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Practical Study of Area Error Formula in Numerical and
Graphical Cadastral Surveying
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Abstract

In cadastral surveying, there are problems that no area error is allowed where numerical surveying is carried
out, and allowable area error is specified irrespective of parcel shape where graphic surveying is carried out. In
this research, we derived a general formula of parcel area error necessary for grasping these two problems. The
calculations using the derived formula showed that where the coordinate error of the boundary point is set to
5cm+10ppm practically, then even a small parcel of 100 m” includes non-negligible area error of 0.71m’. And, it
is found that the area error specified by the current regulation is based on a rectangular parcel of 1:5 aspect ratio.
These results show that the area error of polygon parcel can be determined by a single formula by specifying
the coordinate error of the boundary points, and can be used to revise the current regulations that can be applied
uniformly regardless of surveying methods.

Keywords: Cadastral Surveying, Parcel Polygon, Boundary Point Coordinate Error, Parcel Area Error, Area
Error Formula
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1 457476.67 194071.81
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3 45746850 194088.17
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] 45748750 194175.66
6 4574839.05 1941834
7 457483.74 194194.18
8 457442.16 194222 66
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10 45742458 19421932
n 45740657 194219.70
12 45740392 194222 02
13 457396.80 19422511
14 45739284 194230.76
15 45738942 194236.65

Fig. 1. A part of cadastral books by numerical surveying.
Boundary points are denoted by numbers (top), and the
corresponding coordinates are shown (bottom)
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where F': parcel area, and X;:coordinate of boundary

point of polygon parcel.
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where € 77 : area error from i-th measurement, & it coordinate

of j-th boundary point obtained by i-th observation.
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where Oy~ : variance of area error, and n: number of

observations.
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where €;; is coordinate error of j-th boundary point

obtained by i-th observation.
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where Ty Y is the j-th point coordinate(x,y) of polygon

parcel.
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where o random error of a coordinate, k: proportional

error depending on distance.
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Fig. 2. A polygonal parcel made up of n points. The area

o2 [ne1 () Variar'lce of the.polygonal parcel is the sum qf squares of
+7 [Z 0, ey g, (=) ctc) formed by the neghboring three boundary painis
where,
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where [, ly is width and height of the rectangle
respectively.
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rlr
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Table 1. Area variance of rectangular parcels with different aspect ratios. The coordinate error of the boundary point is
assumed 3cm =t 1ppm and 5cm+10ppm, respectively. 0(2, L132is the contribution by the random error of the boundary point

coordinates, and k* #7is the contribution by the error of the boundary point coordinate proportional to the distance

Coordinate error Coordinate error
Par\g}eiirea 3em + 1ppm 5cm £ 10ppm
Ug L132 2k F° Ug L132 2 KA F?
10m x 10m 0.18 m? 0 m? 0.50 m? 0 m?
Smx 20m 0.38 m? 0 m? 1.06 m? 0 m?
20m x 20m 0.72 m? 0 m? 2.00 m? 0 m?
10m x 40m 1.53 m? 0 m? 425 m? 0 m?
Smx 80m 578 m? 0m? 16.06 m* 0 m?
100m x 100m 18.00 m? 0 m? 50.00 m? 0.02 m?
50m x 200m 38.25m? 0 m? 106.25 m? 0.02 m?
1000m x 1000m 1800.00 m? 2.00 m? 5000.00 m* 200.00 m?
500m x 2000m 3825.00 m? 2.00 m? 10625.00 m? 200.00 m?
3000m x 3000m 16200.00 m? 162.00 m? 45000.00 m? 16200.00 m?
1000m x 9000m 73800.00 m? 162.00 m? 205000.00 m? 16200.00 m?
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where A: area error, M: map scale factor, and F: registered

parcel area.
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Table 2. Comparison of area error (unit in mz). Where (A):
area error by Eq. (15) for the 1:600 drawing scale, (B):
area error of a square by Eq. (14), and (C): area error of a
rectangle with 1: 5 aspect ratio by Eq. (14)

P’ ™ ®) ©
100 4.056 2.546 4.074

200 5736 3.60 5.762

400 8.112 5.09 8.148
1,000 12.83 8.05 12.883
10,000 40.56 25.456 40.74
1,000,000 405.60 254.558 407.42
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