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Abstract

'T_his paper describas' a method for finding such topographical features as
ridges and valleys in a given terrain. Contour lines are used to obtain the

desired result.
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1. lntroduction

- Topographical maps capture the surface features of the terrain they represent.
A skilled person can deduce a lot of information from them such as where the
stream~-lines lie. But sometimes this is a long and tedious process. So we tried ’
;to 'wr.ita a compﬁtgr program which would automate this task.
. This paper deals wit_h a particular question about the terrain str.uctur'-e.
Where are the valleys and the ridges? One way a person would solve this problem
is the following : |
'First one would draw a ccntour mzp. Some of the tepographic features would pe
| fouﬁd by connécting "corners® of neighboring contour lines. It is quite clear
‘which contour lines represent the same mountain. Between two different mountains
- there is a valiey. ’
A valley is a depression between uplands and a ridge is an upper edge on -thg
surface. Peaks of mountains will also be referred to as ridges.
These features describe the relative height between two parts of the surface._ :
The absolute height of points of a ridge (valley) might be the same and therefore
a contour line itself might somstimes represent a surface feature. To find other _

surface features a différent technique must be applied which will be described



later.
“The following pnrégraph will explain briefly how a computer was programmed t-:u
automate the process described above.. .

For the purpose of this paper the elevations were given at grid points.  The
resblu(;ion of this griﬁ determines how much detail of the terrain’ is captm;e_d-.
The first program finds all points representing any fixed el_eva'tion- over the
- whol_e terrain using interpolation between grid points. Detéils of this algorithm -
are'explaine.d 4n the next section. The next step is to figure .out which' of these -
pointé represent 't_:ontours of_differént. mountains and valleys. Imposing a defined
circulation on each -contour line helps to seperate mountains. A corn.er findi_ﬁg-
algﬁrithm detects those point# which - properly connected ~ represent most of the
va]'.fleys. and ridges. Speéial configurations of contour lines give clues about the

other: surface features of interest.

2.Finding the_ contour map

"%"A contour line connects the points on a land
surface that have the same elevation.® -

- Webster's seventh new .

collegiate dictionary. -
~ Elevation is typically available only at discrete grid points. If one desires
to get a more detailed map one must superimpose a finer grid on the area. To _
find_ a_ particular contour-a decision has to be made whei-e to place each point
since the elevation in qua_;tion may not necessarily pass through any of the given

grid points. _

The "iterative subdivision® algorithm for finding points. o-t"' a certain
elevation works as follows: the input, which is a ﬁigital terrain model is

subdivided 1nto. a nugnber {(depending on the size of the input) of smaller sqﬁa_re-



areas Aj. 'Let'é;b;c,d be the elavations at the corners of Aj. Thae task is to
find points of height h. When h satisfies condition (1) -

| min{a,b,c,d) < h < max(a,b,c,d) - (1)
then AJ is subdivided into four equal squares Bi and conditi_on (1) is tested
again for 'i‘;he elevations at the corners'o.f Bi. .The algorithm keeps shbdivitiing
the squares until either condition (1) is not satisfied or th‘e resolution of the
input grid is rqached. In the later case a point of height h is placed in- the
middle of the last .square if it satisfies condition (1). Then _t_hg algori.thm
ﬁrqceeds’ by working: on the-next' subarea. By shifting the input .gr.id-'by half 11;5
résolution in both x and y one finds that the points found by fhe algorithml are
grid points.. For points belonging to one contour the above described method
'g_uaran'te'es. that they are pairwise neighbors. (In a Square fessallation each
ﬁo_int has eight neighbors. 1In this paper the “"neighborhood - prop"erty for
‘points® refers to this._"dei_’:lnition of neighbor.) ‘ .

The '.input hés a resolution with respect to different heights. Trying to find
two contours whose difference in elevation is smallér than .the resoluti-on of "the
input causes both contours to share points. 'l'hi.é is not a disadvantage because
it onl& makes: sense to explore the data up to the resolution of i;he input - all
furth'er '1nvastligation:'. are only guessing at the surface features.

So. the relatibn between points on a given contour is precisely defined by thé
neighborhood~property and restricted to a swmall number of possibilities, _h ’
feature.which willl be exploited in the following steps. .

This first prbgram returns a list of unordered contour points ﬁith' the abﬁve
mentioned properties. The next task is ‘to divide this 1list 1nto new lists with
each new list representing a contour line due to a surface feature.

The implementation is straightforward and is based on the notion of neighbor.
As a point can have more than two neighbors one has to take care to arrange the

points of a single contour line such that they pressrve a certain circulation.



Lis;s consisting of single points are deleted because they are most likely due to -
~ noise. Figure 1 shows a'contour map which was created by the computer. Four
different heights aré represented. It is an artifact of the display that -

‘contours do not close.

figure 1



"3, Relation between contour lines

The program described in section 2 returns all contour lines of any desired
~ height. But they do not necessarily all have the sa.me circulation. In this
baper, the following orie_ntation is defined. _Looking in the direction of the
contour line the next contour representing a lower (highef) elevation is to the

‘left (right). This definition is ambiguous in the following case:
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e

figure 2

The numbers next to- the contours denote the elevation they represent. To either.
side of the c'ontour' cla are contours of a lower elevation. This problem is
#olved at the end of this'. soction. Another application of uniform circulation is
ih, deéiding the concavity or convexity of a curve . '

" At the same time that a certain circulation is imposed on the coht_our linas

one finds out how they relate to each other - that is which contour _line to the



left (right) denote§ a iouer (higher) eleﬁation with respect to a given contour.
For most contou;s-a line andlits neighbors will be adjacent, only ridges or
-valleys are exceptions.

Ohe'starts with the contour line of highest elevationm cla in figure 3. For an
arbitrary point a on this contour the nearest point b lying on a contour line clb.
of the next lower Qlevation is found. The vector connecting a and its successor
point defines ths current orientation of the line cla. Calculating the normal
vector and its intersection with clb - let it be the point s - one can detarmiﬁe
whether s lies to the left of cla. If not, the order of the points of cla is
'reversed; Then cla becomes the "right" neighbor of clb and clb becomes the
“left™ neighbor of cla. (This defines the "neighborhood - property for
.éontours'.. Interchanging the notions left and right yiglds to an gquiyaleht
dafiption.). Only the contours representing the lowest elevation can not be
ordéréd that way. For these a point of the next higher elevation is used,tb
datermina the propar circulation. Figurs 3 illustrates the method described

above.
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. Note that a contour and its neighbor must have the same circulation. Figur_e 4

' shows a case vwhen the wrong neighbor was chosen for a contour.

cla fcb |elc lad . cte
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figure 4
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Both cla and c¢lc have clb as thaeir left neighbor, but clb and clc have a
different circulation. Therefore a new left neighbor must be found for clc .. TheA
sams method as bafoi*e is applied, taking into account that clb is not a proper
cahdidat_e. At the same timé the ambiguity with the origntaion of clc is sqlved.
' The lines representing the highest elevation do not have a right neighbor and the
ones of the lowest elevation do not have any left neighbor. This feature enables
us to detect very quickly thess special contour lines.

It can happen that a contour line has more than one right ngighbor. In
section 5 this problem is discussed in detail. Exploiting the property of how .

many adjacent contours a line has gives us a lot of clues abhout the features of

the terrain. '

. 4. Detection of corners

The task of this project is to detect valleys and ridges in a cértain area.
Let us first find the corners of the contour linés. Assuming thatA contours can
he pérameterizati as A function of one continuous variable then corners ara- the
discontinuities 1ﬁ the first darivative of this variable. In the disc_rete. cas;e
oﬁe hés to .set a threshold to decide whether thers 1is a corner at ai givén point
on-a-contour'.or whether there is only'quantization nolse. At the same time a
corner is found, it 1s decided wether it is concave or convex. | |

For each contcur line the follewing algorithm i‘s applied. (.This algorithm is
' similar to the one in the paper by Freeman {2] ).‘ A link is formed‘bythree
cénsecutive points of a contour line. For each link the angle between the x-axis
and the 1ink is calculated. If the difference of two consecutive angles is zero

the points of the appropriate two links represent a "straight® line. If .the
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difference of two cdn_secutive angles is greater than the threshold, then'.tlie _two
l.mks form a corner. _Tha ‘ch'oice of how many points to use to form a link depends |
on the.above mentioned threshold. Taking more points would. smooth the line and
therefofe for a fixed threshold the algorithm would 'flind only sharper corners.
.As already mentioned two con_s.eczitive points are neighbors and therefore fhe above
defined links give only rise to a small number of ditfergnt anglés. Therefore it -
can nof. happen that the difference of two angles wobbles around ‘zerb. Let
deltal, delta2 and deltad be three consecutive angles and let deltal - deltazl be
'differe_nt from deltald. Then the lasf point from linkl is a corner. De'pénding oh
the ratio .bétween' delta2 or deltad this corner is concave or convex. Conversely
. when the difference of three consecutive angles form the sequénc'e not zefo, ie-r.o
a corner 1is vhere the second link starts. . _
Fiﬁure_ 5 illustrates the corner finding algorithm. In a way.the links drawn
rqpros’ant the smoothened curve and therefore the points marked with an arrow-'

represent the corners.

\ 5 ! g
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~Again a decision has been made about the definition'of a carner. Fi’gure_- 6
illustrates a sequence of differences of angles between succesive links: 0, -45,
270, -45, 0; Thé algorithm detects two corners, but one could argue that this is
. only one corner. Assuming that the data does not have too much .noise the

algorithm as implemented finds the details in the surface structure .

figure 6

- 3. Finding the st‘feam-lines

Most co,ntour‘-lines have one right and one left neighbor. The line denoting a
peak does not have a right neighbor. But it can happen that a depression is
charécteriied by a contour which does not have a right neighbor as shown in

figure 7.
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Let cla be the contour which does not have a right_v. neighbor. To find out if it .'
is a peak or a depréssion one can apply this method. Find the nearest contour
clb which has the same height as cla. Compute all the points a (on_' cla) and b
{on c.lb)_ with the fullowing property: the line conhebtinc aand b dbe's not
intersect with either cla or clb. If the line ab does not have any points in
common with either left or. right neighbor _of cla and clb then there is a ridge
between the_ points a and b. Cla becomes also a.t left neighbor- of - thé right
neighbor of clb. Otherwise cla is a ridge. Note that an area can be a ridge and -
& valley without implying a contradiction. Slope is a measure which depends on

the reference dirqction. Figure 8 illustrates such case.({marked with an arrow)
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figure 8

Contours which have more than one right neighbor give some clues about ridges

or val_leys._ Figure 4 (with the circulation of clc reversed) and figure 9

1llustrate these cases.
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figure 9

Let clb and cld be the two right neighbors of the contour cle. (COntours with
more than two neighbors are treated in an analogous fashion.) Again find all
points b (on clb) and d (on cld) with the t'ollllowing property: t_he line
conhecting' b -and d does not intersect either clb or cld. If the line bd does not
intersect with either a r'igh_t. neighbor of clb cr a -right aeighbor 6f cld than
. there is a valley between b and d. Suppose it intersects with the right naigﬁbor'
of cld, then clb is a valley. If it intersects with the right neighbor of _clt_:,

then cld is a valley.

The rest of the surface features are found by connecting properly the corner
of the contour lines. One starts with the. ridges (contouré vhich do not have a-
right neighbor) and considers first the convex points on them. Let pa bes a
_convex poin't on a ridge cla and let clb be the left neighbor of cla. Conn‘éct pa

with a convex point on clb which has the smallest distance to pa. This process .
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is continued until a valley is reached. For the concave points one procee;ds
analogously. If both adjacent contours of a ridge line are of | the s'an_)e height
proper corners have to be connected to either side of the ridge, eg. compare
- figure 4 (with the circulatien of clc reversed):l clb and cld are adjacent
contours of clc, cld is the left neighbor of clc and the convex (concav_e) points
of both contours are connected. For finding the surface features on the slope
betﬁaen clb and clc one renames the convex (concave) corners on clc to concave
{convex) cérners and then connects the proper polnts between clc and clb. Note
. that concavity and convexity are directional measurements and therefore when

changing the viewpoint thase notions have to ba intarchanged.

6. Conclusion

'Most of the method which was described in this paper was implemented and
returned very satisfying resulﬁs. The data used was sampled from some areas of
Switéerland and Canada and had therefore approximately all features this world

(the best of all possible worlds) has to offer.
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