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ABSTRACT: A structural pattern recognition methodology is presented for computer-assisted description and classifi
cation of drainage patterns. Eight patterns types were quantitatively described and classified. The methodology to
classify these patterns consisted of drainage pattern models, hierarchical and relational models, attribute extraction,
and classification strategies. The results indicated that a digital computer can assist human interpretation of such
patterns.

TABLE 1. SIGNIFICANCE OF DRAINAGE PATTERNS.

INTRODUCTION

D RAINAGE NETWORKS are formed by aggregation of natural
drainage ways. The configuration in which a given set of

tributaries arrange themselves within a drainage network has
been called the pattern of the drainage network or drainage
pattern (Parvis, 1950). Comprehensive empirical descriptions of
more than thirty pattern configurations were discussed by Par
vis (1950) and Howard (1967).

Drainage patterns result from variations in the conditions of
topography, porosity, permeability, geologic structure, and
chemical composition of soils and rocks. Table 1 demonstrates
the significance of drainage patterns as key indicators of terrain
factors. Drainage patterns have been employed in water re
sources assessment and hydrogeomorphic analysis (Salomon
son, 1983), engineering applications of remote sensing (Mintzer
and Messmore, 1984), and photogeology for the interpretation
of soils and rocks from remotely-sensed images (Way, 1978;
Estes et aI., 1983; Mintzer, 1983). The usefulness of computer
classification of drainage patterns for formalizing and automat
ing the classification of textures and structures appearing on
remotely-sensed images has been suggested by Gudilin (1973)
and Estes et al. (1983).

Drainage networks have been described by their topology
and geometry. The majority of research has focused on methods
of characterizing, coding, and storing the topologic aspects of
drainage patterns Oarvis and Woldenberg, 1984). Coding pro
cedures for determining drainage network geometry as well as

Drainage Pattern
Dendritic

Parallel

Rectangular/Angular
Pinnate
Trellis

Radial
Annular

Significance
Horizontally Bedded Sedimentary
Strata, Volcanic Tuff, Old Dissected
Coastal Plains
Uniformly Sloping Sedimentary
Strata, Large Basalt Flows, Tilted
CoastaVLake Plains
Slate, Schist, Gneiss, Sandstone
Loess, High Silt Content Materials
FoldedlFaulted Sedimentary Strata,
Maturely Dissected Coastal Plains
Domelike Hills
Domelike Hills on Granitic or Sedi
mentary Rocks

topology have been investigated by Coffman and Turner (1971)
and Jarvis (1984). However, limited work has been reported on
the quantitative classification of the patterns of drainage net
works. Two-dimensional histograms and vectorial rosettes have
been employed for drainage pattern analysis by Morisawa (1963),
Jarvis (1976), Argialas (1979), and Scheidegger (1979). Rayner
(1971) employed two-dimensional Fourier analysis for descrip
tion of dendritic and rectangular patterns.

The subject of automated delineation of river networks from
digital terrain models and satellite images was investigated by
the theory of critical numbers Oohnston and Rosenfeld, 1975;
Peuker and Douglas, 1975; Carrol, 1983), by a tree grammar
approach (Fu, 1976), and by spatial relational models (Wang et
aI., 1983).

Identification of drainage patterns by photointerpreters has
been accomplished for years. However, it is costly and time
consuming, as photointerpreters must have training and ex
perience. A computer-assisted approach for pattern classifica
tion can alleviate the problem and at the same time render a
formal, objective, and repeatable approach. Hence, the interest
in quantitative classification and this effort to develop a meth
odology.

METHODOLOGY

This research effort classified eight "basic" (Parvis, 1950;
Howard, 1967) drainage patterns, whose characteristics were
such that most photointerpreters could readily distinguish them.
They were the dendritic, pinnate, parallel, trellis, rectangular,
angular, radial, and annular drainage patterns. Figure 1 shows
some typical representations of these patterns.

The premise of this research was that drainage patterns can
be described and classified by their distinct topologic, geomet
ric, and structural relationships among their constituent streams.
In particular, the research was aimed toward the description
and classification of these patterns through a structural pattern
recognition approach.

Structural pattern recognition refers to digital image analysis
methods that represent patterns in terms of their intrinsic struc
ture (Fu, 1982). Often this intrinsic structure has been rep
resented by rules expressing the juxtaposition of identifiable
pattern elements, their attributes, and their interrelationships.
Gelsema and Kanal (1980), Kanal and Rosenfeld (1981), and Fu
(1982) have summarized applications of this approach for rec
ognition of images of alpha-numeric characters, speech pat-
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TABLE 3. THE STEREOTYPE DRAINAGE PATTERN MODEL.

TABLE 2. COMPUTED DRAINAGE PATTERN ATTRIBUTES.

OBJECT = LEAF
UNLEAF = (UNIFORM, NONUNIFORM)

MAOL= (ACUTE, RIGHT, OBTUSE)
TRUNK - BRANCH RELATIONS

MATB= (ACUTE, RIGHT, OBTUSE)
BRANCH - LEAF RELATIONS

RBRBL = (SMALL, MEDIUM, LARGE)
BLAZDIF = (ACUTE, RIGHT)

MABL= (ACUTE, RIGHT, OBTUSE)
RMA12= (ACUTE, RIGHT, OBTUSE)

TRUNK - LEAK RELATIONS
NONE

LEAF - LEAF RELATIONS
MALL= (ACUTE, RIGHT, OBTUSE)

OVERALL PATTERN ATTRIBUTES
RJAW = (SACUTE, ACUTE, RIGHT)

RANMT = (SMALL, LARGE)

trunk, uniformity of leaves), the object relationships (e.g.,
perpendicularity, bifurcation ratio), and the overall pattern (e.g.,
average of all junction angles). In particular, attributes were
designed for the trunk, branches, leaves, trunk-branch relations,
branch-leaf relations, trunk-leaf relations, leaf-leaf relations, and
the overall pattern (Tables 2 and 3).

The semantic objects (main stream, primary and secondary
tributaries), their attributes, and their interrelationships
constituted the "stereotype" structural drainage pattern model
(Table 3). This model represented a method by which the
information embedded in the patterns can be organized so that
attributes of and relationships among their semantic objects were
identifiable.

Models of the eight pattern classes were obtained by selecting
and inserting appropriate values for the attributes of each pattern
according to its description. Thus, each pattern model contained

(STRAIGHT, BENT)
(SHORT, MEDIUM, LONG)
(ACUTE, RIGHT, OBTUSE)

(STRAIGHT, CIRCULAR)
(ONESIDED, TWOSIDED)
(ACUTE, RIGHT, OBTUSE)

Shape of the Trunk
Type of Branching
Mean Intermediate Angle on the Trunk
Branch Shape
Branch Elongation
Mean Intermediate Angle on the Branches
Uniformity of Leaves
Mean Intermediate Angle on the Leaves
Mean Junction Angle between the Trunk and
the Branches
Ranked Bifurcation Ratio between Branches
and Leaves
Azimuthal Difference between Branches and
Leaves
Mean Junction Angle between the Branches
and Leaves
Mean Junction Angle among Leaves
Ranked Junction Angle
Ranked Angle with Vertex on the Center of
Gravity of the Nodes and Sides Diverging to
the Mouth of the Pattern and to Its most Dis
tant Node

OBJECT = TRUNK
TSHAPE=
BRTYPE=

MAOT=
OBJECT = BRANCH

BSHAPE=
BRELON=

MAOB=

RBRBL

MALL
RJAW
RANMT

MABL

BLAZDIF

TSHAPE
BRTYPE
MAOT
BSHAPE
BRELON
MAOB
UNLEAF
MAOL
MATB

~ }! ;JP ~
DENDRITIC PINNATE PARALLEL RADIAL

:& * ~ ~
RECTANGULAR TRELLIS ANGULAR ANNULAR

FIG. 1. Samples of the eight drainage pattern types.

terns, geometric figures, chromosomes, and fingerprints.
Implementation of the structural approach required the design
of drainage pattern models, hierarchical and relational models,
extraction of pattern attributes, and design of a classification
strategy (Thomanson and Gonzalez, 1981; Argialas, 1985).

DRAINAGE PATTERN MODELS

A structural model requires the representation of patterns in
terms of their constituent objects, object attributes, and object
relationships. Unfortunately, there exists no general approach
for the selection or generation of the most useful and appropriate
objects and attributes for a given pattern (Fu, 1974; Thomanson
and Gonzalez, 1981). Selection of component objects, and
attributes has often relied on the past experience, engineering
intuition and domain-specific knowledge of the system designer
(Gelsema and Kanal, 1980; Kanal and Rosenfeld, 1981; Fu, 1982).

In the present effort, object and attribute selection was based
on efficient use of the structure and constraints of patterns as
those were embedded in their descriptions (Parvis, 1950; Howard,
1967). These are

• The dendritic pattern has a treelike branching system where tributaries
join a gently curving mainstream at acute angles.

• The pinnate pattern resembles the dendritic, but its secondary
tributaries are evenly and closely spaced, and parallel. They
generally join the primary tributaries at acute angles.

• The parallel pattern has tributaries flowing nearly parallel to each
other.

• The trellis pattern contains primary tributaries that are long, straight,
and parallel to each other, but perpendicular to the main stream.
Its secondary tributaries are numerous, short, perpendicular to
the primary ones, parallel to the main stream, and essentially the
same size.

• The rectangular pattern has distinguishable right angle bends in
both the main stream and its tributaries.

• The angular pattern consists of a mixture of acute, right, and obtuse
angles.

• The radial pattern contains streams radiating from a central area,
like the spokes of a wheel.

• The annular pattern has circular streams and a few radial streams.

According to these descriptions, a drainage pattern can be
identified by recognizing that

• It is composed of a main stream, from which issue primary
tributaries, and from which main stream and primary tributaries
issue secondary tributaries.

• It is characterized by specific attributes of and relationships among
the main stream and the primary and secondary tributaries.

The main stream and the primary and secondary tributaries
have been named the trunk, branches, and leaves, respectively.
Collectively they are called semantic objects (so) because they
expressed the meaningful components of the patterns according
to their descriptions.

Drainage pattern attributes were designed to describe the
semantic objects (e.g., elongation of branches, straightness of
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its significant attributes and their values necessary for describing
that pattern class. According to these models, each drainage
pattern class is a category determined by the chosen common
attributes and their values. Therefore, a drainage pattern class
encompassed all possible pattern instances that were
characterized by the stated common attributes and their values.
Table 4 shows the structural model of the trellis pattern type.

Table 5 shows the correspondence of the visual (qualitative)
and computed (quantitative) attributes for the trellis pattern.
The qualitative descriptions of the patterns did not always contain
explicit reference to all the attributes of each pattern (Parvis,
1950; Howard, 1967). However, quantitative models require
explicit reference to all significant attributes and their values.
This has contributed to having more computed than visual
attributes. For example, for the trellis model (Table 4), five
additional attributes-T5HAPE, BRTYPE, RJAW, RANMT, MAOT
were computed which were not explicitly used in the qualitative
description of the pattern.

Moreover, for certain visual attributes, it was necessary to
use more than one computed attribute in order to appropriately

TABLE 4. THE TRELLIS DRAINAGE PATTERN MODEL.

OBJECT = TRUNK
TSHAPE = STRAIGHT
BRTYPE = TWOSIDED

MAOT = OBTUSE
OBJECT = BRANCH

BSHAPE = STRAIGHT
BRELON = MEDIUM OR LONG

MAOB = OBTUSE
OBJECT = LEAF

UNLEAF = UNIFORM
MAOL = OBTUSE

TRUNK - BRANCH RELATIONS
MATB= RIGHT

BRANCH - LEAF RELATIONS
RBRBL = MEDIUM OR LARGE

BLAZDIF = RIGHT
MABL= RIGHT

TRUNK - LEAF RELATIONS
NONE

LEAF - LEAF RELATIONS
MALL= RIGHT

OVERALL PATTERN ATTRIBUTES
RJAW= RIGHT

RANMT = LARGE

capture their meaning and therefore describe them better. For
example, to express the straightness of the branches, both B5HAPE
and MAOB were employed (Table 5).

HIERARCHICAL AND RELATIONAL MODELS

Building a drainage pattern model requires that each of the
semantic objects be defined in terms of its lower-level objects;
at the lowest level of description, the objects are regarded as
primitives where each part above the level of a primitive has its
own hierarchical description (Thomanson and Gonzalez, 1981).
In the present effort, a drainage pattern object hierarchy was
designed by employing the following lower-level objects: Strahler
segments, reaches, and nodes. The semantic objects (trunk,
branches, leaves) were decomposed into Strahler segments (S5)
of three orders (Strahler, 1964). The Strahler segments were
decomposed into reaches (Coffman and Turner, 1971) and the
reaches were defined by their nodes (Figure 2).

The actual procedure for generating the hierarchical model
started at the bottom of the hierarchy. First, nodes were
aggregated to reaches, reaches to Strahler segments, and Strahler
segments to semantic objects (Argialas, 1986). This "bottom
up" aggregation was necessary because of the method of pattern
coding, which took place by digitizing the nodes of the patterns
in an interactive graphics system.

Implementation of the hierarchical model required objects to
be organized systematically at all levels of the hierarchy
(Thomanson and Gonzalez, 1981). Therefore, an attribute list
was designed and attached to each node of the object hierarchy
to characterize the object of that node. The method of attaching
attribute lists to each level of the hierarchy was in the form of
relational models, implemented as relational tables. The relational
models expressed the relationships among the drainage pattern
objects and facilitated representation of those relationships as
object attributes (Argialas, 1985).

ATTRIBUTE EXTRACTION

Attribute extraction involved the computation of the attributes
(Table 2) of the drainage pattern models from the information
stored in the hierarchical and relational models. Although the
computed attributes were numerical-valued, they have been
converted to discrete-valued (symbolic) attributes (Table 2)
through appropriate thresholds. In this manner, computational
descriptions agreed with the photointerpreter's tenninology and
the qualitative definitions of the patterns. Table 6 shows the
steps involved in computing the ranked angle between the
MOUTH (mouth of the pattern) and TIP (the node furthest away
from the mouth). This angle (ANGLMT) has as a vertex the "center

TABLE 5. CORRESPONDENCE OF VISUAL AND COMPUTED ATTRIBUTES FOR THE SEMANTIC OBJECTS OF THE TRELLIS PATTERN.

Semantic
Objects

TRUNK

BRANCHES

LEAVES

Visual Attributes

(None)

Long
Straight
Parallel to each other
Perpendicular to trunk
Perpendicular to leaves

Numerous
Short
Perpendicular to branches
Parallel to main stream
Uniform in size

Computed Attributes

TSHAPE = STRAIGHT
BRTYPE = TWOSIDED
MAOT = OBTUSE
BRELON = MEDIUM OR LONG
BSHAPE = STRAIGHT, MAOB = OBTUSE
MATB = RIGHT, BSHAPE = STRAIGHT
MATB = RIGHT
MABL = RIGHT

RBRBL=MEDIUM OR LARGE
BRELON = MEDIUM OR LONG
MABL=RIGHT, MALL = RIGHT
BLAZDIF = RIGHT
UNLEAF = UNIFORM
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DRAINAGE PATTERN
TABLE 7, GROUP OF TESTS EMPLOYED FOR THE CLASSIFICATION OF THE

TRELLIS PATTERNS,

If

Then
If
Then
If

50-1

55-1

R-l

50-2

55-2

R-2

50-1

SS-J

R-L

50-3 ...

55-3 ...

R-3

SO-M

SS-K

R-N

(1)

(2)

(3)

(4)
(5)

(6)
(7)

RANMT LARGE, and
TSHAPE STRAIGHT
continue; else go to 7
RJAW RIGHT
continue; else go to 7
RBRBL MEDIUM, and
BRELON MEDIUM, and
UNLEAF UNIFORM

Then continue; else go to 7
The drainage pattern is more likely trellis; continue
If BRELON LONG, and

RBRBL LARGE, and
MALL RIGHT, and
MATB RIGHT, and
MAOL OBTUSE, and
BLAZDIF RIGHT, and
BSHAPE STRAIGHT

Then continue; else no decision can be made
The drainage pattern is definitely trellis
Check the next node of the decision tree

NODE-A NODE-B MAP OF STRAHLER ORDERS
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THE PATTERN TYPE 1$
DEFINITELY DENDRITIC

CLASSIFICATION OF THE
PATTERN WAS BASED
ON THE FOLLOWING
PROPERTIES'

RANMT • LARGE
TSHAPE • STRAIGHT
BRTYPE • TWOS'DED
BSHAPE • STRAIGHT
RJAW • SACUTE
RBRBL • LARGE
BRELON • SHORT
MAOL • OBTUSE
MAOB • OBTUSE
MAOT • OBTUSE
MALL • ACUTE
MABL • ACUTE
MATB • ACUTE

FIG, 3. Classification of a dendritic pattern,

In this effort, a decision tree has been designed for the
classification of patterns (Argialas, 1985). The nodes of the
decision tree were composed of groups of tests. The tests
evaluated the presence or absence of certain combinations of
attributes and values. Table 7 shows the group of tests that were
employed as a portion of the decision tree and used for the
identification of trellis patterns. The tests enabled the
establishment or rejection of a decision at each node of the tree.
Based on the outcome of these tests, each pattern was assigned
to one of the eight predetermined classes.

(5)

(1) Compute the coordinates, XBAR, YBAR, of CENTER
the center of gravity of the pattern

XBAR = L Xi YBAR = L Yi
N' N

X~ Yi are the coordinates of nodes, N is the total num
ber of nodes.
Define MOUTH as the most downstream node of the
TRUNK.
Search for TIP, the source or exterior node of the pat
tern that is farthest away from the MOUTH.
Compute the azimuths of the lines MOUTH-CENTER
and CENTER-TIP.
Based on these azimuths, compute ANGLMT, that is,
the angle between the lines MOUTH-CENTER and
CENTER-TIP.
Define RANMT so that RANMT is SMALL if ANGLMT
< 105°, and RANMT is LARGE if ANGLMT ;0: 105°.

55 = STRAHLER SEGMENT

so = SEMANTIC OBJECT

TABLE 6. COMPUTATION OF RANMT-RANKED ANGLE BETWEEN MOUTH

AND TIP.

R = REACH

FIG, 2, The hierarchical drainage pattern ob
ject organization.

of gravity" of the pattern (Argialas, 1985). The significance of
this attribute was that if its value was lower than approximately
105 degrees, then the pattern was most probably radial or annular.
Otherwise it was one of the other patterns.

CLASSIFICATION PROCEDURE

Classification is the process of assigning a pattern to one of
many possible classes based on the extracted pattern features.
In the structural approach, a series of tests can be designed to
evaluate the presence or absence of certain subpatterns, or certain
pattern attributes and their values (Fu, 1982). These tests can
then be embedded in a decision tree for pattern classification.

RESULTS AND DISCUSSION

The methodology was programmed in a software system and
named the Drainage Pattern Analysis (DPA) system. As a veri
fication of methodology and system capability, the DPA system
has been evaluated with 20 test patterns, both real and artifical,
representing the eight major classes. The artifical patterns were
drawn by students and colleagues. The real patterns were ex
tracted from books, maps, and aerial photographs. Both artifi
dal and real patterns were evaluated and classified by the authors
and other expert photointerpreters to provide for a comparison
with the results of the computer classification.

The DPA system classified all the test patterns, and the results
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PATTERN WAS BASED
ON TH E FOLLOWING
PROPERTI ES ,

RANMT • LARGE
TSHAPE • STRAIGHT
BRTYPE • TWOSIDED
BSHAPE • STRAIGHT
RJAW • RIGHT
RBRBL • LARGE
UNLEAF • UNIFORM
BRELON • LONG
BLAZDIF • RIGHT
MAOL • UNKNOWN
MAOB • OBTUSE
MALL • RtGHT
MABl • RIGHT
MATS • RIGHT

CONCLUSIONS

Structural descriptions of drainage patterns were developed
to facilitate computer assisted pattern classification. By decom
posing drainage patterns into a hierarchical set of objects, and
by describing the attributes and relationships among these ob
jects, eight common drainage pattern types were described. The
methodology was embedded in a computer program to hier
archically decompose and classify patterns. A verification test
of the capability of this approach for classifying patterns re
sulted in correct classification of 20 examples of drainage pat
terns.

were in agreement with those of expert photointerpreters (Ar
gialas, 1985). Examples are shown in Figures 3 and 4. Figure 3
shows the results for the classification of a dendritic pattern and
Figure 4 for a trellis pattern.

The present methodology provided a formal framework for
describing the intrinsic structure of drainage patterns. It pro
vided both a description and classification of the patterns. Such
a computer-assisted classification is potentially valuable in au
tomating the process of engineering terrain analysis. Therefore,
it cOJ:~ributedmore of a geomorphologic and engineering inter
pretabon than of other approaches. Previously, this problem
has only been solved by human interpreters, and computational
approaches were limited Garvis and Woldenberg, 1984). The
present approach offers one step toward a more formal repre
sentation of the complex process of human perception of drain
age patterns.
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