم الالكتروني

عبدالله  الصادق علي , ظافر بن علي القرني

جامعة الملك سعود ، كلية الهندسة

قسم  الهندسة  المدنية
ص. ب  800 , الرياض  11421

(قدم للنشر في 03/03/2003م ؛ قبل للنشر في 01/11/2003م)

ملخص البحث.  ما يزال الترقيم  الكارتوغرافي  اليدوي مستعملا  في كثير من وكالات المسح الطبوغرافي العالمية لكونه ييسر العمليات الترقيمية الانتقائية الضرورية لعمل نظم   معلومات  جغرافية  ذات  كفاءة عالية . لذلك لا بد من اجراء عمليات معايرة دورية منتظمة للأجهزة الكارتوغرافية الرقمية المستعملة لهذا الغرض . يقدم هذا البحث طريقة مبسطة  ومباشرة  لتقييم الدقة الكارتوغرافية لعدد مختار من  أجهزة  ترقيم  الخرائط    لاختبار دقتها  ومعرفة  آدائها.  ان  من  المتوقع  أن  تكون  هذه الطريقة ذات فائدة  للكارتوغرافيين الذين يودون  شراء أجهزة  ترقيم يدوية  جديدة  أو  أولئك  الذين  يرغبون  في تحديث  ما لديهم  منها .
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Fig. 1.  Operation of manual digitizing system [1].
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Fig. 2. Output from a deliberately frauded table.  Grid plot scale 1 cm = 100 mm Vector Error Scale  1mm = 100 um.
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Fig. 3. Output from an acceptable table.  Grid plot scale 1 cm = 100 mm  Vector Error Scale  1mm = 100 um.
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