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ABSTRACT

When users consult a trip planner, map or navigation sys-
tem for directions, they are presented with several route
options which often are evaluated based on shortest path or
shortest duration. However, in some cases, users may re-
quire the choices of route to be evaluated on other criteria,
such as safest route, particularly if users are new visitors to
the city. With recent introductions of different platforms to
crowdsource public experience and perceptions of safety, this
data can be used to calculate safe route selection. However,
such user generated contents are often inconsistent, sparse,
or may not have a complete spatial coverage. This paper
proposes Vector-based Diffusion and Interpolation Matrix
(VDIM), a novel method to diffuse and interpolate informa-
tion on spatial grid cells to calculate safety ratings of regions,
which could be used to calculate the route safety.

Categories and Subject Descriptors

H.4 [Information Systems Applications]: Miscellaneous

General Terms

Algorithms, Experimentation, Human Factors

Keywords

algorithm, route selection, crowdsourcing, navigation, path
planning

1. INTRODUCTION
There is value in listening to other people’s experiences,

if we are travelling somewhere unknown and potentially un-
safe. Through crowdsourcing, public ratings of Places of
Interests (POIs) at different regions can be collected and
analyzed for better user recommendations in location-based
services. However, with qualitative and subjective crowd-
sourced data, such as safety, thermal comfort, and percep-
tions or feelings, the ratings of each POI could be variably
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different. In addition, when the crowdsourced data is to be
analyzed over a spatial region consisting of multiple POIs,
the calculation is often done in an over-simplified manner
with one single value assigned to a cell region after being
derived from a rich and complex crowdsourced data. This
is the approach adopted by uSafe [5], where the safety value
of each spatial region corresponds to a single safety rating.
The problem of this approach is two-fold. First, a blanket
value over a spatial region could pose an under-fitting prob-
lem. Second, there could be neighbouring regions with very
different safety ratings and when a single discrete safety rat-
ing is used over each region, determining the safety rating
at boundaries of these regions as a user transitions from one
region to another is impractical. Ideally, in evaluating the
qualitative and subjective user feedback about a place or
region, neighbouring places or regions should be taken into
account. Finally, using the data derived from region-based
analysis, a route recommendation based on crowdsourced
data and user preferences, eg. safety, should be produced.

1.1 Aims and Contributions
This paper aims to propose and describe VDIM, an al-

gorithm for deriving a rating matrix over a spatial region,
which can be used to calculate route based upon safety fea-
tures identified along the path of the route.
Challenges addressed by the presented algorithm include:

• Quantitatively measuring a qualitative measure such
as user perception of safety over spatial region in a
non-discrete way.

• Considering route direction as a parameter of the al-
gorithm

• Presenting the results in a way that is easily inter-
pretable.

Through the presented algorithm we contribute an approach
to classifying the perceived safety of a journey which can
utilize sets of data collected via crowdsourcing.

1.2 Related Work
Online map services exist for navigation purposes such as

Google Maps [1], as well as tools to collect and visualise
crowdsourced data such as SketchFactor [2], TranSafe [7]
and Place Pulse [10, 9]. Efforts have also been made to find
the ”safest” route to get from Location A to Location B [11]
as well as classification methods for to ranking the perceived
safety of various routes [11, 2, 5], however these existing clas-
sification methods are either very coarse-grained to preserve
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user privacy [11, 5], or are proprietary applications that do
not expose how they rank route options [2].
This paper builds off these existing works and presents

an approach to quantify the safety of a route in a manner
which utilizes user generated data along with an underlying
assumption that a persons perception of how safe they cur-
rently feel will gradually decrease as they approach an area
that they know to be unsafe.

2. METHODOLOGY

2.1 Safety Data Preparation
A geographical map of a physical area is first subdivided

into uniform rectangular sections of longitude and latitude
co-ordinates as this is the simplest method of sub-dividing
a polygon with no overlapping areas, and these rectangular
subdivisions are referred to as Cells.
This is accomplished by using a database to store the per-

ceived safety rating for locations within the defined Cells
and allowing it to be populated from the public tagging ar-
eas they have visited with their perceived level of safety at
the time (1 for extremely unsafe, 10 for extremely safe).
Due to the imperfect spheroid nature of the earth it was noted
that Cells will correspond to geographic areas of differing
physical sizes. No attempt made to ensure that the physical
areas are the same size as converting longitude and latitude
values to distance requires additional complexity through ap-
proximation calculations such as the Haversine algorithm or
Vincenty’s formulae [12, 4] and doing so was thought to pro-
vide little benefit to the overall estimation

2.2 Obtaining Route Directions
In order to quantitatively analyse safety of a route be-

tween two locations a representation of the route must first
be obtained. This route representation is in the form of a
list of poly-lines beginning from Location A and terminating
in Location B.
Once an external provider has been contacted to obtain

a list of possible routes these lists of poly-lines which de-
scribe each route are processed to find the minimum and
maximum values for longitude and latitude in order to con-
struct a minimum bounding rectangle that encloses all of
the possible routes from Location A to Location B.

2.3 Diffusing the known information
Using the obtained route information a known perceived

safety information overlay of M+2 by N+2 cells is retrieved,
where M and N are the number of Cells that represent the
bounding longitude and latitude values respectively. By do-
ing so all information for the region in question is retrieved
as well as ensuring that all route paths will not cross any Cell
along the outer perimeter (section 4.1). Finally the known
perceived safety values within the constructed overlay is dif-
fused under assumption that ”the safety of any point will be
influenced by the safety of the neighbouring areas”.

2.3.1 Precision value

This amount of diffusion of known information is described
by a value known as the precision value which is defined as
the radius from the centre of the cell to split the original
cell up by, i.e. p = 0 has no change, p = 1 makes each
cell be split into a 3x3 sub-grid, p = 2 makes each cell split
into a 5x5 sub-grid, etc. This gives a relationship that each

cell will be split into a square sub-grid of (2 × p) + 1 size,
and after performing this operation a much larger grid of
((2 × p) + 1) × (M + 2) by ((2 × p) + 1) × (N + 2) size is
constructed which has safety values assigned to the centre
cell of each sub-grid. The centre cells with known values are
referred to as origins (figure 1)

Figure 1: Division of cells into sub-cells by
varying the precision value (p = 0,1,2).

Red squares represent origins, white squares represent
unknown cells

2.3.2 Bounding the unknown cells

To approximate the unknown values on the fine grained
overlay each unknown cell a bounding region is created for
each unknown cell between the closest surrounding origins.
These bounding areas are typically triangular, except in the
case that the unknown cell is at an integer multiple of 45°,
from the nearest origin (measured anticlockwise from the
positive x-direction) as in this case the unknown cell can be
bound by straight line between two origins.

(a) Three origins.

315°

(b) Two origins

Figure 2: Comparison between an unknown cell
bound by two and three origins.

The origins that make up this bounding area are later used
to calculate a safety estimation for the unknown cells within
that area by means of linear interpolating these known val-
ues (section 2.4).

2.3.3 Finding the closest origins

Knowing that each of the original known locations were
split by a factor of (2× p) + 1 each the index of any cell in
the fine grained overlay can be mapped to find the closest
known location by calculating the index of the original cell
before it was subdivided and then remapping that index to
the fine grained overlay. i.e. by using:

OriginalIndex =
UnknownCellIndex

2× p+ 1
(1)

ClosestOriginIndex = (OriginalIndex×(2×p+1))+p (2)

2.4 Interpolating the known information
Several means of interpolating the known values at the

origins were implemented to estimate the perceived safety
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rating at an unknown cell. These implementations relied
on creating a set spanning vectors in R

2 from the known
perceived safety values at the origins along with the distance
the unknown cell was located from the origin and finding the
vector representation of this through either vector addition
or matrix inversion to estimate the value at the unknown
cell.

2.4.1 Efficiently finding the combination of unit vec-
tors

Through the different implementations attempted the most
effective method of finding the combination of unit vectors
from the known surrounding safety data was to exploit the
predictable order that the surrounding origins were found
when searching for the closest bounding origins. Since a ei-
ther diagonal and a vertical/horizontal vector pair or a single
vector was always returned when calculating the bounding
origins if in the case of the pair being returned if the vec-
tor ~OA is guaranteed to never be a diagonal vector then
any calculations to determine which known vector was ver-
tical/horizontal, and which was diagonal could be skipped

and the the unit vector orthogonal to ~OA could be calcu-
lated directly, and in the event of one vector being returned
then the gradient along this vector can be directly used for
a further shortcut evaluation.

SafetyL =

[

u

v

]

×

[

∆Safety ~AO
∆Safety ~AB

]

+SafetyA

(3)

u· ~AO + v· ~AB

~AO

~AB

Figure 3: Calculating the linear combination of
horizontal and vertical unit vectors.

2.5 Combining the overlay with the route
Finally the route information is combined with the com-

pleted fine grained overlay to calculate the associated safety
rating of each route. This calculation is performed in two
stages; the first being an approximating of the cells the jour-
ney intersects, and the second stage finding the minimum
intersected perceived safety rating.

2.5.1 Approximating the intersected cells

The intersected cells are approximated using Bresenham’s
line algorithm[3]. Bresenham’s line algorithm was chosen
over Digital differential analysis (DDA)[6] and Xiaolin Wu’s
line algorithm[14] as Bresenham’s line algorithm offered ad-
ditional accuracy and increased efficiency over DDA, and the
computational expensive nature of anti-aliasing outweighed
the additional accuracy that could be achieved through Xi-
aolin Wu’s line algorithm.

2.5.2 Calculating the route safety

The overall perceived safety of the route is then calculated
by iterating through all intersected cells and taking the min-
imum value which indicates users feel the least safe at that
point.

3. RESULTS
In order to test the algorithm an ideal data set was cre-

ated using the Diamond-Square algorithm[13]. This ideal
data set represents a geographic area which has accurate
perceived safety reports at all possible GPS values subject
to some truncation due to limited GPS accuracy. From there
a percentage of the data from the ideal data set is discarded
to emulate the sparsity of reported information which can
be encountered when relying on crowdsourced ratings [8] be-
fore finally aggregating the remaining data to try to fill in
some of the emulated holes in the data set and calculate the
values which will be assigned to the origins in the diffusion
stage.

Figure 4 shows one such comparison where approximately
50% of the ideal data is randomly discarded and a cluster of
4x4 of the remaining data points are aggregated together.

These results are of course are highly dependant on the
availability of data and choosing the number of data points
to aggregate together in the Safety Data Preparation phase
(section 2.1) in a manner that maximises data coverage
and minimises the loss of the extreme safe/unsafe perceived
safety levels due to the aggregation of areas. However the
VDIM approach can allow incomplete data sets to more
closely mirror the ideal data set, allowing the calculated per-
ceived safety rating to better reflect the underlying perceived
safety of the route.

(a) full data (b) missing data

(c) Precision 0 (d) Precision 5

Figure 4: Comparison of different perceived safety
heat maps.

Precision value of 0 depicts a similar approach to u-Safe[5].

4. LIMITATIONS

4.1 Boundary origins
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As discussed in section 2.3 the processed crowdsourced
data for all origins within an area larger than the bounding
area of the routes needs to be gathered and then diffused in
order to approximate the route safety correctly. The addi-
tional data is needed as the outermost cells which make up
the perimeter are not bound by any other origins so these
edges cannot be diffused, so by collecting the data for a
larger area than that which is needed it can be ensured that
the route will not cross any of these areas which have not
been diffused (see the outer perimeter in figure 5a)

4.2 Extreme variations in adjacent areas
Due to the linear interpolation only considering a max-

imum of three of the closest origins to the unknown cell
if there are multiple adjacent origins, of which one of the
origins has a drastically different value the from the rest
resulting interpolation will look atypical, especially around
areas in line with the origins (figure 5a).

4.3 Holes in data
As the perceived safety values are retrieved from a database

of user generated content if no users have provided a rating
for that geographical region then a null value is stored and
the diffusing step is skipped and the value of the closest
point is used instead (figure 5b).

(a) Extreme variation (b) Holes in data

Figure 5: Extreme origin variation and the
effect of holes.

.

4.4 The effect of the precision value on the
Bresenham trace

Although it is not exactly a limitation it is worthwhile to
note that the precision value not only effects how finely the
safety values from the origins are diffused, but it also effects
how closely the Bresenham algorithm can approximate the
path of the desired routes (figure 6).

(a) Precision 1 (b) Precision 10

Figure 6: Comparison of Bresenham traces
at various precisions.

5. CONCLUSION AND FUTURE WORK
In this paper we presented a new approach to using ge-

ographically tagged safety information, which can be ob-
tained from crowdsourced data platforms to quantitatively
assess how safe a given route is.

Future work includes experimenting with the data pro-
cessing techniques used on the crowdsourced data such as
weighting newer data higher as it is deemed more relevant,
locating anomalous readings and taking into consideration
the time of day of the data ratings to allow temporal ratings.
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