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ABSTRACf: Four computer programs, for estimating the optimum sampling interval in grid sampling od digital elevation
models (OEM) by photogrammetric methods, have been tested with real data (1:60 000 aerial photography) and results
were compared. These programs are SPECTRA, LOGKV, LINEAR, and RF. They were tested with real sample profiles of
three categories: long (""12 km), short (""3 km), both of fixed sample spacing, and long (""12 km) of varying sample
spacings. For the purpose of validating the results, one of the stereomodels was sampled three times at grid intervals
of 75 and 130 m for the entire model and 25 m for its southwest quarter portion. Together with the measurements of
breaklines, hilltops, and depressions, contour lines were interpolated and plotted from each grid sampling. Index
contour lines from each plot were tested for accuracy on an analytical stereoplotter. From the results, guidelines for
using these programs are presented and a sampling strategy is recommended.

which must not exceed (T~". The above computations are done
iteratively to determine the cut-off frequency w(R) = 27TR/N.
Hence, the optimum sampling interval is

PROGRAM LOGKV

The underlying concept of this program is self-similarity, which
was investigated and implemented by Dr. K. Kubik, Department

DESCRIPTION OF PROGRAMS

PROGRAM SPECTRA

This program was made available by Dr. D. Fritsch, Chair of
Photogrammetry, Technical University of Munich, Federal Re
public of Germany (Fritsch, 1984).

Given a sample profile Z(i), i = 0,1,2, ... , N-1, measured at
a fixed horizontal spacing, tld, its linear trend is first removed
as follows:

Z(i) = Z(i) - ao - a,i, i = 0,1,2, ... , N-1, (1)

where ao and a, are parameters of a linear function which fits
best the given profile obtained by least squares. The residuals
Z(i) are then represented by the inverse discrete Fourier trans
form, and the profile is reconstructed as follows (Fritsch, 1985):

1 1«NI2-1
Zr(i) = - 2: X(k)ej-rrkilN, j = j - 1 (2)

N k:O

The variance of the construction process is
1 N_ I

(T~ = - 2: {Z(i) - Zr(i)F
N ':0

(4)

(3)

(5)

N-l

2: Z(i)e-j-rrkiIN.
;=0

7T

tldopt = w(R) (tld).

X(k)

where

INTRODUCTION

A N OPTIMUM SAMPLING STRATEGY for data acquistion of OEM
by photogrammetric methods involves the following basic

steps:

• Selective sampling of abrupt changes in elevations such as break
lines, hilltops, and depressions;

• Grid sampling using regular, semi-regular, or irregular sampling
intervals; and

• Progressive sampling using second-height differences (Maka
rovic, 1977) or harmonic vector magnitude computed from double
Fourier function (Ayeni, 1982).

The purpose of an optimum sampling strategy is to acquire OEM
data with the least number of sample points and yet produce
contour lines that meet the required accuracy specifications. The
above strategy looks ideal, but actually only the first two steps
are commonly implemented in practice. As a result the OEM
data are either under- or over-sampled, with the latter prevail
ing mostly as a safety factor. Less optimum sampling, i.e., un
der- or over-sampling, both have an economic implication. Under
sampling will result in inaccurate OEM data which may be re
jected or require resampling. On the other hand, over-sampling
will result in unnecessary observation time, extra computer data
processing for redundant data, and computer storage problems.
Hence, it is imperative to implement an optimum sampling
strategy.

This paper deals mainly with test comparisons of four com
puter programs for determining optimum sampling intervals in
grid sampling, given one or more profiles representing a ster
eomodel or its portion. The optimum sampling interval is de
termined by each program 'in such a way that the subsequent
OEM data to be acquired (consisting of breaklines, hilltops,
depressions, and grid samples) meet the specified accuracy of
interpolated heights (e.g., contour lines). Empirically, the error
budget for the specified accuracy consists of accuracies of aerial
triangulation, model setup, sampling, and interpolation (see the
Appendix). The only unknown in the error budget is the re
quired accuracy for interpolation, (T'nt' which can be estimated
readily knowing the other accuracy estimates. The required ac
curacy for interpolation is the key factor in determining the
optimum sampling interval as computed by the four programs.
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Given a sample profile Z(i), i = 1,2, ... , N, measured at a
fixed horizontal spacing /::"d, the optimum sampling interval /::,.dop,

is determined iteratively. Starting with a control spacing of 2/::,.d,
intermediate sample points are interpolated linearly and
elevations are compared with their respective measured
elevations. The root mean square (RMS) value of the discrepancies
is computed and compared with (T'nt. If the RMS is less than
(T'nt' the process is repeated by increasing the control spacing
by M. If kM is the control spacing for each iteration, k = 2,3, ... ,
K where K is the least value of k whereby (Tint is exceeded, then

of Geodetic Science and Surveying, The Ohio State University,
Columbus, Ohio (Frederiksen et aI., 1983, and 1984).

Given a sample profile Z(i), i = 1,2, ... , N, measured at a
fixed horizontal spacing /::"d, its linear trend is first removed as
with the program SPECTRA: i.e.,

Z(i) = Z(i) - au - aJ, i = 1,2, ... , N. (6)

From the residuals Z(i), the variances of height differences at
varying lags k are computed: Le.,

1 N-k

V(k) = - L {Z(i) - Z(i+k)}2, k = 1,2, ... ,N/2. (7)
N-k ;~1

M opt = (K-1 + E)M (10)

where

Figure 1 represents the plot of natural logarithms of V(k) versus
k, also known as the log-log plot of variogram modeled as V(k)
= ckl3 Based on computations with real data, the points tend
to lose correlation at larger values of k (see points 10 to 16).
Based upon the first few points (1 to 9) that are well correlated,
a straight line may be drawn, from which slope f3 and the
ordinate-intercept In(c) are determined graphically.

f3 and In (c) may also be determined analytically. Starting with
the first three points In(V(k)), k = 1,2,3, a straight line function
is determined by least squares. Residuals are computed and
compared with a threshold that is equivalent to an acceptable
graphical error. If residuals are less than the given threshold,
then the process is repeated with the next point included, until
at least one residual exceeds the given threshold. This is the
way f3 and In(c) are determined by this program. Hence, manual
plotting is completely avoided.

The optimum sampling interval is
In this program,

• Relief is the average height difference, Ll.zave, between successive
significant breakpoints;

• Wavelength is the average distance, Ll.dave ' between successive
significant breakpoints: The optimum sampling interval is

Mop, = (Ll.dilve)/2; and (12)
• Mean slope = (Ll.zilv..!Ll.dnve ) 100%. (13)

PROGRAM RF

This program was developed primarily for analyzing terrain
undulation based on the following parameters (Frederiksen et
aI., 1984):

• Relief is the height difference between the lowest and highest
elevations of a given profile,

• Slope is the first derivative of the profile at a point, and
• Wavelength is the average distance between successive points of

zero slope (e.g., two hilltops).

(11)

/::"d, assuming RMS(l) = (T'nt.

(T'nt - RMs(K -1)
E - --'=:-::----,--"--

RMS(K) - RMS(K-1)'

When K = 2, /::,.dopt

(8)

(9)
c

where L is computed from

PROGRAM LINEAR

This program is based on the assumption that the OEM data
are sufficient in density such that heights can be interpolated
accurately by a straight line or planar function.

Significant breakpoints are determined using the following
criteria:

• Height difference between any successive points exceeds (Tin,; and
• If a point is linearly interpolated between its two neighboring

points, and its computed elevation is compared with its sampled
elevation, the discrepancy exceeds (Tint.

1n (V( k) ) The roughness factor, R.F., in this paper is defined to be the
mean slope (Equation 13), which will be used for analyzing the
results of test comparisons in this paper.

4

3
I
I
I b
I
I_____ J

a

In(c)

TEST DATA

The programs were tested with real data obtained from wide
angle photography, at a scale of 1:60 000 covering four contig
uous stereomodels: 4200, 4202, 4204, and 4206, which had been
used for compiling 1:20 000 provincial topographic series of the
area with 10-metre contour lines (see Figure 2). The profiles
were sampled along the north-south boundaries of the models
at a fixed horizontal spacing of 25 m using an analytical ster
eoplotter. Profile 200 is situated on the edge of the Rocky Moun
tains. All the others are on moderately rolling or flat terrain.

The programs were tested and compared using the following
sets of profiles:

• Long profiles of fixed sample spacing,
• Short profiles of fixed sample spacing, and
• Long profiles of varying sample spacings.

1n(k)
o

FIG. 1. Log-log plot of variogram.

Short profiles were derived from the long ones by subdividing
each profile into four parts. Profiles 200-1 and -2 (south half of
profile 200) are on the rugged terrain of the Rocky Mountains.
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Profiles of varying sample spacings were derived from the
long profiles to produce profiles with sample spacings of 50,
75, and 100 m.

Rocky

202-4 204-4 206-4 208-4

a N 204-3 " 206-3
<0

208-a 202-3 ~
a a

N N N

"- 202-, 204-2 206-2 208-2
"-
" 206-1 208-2\12- 204-1

"

• Differences from the mean sampling interval (3), (6), (9), (12) are
within ± 18 m for profile of highest R.F. (200). Differences are
inconsistent with the other profiles;

• RMS of percent diffferences from the mean are allIes than 36 per
cent;

• LOGKV has the least RMS while SPECTRA has the largest;
• RF computes the most conservative sampling intervals, while

SPECTRA and LI EAR tend to be the most optimistic (see means of
percent differences); and

• LOGKV has the most favourable percent differences (7), with a
maximum of 22 percent only in absolute value. On the other hand,
SPECTRA has the worst percent differences (4) with a maximum of
54 percent.

SHORT PROFILES

The profiles have been rearranged in decreasing order of R.F.'s
(see Table 2). It can be noted that:

• The mean sampling intervals (14) have an increasing trend with
decreasing R.F.'s, except for some inconsistencies at R.F...7.8;

• Differences from the mean sampling intervals (3), (6), (9), (12) are
within ± 4 m for profiles of higher R.F. (200-1 and -2). Differences
are inconsistent for the other profiles;

• RMSs of percent differences from the mean intervals are all less
than 34 percent;

• LOGKV has the least RMS, while RF has the largest;
• RF computes the most conservative sampling intervals, while

SPECTRA tends to be the most optimistic (see means of percent
differences); and

• LOGKV has the most favorable percent differences (7), with a
maximum of 23 percent. On the other hand, SPECTRA has the
worst percent differences (4) with a maximum of 60 percent.

00
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\

\

\ Sea 1e I: 250 000

\

4200

, ,
.... , 200-4

....
ZOO- 3

"-
200-2

Forest Reserve

f~ountains 200-1

'FIG. 2. Test area.

The required accuracy for interpolation, a;n" has been deter
mined as follows (see the Appendix):

OBSERVATIONS

From the results, we can conclude the following:

• Except in flat terrain (R.F. "8.1), sampling intervals computed by
all programs are increasing with decreasing roughness factors.
Hence, the formulation of roughness factor in this paper is indeed
consistent.

• In rough terrain (R.F. ;;'18.7), all programs agree on the computed
sampling intervals within ± 18 m of the mean with short and long
profiles. Hence, any of the programs appears suitable for rough
terrain, regardless of the profile length.

• RMS of percent differences with long and short profiles are within
36 percent for all programs. Hence, any of the programs is poten
tially suitable for the purpose of determining the optimum sam
pling interval.

• LOGKV appears to be the most suitable program to use with any
terrain roughness or profile length.

• With long and short profiles, RF tends to compute the most con
servative sampling interval, while SPECTRA tends to be the most
optimistic. LINEAR tends to be the most optimistic also with long
profiles.

• Sampling intervals computed by any of these programs become
less reliable with increasing sample spacings and increasing
roughness of the terrain.

• LOGKV appears to be the most suitable with profiles of sparse
sample points.

PROFILES OF VARYING SAMPLE SPACINGS

Computed sampling intervals of 50, 75, and 100 m profiles
were compared with those of 25 m profiles as computed by the
programs (see Table 3). It can be noted that

• Differences (3), (6), (9) in absolute values are generally increasing
with increasing sampling intervals for all programs;

• Maximum percent differences (4), (7), (10) in absolute values are
on the roughest profile (200) for all programs;

• LOGKV has the least RMS, while SPECTRA has the largest;
• LOGKV is the most conservative, while SPECTRA is the most optimistic

(see means of percent differences); and
• LOGKV has the most favorable percent differences (7), with a

maximum of 51 percent. On the other hand, SPECTRA has the
worst percent differences (7), with a maximum of 245 percent.

(15)

(16)

(14)

(17)

2.13 m.

O"int:::::::: (cr;'Pt:lC - cr;,1' - cr~etup - cr;n.,-"p)1/2

c.r. 10
aspee = 2(1.64) = 2(1.64) = 3.05 m

H
a = a = ---------

snmp sclup (C - factor)(1.64)(2)

9180
2500 (1.64)2 = 1.12 m

Photo scale is 1:60 000. An analytical stereoplotter is assumed
to be used for sampling.

PROCEDURE

All sample profiles were processed using all four programs:
SPECTRA, LOGKV, LI EAR, and RF. Input data to each program
included

• Profile header/identifier;
• Required accuracy for interpolation a;n' (m);
• Horizontal spacing Dod (m); and
• Profile data X, Y, Z (m).

RESULTS

LONG PROFILES

The profiles have been rearranged in decreasing order of R.F.'s
(see Table 1). It can be noted that

• The mean sampling intervals (14) are increasing with decreasing
R.F.'s;

a AT = (RMS2
CP + RMS2

TP) t/2

= (202 + 152
) t/2 = 25f.l.m

at image scale or 1.50 m in ground scale.

a;n' = (3.052
- 1.502

- 1.122
- 1.122)'/2
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TABLE 1. LONG PROFILES.

SPECTRA LOGKV LINEAR RF Mean R.F.

Prof Int Diff % Int Diff % lnt Diff % lnt Diff % (m) (%)

(1)
200
202
204
208
206

RMS

Mean

(2) (3) (4)
29 -13 -31

123 23 23
200 64 47
139 - 6 - 4
229 81 54

36

18

(5) (6) (7)
41 - 1 - 2
88 -12 -12

116 -21 -15
147 2 1
116 -32 -22

13
-10

(8) (9) (10)
60 18 43

111 11 11
142 6 4
178 33 23
159 11 7

23

18

(11)
38
77
88

116
89

(12)
- 4
-23
-49
-29
-59

(13)
-10
-23
-36
-20
-40

28
-26

(14)
42

100
137
145
148

(15)
18.7
6.9
4.6
4.2
4.0

Notes:
(1) Profile identifier
(2), (5), (8), (11) Computed sampling intervals (m)
(14) Mean sampling interval
(3), (6), (9), (12) Differences from the mean
(4), (7), (10), (13) Percent differences with respect to mean
(15) Roughness factor

TABLE 2. SHORT PROFILES.

SPECTRA LOGKV LINEAR RF Mean R.F.

Prof Int Diff % Int Diff % Int Diff % Int Diff % (m) (%)

(1)
200-1
200-2
202-4
200-3
202-2
204-1
202-3
206-2
208-2
204-2
208-1
202-1
204-4
208-3
206-3
206-4
208-4
200-4
204-3
206-1

(2) (3) (4)
29 4 17
31 2 6
48 -33 -41

200 69 52
94 19 25

133 36 37
229 86 60
114 21 23
123 9 8
178 60 51
145 10 7
123 10 9
229 64 39
229 14 6
178 38 27
200 44 28
229 30 15
267 66 33
145 -42 -22
320 78 32

(5) (6) (7)
24 - 1 - 3
33 4 13

100 19 23
103 -28 -22
59 -16 -21
91 - 6 - 6

120 -24 -16
82 -11 -12

109 - 5 - 4
94 -24 -20

146 11 8
102 -11 -10
154 -11 - 7
215 0 0
137 - 4 - 2
138 -18 -11
197 - 2 - 1
203 2 1
202 15 8
260 18 7

(8) (9) (10)
25 0 1
25 - 4 -15

117 36 44
154 23 17
86 11 15
92 -5 -5

137 - 7 - 5
108 15 16
115 1 1
129 11 9
180 45 33
115 2 2
183 18 11
212 - 3 - 2
146 6 4
206 50 32
234 35 18
218 17 8
283 96 51
290 48 20

(11)
21
28
59
68
61
73
88
68

109
71
71

111
93

205
101

79
135
118
118
100

(12)
- 4
- 1
-22
-63
-14
-24
-56
-25
- 5
-47
-65
- 2
-72
-10
-40
-77
-64
-84
-69

143

(13)
-15
- 4
-27
-48
-19
-25
-39
-27
- 4
-40
-48
- 2
-44
- 5
-28
-49
-32
-41
-37
-59

(14)
25
29
81

131
75
97

144
93

114
118
136
113
165
215
141
156
199
202
187
243

(15)
36.0
24.7
9.5
8.1
7.8
6.0
6.0
5.7
5.1
5.1
5.1
4.5
4.3
4.2
4.1
4.0
3.6
3.6
3.2
2.1

RMS

Mean

31

21

12

4

21

13

34

-30

Notes: Same as Table 1.

VALIDATION OF OBSERVATIONS

RESULTS AND DISCUSSION

The accuracy of the discrepancies of contour lines may be
estimated as follows:

(19)

(20)

(21)

By the law of propagation of variances and disregarding
correlations,

Therefore,

(TDisc = (3.052 + 1.502 + 1.122 + 1.122
)112 = 3.8 m.

From the discrepancies of the contour elevations, it is evident
that the contour elevations of the contour plot from the 130-m
grid sampling do not meet the specified accuracy (see Table 4).
The discrepancies from the 75-m grid partially meet the specified
accuracy (see points 20 to 36 with RMS of 2.9 m). Points 1 to 19
are on the rugged terrain of the Rocky Mountains. Those from
the 25 m grid meet the specified accuracy with RMS of 3.2 m.

From the results, we can conclude that the grid interval of
130 m for the entire model and 75 m for its rugged portion do
not meet the specified accuracy. On the other hand, the 75-m
grid interval for the rolling and flat terrain portion, and 25 m

(18)

where

Disc = discrepancy,
CE = contour elevation, and
ME = measured elevation.

Disc = CE - ME

PROCEDURE

For the purpose of validating the observations made previ
ously, model 4200 (see Figure 2) was sampled three times, at
grid intervals of 75 and 130 m for the entire model, and 25 m
for its southwest quarter portion. Breaklines, hilltops, and
depressions were also measured. From each grid sampling com
bined with breaklines, hilltops, and depressions, contour lines
at a 10-m interval were interpolated and plotted at 1:20 000
scale. Each contour plot was tested for accuracy by spot height
ing intersections of a drawn profile with index contour lines on
an analytical stereoplotter.
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TABLE 3. PROFILES OF VARYING SAMPLE SPACINGS.

50 m 75 m 100 m 25 m
Profile Int Diff % Int Diff % Int Diff % Int

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
SPECTRA

200 53 24 83 76 47 162 100 71 245 29
202 126 3 2 145 22 18 152 29 24 123
204 206 6 3 192 - 8 - 4 229 29 15 200
206 200 -29 -13 223 - 6 - 3 237 8 3 229
208 139 0 0 150 11 8 168 29 21 139

RMS = 79.5; Mean = 37.6.
LOGKY

200 29 -12 -29 21 -20 - 49 20 -21 - 51 41
202 75 -13 -15 66 -22 - 25 53 -35 - 40 88
204 108 - 8 - 7 91 -25 - 22 100 -16 - 14 116
206 104 -12 -10 92 -24 - 21 94 -22 - 19 116
208 128 -19 -13 115 -32 - 22 116 -31 - 21 147

RMS = 27.0 Mean = -23.9
LINEAR

200 50 ~1O -17 75 15 25 100 40 67 60
202 50 -61 -55 75 -36 - 32 100 -11 - 10 111
204 116 -26 -18 75 -67 - 47 100 -42 - 30 142
206 133 -26 -16 75 -84 - 53 100 -59 - 37 159
208 156 -22 -12 156 -22 - 12 100 -78 - 44 178

RMS = 36.2 Mean = -19.4
RF

200 53 15 39 57 19 50 74 36 95 38
202 83 6 8 82 5 6 88 11 14 77
204 91 3 3 114 26 30 127 39 44 88
206 106 17 19 113 24 27 121 32 36 89
208 112 - 4 - 3 112 - 4 - 3 133 17 15 116

RMS = 35.4 Mean = 25.3

Notes:
(1) Profile identifier
(2), (5), (8), (11) Computed sampling intervals (m)
(3), (6), (9) Differences of (2), (5), (8) from (11)
(4), (7), (10) Percent differences of (3), (6), (9) with respect to (11).
RMSs and means are of those percent differences (4), (7), (10).

for the rugged portion, both meet the specified accuracy. Based
on this conclusion, we can identify sample profiles that are
representative of the model's terrain characteristics based on
their locations and computed sampling intervals by the four
programs. The sample profiles should be located on the portion
of the model represented by the 75- or 25-m grid intervals, and
that the range of sampling intervals computed for each profile
includes 75 or 25 m as the case may be. After identifying the
relevant profiles, discrepancies of computed sampling intervals
from 75 or 25 m have been determined and results summarized
in Tables 5 and 6.

None of the long profiles (Table 1) were found to be
representative of the regions represented by 75- or 25-m grid
intervals. From the short profiles in Table 2, three were found
to be representative of the 75-m grid region and two of the 25
m grid region. From profiles of varying sample spacings (Table
3), five of them were found to be representative of the 75-m
grid region, while none of them were of the 25-m grid region.

In rough terrain (R.F. ~24.7), the computed sampling intervals
are within ± 8 m compared with 25 m (see Table 6). LOGKV or
RF appear to be the most suitable programs to use with short
profiles of any terrain roughness (see Tables 5 and 6). RF tends
to be the most conservative while LINEAR tends to be the most
optimistic (see Table 5). RF appears to be the most suitable
program with profiles of sparse sample points.

RECOMMENDATIONS

GUIDELINES FOR USING THE PROGRAMS

Based on previous analyses, the most suitable program(s) is
recommended for each particular case. With progressive sam
pling, program SPECTRA is the most suitable for determining

the zero-order sampling interval because it is the most optimis
tic of all the programs.

Without progressive sampling, one has to be more conserv
ative. Table 7 provides some guidelines as to the most suitable
programs to use depending on the following profile attributes:

• Roughness of the terrain
• rough terrain (R.F. ~15)

• flat terrain (R.F. <15)
• Length of sample profile

• long (length ~1.75 model base)
• short (length <1.75 model base)

• Profile sampling rate
• high (tld ';;0.8 mm at image scale)
• low (tld >0.8 mm at image scale)

The recommended programs are based on means of percent
differences of computed sampling intervals obtained from the
tables referenced and profiles used. A program is recommended
if percent differences are within ± 50 percent. The programs are
arranged in the order of increasing degree of optimism. In other
words, the first program is the most conservative and the last
is the most optimistic. Cases (c) and (g) should be avoided,
because sample points may be too few to produce reliable re
sults. If results of validation (Tables 5 and 6) do not agree with
those of previous comparisons (Tables 1, 2, and 3), then the
former prevail.

RECOMMENDED SAMPLING STRATEGY

The following sampling strategy is recommended if progressive
sampling is not available:

• Measure breaklines, hilltops, and depressions, preferably plotted
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DISCREPANCIES OF CONTOUR LINES.TABLE 4.

Point Number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

130m

30
23
70
70

6
- 51

59
39
81
80
9

48
52
54
58
11
49
57

154
103

56
57
51
51

2
- 48

1
46
o

- 52
6

51
2
5

Discrepancies (m)

75 m

o
23
28
24
21
5

- 5
- 9

33
33
25

9
3

- 4
- 2
-10

15
1

21
5
o
2
4
2
3
2

- 4
o

- 1
- 3
- 1
- 2

5
2
3
3

25 m
- 2
- 3
- 3
- 5

o
2

- 3
- 2
- 2
- 4

1
- 1

3
-10

2
6
5
2
2
1
3
6
4

- 1
4
2
4
2
3

- 1
o

- 1
1
o
o

- 1
- 1

on the manuscript or shown on an interactive graphics display
interfaced with the stereoplotter.

• Decide whether or not the model will be partitioned into regions
of varying grid sizes, depending on the variations of terrain
undulation.

• If the decision is made to partition the model, then delineate
boundaries of regions and excluded areas (water bodies, cloud
cover, etc.), preferably indicated on a manuscript or shown on an
interactive graphics display.

• Measure at least one sample profile at a fixed sample spacing, in
each region or the entire model. Each profile should be
representative of the terrain undulation. Avoid breaklines that
have been measured previously. Each profile should be as long
and as dense as possible for more reliable results.

• Compute IT;nt as in the Appendix.
• Run program RF to determine the roughness factor for each profile.
• From Table 7, use the most appropriate program, given the profile

attributes.
• Depending on the results, decide whether to use one or two sizes

for grid sampling in the two perpendicular directions for each
region or entire model. If only one size is used, then use the mean
sampling interval.

• Sample each region or the entire model using the final sampling
interval(s) in stationary mode.

• Generate contour lines for the entire model and plot them at the
same scale as the manuscript on the plotting table of the
stereoplotter, or display them on an interactive graphics display.

• Scan the model and check the contour lines for completeness,
fidelity, and accuracy. It may be advantageous to project the contour
lines on the optical system of the stereoplotter for simultaneous
viewing of the model and contour lines. However, continuous
display of contour lines might interfere with stereoscopic perception,
depending on the density of the contour lines. Hence, it may be
useful to have a facility for regulating the light intensity of contour
lines at the operators own discretion.

• While scanning the model, additional points may be sampled as
required and contour lines regenerated. An example of an interactive
graphics OEM sampling is presented in Ostman (1982).

TABLE 5. DIFFERENCES OF SAMPLING INTERVALS FROM 75 M.

RF. SPECTRA LOGKV LINEAR RF

Profile (%) Int Diff % Int Diff % Int Diff % Int Diff %

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
202-4 9.5 48 - 27 - 36 100 25 33 117 42 56 59 -16 -21
200-3 8.0 200 125 167 103 28 37 154 79 105 68 - 7 - 9
202-2 7.8 94 19 25 59 -16 -21 86 11 15 61 -14 -19
Mean 52 16 59 -16
200 (75) 18.4 76 1 1 21 -54 -72 75 0 0 57 -18 -24

(100) 17.0 100 25 33 20 -55 -73 100 25 33 74 - 1 - 1
202 (50) 6.7 126 51 68 75 0 0 50 -25 - 33 83 8 11

(75) 6.6 145 70 93 66 - 9 12 75 0 0 82 7 9
(100) 6.6 152 77 103 53 -22 -29 100 25 33 88 13 17

Mean 60 -32 7 2

Notes:
(1) Profile identifier
(2) Roughness factor
(3), (6), (9), (12) Computed sampling intervals (m)
(4), (7), (10), (13) Differences from 75 m
(5), (8), (11), (14) Percent differences with respect to 75 m

TABLE 6. DIFFERENCES OF SAMPLING INTERVALS FROM 25 M.

R.F. SPECTRA LOGKV LINEAR RF

Profile (%) Int Diff % Int Diff % Int Diff % Int Diff %

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
200-1 36.0 29 4 16 24 -1 - 4 25 0 0 21 - 4 -16
200-2 24.7 31 6 24 33 8 32 25 0 0 28 3 12
Mean 20 14 0 - 2

Notes:
(1) Profile identifier
(2) Roughness factor
(3), (6), (9), (12) Computed sampling intervals (m)
(4), (7), (10), (13) Differences from 25 m
(5), (8), (11), (14) Percent differences with respect to 25 m



OPTIMUM SAMPLI G I TERVAL IN DIGITAL ELEVATION MODELS 329

TABLE 7. PROGRAM GUIDELINES.

Profile
Attributes

Most Suitable
Programs

Table(s)
Referenced

Profile(s)
Used

200
200 (50 m)
200 (75m, 100m)

200-1 & -2
202 (50 m)
202 (75, 100 m)

200-3, 202-2 & -4

Table 1
Table 3
Table 5

Table 5

Tables 2 & 6
Table 5
Table 5

LOGKV, LINEAR or RF

RF, LINEAR or SPECTRA

RF, LINEAR, LOGKV or SPECTRA
LINEAR, LOGKV or RF
LOGKV, RF or LINEAR

a) Rough, long, high

b) Rough, long, low
c) Rough, short, low
d) Rough, short, high
e) Flat, long, high
f) Flat, long, low
g) Flat, short, low
h) Flat, short, high RF or LOGKV

Note: No data was available for (c) and (g).
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C-Factors
Commercial

3000
2400
2400
2400
2400
2400
2400
2000
2000
2000
2000
2000
2000
2000
1800
1800
1800
1500

C-Factors
U.S. Federal
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2500
2100
2100
2100
2100
2100
2100
1800
1800
1800
1800
1800
1800
1800
1500
1500
1500
1200
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APPENDIX
DETERMINATION OF REQUIRED ACCURACY FOR

INTERPOLATION

RMSTP = RMS of vertical tie point residuals of block ad-
justment.

If no aerial triangulation has been done, such as in case of
full model control or leveling points transferred from other
triangulated photography, then use the appropriate standard
deviation for those points.

Model setup accuracy CTse'up is estimated as follows:

The accuracy of contour lines interpolated from DEM data
is influenced by the following factors:

• Aerial triangulation,
• Model setup,
• Sampling process, and
• Interpolation.

Aerial triangulation accuracy CTAT may be estimated as fol
lows:

(22)

where

c.l.
CTse'up = (2)(1.64)

H
C-factor = -c.l.

(23)

(24)

RMScp = RMS of vertical control point residuals of block
adjustment and where
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For C-factors, see Table 8. The sampling accuracy, 0"s,mp' may
be estimated to be in the same order as O"setup' Accuracy of

(27)

(28)

(26)
c.l.

O"spee = (2)(1.64)'

Hence, the error budget is

Solving for 0";""

interpolated contour lines, 0";"" is influenced mainly by spacing
and accuracy of sample points, and interpolation algorithm.

All of the above error factors when combined vectorialy should
not exceed the required error of contour lines,

(25)
0"setup = (C - factor)(2)(1.64)·

c.l. = least contour interval possible with a given combi
nation of photography, instrumentation, and op
erator;

1.64 = X2 distribution factor, one dimension at 90 percent
confidence level; and

H = flying height above mean ground elevation.

Combining the above two Equations 23 and 24,

H

NOTICE OF MEETING
A Business Meeting of the members will be held on Wednesday, April 1, 1987, at the 1987 ASPRS-ACSM Annual Convention in

Baltimore, Maryland. The purpose of the meeting is to complete the transfer of assets from the American Society of Photogrammetry
(Washington, D.C., Corporation) to the new American Society for Photogrammetry and Remote Sensing (Virginia, Corporation). We are
pleased to report that the Internal Revenue Service has classified ASPRS as a 501c(3) non-profit organization.

MEMORANDUM
FROM: William D. French, Secretary-Treasurer

RE: Transfer of Assets from ASP to ASPRS
You will recall that a decision was made to change our name to the American Society for Photogrammetry and Remote Sensing during

the Annual Meeting in 1985. The American Society of Photogrammetry, although long located in Virginia, was originally incorporated in
the District of Columbia. We decided therefore to affect the name change and to "reincorporate" in Virginia as part of a single action. The
Internal Revenue Service requires any new corporation to secure a confirmation of its non-profit status. When the IRS action is finalized we
will be able to terminate the activities of ASP in the District of Columbia and to transfer the existing assets (office furniture, publications,
funds and investments, contracts, etc.) to the new Virginia Corporation, the American Society for Photogrammetry and Remote Sensing.

We hope to announce the finalization of the above actions at the Annual Meeting in Baltimore on Wednesday, April 1, 1987. Your Board
of Directors has adopted a resolution confirming and recommending the above procedure and directing that it be acted upon by the
membership as a whole in Baltimore. Each of you who actually attend the Baltimore meeting will be able to personally join in this action.
Realizing, however, that many members will be unable to attend, we are providing a Proxy form which will enable you to participate in this
action.

Our President, Alan R. Stevens, has been designated as the Officer to record your votes supporting this action. If there is any possibility
that you will not attend the Baltimore meeting, please sign the enclosed Proxy form and return it as soon as possible, but no later than March
21,1987. We assume that members are in favor of this action which finalized decisions previously approved by the membership; you may,
however, if you decide to oppose this action, provide a proxy to any officer or member to record a negative note at the Annual Meeting in
Baltimore.

lfthe IRS does not complete its action prior to the Baltimore meeting, this matter will be acted upon at a subsequent Special meeting of the
membership for that purpose and all Proxies previously forwarded will be used at that meeting.


