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Abstract: Vector-to-raster conversion is a process accompanied with errors. The errors are classified into predicted
errors before rasterization and actual errors after that. Accurate prediction of the errors is beneficial to developing rea-
sonable rasterization technical schemes and to making products of high quality. Analyzing and establishing a quantita-
tive relationship between the error and its affecting factors is the key to error prediction. In this study, land cover data
of China at a scale of 1 : 250 000 were taken as an example for analyzing the relationship between rasterization errors
and the density of arc length (DA), the density of polygon (DP) and the size of grid cells (SG). Significant correlations
were found between the errors and DA, DP and SG. The correlation coefficient (R*) of a model established based on
samples collected in a small region (Beijing) reaches 0.95, and the value of R? is equal to 0.91 while the model was
validated with samples from the whole nation. On the other hand, the R* of a model established based on nationwide
samples reaches 0.96, and R? is equal to 0.91 while it was validated with the samples in Beijing. These models depict
well the relationships between rasterization errors and their affecting factors (DA, DP and SG). The analyzing method

established in this study can be applied to effectively predicting rasterization errors in other cases as well.
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1 Introduction

There are two basic formats of geospatial data used in
Geographical Information Systems (GIS): vector and
raster (Maguire et al., 1991). Theoretically, vector data
have higher accuracy than raster data. However, raster
data are more suitable for spatial modeling and analysis
than vector data (Bates and De Roo, 2000; Demers,
2002). Therefore, it is customary to convert the data
formats between the two, that is, vector-to-raster which
is the so-called rasterization, and raster-to-vector, the
so-called vectorization.

As the technology of remote sensing advances for-
ward, raster data have become more and more popular
than vector data. Raster is now the most dominant for-
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mat of data sources. The researches related to raster data
processing, storage, analysis and application have once
again drawn a lot of attention in the GIS field (Chen,
2002). Data products saved in raster format are increas-
ing rapidly. Rasterization is beneficial for performing
comprehensive analysis of GIS data in different sources
and structures.

In recent years, rasterization has become a general-
ized practice, not only in GIS but also in Spatial Data
Infrastructures (SDI), in 3D modeling (Settgast et al.,
2004) and in 'scenes’ (Roth et al., 2004). Moreover,
rasterization methods have been widely applied to dif-
ferent cartographic studies. For example, Su et al. (1997,
1998) proposed a map generalization method, by which
users apply first the rasterization process and then return
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to the vector representative model. This method was
discussed in detail by Peter and Weibel (1999).

However, rasterization always suffers a loss of infor-
mation with regard to its spatial accuracy. The loss of
information inherited to rasterization is usually defined
by a change in the area of the raster model. For the
rasterization of polygon features, errors are found in
area, perimeter, shape, structure, position and attributes
(Carvers and Brunsdon, 1994). These errors vary as data
source, rasterization algorithm and data structure change
(Burrough, 1986). Given the same input, the outcome
may still be different because a variety of rasterization
algorithms have been used (Knaap, 1992). Shortridge
(2004) concluded that rasterization errors are sensitive
to cell size, polygonal shape and structure. Using limited
samples, Shortridge (2004) investigated the influence of
different polygonal areas in ordinal class raster images.
Bregt et al. (1991) proposed an error analysis method
that combines dual conversion and boundary index.
Zhou et al. (2006) presented an Equal Area Conversion
(EAC) model for rasterization, which minimizes the
error in area but at the cost of losing boundary features.
Wu et al. (2009) proposed a winding number algorithm
based on the rotation angle theory in computational
geometry. Wang et al. (2006) proposed an optimization
algorithm which aims to minimize the rasterization er-
rors in area. These studies demonstrate that error evalua-
tion is an important component of rasterization.

Generally, there are two ways to present rasterization
errors. The first is to predict the error before applying
the rasterization process and the second is to determine
the final error after applying the conversion.

Quite a few studies have attempted at predicting
rasterization errors in the past. Frolov and Maling (1969)
presented a probability statistical model that estimates
rasterization errors based on the '‘Bufon'’s needle’ theory.
They used the average length of polygon edges (the

number of perimeter cells) as the variable of their model.

Goodchild (1980) and Goodchild et al. (1996) revised
the work of Frolov and Maling. They conducted a total
of 50 000 simulations and obtained a solution similar to
Frolov and Maling. Lawrence and Ripple (1996) calcu-
lated the perimeter cells of polygons using an approxi-
mation with simple geometric shapes. Crapper (1980;
1981) focused on the calculation of the number of pe-
rimeter cells. He added two new parameters (perimeter
contortion and sinuosity) to the approach of Frolov and

Maling, and established the mean contortion. Carvers
and Brunsdon (1994) studied the dependence of error
area in quadtrees on the complexity of the polygon pe-
rimeter and the depth of the tree structure. The results
showed that the error depends on the polygon complex-
ity, which is in turn determined as a function of the pa-
rameter of angular complexity (mean angle among seg-
ments) and the root level of the quadtree.

Up to now, the prediction of rasterization errors has
relied exclusively on theoretical models. They are diffi-
cult to be applied in practical evaluation of rasterization
errors. For this reason, a few pragmatic methods have
been developed for assessing rasterization errors in re-
cent years. Yang and Zhang (2001) took the land-use
data at a scale of 1 : 100 000 as an example to investi-
gate the degree of precision losses for all land categories
with respect to different grid-cell sizes. They established
the relationship model among precision loss, the average
size of polygon patch and grid cell size. Liu et al. (2001)
concluded that the relative error of rasterization is in
proportion to the complexity of the land cover within a
given region through analyzing the rasterization errors
of land-cover data of China at a scale of 1 : 100 000.
The more complex the region is, the larger the error be-
comes.

Conventional methods used for evaluating rasteriza-

tion errors are based on the entire region rather than on
each grid cell. They focused on the total error in the en-
tire study region and ignored the spatial distribution of
errors, which often increases in one cell but decreases in
another. As a consequence, for most cases rasterization
errors are greatly underestimated (Chen et al., 2007).
Total error can not reflect the irregularity of errors in the
entire region. Ignoring local errors can cause the loss of
important information and even lead to wrong conclu-
sions (Lunetta et al., 1991). To mitigate this problem,
Liao and Bai (2010) presented a new error evaluation
method based on grid cells (EEM-BGC). The method
follows four steps. First, the area of each land category
inside a square is represented in a vector format. The
size and location of the square are exactly the same as
those of a grid cell that is to be generated by rasteriza-
tion. Second, the area is treated as the attribute of the
grid cell. Vector data are rasterized into n grids, where n
is the number of land categories. Then, the relative area
error resulting from rasterization for each land category
in the grid cell is calculated in raster format. Lastly, the
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average of the relative area error for all land categories
in the grid cell is computed with the area of a land cate-
gory as weight.

Compared with the existing methods of theoretically
predicting errors before rasterization, errors evaluation
after the conversion is more practical. However, some-
times people also want to know how much the errors are
before the conversion is carried out so that an appropri-
ate rasterization scheme can be made, for instance, by
selecting a suitable size of grid cells. Therefore, the best
approach for assessing rasterization errors is to combine
the technologies of errors evaluation after the conver-
sion, together with those of errors prediction before
rasterization.

In this study, the method of EEM-BGC was used to
evaluate the errors and take the rasterization of land
cover data of China at a scale of 1 : 250 000 as an ex-
ample to analyze the relationships between rasterization
errors and the density of arcs length (DA), the density of
polygons (DP) and the size of grid cells (SG), and to
express these relations in mathematical terms. Using
these equations, rasterization errors can be predicted
with given DA, DP and SG.

2 Data and Method

2.1 Data

The data used in this study include: 1) vector data of
land cover of China at a scale of 1 I 250 000; 2) raster
data of land cover of China at a resolution of 1 km by 1
km; 3) vector data of provincial administrative boundary
of China composed of 32 units (provinces/municipali-
ties/autonomous regions; Macao and Hong Kong are
included to Guangdong Province); 4) raster data of land
cover of Beijing, China at the resolutions of 0.1 km by
0.1 km, 0.2 km by 0.2 km, 0.5 km by 0.5 km, 1 km by 1
km, 2 km by 2 km, 5 km by 5 km, and 10 km by 10 km,
respectively; 5) vector data of county level administra-
tive boundary of Beijing composed of 11 units; 6) raster
data of land cover of Hebei Province at the resolutions
of 0.5 km by 0.5 km, 1 km by 1 km, 2 km by 2 km, 4
km by 4 km, 8 km by 8 km, 16 km by 16 km and 32 km
by 32 km, respectively; and 7) raster data of land cover
of Sichuan Province at the resolutions of 0.6 km by 0.6
km, 0.7 km by 0.7 km, 0.8 km by 0.8 km, 0.9 km by 0.9
km, 1 km by 1 km, 2 km by 2 km, 3 km by 3 km, 4 km
by 4 km, 5 km by 5 km, 6 km by 6 km, 7 km by 7 km, 8

km by 8 km, 9 km by 9 km, 10 km by 10 km, 20 km by
20 km and 30 km by 30 km, respectively.

Among these data, those of Beijing were used to ana-
lyze and establish a model, and those of Hebei and Si-
chuan were used for validating the model. The reason
that Beijing was selected as a modeling area is that there
is complex terrain and diverse land covers in Beijing. It
is surrounded by mountains in the west, north and
northeast, and occupied by a plain in the east. It consists
of mountains, hills, plains and valleys. It is representa-
tive as a modeling area even though its area is small.

The spatial distribution of regions used for establish-
ing and validating the model is shown in Fig. 1. Figure 2
is the map of administrative divisions of Beijing at the
county level.

The database of land cover of China at the scale of
1 2250 000 categorized the land covers into 6 level-1
classes and 25 level-2 classes (Zhang et al., 2009). In
this study, there are only 15 level-2 classes out of the 25
total level-2 classes in Beijing, 20 out of the 25 total in
Hebei, and 23 out of the total 25 in Sichuan. Needless to
say, the smaller sample size of classes should not bear
any impact on the application of the data in this study.

2.2 Method

2.2.1 Evaluation index of errors

In order to better depict the irregularity of rasterization
errors in the entire region, Error Evaluation Method
Based on Grid Cells (EEM-BGC) was opted to used as
the evaluation index (Liao and Bai, 2010). The princi-
ples and evaluation steps of EEM-BGC are described as
follows.

Suppose that vector data are composed of n polygons
of land categories inside a given grid cell. They are la-
beled as Py, P, ...
sponding areas are Aj, Ay, ..
that is,

, and Py, respectively. Their corre-
., An, and the total area is A,

A= A (1)
i=1

It is further assumed that polygon P, has the largest
area among all the polygons (Fig. 3). Based on the larg-
est area theorem, category attribute of the grid cell is
replaced by the attribute of polygon P, after it is raster-
ized. This results in area gain or loss for each polygon of
the land category inside the grid cell. The details are
given below.
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Fig. 1 Distribution map of modeling area and validating areas
Pl
P4
Yanqing
Pinggu
Changping
P P,
Mentougou Beijing /] [\/

Tongzhou

Fangshan

Fig. 2 Administrative division map of Beijing at county level

(1) The areas of polygons Py, P, ..., and P,_; are A,
A, ..., An_ before rasterization. They are all reduced
to zero after rasterization. The values of their absolute

Fig. 3 A grid cell with n land categories and category n having
largest area within grid

errors are exactly A, Ay, ..., An_, respectively. The
relative errors are all 100%.

(2) The area of polygon P, is A, before rasterization
and becomes A (total area of the grid cell) after rasteri-
zation. The absolute error is (A — A,) and relative error is
(A—Ap) / Ay x 100%.
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The relative error is more scientifically meaningful
and reasonable than the absolute error. Polygons of dif-
ferent patch sizes contribute differently to the general
error even if they have the same relative errors. Simi-
larly, given the same relative error, the larger area a
polygon has, the larger a contribution to the general
relative error of a grid cell it makes. Therefore, it is jus-
tifiable to use polygon area as weight to calculate the
General Relative Error of a grid cell (GRE), that is,

GRE= S 1x(A /A
i;[ (A/A)]+ o

[(A=A)/A ] x(A/A)

n-1
From Equation (1), Z A = A —A, can be got.
i=1
Therefore, Equation (2) can be rewritten as follows.

GRE=2(A-A,) /A 3)

It is easy to show that GRE is in the range of [0, 2].
To make it more consistent with the commonly used
relative error that is in the range of [0, 1], GRE should
be divided by a facor of 2, that is,

GRE=(A-A,) /A (4)

The result of Equation (4) is the general relative error
based on a grid cell. A general relative error for entire
region composed of the grid cells can be got by calcu-
lating average value of relative errors of all grid cells in
the region. The general relative errors will be used as
evaluation index to analyze relationship between the
errors and their affecting factors. It should be noted that
one vector coverage should be rasterized into multiple
layers of grid data in order to meet Equation (4). The
number of the layers is equal to the number of land
cover categories. The value of a grid cell represents the
percentage of area of a specific land cover category in
the cell.

2.2.2 Error prediction method

Rasterization errors have close relationship not only
with the complexity of the polygon perimeter but also
with the size of grid cells. In this study, DA and DP in a
region were chosen as the complexity index of the re-
gion to establish quantitative expressions between the
errors and DAs, DPs and SGs by means of multivariate
regression analysis. If the expressions can fit well with
the relationship among errors and DAs, DPs and SGs,
they can be used to predict rasterization errors effec-

tively. Because it is easy to calculate DAs and DPs in a
GIS software, in practice it takes much less time to cal-
culate DA and DP than to perform vector-to-raster con-
version. Different DA, DP and SG lead to different er-
rors. When the quantitative relationship is known, it
would be able to be decided how much the resolution
should be set before rasterization. If the rasterization
error is too high in a certain resolution, the error can be
reduced by changing the resolution of grid cells. In this
way, the magnitude of errors before rasterization can not
only be estimated approximately but also qualified
raster data products can be output at the end.

3 Results

3.1 Preliminary analysis of data

Beijing was chosen as the area for modeling. Vector data
of land cover of Beijing were rasterized at seven differ-
ent resolutions. Therefore, seven grid files were gener-
ated. First, Equation (4) was used to calculate GRE of
each grid cell for all the seven resolutions. Then general
rasterization errors, DAs and DPs for all the 11 county
units at the seven resolutions were calculated by using
the ARCGIS software. Lastly, the relationships between
the general rasterization errors and DAs, DPs and SGs
were analyzed, respectively.

The relationship between the general rasterization er-
ror and DA is shown in Fig. 4. It should be noted that
only three of seven resolutions in Fig. 4 were presented
to save space. It can be seen from Fig. 4 that the errors
have significant linear correlation with DA though the
correlation coefficient decreases with increase of grid
cell size. The same characteristics were found in the
relationship between rasterization error and DP (Fig. 5).

The relationship between the general rasterization er-
ror and SG is shown in Fig. 6. As in Fig. 4 only three
out of the total 11 regions are shown to save space. It
can be seen that the errors have strong logarithmic cor-
relation with the size of grid cells. The correlation coef-
ficients from different regions have no obvious differ-
ences from each other.

3.2 Modeling for predicting rasterization error

It can be concluded that the errors resulting from po-
lygonal vector-to-raster conversion have significant lin-
ear correlations with DA and DP, and a strong logarith-
mic correlation with SG from the above analysis. Based
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on this finding, in the following 77 samples (11 regions
multiplied by 7 resolutions) collected in Beijing were
used to establish a quantitative expression between
rasterization errors and DAs, DPs and SGs.

A multivariate linear regression analysis was con-
ducted with the error as the dependent variable, and DA,
DP and the logarithm of SG as independent variables.
The following expression was derived,

E =-55.4333+1.552d, —0.444d , +8.9121In(s,) (5)

where E represents the general relative error resulting
from rasterization in a given region, d, represents DA,
dp represents DP and sy represents SG.

The relationship between actual error and that pre-
dicted by Equation (5) for the 77 samples was shown in
Fig. 7. It can be seen that the errors calculated by Equa-

tion (5) are consistent with the actual error. The R
reaches 0.9462 and the slope of the regression is close to
1 (0.9463). This indicates that Equation (5) is capable of
depicting well the dependences of rasterization error on
its affecting factors. Before this model can be used as a
general tool for predicting rasterization errors in all re-
gions, it has to be kept in mind that the samples used for
constructing the model were collected in Beijing, which
only covers about 1/600 of the total area of China.
Therefore, it can not be applied in nationwide for pre-
dicting rasterization errors until it is verified.

3.3 Model validation

3.3.1 Representativeness analysis of validation areas
The prediction model as represented by Equation (5) is
validated at two spatial scales, i.e., the nationwide and
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the regional. China has an area of 9.6 x 10° km®. It has
complicated natural conditions and diverse types of land
cover. Therefore, it would be convincing to use nation-
wide data to verify the model. At the regional scale, the
validation is carried out using samples collected in He-
bei Province in North China and Sichuan Province in
Southwest China (Fig. 1). Hebei Province has high ter-
rains in the northwest where the Yanshan Mountains are
located, and low flat topography in the southeast which
is a part of the North China Plain. The terrain of the
province consists of plateaus, mountains, hills, plains,
and basins surrounded by mountains. There are 20 out
of the total 25 land cover categories. Therefore, the land
cover categories are typical for model validation. Natu-
ral conditions in Sichuan Province are also complicated.
There exist hills and mountains in the east and a great
plain, the famous Chengdu Plain in the center. The west
is adjacent to the Qinghai-Tibet Plateau. So land cover
in the province is also representative.

The nationwide data were rasterized at a resolution of
1 km by 1 km. As a result, the influence of SG on
rasterization error was not validated at the nationwide
scale. Nevertheless, the influences of DA and DP on the
error were carefully validated in nationwide. Through
rasterization, 32 provincial units of grid data products
were obtained. Hong Kong and Macao were included in
Guangdong Province. Islands and enclaves were ex-
cluded from the calculation. Each product consists of 25
layers of data because there are 25 categories of land
cover in China. The values of grid cells represent the
percentages of a specific type of land cover in the cell.
Equation (4) was first used to calculate GREs of each
cell and then the general relative errors for each unit
were derived. Thirty-two general relative errors corre-

sponding to 32 provincial units in the same resolution
were got.

At the regional scale, the data collected in Hebei
Province were rasterized at seven different resolutions
and those in Sichuan at 16 resolutions. Therefore, the
influence of SG on the error was fully considered
though the influences of DA and DP on the error were
not validated at the regional scale for DA and DP re-
main unchanged at the different resolutions. Following
the same procedure that was used to process the nation-
wide data, 23 general relative errors corresponding to
the 23 different resolutions in two regions, i.e., Hebei
and Sichuan, were obtained. Up to now, 55 samples
have been obtained, each of which includes 4 parame-
ters: the actual error, DA, DP and SG. The samples are
then used to validate the model (Equation (5)). It should
be kept in mind that the cases of Hebei and Sichuan at
the resolution of 1 km by 1 km have been counted twice
since they were included in both the nationwide and
regional scales. Therefore, the cases of Hebei and Si-
chuan at 1 km by 1 km should be removed. The re-
maining 53 samples were then used for verifying the
model.

3.3.2 Validation

Equation (5) was used to calculate the errors of all sam-
ples with DA, DP and SG as input parameters, and the
resulting errors were compared with the actual error that
was generated in Section 3.3.1. The results are presented
in Fig. 8. It shows clearly that there exists a close corre-
lation between the actual errors and the predicted errors
by Equation (5). The linear correlation coefficient (RZ)
reaches 0.9109 and the slope of the regression is close to
1. The correlation is statistically significant at the 0.001
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level (R < 0.4433; number of samples is 53). It can be
concluded that although the model was established
based on samples collected in Beijing, it describes very
well the relationship between rasterization error and DA,
DP and SG for all other regions. It can be applied to
predicting rasterization errors at nationwide scale.

3.3.3 Reversed consideration

In the preceding sections, the prediction model was es-
tablished based on samples collected in Beijing and was
verified with data collected in the entire country. A
natural question to ask is that whether or not the predic-
tion model can be established using samples collected
nationwide, and be validated in smaller regions, for in-
stance, in Beijing. The following calculation confirms
that this process is reversible.

Following the same process that was used to construct
the model Equation (5) in Beijing, the 53 samples in
nationwide were used to establish a national model. The
result is expressed as follows,

E =-58.499+0.418d, +0.311d, +9.456In(s,)  (6)

in which the variables have the same meanings as those
in Equation (5). The relationship between the actual er-
ror and that derived from Equation (6) is shown in Fig. 9.
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Then, the 77 samples collected in Beijing were used
to validate the national model (Equation (6)). The rela-
tionship between the actual error and that derived from
Equation (6) was shown in Fig. 10.

The correlation is statistically significant at the 0.001
level (R < 0.3799; number of samples is 77). It demon-
strates that the error prediction model based on samples
collected at large scales (nationwide) can be similarly
applied to predicting errors at small scales (Beijing).

Both approaches lead to the same conclusion that it is an
effective and feasible way to predict rasterization errors
with DA, DP and SG as input parameters.
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4 Discussion

Vector-to-raster conversion is a process that is inevita-
bly accompanied with errors. The errors have close rela-
tionship with the complexity of the region in considera-
tion and the size of grid cells. Using models to predict
rasterization errors is beneficial to make technical plan-
ning of rasterization projects and to producing rasterized
products with high quality. In this study, land cover data
of China at a scale of 1 : 250 000 was taken as an ex-
ample to construct errors prediction models of vec-
tor-to-raster conversion. The model built based on a
small region (Beijing) could be verified in a large region
(provinces and nationwide), and vice versa. It is demon-
strated that the method used in this study is reasonable
and feasible. However, the following two points need to

be discussed and explained further.
(1) Coefficients of regression equations. Both the

model expressed with Equation (5) and that with Equa-
tion (6) can be used for predicting rasterization errors,
but they have different regression coefficients, espe-
cially for those of DP and DA. From the statistical point
of view, for the same governing equation, different
samples will inevitably lead to different regression coef-
ficients. Therefore, one model is not necessarily better
than the other. The main purpose of this study is to in-
troduce the method of predicting rasterization errors
rather than establishing the specific equations.

(2) Application of method. Although the dataset of
land cover of China at the scale of 1 . 250 000 was used



LIAO Shunbao et al. Errors Prediction for Vector-to-Raster Conversion Based on Map Load and Cell Size 703

as an example to analyze the relationship between ras-
terization errors and their affecting factors, the method
described in this study can also be applied to establish-
ing other regression models with different thematic
elements, for instance, soil or landform, and with dif-
ferent scales, for instance, at 1 + 50 000 or 1 = 10 000.
The reason is that no matter what the thematic elements
are and how much the scale is, it is the DA, DP and SG
that directly affect rasterization errors. That is, it is by
way of DA, DP and SG that different thematic elements
and scales affect rasterization errors.

5 Conclusions

In this study, DA and DP were taken as indexes to
measure the complexity of land cover in a given region.
The influences of DA, DP and SG on rasterization errors
were analyzed. The following findings can be made
from this study.

(1) The rasterization errors are determined jointly by
DA, DP and SG. The errors are linearly correlated with
DA and DP, logarithmically with SG. The more com-
plex (larger value of DA or DP) the region is, the larger
the error becomes at a given resolution. The larger the
size of a grid cell is, the larger the error also becomes
when the complexity of region is fixed.

(2) The relationship between the errors and the DA,
DP and SG can be represented by a multi-variant re-
gression model. The model can be applied to predict the
error before rasterization is conducted. The predicted
error can be used as references for optimizing a rasteri-
zation scheme and for producing rasterization products
with small errors.

(3) The two models established based on samples co-
llected either in a small region (Beijing) or in the whole
nation were both cross-validated. They all passed the
test of statistical significance at the 0.001 level. It dem-
onstrates that these models depict very well the rela-
tionship between rasterization errors and their affecting
factors. They can be used to predict rasterization errors
at regional scale and national scale as well.

(4) The method used in this paper can also be applied
in predicting rasterization errors of other types of vector
data.
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