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Abstract. At present, there were two classical approaches commonly used for
line simplification. One was Douglas-Peucker (D-P) algorithm and the other was
Li-Openshaw (L-O) algorithm. Although the former was able to preferably
reserve characteristic bending points of the curve and compress other non-feature
points, the simplified result was excessively inflexible and sharp corners were
also generated on feature points. As for the latter, not only can the corner of a
line be smoothed, instead of becoming over inflexible, but feature point
smoothing was also carried out by it for the line. Therefore, based on analyzing
characteristics of such two algorithms, an improved algorithm was presented in
this first place by means of combining the both together. To be specific, feature
points of curves for generalized simplification were figured out by the D-P
algorithm, while the L-O algorithm was used to perform curve processing by
adjusting radius R of a circle SVO. In the end, real data were applied to carry out
experimental verification contrasts for the modified algorithm and the existing
two additional algorithms. Experimental results indicated that such a modified
algorithm that combined them together exhibited their advantages and had the
capability to reserve feature points and simplify other parts simultaneously.
Moreover, it could be effectively applied in automated mapping.
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1 Introduction

Line element that occupies a rather large proportion in map features is mostly used to
express extremely important geographic elements such as roads, rivers and contour
lines, etc. Hence, simplification related to line element is not only studied in most cases,
it has the maximum number of algorithms and the best effects during cartographic
generalization. As for the cartographic generalization, the basic thought of simple line
element simplification algorithm is to reduce storage of line factors provided that shape
features of the line are remained to the greatest extent, such as the common Douglas-
Peucker algorithm [1], the Li-Openshaw algorithm, the modified Li-Openshaw algo-
rithm [2] and the arc to chord algorithm [3] etc. Among them, the Douglas-Peucker
algorithm is the most well-known line element simplification approach that is able to
reserve characteristic bending points of the curve in a better manner and compress its
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other non-feature points despite that the simplification results are over inflexible and
sharp corners are caused at feature points. In comparison, the Li-Openshaw algorithm
can smooth corners of the line without being excessively inflexible. Besides, feature
points of the line are also smoothed by it. Currently, none of them can be completely up
to generalization requirements in the process of simplification.

Specific to diversity of the line element and complexity of local shape features
related to bending points, a simple curve simplification method was presented in this
paper by combining Douglas-Peucker and Li-Openshaw approaches together to
guarantee that feature points of the curve can be reserved and other parts of it can also
be smoothed and simplified at the time of linear feature generalization.

2 Combination of Douglas-Peucker and Li-Openshaw

2.1 Douglas-Peucker (D-P) Algorithm

As an algorithm emerging at an earlier stage, the D-P algorithm has extensive appli-
cations in compression of lines and is also referred to as a very classical algorithm.
Compression carried out based on this algorithm is mainly targeted at points on the
curve on the premise of reserving main features of the line. In addition to high effi-
ciency, no redundant points can be generated.

Principle of the D-P algorithm is shown in Fig. 1(a). Both ends A and G of a broken
line ABCDEFG are connected into a straight line; then, the maximum vertical dimen-
sion d from point C on this broken line to segment AG is figured out. If the vertical
dimension dc from C to AG is less than the given integrated threshold of distance, the
segment AG is seen as an approximate curve of this broken line. However, in the case of
dc > threshold, point B is utilized to divide such a broken line into CA and CG.
Subsequently, the above procedures are repeated. In the end, all break points are suc-
cessively connected together into a broken line serving as the approximation of the
original broken line. For example, in Fig. 1, ACEF is the broken line after simplification
of the original broken line. It can be found that employing the D-P algorithm to simplify
segment can remain feature points of the original segment and generalize such an

a) Douglas-Peucker Algorithm     b) Li-Openshaw Algorithm

Fig. 1. Douglas-Peucker and Li-Openshaw algorithms
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original segment at the same time without smoothing and generalizing those other than
feature points. Consequently, it becomes rather difficult for such an algorithm to be
widely applied into simplification of geographical line elements.

2.2 Douglas-Peucker (D-P) Algorithm

The Li-Openshaw algorithm is a self-adaptive line synthesis algorithm based on natural
laws. Basic thought of this algorithm is that under the circumstance of fixed resolution,
a rather large object may turn into a small one with the reduction in measuring scale;
and, after it is up to a certain limit, the object can become a point or disappear
completely. Algorithm simplification process is as follows:

• The dimension R of the smallest visual object (SVO) of a circle can be estimated in
line with the target and the original scales. Where, St refers to the simplified target
scale required and Sf to the original scale. As for D, it is a parameter of the
simplified SVO on the map. In the opinion of Muller [7], the value of D on the map
should be taken as 0.4 mm to ensure the minimum visual resolution.

R ¼ St � D� 1� Sf
St

� �
ð1Þ

• Determine the initial position of a circular SVO. Generally, the starting point of a
curve for synthesis serves as the first center of the circle, as presented in Fig. 1(b);
then, point A and dimension R of the circular SVO are used as the center of a circle
and its diameter respectively to draw a circle additionally, and curves intersect at
point Q. thus, midpoint of AQ can be selected as the selection point after synthesis.

• Start from point Q to repeat Step 2. Besides, the processing only arrives at a bending
point R1 that serves as the center of a circle. Together with a radius denoted by R,
another circle is drawn and it intersects with the original broken line at R2. The
midpoint F of R1 and R2 is chosen to be the selection point after synthesis.

• Start from point R2 to repeat steps 2 and 3 up until an endpoint D is not terminated
within the circle SVO.

• In Fig. 1(b), a broken line ABCD is the original segment without simplification and
AEFGHID is a broken line after generalized simplification. It is evident in this
figure that L-O algorithm can be adopted to smooth and generalize inflection points
of the broken line and make its local features artistic. However, the relevant feature
points are also generalized, which cause such an algorithm to be not applicable to
line element simplifications during which feature points related should be reserved.

2.3 An Algorithm Combining Douglas-Peucker and Li-Openshaw

Based on the above analysis, it can be found that the individual application of D-P
algorithm gives rise to rough and inflexible line element simplification results while the
individual employment of the L-O algorithm can lead to circumstances of reserved
points in chaos and overall curve shape deformation, etc. Considering that line sim-
plification is aimed at maintaining feature points of line element, guaranteeing shape
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features of line element and obtaining smooth and artistic line element simplification
results, a simple curve simplification method combining D-P and L-O algorithms
together is put forward in this paper. The corresponding modifications to line simpli-
fication algorithms are as follows.

• As for a curve for generalized simplification, D-P algorithm is adopted to figure out
an inflection point with a vertical dimension larger than the distance threshold on
the broken line, as shown in Fig. 3. B, C, D and F are all inflection points meeting
the above condition.

• Dependent on target and original scales, Eq. (1) is used to estimate the dimension R
of SVO.

• Starting from a circular SCO with a center of the circle of A and a radius of R, L-O
algorithm is utilized to simplify the broken line. At a gathering point of inflection
points (e.g., the inflection point B given in Fig. 3), it can be processed as follows.
Point B is used as the center of a circle to draw a circle O with a radius of R1
(R1 = R). If inflection points (C & D) before/after the point B are inside the circle
O, C and D are noted down for processing as the circumstances may require. In the
case that both of them should be processed, the radius of SVO should be changed
(e.g., 1/2 R) by regarding point B as the center of another circle that should be
drawn again, followed by smoothing and generalization of C and B. If not required,
smoothing can be ignored. At a point where inflection points are sparsely dis-
tributed (e.g., inflection point F in Fig. 3), it should be processed as follows. Point F
and radius R1 (R1 = R) are used as the center of a circle and its radius respectively
to draw a circle O that should be smoothed subsequently.

• Relevant processing is carried out in order up until I reaching the terminal ends.
In Fig. 2, ABCEFI is the original curve while ABCDEGHI is the curve simplified.

3 Analysis and Evaluation of Algorithm

3.1 Simplification Results of the Modified Algorithm

Data generalization simplification of map roads and river networks for a city in South
China is adopted as the research case in this paper. Moreover, dependent on WJ-III

Fig. 2. Modified algorithm combining Douglas-Peucker with Li-Openshaw
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map workstation on the NewMap platform developed by the Chinese Academy of
Surveying and Mapping (CASM), the modified line simplification method proposed
here is inserted to make a comprehensive choice for a map whose scale is changed into
1:100000 from 1:10000 initially. At the same time, comparative analysis is also con-
ducted between this algorithm and Douglas-Peucker and Li-Openshaw algorithms. In
Figs. 3 and 4, data related to roads and rivers are intercepted, so are results of their
simplifications based on such 3 algorithms on the premise of identical parameters.

In line with the generalized simplification thoughts of this algorithm, its simplifi-
cation results become more similar to the original curve if compared to the additional
two algorithms. Visually, the results conform to those that can be obtained according to
the initial thoughts. In Fig. 3(a), original feature points are reserved by the D-P
algorithm at the time of road simplification and the relevant line elements are also
compressed in a better manner, despite that it fails to be strongly applicable to carto-
graphic generalization as smoothing processing is required by geographical line ele-
ments in most cases. As for Fig. 3(b), road lines before and after simplification based
on the L-O algorithm are compared. In this figure, it is clear that this algorithm
succeeds in smoothing filtering in the process of road line generalization simplification.
However, during practical cartographic generalization, not only smoothing is required,
it should also be guaranteed that no processing or minor processing is conducted for the
original feature bending. In Fig. 3(c), the modified algorithm that combines D-P and
L-O algorithms together is used to draw a comparative graph for road lines before and
after generalization. According to this figure, their structures after generalized sim-
plification are superior to simplification results of the above two figures. In detail, not
only is smoothing performed for road line element simplification, but the original
feature bending is also reserved together with local maximum value points precisely.
Hence, the applicability of such a modified algorithm in cartographic generation is
substantially improved.

With regard to Fig. 4, they are data simplification results for 1:10000 river networks
in a city of South China. By comparing such results achieved based on three algorithms,
it is verified again that the modified algorithm presented here combines advantages of
two classical simplification algorithms and reserves macro-bending features.

a) Douglas-Peucker b) Li-OpenShaw c) The Modified Algorithm

Fig. 3. A comparison of three algorithms for 1:10000 scale road line simplification results (full
lines are after the simplification)
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3.2 Result Evaluation

In terms of cartographic generalization for line elements, influences of algorithm
simplification on line element precision are mainly embodied in overall and local
displacements of curves. Therefore, evaluation indexes such as vector displacement,
area displacement, displacement standard deviation and position error, etc. are given to
compare and assess the modified algorithm and another two algorithms of Douglas-
Peucker and Li-Openshaw.

Both vector displacement and area displacement are two evaluation indexes pre-
sented by White for geographical line element simplification [4]. The former refers to
the position deviation of corresponding points on the simplified and the original curves;
while, the latter is the area of a part enclosed by the simplified and the original curves
[5, 6]. In this paper, the average offset value and the area deformation value are
respectively taken for the vector displacement and the area displacement to carry out
the relevant evaluations, as shown in Fig. 5. Moreover, both values are quantitative
indexes.

a) Douglas-Peucker b) Li-Openshaw c) The Modified Algorithm

Fig. 4. A comparison of three algorithms for 1:10000 scale river network simplification results
(full lines are after the simplification)

a Vector Displacement b Area Displacement

Fig. 5. Evaluation parameters
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Three algorithms are adopted to perform generalized simplification for road lines
and river networks separately. After simple comparisons based on simplification results
(see Table 1), it is found that the modified algorithm is not only better than another two
algorithms in terms of visual effects, but far less than and superior to the them as far as
the average offset values and area deformation values of their vectors are concerned.
Such a result indicates that the modified algorithm is more appropriate to maintain
shape features of the line element.

Muller puts forward a concept of Standardized Measure of Displacement (SMD) to
calculate displacement [7]. The corresponding computing formula is the Eq. (2) below.

SMDð%Þ ¼ 100ð1� ðS� DÞ=SÞ ð2Þ

Where, S refers to the distance from a point with the maximum displacement on the
original curve to the connecting line of its start and end points after the algorithm
simplification, and D is the displacement value of this point before/after simplification.
Evaluations based on SMD are primarily targeted at the local maximum value.
Therefore, displacement position error is further employed in this paper to evaluate the
global displacement before and after simplification. The displacement position is the
ratio between the original curve length and the area enclosed by intersections of curves
before and after simplification. It can be calculated according to Eq. (3) below [8–10].

d ¼ Ds
L

ð3Þ

Where, Ds is the area enclosed by intersections of curves before and after sim-
plification; and L is the length of the original curve.

Table 2 shows displacement standard deviation and position error evaluation results
of data related to roads and river networks based on the modified algorithm as well as D-P
and L-O algorithms. From Table 2, it can be seen that the modified algorithm is provided
with a preferable performance and occupies an optimal position in terms of displacement
standard deviation and position error if compared with another two algorithms. Espe-
cially for the index of position error, it is particularly excellent considering that its value is
the least one. Such phenomena indicate that the modified algorithm is able to validly
maintain the overall shape features of road and river network data.

Table 1. Vector and area displacement evaluation results of roads and river network data

Road simplification River network simplification
Algorithm Average

offset value
(m)

Area
deformation
value (m2)

Average
offset value
(m)

Area
deformation
value (m2)

Douglas-Peucker 4.772 14400.256 16.651 33191.355
Li-Openshaw 1.911 5657.401 4.431 8538.953
The modified
algorithm

1.146 3558.345 1.991 4080.557
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4 Conclusions and Expectations

Considering that line simplification is aimed at maintaining feature points of line
element, guaranteeing shape features of line element and obtaining smooth and artistic
line element simplification results, a simple curve simplification method combining
D-P and L-O algorithms together is put forward in this paper. On one hand, such 3
algorithms are used to simplify 2 types of line element objects; on the other hand, 4
quantitative indexes are adopted to evaluate and analyze algorithm simplification
effects. Experimental results signify that the modified algorithm presented in this paper
is able to maintain local maximum value points of the curve in the process of 1:10000
road and river network data generalized into a 1:100000 scale. In addition, synthetic
data are also smoothed so that the overall shape of the curve can be reserved preferably
and a synthesis result better than those obtained based on the original algorithm is also
achieved.

At present, only generalized simplification of simple linear elements is realized in
this paper regardless of adjacent intersections among dense line groups and complex
line elements. Moreover, impacts of diverse scales before and after the corresponding
generalization on the modified algorithm are also not taken into account. These
problems need to be further studied.
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