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CHAPTER 1
INTRODUCTION

1.1 Background

Morphometric terrain parameters are those that can be derived directly from the DTM
using some local operations, such as slope and aspect, complexity index, and so on.
Slope is the fundamental attribute of a terrain point. In this context, slope information
can probably serve as the basis for the various application, e.g. error detection. Often
the presence of errors will distort the image, i.e. the appearance, of the spatial variation
present in DTM data sets much more seriously than that resulting from random noise.
In some cases, totally undesirable results may be produced in the DTM and in the
products derived from it, due to the existence of such errors. Therefore, methods are
needed to detect this type of errors in DTM data set and to ensure their removal from

the data set by the use of slope information.
1.2 Objective of the report

This report is to explore the effect of random errors on slope values by performing slope
calculation to generate slope map based on DEM and adding random noise manually.
With the resulting maps, the comparison between the methods of calculating slope, the
effect of errors of DEM on calculating slope by creating a raster dataset of random
values with different distribution, and the effect of colour schemes on indicating the
gradient of extracted slope values are explored. In order to extend the discussion, the
detection methods of gross error in raster-based DEM using slope information are also

be discussed.
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CHAPTER 2
METHODS AND MATERIALS

2.1 Introduction

In this lab, two spot height maps (sample 1 and sample 2 shown as figure 2.1) were
used to perform slope calculation. As mentioned in lab 4, a triangulated irregular
network (TIN) can serve as a basis for precise calculations since it is a vector-based
representation of a continuous surface consisting entirely of triangular facets.
Compared to the raster-based DEM generated by the interpolation method, TIN
preserve abrupt linear features and are excellent for calculations of slope, aspect, and
surface area. Hence, the raster DEMs derived from TIN (shown as figure 2.2) were used
to perform slope calculation in the experiment in order to demonstrate the effect of error

obviously.
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Figure 2.1 Digital spot height maps, a) sample 1, b) sample 2
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Figure 2.2 The raster DEMs derived from TIN, a) sample 1, b) sample 2
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In order to investigate the influence of errors on slope calculation, a random distributed
raster dataset is generated as errors. Then the random grid is merged with the sample
terrain model to output the DEM with errors. The slope maps with errors can then be

generated. To demonstrate the effect of errors in different distribution,

1) Uniform (Maximum: 1.0, Minimum: 0.0),
2) Normal (Mean: 0.0, Standard Deviation: 1.0),
3) Exponential (Mean: 1.0),
4) Possion (Mean: 1.0),
and
5) Gamma (Alpha: 1.0, Beta: 1.0),

distributions were employed to create an error raster of random values.

In next part, the principles of slope calculation are discussed in detail.

2.2 Overview of the principle of slope calculation

Slope is the first derivative of a surface and has both magnitude and direction. That is,
slope is a vector consisting of gradient and aspect. The Slope tool provided in ArcGIS
Pro can identifies the steepness at each cell of a raster surface. The lower the slope
value, the flatter the terrain; the higher the slope value, the steeper the terrain. The

defination of slope are as follows:

The surface function is:

z=f(xy)

Then, the slope is defined as:

_Y_
Slopey _&_fx

Slope =ﬂ:f
pey dy

Slope can be derived from the raster-based DEM using simple local operations.
Compared to TIN, many approaches are available to compute slope and aspect from a

raster-based DEM. In this report, only the method implemented in ArcGIS Pro are

Page: 3



Lab 8: Effect of DEM Accuracy on Slope Values

presented. Figure 2.3 is a window with nine cells from a grid DEM. From this window,

the slope values of the central cell, that is, with height z0, can be estimated as follows:

Slope =tana = \/Slope,%ow + Slope?

col

In these formulae, Slopeg,,, and Slope,,; are the slopes in the row and column

directions, respectively.

Z5 Z Zg
Z4 Zp Z3
Zg Zy Z7

Figure 2.3 A moving window for the computation of slope and aspect value (L4, et al.,
2005)

In ArcGIS Pro, there is two methods to compute slope value of each cell. Both of them
are performed under a frame of using a 3 by 3 cell neighborhood (moving window) as
mentioned above. The detailed algorithm for computing slope value will be discussed
in chapter 5.1. However, it should be noted that, for each neighborhood, if the central
cell is NoData, the output is NoData. The computation also requires at least seven cells
neighboring the processing cell have valid values. If there are fewer than seven valid
cells, the calculation will not be performed, and the output at that processing cell will
be NoData. The cells in the outermost rows and columns of the output raster will be
NoData. This is because along the boundary of the input dataset, those cells do not have

enough valid neighbors.

2.3 Materials

The objectives pursued was to investigate the effect of random errors on slope values.
Therefore, the materials required will be as follows:

®  ArcGIS Pro

® Raster-based DEM of sample 1 and sample 2 derived from TIN
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CHAPTER 3
EXPERIMATAL PROCEDURE

3.1 Generate random rasters and merging multiple rasters

To create a raster dataset with a random value as an error, in ArcGIS Pro, “Create
Random Raster” function is employed. In this experiment, all the available distributions
were used to create random values to investigate the effect of error. In “Output extent”,
select the appropriate layer to create a random raster of the same size as the DEM in
sample 1 and 2.

JIM LabA - Map ? - 8 X
Edit magery Share & Tsz kwan (Department of Land Surveying and Geo-Informatics, Polyl) = @ &
It I . I+ T Boaide |
. 2 o New =
figh gt Miap e Add
M N Note Note b kvgort | i
Loyer Tempiates. Syles  Fovorites
+ 3 x i Catalog  [EJNGENR B Layout2 ~ Geoprocessing 3%
2 o @ Create Random Raster =

Parameters | Ervic

To merge the raster-based DEM with random noise, “Raster Calculator” function is
employed. The Raster Calculator tool can be used to create and execute a Map Algebra

expression that will output a DEM with random noise that create in last step.

Ba@e-ors Al Pro - O Labd - Mg 7 - 8 X
Analysis Edit Imagery & Tsz kwan {Department of Land Surveying and Geo-Informatics, Polyl) = [® &
.
i . ’
I+ 1 I
ght  DarkMap el § Gre
wap Hote: Nt ote o N
9 x i Catalog  IEJREEIR [ Layoutz *  Geoprocessing $:02¢
saath ry © Raster Calculator =
e o Parameters | Environment
Map Algebra expressic
Rasters Tools

’ . e

Repeat the whole process for generating the raster-based DEMs with random noise in

Run (>

different distribution.
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3.2 Perform slope calculation based on DEM

To identifies the steepness at each cell of a raster surface, “Slope” function is employed
to generate slope map. The output slope raster can be calculated in two types of units,

degrees or percent (percent rise). In this experiment, set “Degree” as the output
measurement for better understanding.

&6 ? - 8 X
M t o " dit!  \mageryl Shae & Tsz kwan (Department of Land Surveying and Geo-lnformatics, Polyl) * /@ &
Slo h & BEH g 850 0 G rse =3
. HH i U estins View Unplaced
Explore * “™ Bookmarks Go  Basemap Add Add  Select Select Infographics Measure locate % Convert To
- ToXY - Datav Presst~ ~ Atribu - - # More * Annotation
Clipboard Navigate & Layer Inquiry Labeling Offine
Contents « 3 x i Catalog T’u’"’“”“‘ ~. Geoprocessing >3 X
Y [search o © Slope =
I + 6 Parameters | Environments
-
L &
Z fact
mple
Run

00123291°E 00530267 1119 Cataiog

Repeat the whole process again for calculating the slope in planar and geodesic methods
from sample 1’s and sample 2’s DEM with random noise.
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CHAPTER 4
RESULTS

In this session, the DEM and the slope map with gamma error are shown as follows.
The other resulting map of demonstrating different methods, i.e. distribution and

projection methods, will be shown and discussed in detailed in the next session.

4.1 Sample 1

PSlope_saml
Value

£ P 838377

. 0.359622

i Slope gamma_ 2
Value

- I 83.8686

Figure 4.1 The slope map in planer method with gamma error (slope colour scheme)

gamma_raster
Value

P 703345

. 282.649

.

Figure 4.2 The DEM with gamma error

(slope colour scheme)
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4.2 Sample 2

PSlope_sam2
Value

N 80.8597

. 3.78182

Slope ras gal
Value

P 815615

. 0.577101

Figure 4.3 The slope map in planer method with gamma error (slope colour scheme)

ras_gamma sam?2 r
Value

P 538.185

. 65.6395

Figure 4.4 The DEM with gamma error

(slope colour scheme)
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CHAPTER 5
ANALYSIS

5.1 The methods of calculating slope

The Slope tool identifies the steepness at each cell of a raster surface. The lower the
slope value, the flatter the terrain; the higher the slope value, the steeper the terrain. In
addition, ArcGIS Pro provides two methods, planer and geodesic, for slope computation.
Both planar and geodesic computations are performed using a 3 by 3 cell
neighbourhood (moving window). However, the two methods use different dimensions
in the coordinate system to calculate slope. In this session, the principle and algorithm

of two methods are introduced and are evaluated.
5.1.1 Planar method

For the planar method, the slope is measured as the maximum rate of change in value
from a cell to its immediate neighbours. Basically, the maximum change in elevation
over the distance between the cell and its eight neighbours identifies the steepest
downhill descent from the cell. The calculation is performed on a projected flat plane
using a 2D Cartesian coordinate system. The slope value is calculated using the average

maximum technique.
Planar slope algorithm

The values of the centre cell and its eight neighbours determine the horizontal and
vertical deltas. The neighbours are identified as letters from a to 1, with e representing

the cell for which the aspect is being calculated.

a b s
d e f
q h i

Figure 5.1 Surface window (esri, n.d.)

The rate of change in the x direction for cell e is calculated with the following algorithm:

[dz] ((c + 2f + l)xwghtl (a+2d + g)x ghtZ)
dxl (8 x xcellsize)
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The rate of change in the y direction for cell e is calculated with the following algorithm:

4 4
<(g + 2h + l)XWght3 (a +2b + c)x ght4>

[dy] (8 X ycellsize)
where wghtl and wght2 are the horizontal weighted counts and wght3 and wght4 are

the vertical weighted counts of valid cells.

Taking the rate of change in the x and y direction, the slope for the centre cell e is

calculated using the following:

dz)?  [dz)?\. 180
slope_degrees = arctan( [E] ] ) X —

dy 4

5.1.2 Geodesic method

With the geodesic method, the calculation will be performed in a geocentric 3D
Cartesian coordinate system by considering the shape of earth as an ellipsoid. The slope
value is calculated by measuring the angle between topographic surface and the

referenced datum.
Geodesic slope algorithm

To begin with, the surface raster has to transformed from the input coordinate system
into a 3D geocentric coordinate system. The geodesic computation uses an X, Y, Z
coordinate that is calculated based on its geodetic coordinates (latitude ¢, longitude 2,
height h). If the coordinate system of the input surface raster is a projected coordinate
system (PCS), the raster is first re-projected to a geographical coordinate system (GCS)
where each location has a geodetic coordinate, and then transformed to the Earth
Centred, Earth Fixed (ECEF) coordinate system. The height h (z-value) is the ellipsoid
height referenced to the ellipsoid surface. The transformation of two coordinate system

is calculated with the following algorithm:

X

(N(¢) + h)cospcosA

Y = (N(¢p) + h)cospsini
b2

Z = (? X N(p) + h) sing

where N is the radius of prime vertical
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The geodesic slope is the angle formed between the topographic surface and the
ellipsoid surface. Any surface parallel to the ellipsoid surface has a slope of 0. To
calculate the slope at each location, a 3 by 3 cell neighbourhood plane is fitted around
each processing cell using the Least Squares Method (LSM). The best fit in the LSM
minimizes the sum of squared difference (dz;) between the actual z-value and the fitted
z-value. See the illustration below for an example.

e

dzr

Figure 5.2 Least Squares Fitting example (esri, n.d.)

Here, the plane is represented as z = Ax + By + C.Foreachcell centre, dz; isthe
difference between the actual z-value and the fitted z-value.

The plane is best fitted when Y.?_; dz? is minimized. After the plane is fitted, a surface
normal is calculated at the cell location. At the same location, an ellipsoid normal

perpendicular to the tangent plane of the ellipsoid surface is also calculated.

Ellipsoid

Normal
‘_f\ Surface

Normal

p

a', F

Topographic
Surface

T B Z

Ellipsoid
Surface

Figure 5.3 Geodesic slope computation (esri, n.d.)

The slope, in degrees, is calculated from the angle between the ellipsoid normal and the
topographic surface normal, represented as § here. From the illustration above, the
angle o is the geodesic slope, which is the same as angle B, pursuant to the law of
congruent geometry.
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5.1.3 Comparison between methods of calculating slope

With respect to the above algorithm, it is clear that the geodesic method could produce
a more accurate slope than the planar method since the slope calculation perform by
considering the shape of earth as an ellipsoid rather than the flat plane. However, the
selection of method depends on the size of the study area. In this lab, the terrain model
adopted in the experiment is large scale DEM. As can been seem from figure 5.4,
whether geodesic method or plane method is adopted in the study area, the range of
calculated slope of both methods only have little difference since the shape of earth in
this case can be consider as the flat plane. On the other hand, figure 5.5 demonstrates
the slope maps of the world’s land and ocean floor derived from a small scale world
DEM. It is obvious that the range of calculated slope of both methods have huge
difference. In this case, the geodesic method would be appropriate because no planar
coordinate system is suitable for global collections of features. Therefore, the geodesic
method is an ideal method for small scale DEM requiring consideration of the curvature
of the Earth. For large scale DEM, both geodesic and planner method can also be
adopted.

GSlope_sam1 PSlope_sam|

Value

P 838377

Value

P 835419

GSlope world
Value . o o
» e i 1:'-5101’)8_\.&'(" 1d
¢ v - & Value
an | Yo T 155531

5 .(l

a)

Figure 5.5 The slope maps of the world’s land and ocean floor in, a) geodesic, b)

b)

planer method
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5.2 The effect of errors (i.e. distribution) of DEM on calculating slope

For DEM source data acquired by photogrammetry, errors in source materials include
those in aerial photographs, e.g., those caused by lens distortion and those at control
points. In classic error theory, the variability of serious measurements of a single
quantity is due to observational errors. Such errors do not follow any deterministic rule,
thus leading to the concept of random errors. Random errors are also referred to as
random noise in image processing and as white noise in statistics. Noise is very difficult
to remove it from the digital images without the prior knowledge of noise model. In the
experiment, the noise was added to generated elevation surfaces to simulate the
occurrences of phenomena in space or time. Various types of distributions form the
basis of statistical tests in which observations can be compared with observations of

known distributions. In this session, the cause and the principle of noise are introduced.
5.2.1 Gamma distribution

Gamma noise is generally seen in the laser-based images. It obeys the Gamma
distribution. Gamma distribution is a continuous probability distribution. Gamma
distribution models the sum of multiple independent, exponentially distributed

variables. The formula for gamma distribution is as follows:

‘Bae—ﬂx

flx,a,p)=x*"1 _

As can been seen in figure 5.6, with the increasing of alpha and beta, the noise of the

noise map is also increased.

My W 1

i ' Slope_poissol Slope_gamma_2
e Value Value

f P 83.8063 P 8383686

- 0.176298 - 0.172695

Figure 5.6 The slope map of sample 1 in Gamma distribution,
a) Alpha: 3.0, Beta: 3.0, b) Alpha: 1.0, Beta: 1.0
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5.2.2 Poisson distribution

The appearance of this noise is seen due to the statistical nature of electromagnetic
waves such as x-rays, visible lights and gamma rays. The x-ray and gamma ray sources
emitted number of photons per unit time. These rays are injected in patient’s body from
its source, in medical x rays and gamma rays imaging systems. These sources are having
random fluctuation of photons. Result gathered image has spatial and temporal
randomness. This noise is also called as quantum (photon) noise or shot noise. This

noise obeys the Poisson distribution and is given as:

_(le™, x>0
f(x”l)_{o  x<0

Poisson distribution is a discrete probability distribution. Poisson distribution models
the probability of the number of events occurring over a fixed time step given a known
mean. The events are independent of the last time they occurred. On the x-axis are the
discrete values for the events 0, 1, 2, 3, 4, and so on (often representing the number of
times the event occurs), and on the y-axis is the probability that the phenomenon occurs

that many times given a known mean.

—E N T e

' é Slope poissol
\ y;s*' 4 Value
K W 4 ',.,v’,.‘, P 83.8063

h g W - 0.176298

Figure 5.7 The slope map of sample 1 in Poisson distribution

5.2.3 Normal distribution

The noise follows the rule of normal distribution is also called as gaussian noise
(electronic noise) because it arises in amplifiers or detectors. Gaussian noise caused by
natural sources such as thermal vibration of atoms and discrete nature of radiation of

warm objects. Gaussian noise generally disturbs the gray values in digital images.

Normal distribution models continuous random variables that commonly occur. Normal
distribution is widely used and is applicable in many applications. It is built on the

central limit theorem, which is based on the principle that the sum of the random
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variables is normally distributed if there are a large number of observations. The

formula for normal distribution is as follows:

(g-w)?
202

1
Plg) = |7—e

¢ Slope normall
Value

2 P 83.7958

; . 0.0609721

Figure 5.8 The slope map of sample 1 in normal distribution
5.2.4 Exponential distribution

Exponential noise distribution depends on the camera sensor. It is generally seen in the
laser-based images. Exponential distribution is a continuous probability distribution.

This noise obeys the exponential distribution and is given as:

1—e™, x>0
f(x)—{ 0, x<0

From figure 5.9, as the mean increases, there is an exponentially greater chance of cell
of DEM is replaced by distributed random variables so the noise of the noise map is

also increased.

Slope_expon_1
Value
P 83.7435

uni_pslope_saml
: Value
&2 P 839743

£ . 0.434302

Figure 5.9 The slope map of sample 1 in exponential distribution,

a) mean: 1, b) mean: 5
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5.2.5 Uniform distribution

Uniform (Quantization) noise results when a continuous random variable is converted
to a discrete one or when a discrete random variable is converted to one with fewer
levels. In images, quantization noise often occurs in the acquisition process.
Quantization noise appearance is inherent in amplitude quantization process. It is

generally presenting due to analog data converted into digital data.

Uniform distribution is a continuous probability distribution in which all values within
a specified interval have the same probability. The formula for uniform distribution is

as follows:

1
f(x): m, fOT(aSka)

0, for (x < a)or (x > b)

As can been seen from figure 5.10, as the range of random value increase, so does the
noise of the slope map.

B 4 7N

/. )
. /
gt ‘ ¥ uni_pslope_saml

s uni_pslope_saml

A b v
o Value Value
25 P 83.9743 P 839743
& NIy . 0.434302 \ . 0.434302
e |

Figure 5.10 The slope map of sample 1 in uniform noise,

a) Maximum: 10, Minimum: 0, b) Maximum: 1, Minimum: 0
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5.3 The effect of colour schemes on indicating the gradient of extracted slope

values

As mentioned above, slope has both magnitude and direction. That is, slope is a vector
consisting of gradient and aspect. The term aspect is defined as the direction of the
biggest slope vector on the tangent plane projected onto the horizontal plane. Aspect is
the bearing (or azimuth) of the slope direction, and its angle ranges from 0 to 360-. In
this context, it is referred to an aspect map in ArcGIS Pro. The term slope is used to
refer to the gradient, which mean the slope map generated in ArcGIS Pro only consider
the gradient of extracted slope. With respect to the definition of the gradient, the lower
the slope value, the flatter the terrain; the higher the slope value, the steeper the terrain.
Therefore, the selectin of colour scheme should be considering the logical trend of slope

magnitude.

In contrast to aspect map, the colour scheme of aspect map should allow the reader to
easily distinguish different directions by the illogical ordered hues shown in Figure 5.11,
whereas the slope map cannot. If the slope map is in illogically ordered hues, the reader
have to spend effort to discriminate the relationship of the values and cannot represent

the trend of slope value. In this case, sequential colour scheme would be ideal for the

Aspect_saml

Value
Flat (-1

. [ North (0 22.5)
Northeast (22.5-67.5)
East (67.5-112.5)
Southeast (112.5-157.5)
South (157.5-202.5)

demonstration of the gradient shown as figure 5.12.
- Southwest (202.5-247.5)
I West (247.5292.5)

| I Northwest (292.5-337.5)

| I North (337.5-360)

‘

Figure 5.11 An aspect map of sample 1 in discrete colour scheme

' PSlope_saml PSlope_sam]1
Value Value ’
P s3.8377 o P 838377

0.359622

| - 0.359622

a) Slope colour scheme b) Orange-Red (continuous)

Figure 5.12 The slope map in sequential colour scheme

Page: 17



Lab 8: Effect of DEM Accuracy on Slope Values

CHAPTER 6
DISCUSSION

6.1 Detection of gross error in raster-based DEM based on slope information

Slope is the fundamental attribute of a terrain point and, therefore, slope information
can probably serve as the basis for the development of suitable algorithms for gross
error detection. The computation of the slope of each grid point in different directions
does not present a real problem. In this view, it appears promising to make use of slope

information as the basis for developing algorithms for detection of gross errors.

Hannah (1981) developed an algorithm for the reduction of gross errors, based on the
absolute slope values. The principle of Hannah’s algorithm can be described briefly as
follows. As a first step, the slopes between the point under investigation, say P, and its
neighbours (eight if not located on the boundary) are computed. Once this has been

done for the whole data set, three tests are carried out on the slopes.

1. Slope constraining test: To checks the (eight) slopes immediately surrounding P
to see if they are reasonable, that is, whether they exceed the predefined

threshold value or not.

2. Local neighbour slope consistency test: To checks the four pairs of slopes
crossing P to see if the absolute value of the difference in slope in each pair

exceeds the given threshold value.

3. Distant neighbour slope consistency test: It is similar to the second test. This
test checks whether pairs of slopes approaching a point across each of the eight

neighbours are consistent.

The results of these three tests are used as the basis to judge whether a point is accepted
or rejected based on the absolute slope values. Obviously, absolute slope values and
slope differences will vary from place to place. For example, in an area with rough
terrain, absolute slope differences will be larger than those found in smooth areas.
Absolute values of slopes in steep areas will be larger than those found in flat areas.
That is, it is not feasible for an absolute threshold value to be suitable overall for an
area of interest except in a homogenous area. For this reason, Li (1990) tried to make
relative thresholds for his algorithm development and his algorithm will be presented

in the following.
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6.1.1 The principle of gross error detection based on an adaptive threshold

The algorithm developed by Li (1990) is based on the concept of slope consistency.
Instead of absolute values of slope and slope changes, relative values are considered.
Furthermore, a statistic is taken from these relative values and is then used as the
threshold value to measure the validity of a data point instead of using a predefined

value. Thus, this algorithm is adaptive to any data set.

As shown in Figure 6.1, data point P can be defined by its rowand column number, (I,
J) within the height matrix. Its eight immediate neighbors — points 5, 6, 7, 10, 12, 15,
16, and 17 — can also be defined by row and columnas I+ 1,J—1), I+ 1,J), I+ 1,
J+1),d,J-1),d,J+1),d—-1,J-1),I—-1,J),and (I -1, J +1). From these eight
points and point P itself, six slopes can be computed in both the row (i.e., I ) and the
column (i.e., J ) directions. Taking the row direction as an example, six slopes — those
between points 5 and 6, 6 and 7, 10 and P, P and 12, 15 and 16, as well as 16 and 17 —
can be computed. From the set of six slope values, three slope changes can then be
computed. For example, the slope changes at points 6, P, and 16 can be computed from
those values mentioned above. These initial values are given in an absolute sense and
will vary from place to place. Therefore, some relative values need to be computed from

them.

(1+1.9) g+t a4

4 5 L(1+1, J—1
’ »
6 7
(1, J-1P L ) (I, J+1)
L ® ® 13
9 10 12
=1, J=1)L (1-1,J) &(I-1, J+1
] ).( : ).( D]
14 15 16 17
18 19 20

Figure 6.1 Point P in the original grid data and its neighbours (Li, et al., 2005)

If there is no gross error at point P, then for the same direction (e.g., the row direction),
the difference in the slope change (DSC) at point P and that at its immediate neighbour
(e.g., point 6 or 16) located in the row direction will be consistent, even though the
absolute values of slope and slope change may vary from place to place. Therefore,
these differences in slope change are the relative values that are being searched for and

can be used as the basis of a method for detecting gross errors.
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That is, for each point except those along the boundary, two DSC values can be
computed from the three slope changes in each direction. The DSC values from all the
data points will be used as the basic information for this algorithm. From these DSC
values, a statistic will be computed, and it will then be used to construct the required
threshold value. Then, this threshold value will be used as the basis on which a
judgment is made as to whether or not a point has a gross error in elevation. For example,
if all four DSC values centred at P exceed the threshold value, then P will be suspected

of containing gross errors.
6.1.2 Computation of an adaptive threshold

In this computation, first of all, the DSC values in both row and column directions are
computed and then these DSC values are used to compute an adaptive threshold. The

computation of the slope (Slope) in the J direction, for example, is as follows:

ZU+1,)-2(1-1,]—1)
B Dist(J — 1,))

Slope;j(I +1,] — 1)

where Dist(J — 1, J) is the distance between the nodes at (I + 1, J) and (I+ 1, J — 1), that

is, equal to the grid interval.

Similarly the values Slope;j (I + 1, J), Slope; (I, J — 1), Slope; (I, J), Slope; I —1,J —
1), and Slopej (I — 1, J) can be calculated. The computation of slopes in the other (I)
direction is similar. After calculating the slopes, three slope changes (SlopeC) in each
direction can be computed. For example, in the J direction, the computation is as
follows:

SlopeC;(1,]) = Slope;(1,]) — Slope;(1,] — 1)

Also, SlopeCi(I+1,]) and SlopeC;j(I —1,]) can be computed similarly. The
computation of slope changes in the I direction is also similar. After this, two
differences in slope change (DSlopeC) for the point (I, J) in each direction can be
computed as follows:

J direction:
DSlopeC; (1,],1) = SlopeC; (1,]) — SlopeC; (I + 1,])

DSlopeC; (1,],2) = SlopeC; (1,]) — SlopeC; (I — 1,])
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I direction:
DSlopeC; (1,],1) = SlopeC; (1,]) — SlopeC; (I,] + 1)

DSlopeC; (1,],2) = SlopeC; (1,]) — SlopeC; (I,] — 1)

All DSC values calculated from all the data points will be used for computation of a
statistic, which will then be used as threshold for acceptance or rejection of the point.
For such a statistic, the absolute mean, the range (biggest minus smallest), the mode,
the RMSE, as well as the standard deviation and mathematical mean are all possible
options. Li (1988) made a thorough analysis on the possible statistics and Li (1990)
made some observations from experiments and then concluded that RMSE is as good
as the combination of the mathematical mean and standard deviation. Thus, the
threshold value is simply K times RMSE of the DSC values, that is,

DSC; = K X RMSE(DSC)

where K is a constant. It has been found that the DSC values are quite normally
distributed and thus a value of 3 has been used for the constant K. There are three

possible ways to compute RMSE values:

1. Compute the only RMSE value from all DSC values at all the data points in all
directions.

2. Compute four RMSE values from the DSC values at all the data points, one for each
of the four directions (above, left, below, and right) defining each data point.

3. Compute two RMSE values, one of which is related to the row (i.e., the I) direction
and the other to the column (i.e., the J) direction. In this case, the two DSC values
of each point in the same direction, say the J direction, are added together to get a

new value and the RMSE value can be computed from these new values.

All the methodology described above is designed to judge whether or not a point has a
gross error. A particular threshold value for an individual direction is used as the basis
for judgment. If the threshold is exceeded, then this point is regarded as unnatural in

the neighbourhood and is suspected of having a gross error.
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CHAPTER 7
CONCLUSION

This report discussed the effect of random errors on slope values by performing slope
calculation to generate slope map based on DEM and adding random noise manually.
By comparing the resulting maps in the different methods of calculating slope, it is clear
that the geodesic method is an ideal method for small scale DEM requiring
consideration of the curvature of the Earth. For large scale DEM, both geodesic and
planner method can also be adopted. Also, the cause and the effect of errors of DEM on
calculating slope by creating a raster dataset of random values with different
distribution have been discussed. For the colour schemes on indicating the gradient of
extracted slope values, the sequential colour scheme would be ideal for the
demonstration of the gradient, while the discrete colour scheme is better to demonstrate
the direction alone because it is easy to distinguish the different. In addition, the
detection methods of gross error in raster-based DEM using slope information were

discussed.
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