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Terrain Surface Approximation
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ABSTRACT: The calculation of earthwork plays a major role in the plan or design phase of many civil engineering projects, such as
eashore reclamation; and thus, it has become very important to improve upon its accuracy. There have been common drawbacks to
arlier methods of ground profiling, such as dealing with sharp corners or the grid points of any two straight lines. In this paper, we
ropose an algorithm for finding a terrain surface using the natural boundary conditions and the both direction spline method, which
nterpolates the given three-dimensional data by using spline. As a result of this study, the algorithm of the proposed two methods to
stimate pit excavation volume should provide a better accuracy than Spot height, Chambers, Chen, or Lin method. Also, the
nathematical model mentioned offers maximum accuracy in estimating the volume of a pit excavation.
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Read function
fx;, y;)  for i=0,1,...,n
7=0,1,....m

|

Define the cubic spline polynomials for each
y-direction (x = x; , 1=0,1,-, %)
Si(x;, ¥y for ;=0,1,,m—1

|

Axivip) for  i=0,1,-,n
=0.1..m
=0,1

LS

[ Construct the cubic spline mterpolated points on each segment—l

|

Define the cubic spline polynomials for each

x-direction (v = v;, , /=0,1,,n—1, £=0,1,-,

Si(x,y;,) for i=0,1,~,n—1

s)

Calculate the cubic spline areas

]k_ 2/4]/3

Calculate the cub1c spline volume

2y,
V=5 Sh AT 4]

lig. 1 Flow chart of a proposed equation A

Surveying data input(coordinate and height)
Flxi,y) for i=1,2,...,m j=1,2,...,m

Formation of the knot vector for x,y axis direction that
satisfies the schoenberg-Whitney nesting condition
An example of natural boundary condition

€ase, (X1, X1.X1.X1, %2, vrs X my s Xomys Xomy» Xomys Xomy ) A0G

(DL VLI Y2 oo Y 1o Yougs Yimys Yomgs Yimy)

Formation of B-spline using the knot vector

calculate the
Cyj (Z: 1,2,"‘, m1+2, j:1,2, ey m2+2)
and solve the linear system

Formation of cubic spline surface

Calculate the volume

Fig. 2 Flow chart of a proposed equation B
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Table 1 Height data for x,y interval of experimental terrain 1

3-8 oAl 23 Z3ak
4 &HFe|w o
o5l Eng

o EFES A

1 GloJelE Ak

v X 1m | 6Im |121m | 181m | 241m | 301m | 361m

1m 11.00 | 11.02 | 11.04 | 11.06 | 11.08 | 11.10 | 11.12

61m 1098 [ 10.78 | 12.14 | 13.65 | 15.07 | 16.44 | 17.76

121m 1096 | 928 | 1012 | 1258 | 1554 | 1856 | 2151

181m 1094 | 786 | 716 | 903 | 1251 | 1672|2120

T

241m 1092 | 652 | 418 | 464 | 751 | 1197 | 1733

301m 1090 | 522 | 131 | 013 | 172 | 555 {1098
Table 2 Height data for x,y interval of experimental terrain 2

y X 1m | 61m | 121m | 181m | 241m | 301m | 361m

1m 204 29| 268 | 156| 1.03| 1.76| 283

61m 279| 371| 343 | 231 178| 251| 358

121m 164| 256|229 | 116| 263 136| 243

181m 142 234|206 | 094! 040| 114 220

241m 267| 359|331 | 219| 166| 239 345

| %0im 233| 325|297 | 185 131 205 311

Table 3 Application results of an experimental terrain 1, 2

Examplel Example2

Method Volume Error Volume Error
{(m) (%) {n) (%)

Exact volume 1187577 - 240569.7 -
Spot 1183230 0.37 2344950 253
Chambers 1173822 116 243862.3 1.37
Chen and Lin 234495.0 253 234641.9 2.46
| Proposed (A) | 1186982 | 005 | 2384497 | 088

Height (m)

* measured pomt

Y-Direction {m)

X-Dwrection v

Fig. 3 A terrain of experimental surface 1
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Fig. 4 A Terrain of experimental surface 2
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Fig. 5 A Terrain of experimental surface 3
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Fig. 6 A Terrain of experimental surface 4
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Fig. 7 A Terrain of experimental surface 5

Table 4 Application results of experimental terrain 3

Casel Case2 Case3
Method Volume |Error| Volume |Error| Volume |Error
(m) (%) (m} (%) (m) (%)
Fxact volume | 26716068 | - | 26716068 | - | 26716068 | -
Spot 27469125 | 2.82 | 272550.60 | 2.02 | 275226.19 | 3.02
Chambers | 267157.05 | 0.00 | 267158.42 | 0.00 | 267163.92 | 0.00
Chen and Lin| 27404038 | 2558 | 271342.35 | 1.57 | 274020.90 | 2.57
Proposed (A) | 26809350 | 034 | 267717.67 | 0.21 | 268075.05 | 0.34
Proposed (B) | 268,039.55 | 0.33 | 267,681.53 | 0.19 | 268,011.72 | 032 |
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Table 5 Application results of experimental terrain 4

Casel Case2 Case3

Method Volume |Error| Volume |Error| Volume |Error
(m) (%) (m) (%) (m) (%)

Exact volume | 66795.76 | - | 66795.76 | - | 66795.76 | -
Spot 85505.75 |28.01| 80424.45 [20.40] 80981.81 |21.24
Chambers | 77848.03 [16.55] 6910093 | 3.45 | 69171.40 | 3.56
Chen and Lin| 80040.47 [19.83] 69290.10 | 3.73 | 69767.27 | 445 |
Proposed (A) | 7902791 [1831] 6873411 | 290 | 6888241 | 3.12
| Proposed (B) | 79,013.37 [18.30] 68,725.17 | 2.90 [ 68,881.02 | 3.10 |

Table 6 Application results of experimental terrain 5

Casel Case2 Case3

Method Volume (Error| Volume |Error| Volume |Error
(m) (%) (m) (%) (m’) (%)

Exact volume | 175877.65 | - | 175877.65 | - | 175877.65 | -
Spot 165404.00 | 5.96 | 167893.88 | 4.54 | 160849.00 | 8.54
Chambers | 180296.47 | 2.51 | 17424048 | 0.93 | 179909.65 | 2.29
Chen and Lin| 167160.13 | 4.96 | 173870.38 | 1.14 | 166573.73 | 5.29
Proposed (A) | 176636.05 | 0.43 | 176726.60 | 0.48 | 17601642 ) 0.08
Proposed (B) | 176,734.67 I 0.50 | 176,747.92 | 0.50 | 176,114.72 0.10]
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