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Abstract—Biking has attracted much attention recently. Path 
planning is essential for travel style activities, including biking, 
and safety is always first priority in any type of activities. 
There are tools which helps people to plan for biking tour 
paths. However, safety is not a major concern in them. This 
work proposes a safe path planning strategy which addresses 
the issue. An experiment is conducted in a real site to realize 
the path planning strategy at the same time.
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I. INTRODUCTION 

In recent years, biking has attracted much public 
attention. Bike sales volume increases every year and more 
people ride bicycles to travel for leisure, commuting, or just 
exercising. There are many reasons for this phenomenon. 
Firstly, tourism has become one of the fastest growing 
sectors of the world economy [1][2] . People in modern 
societies are under more stress and thus are looking for more 
leisure activities. Travel and touring provide great 
opportunity to serve this purpose. Besides, after the global 
economic/financial crisis starting in 2008, local and 
inexpensive tours become more attractive which makes 
biking tours even more appealing. In addition, twenty-first 
century is an era with more environmental and energy 
saving awareness. When the global environmental crisis 
faced have caused more serious change in global weather 
and the energy shortage due to several reasons had led to a 
lot rethinking and adjustment of the lifestyle, green issues 
make biking more popular than ever.  

Public Bicycle Systems (PBS), also called Public Bike 
Sharing System, is an integrated, automated system for bike 
renting which provides secure and convenient bicycles 
management for short trips. People can rent bicycles for 
their journeys to and from certain short-distance areas by 
paying a small fee. Furthermore, since bike stations are 
located at different places, the biker can rent the bicycle 
from one station and return it to another station near their 
destination, which make it even more convenient to use PBS. 
Many countries and cities have adopted the idea of PBS and 
have built their own systems such as in Paris, France; 
Barcelona, Spain; Berlin, Germany; Washington, DC, USA; 
Montreal, Canada; and Hangzhou, China [3][4] . 

There are many issues to consider for a PBS. A 
successful PBS should exhibit good quality of service (QoS) 
such as high availability and high-usage. Good services do 
encourage high usage. Biking path planning is a commonly 
provided service in many systems [5]. A path can be just 
stringing up all the desired destinations. When considering 
quality of planned biking path, many factors come into the 
picture. From a user’s, or biker’s, point of view, that what 
type of path that attracts them the most is a very complicated 
question to analyze.  In this work, we focus on proposing 
safe path strategy in bicycle networks. We formally define 
safety factors and formulate safety coefficient for edges and 
safety value for paths.  Finally, a dynamic programming 
strategy to find an optimal path is designed and implemented 
in a real site to verify the result. 

This paper is organized as follows: Related work is 
summarized in Section II. The safe path planning problem 
and the proposed safe path algorithm are explained on 
Section III followed by simulation results in Section IV.  
Section V concludes this paper. 

II. RELATED WORK

Path finding has kept people’s attention long before the 
Seven Bridges of Königsberg has been resolved by Euler [6] 
through converting the problem to the very first graph 
theory problem in eighteenth’s century. The problem 
becomes finding a cycle which goes through each edge 
exactly once and the solution is easy with the result being 
Euler cycle.  On the other hand, finding a Hamiltonian 
cycle which needs to go through each vertex exactly once 
becomes an NP-hard problem.  

While dwelling in graph theory, path finding can be done 
using either of breadth-first or depth-first methods.  
However, these two schemes just promise to find one path, 
if exists, with no guarantee about the quality of the path. To 
pursue a shortest path, the greedy Dijkstra’s algorithm is the 
choice when there is no negative edge.  When negative 
edges exist without negative cycle, Bellman-Ford or Floyd 
dynamic programming schemes can be applied. 

In real life, any travel needs to define a path between the 
origin and the destination.  Shortest path does stand out for 
its practicality for many riders, especially commuters [7][8].  
However, for biking which leans more towards leisure 
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Figure 1 slope 

purpose, a shortest path may not be of the highest priority.  
When considering safety issue, many other factors show up. 
Broach, Gliebe, and Dill [7] studied the cyclist preferences 
by mounting GPS unit on bicycles and retrieve data for 
analysis of bicycle route choices model. The result shows 
that cyclists are sensitive to the distance, turn frequency, 
slope, intersection control, and traffic volumes.  Many of 
them are safety-related. The derived choice model has been 
integrated into a regional travel forecasting system for 
Portland, Oregon, U.S.A.  A similar research [8] was 
conducted for San Francisco, California, U.S.A and similar 
result was reached. 

One way to help with the biking safety is to build bike 
lanes dedicated for cyclists only. In Taiwan, many bike lanes 
were built in national parks and around sceneries. Table I 
depicts some bike lanes around certain scenic spots in 
Taiwan [9]. These lanes were constructed according to 
standards to ensure riders’ safety. Most of these bike lanes 
were built before many people went there. Bike lanes are not 
in all scenic areas where bikers are interested in, though. 
Hood, Sall, and Charlton [8] discovered that bike lanes are 
preferred while, on the other end, steep slopes are not 
favoured for bikers.  

TABLE I. SOME BICYCLE LANES IN TAIWAN

City Scenic Spots Length of Lane
Taipei Muzha Maokong 12km
Taipei Hot Spring of Beitou 20km

Taoyuan Green Aisle of Xinwu 4km
Taoyuan Roman Road 35.7km
Taichung Gaomei Wetland 1.7km
Tainan Bikeway of Anping 6.6km
Hualien Bikeway of Ruisui 7.6km
Kinmen Jinhu 17km
Penghu Bikeway of Jibei Island 7km

Slope, sometimes referred as gradient, is a measure of the 
steepness or inclination of the road to the horizontal. When 
biking on road, bikers may experience sloping fields which 
may be uphill or downhill and poses challenging of the road. 
Usually, safety concerns come with it, too. Figure 1 and 
equation 1 [10] shows the basic definition of slopes where 

D is the horizontal distance which can be derived from the 
longitude and latitude acquired by GPS recorder and H is the 
height above elevation, also acquired from GPS.  

D
HSlope == αtan  (%)      (1) 

The above formula works for a single climb in the road. 
However, for a long segment of road, there are other metrics 
for climbs classification. A very commonly used measure 

called Bergwertung [11], means “mountain classification”, 
is introduced.  This measure origins from mountain biking to 
classify the toughness of the path for biking.  Mountain 
biking usually follow paths off-road, often very rough and 
challenging. Bergwertung has been referenced in Tour de 
France and many others to categorize the level of mountains 
based on steepness and length. Equation (2) is for finding 
Bergwertung data. Table II displays the climbs 
classifications corresponding to Bergwertung ranges.  

Bergwertung 100/))(2
3

(%) ( mationTotal ElevSlope ×=     (2) 

TABLE II. BERGWERTUNG AND CLIMBS CLASSIFICATION

Bergwertung values climbs classification
0~20 G1
20~50 G2

50~120 G3
120~200 G4

>200 HC

In this work, road types and slope of the road are 
considered to formulate our safety measure. 

III. SAFE PATH PLANNING STRATEGY ALGORITHM

This study focuses on the determination of a safe path 
from the origin to the destination in a geographical area. A 
path can be composed of a set of road segments which  step 
by step connects the source location to the destination. To 
find such path, we have to define safety characteristics for 
each road segments and define the safety value for a path. 
This concerns collecting safety–related information for each 
road section along the road of interest and use the safe path 
planning strategy to develop a path which satisfies the safety 
criteria.  

The safe path planning problem in bike net considers 
several safe factors for each road segment. Besides the two 
mentioned in previous segment, slope and road type, three 
other factors are also under investigation which are road 
width, signs on the road, and road lighting. Every factor is 
granted different weight levels for different situations with 
all weights being set between 0 and 1.  

Weights for different road types are listed on TABLE III. 
If the road has bike lane, its weight is 1 since riding on 
dedicated lanes is the safest. Road surface of asphalt and 
cement are the second safest for riding bike, so the weight is 
0.8. Rugged road means the road is rough or without any 
pavement. It receives the lowest weight of 0.6. 

TABLE III. ROAD TYPE

Road type Weight
Bike Lane 1

Paved surface (Asphalt or Cement) 0.8
Rugged 0.6

Road width is another important factor. Normally, bikers 
share roads with many other types of vehicles. The wider the 
road, the more space bikers can use, and thus more safety 
assurance. Four different categories are used here with the 
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thought of how many cars can go through the road at the 
same time as in Table IV. When a road allows only one car 
to pass which means a narrow road, the weight is assigned 
0.1. If two cars can pass the road, 0.6 is the weight. For the 
case when road width can accommodate more than two cars, 
the weight is 0.8.  And if the road has slow lane which is the 
most luxurious, the bikers are in the most safe road width 
since they are most distant from cars in the road.   

TABLE IV. ROAD WIDTH

Road width Weight
With slow lane 1

Wider than two cars 0.8
Two cars 0.6
One car 0.1

Signs on the road is also a safety indicator which helps 
bikers to be more aware of the road conditions or directions 
so that bikers can concentrate on biking itself.  The weights 
are 1 and 0.8 for with signs and without signs, respectively.  

TABLE V. SIGNS ON THE ROAD

Signs on the road Weight
With signs 1

Without signs 0.8

Some riders may want or need to ride at night; thus, road 
lighting is essential for safety although bicycles can be 
equipped with head and tail lights, too. If the road is not 
equipped with any lighting, the weight is 0.1 where partial 
lighting and full lighting get 0.5 and 1 as their weights 
respectively. If riding doesn’t happen at night, the weight is 
1 as in Table VI. 

TABLE VI. ROAD LIGHTING

Road lighting Weight
full lighting 1

partial lighting 0.5
None 0.1

day light riding 

We also consider the climbs classification according to 
Bergwertung values. There are five levels of climbs 
classification as mentioned in previous section. Table VII 
depicts the weights for different climbs classifications. G1 to 
G3 are the most common levels for an ordinary rider. If the 
level is over G3, riders on this path need to be more focused 
and more experienced to avoid dangerous situations.

TABLE VII. SLOPE

Climbs classification Weight
G1 1
G2 0.7
G3 0.5
G4 0.3
HC 0.1

Figure 2(a) shows a bike lane in Nashville, Tennessee, 
U.S.A. which protects bikers from other vehicles and Figure 

2(b) shows a bad road condition in Baoshan, Taiwan for 
which signs on the road can help with the bikers’ safety. 

(a)        (b) 
Figure 2 Different road conditions (a) bike lane (b) bad road 

Now we need to define one unified safety coefficient (SC) 
for each road segment so that we can compare road segment 
with each other.  The idea is to set the highest SC value to be 
1 which involves the multiplication of the five factors to be 
the SC value for that road segment.  Any low safety factor 
can lower the SC value dramatically.  For a road segment to 
be considered safe, it has to maintain good (high) weights on 
all factors.  

The following example shows how the SC values are 
evaluated for two road segments A and B. Assume that road 
segment A is with paved surface (0.5 in road type, T). It 
allows two cars to pass through (0.6 in road width, W), has 
no signs (0.8 in signs on Road, I), and has lighting on the 
road (1 for road lighting, L since it is not night riding), and is 
G1 (1 in climbs classification, S). Road segment B has 0.1 in 
road type (T), 0.6 in road width (W), 1 in signs on road (I), 1 
in road lighting (L) since biking is at day time, and 1 in 
climbs classification (S). Equation 3 derives the safety 
coefficient for road segments and Table VIII shows the 
resulting SC values for road segments A and B. 

SLIWTSC ××××=     (3) 

TABLE VIII. SC VALUES FOR ROAD SEGMENTS A AND B 

Coefficient
Road segment T W I L S SC

A 0.5 0.6 0.8 1 1 0.24
B 0.1 0.6 1 1 1 0.6

  
After all the SC values for all road segments are 

evaluated, it’s time to derive a safe path finding strategy.  
The goal is to find the safest path. Note that the path found 
in this way is with a good possibility to be shorter than other 
paths. 

To find the safest path between the source and 
destination, we proposed a safe path algorithm. The 
technique of the algorithm is based on dynamic 
programming. Here we define the safety value of a path to 
be the product of the SC values of the road segments which 
form this path. The path with the highest safety value is 
called the optimal path which is what the method tries to 
find. 

 For a graph G=(V, S) where V is a set of vertices. Set S
consists of undirected road segments (RS); that is, S={RS1, 
RS2, RS3…RSS} where each road segment RSj connects two 
vertices in V and has two values: a unique id and a 
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precomputed safety coefficient, SC. The algorithms use two 
input data which are source (vs) and destination (vd). 

The algorithm starts from vs to find a path to vd. The 
following symbols are defined. 

k : the maximum number of edges allowed in the path.
safety(i, k): the safety value of the path with at most k edges 
and the highest safety value from source vs to vertex i. 
previous(i, k): the vertex immediately before i in the path of 
safety(i, k). 
w: a vertex connected to i. 

The goal is to derive safety(i, n-1) where n is the number 
of vertices and construct the safe path from previous(i, n-1). 
Through applying dynamic programming concept, the base 
condition is when k is 0 which means there is no edge 
between the source and any vertices. When k is greater than 
0, there are two cases.  Case one is an easy case when the 
optimal path with at most k edges is the same as the one with 
at most k-1 edges; that is, safety(i, k) = safety(i, k-1). In case 
two, the optimal path with at most k edges is not the one 
with at most k-1 edges. Then, we need to consider those 
paths with at most k-1 edges to all possible vertices, w, 
connecting directly to vertex i. Figure 3 depicts the two 
cases.  The first two paths are for case two and the last is for 
case one.  Equation (4) shows the recurrence relation for 
safety(i, k).  The algorithm starts from calculating safety(i 0) 
for all i belongs to V. It then proceeds to find safety(i, k) for 
k = 1, 2, … , and n-1. The resulting path will be for safety(Vd, 
n-1). Data structure previous(i, n-1) is used to track the 
optimal path. 

The recurrence relation is formulated below: 

(4) 

IV. SIMULATION RESULTS

A system has been developed to find a shortest safe path 
with the test data derived from field investigation of 
Boashan Township, Hsinchu County, Taiwan (R.O.C). 
Information for each road section was collected and 
analyzed. GPS data, including latitude, longitude and 
elevation, were also collected as shown in Figure 4. Data 
are saved in KML format. 

Figure 4 GPS data of certain roads in Baoshan 

    After running the program with specified source and 
destination locations,  

Figure 5 shows the result. Red lines indicate the road 
segments of resulting path from the safety path finding 
algorithm while blue lines are for other road segments. 

V. CONCLUSION

This work considers the problem of finding a safe path 
from the origin to destination. The work moves from 
defining safety coefficient for each road segment first, the 
safety value for each path second, and the algorithm to 
derive a shortest safety path the last. For the purpose of 
quantitative analysis, five major safety factors for each road 
segment are considered and quantified.  Associated weights 
are assigned to each factor for different situations. Then, an 
equation is defined and evaluated for each road segment to 
derive its safety coefficient.  After that, safety value for 
each path is also defined.  Thus, the problem of finding the 
safest path is to find the path with the highest safety value.  
A dynamic programming algorithm is proposed to solve 
this problem while a real site in Boashan Township is 
investigated, information is gathered, and the simulation is 
conducted to retrieve a shortest safe path.  The shortest safe 
path is calculated in this site and the result is demonstrated. 

Figure 3 Recurrence relation situations for safety(i, k) 

21



ACKNOWLEDGMENT

This work is sponsored by NSC of Taiwan under grant 
number NSC 100-2632-E-216-001-MY3-2. 

REFERENCES

[1] "Tourism Economics Summary", 
http://www.sustainabletourismonline.com/tourism-economics 

[2] 2012 Edition UNWTO Tourism Highlights, 
http://mkt.unwto.org/en/publication/unwto-tourism-highlights-2012-
edition 

[3] Jenn-Rong Lin, Ta-Hui Yang, and Yu-Chung Chang, "A hub location 
inventory model for bicycle sharing system design: Formulation and 
solution," Computers & Industrial Engineering, Available online 13 
December 2011, http://dx.doi.org/10.1016/j.cie.2011.12.006,  In 
press. 

[4] "Public Bike Share System", 
http://carsharingus.blogspot.tw/2007/06/public-bicycle-systems.html 

[5] https://bikemap.net/ 
[6] J. A. Bondy and U. S. R. Murty, Graph Theory with Applications, 5th

printing, New York: North-Holland, 1982. 
[7] Broach, Joseph; Gliebe, John P; and Dill, Jennifer, "Bicycle Route 

Choice Model Developed from Revealed-Preference GPS Data," 
Transportation Research Board 90th Annual Meeting, Paper #11-
3901, pp. 1-14, January 23-27, 2011, Washington DC, USA, 

[8] Jeffrey Hood, Elizabeth Sall, and Billy Charlton, "A GPS-based 
bicycle route choice model for San Francisco, California, " 
Transportation Letters: The International Journal of Transportation 
Research (2011) 3: pp.63-75. 

[9] http://www.cycling-update.info/k/mth/8_bicy_g_l.htm#. 
[10] http://en.wikipedia.org/wiki/Grade_(slope). 
[11] http://wikipedia.qwika.com/de2en/Bergwertung. 

Figure 5 Safe path planned for Baoshan. Red is the planned route. Blue depicts other road segments. 
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