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Abstract: - This paper presents the processing of raw data for 'best' travel route computation and 
recommendation to consumers by a specially developed web application operating on top of the IoT platform 
EMULSION. Three different types of 'best' travel routes are computed for each journey requested by a 
consumer, namely the healthiest route, the fastest route, and the shortest route. The importance of the 
presented work lies within the practical applicability of the proposed method for processing raw data for just-
on-time 'best' travel route computation and recommendation to consumers. 
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1  Introduction 
The existing web-based route planners and real-
time navigation systems, accessed by fixed or 
mobile personal devices, allow to plan and adjust 
journeys by providing comfort and a sense of safety 
to consumers, [1]. By supplying dynamic and 
integrated technological support tools to 
consumers, along with interactive planning and 
navigation features for various transportation types, 
these systems, however, mainly find the shortest, 
fastest, or cheapest traveling routes. Nowadays, 
people have begun to pay more attention to their 
quality of life (QoL) by considering environmental 
factors affecting their health, including air quality, 
and this has become their new focus when 
traveling, [2]. Travel types and routes with 
relatively low pollutant exposure can not only 
improve human health but can also benefit social 
stability and sustained progress. In contrast, path-
based long-distance outdoor activities, surrounded 
by poor air quality, generally have a negative effect 
on human health, especially when cycling, running, 

jogging, or walking, [3]. Therefore, an alternative 
approach is needed in route planning based on 
health-related optimization criteria, bringing the 
concept of “healthy route” (a.k.a. “green route” or 
“clean route”) and related concepts of “safe route” 
and “sustainable route,”, [1].  

This paper demonstrates the use of a developed 
web application for the recommendation of 'best' 
travel routes to consumers. The application utilizes 
a generic distributed architecture, which is 
technology-independent w.r.t. hardware, operating 
system, and programming language. A clear 
explanation of the computation of 'best' travel 
routes is provided, along with a demonstration of 
the way this web application works in reality. The 
usefulness of the presented study relates to the 
possible integration of the proposed method for 
'best' travel route computation and recommendation 
into the existing navigation systems and 
applications alike. 
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2   Related Work 
In general, there are two primary types of methods 
for computing travel routes [3], i.e., based on (1) 
the static cost of paths, serving as an input to the 
standard Dijkstra algorithm [4] and (2) the dynamic 
cost of paths, varying over space and time, and 
depending on the travel time (as a function of the 
path infrastructure’s condition and traffic flow) and 
the Air Quality Index (AQI) value, for instance. 
AQI was developed by the US EPA, based on the 
following six major pollutants: ground-level ozone 
(O3), particulate matter (PM2.5 and PM10), carbon 
monoxide (CO), sulfur dioxide (SO2), and nitrogen 
dioxide (NO2). The AQI values range from 0 to 
500, divided into six levels of health-related 
concern.  Being more advanced, multiple methods 
of the second type have been proposed, e.g., 
utilizing adaptive decision rules [5], genetic 
algorithms [6], [7], [8], probabilistic models [9], 
uncertainty [10], etc. 

Regarding the computation of healthy routes, 
previous research could be divided into two groups 
[2], i.e., using: (1) monitoring stations to measure 
pollutant exposure on various types of roads, 
followed by classification of roads as healthy or 
unhealthy, based on the exposure levels; and (2) 
pollution distribution data obtained by different 
means, such as the land use regression [11], [12], 
the operational street pollution model [13], the 
interpolation method [14], [3], etc., as an input to 
the (dynamic) Dijkstra algorithm for generating 
healthy routes [15], using different indicators (e.g., 
traffic volume, AQI value, potential pollutant dose 
taken, etc.) as road network’s weights. If taking full 
advantage of modern pollutant retrieval 
technologies, the trustworthiness of the generated 
healthy routes could be significantly increased. For 
this, [2] proposes a short-distance healthy route 
planning approach, utilizing fine spatial resolution 
images and meteorological and socioeconomic data 
to retrieve the spatial distribution of PM2.5 
concentration in hourly intervals via a back-
propagation neural network. The effectiveness of 
the approach is verified by comparing the PM2.5 
potential dose reduction rate of the generated 
healthy route with that of the shortest route, 
reaching up to 20% reduction in some cases. As an 
important factor affecting the AQI values, PM2.5 
concentration can be used also to predict the AQI 
[3].  

The current paper utilizes an interpolation 
method from the second group for the computation 
of the healthiest route, computed in near real-time 
by applying the dynamic Dijkstra algorithm, 

whereby the potential exposure rate is computed 
based on collected raw AQI data, whereby the 
desired values of the main air pollutants (O3, PM2.5, 
PM10, CO, SO2, NO2) serve as upper bounds for 
reducing the number of possible routes. 
 
 
3  Data 
Before initiating the computation of the 'best' travel 
route, some preliminary data preparation is needed. 
These data are divided into three categories: 
permanent, refreshable, and computable data. The 
permanent data are created once and change very 
rarely if changed at all, while the other two 
categories are updated periodically as new data 
become available. 
 
3.1   Permanent Data  
This category includes data related to the travel 
map of the target area, including roads, streets, 
points, and other details. Locations of the AQI 
monitoring stations are also included here, along 
with data of the nearest AQI stations to each 
respective point to enable faster computations. 

The permanent data are generated from the 
OpenStreetMap (OSM) [16], which includes three 
main types of objects: a road (а ‘way’ in the OSM 
terminology), a node, and a relation. Paths are 
composed of a series of nodes, and relations 
describe more complex structures. Here, we will 
focus on the roads/ways and the corresponding 
nodes that are part of these roads/ways. 

First, a specific POST request is made to the 
OSM application programming interface (API) for 
selecting, as a locality, a rectangular area bounded 
by the GPS coordinates (36.846000, 114.345000) 
and (37.655772, 115.684369), covering an area of 
10,735.78 km² and encompassing nearly all of 
Hebei (China), as follows: 

API URL: https://overpass-api.de/api/interpreter 
POST (without urlencode): 
data=[out:json];(way["highway"](36.846000,1

14.345000,37.655772,115.684369);>;);out; 
POST (with urlencode): 
data=%5Bout%3Ajson%5D%3B%28way%5B%

22highway%22%5D%2836.846000%2C114.34

5000%2C37.655772%2C115.684369%29%3B

%3E%3B%29%3Bout%3B 
 
The returned result is in a JavaScript Object 

Notation (JSON) format. Figure 1 displays a 
portion of this structure formatted as a Hypertext 
Preprocessor (PHP) jagged array, visualized using 
the print_r PHP function (for compactness, some of 
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the content in Figure 1 is omitted and replaced with 
multiple dots). The structure contains two types of 
elements – ways, and nodes (nodes are usually 
arranged at the beginning). Each node has a unique 
identifier (id) and GPS coordinates – latitude (lat) 
and longitude (lon). Each way has a unique 
identifier (id), a list of included nodes, and a ‘tags’ 
field that contains the way type (highway) as well 
as other characteristics, e.g., one-way 
(oneway=yes), the name of the corresponding street 
or boulevard, etc. 

Fig. 1: An OSM JSON output in print_r format 
 

The most important elements are the nodes, 
along with the information about their linking to 

each other, including the type of corresponding 
road/way. For example, the road/way with 
id=356726107 is a one-way road, including nodes 
linked in a sequence, as follows: 3621366680 to 
3621366681, 3621366681 to 3621366682, 
3621366682 to 3621366678, and so on, up to the 
last node in the list. If the road/way is a two-way 
one (the more common case), in addition to the 
links in the forward direction, one must also add 
those in the reverse direction. The type of linking 
between two nodes depends on the type of 
road/way they are part of. 

The links can be recorded in a relational 
database (e.g., MySQL), as shown in Table 1 for 
the example of a motorway_link marked with 
way_type_id=3. The data for the nodes 
participating in this link are presented in Table 2. 
 

Table 1. Sample link records 
id node1_id node2_id 

way_type_i

d 

1 3621366680 3621366681 3 
2 3621366681 3621366682 3 
3 3621366682 3621366678 3 
4 3621366678 3621366676 3 
5 3621366676 3621366673 3 
6 3621366673 3621366667 3 
7 3621366667 3621366663 3 
 

Table 2. Sample node records 
id lat lon 

3621366680 37.38821060 115.27720750 
3621366681 37.38827570 115.27676360 
3621366682 37.38827840 115.27635720 
3621366678 37.38820520 115.27598150 
3621366676 37.38810480 115.2756298 
3621366673 37.38793930 115.27527120 
3621366667 37.38774930 115.27500820 
3621366663 37.3875105 115.27475890 

 
In addition to the existing data, some 

preliminary computations need to be performed as 
well. 

The first computation relates to the distances 
between the corresponding nodes in Table 1, which 
should be entered in an additional distance column. 
The distance between two points on the surface of 
Earth could be computed using the haversine 
formula, as follows: 

 
where φ1 and φ2 are the latitudes of the two points 
(in radians), Δφ is the difference between the 
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latitudes of the two points (in radians), Δλ is the 
difference between the longitudes of the two points 
(in radians), and R is the Earth’s radius. 

The second computation uses formulae (1) to 
determine the distances from each node to every 
AQI station deployed in the area, helping to 
identify the three closest AQI stations and their 
respective distances to that node. The relationship 
between each node and the three nearest AQI 
stations is cached for future use.  

 
3.2  Refreshable Data 
These data are refreshed periodically and most 
often come from the AQI stations. These data are 
typically obtained through GET or POST requests 
to the respective API providing data from the AQI 
stations. It is also possible to combine the data 
obtained from different providers. 
 
3.3  Computable Data 
Each time the refreshable data are updated, all 
computable data must be recomputed. In the case of 
computing the healthiest routes, all AQI values 
reported by the monitoring stations need to be 
distributed across the nodes. For this purpose, we 
use the three closest AQI monitoring stations 
already selected for each node and the pre-
computed distance from this node to each of these 
stations. 

Obtaining the AQI value for each node can be 
done using the following formula: 

 
where AirQ, AirQ1, AirQ2, and AirQ3 are the air 
quality values for this node and the three closest 
AQI monitoring stations, respectively, and d1, d2, 
and d3 represent the distance from this node to each 
of these AQI stations, respectively. 

Computable data, along with the link from each 
node to its neighboring nodes, are cached in a 
format optimized for fast reading. The current 
implementation is done in PHP using the APCu 
module for caching in RAM. The first step is to 
create a PHP jagged array, as shown in Figure 2, 
visualized with the print_r PHP function (for 
compactness, some of the content in Figure 2 is 
omitted and replaced with multiple dots). 

This jagged array is first saved as a PHP file 
suitable for inclusion via the include PHP function, 
and then a cache is created in RAM using APCu, 
making it accessible to all PHP instances.  

 
Fig. 2: Node data in print_r format 

 
 

4  Web Application  
The corresponding web application, which has been 
developed for the 'best' travel routes 
recommendation as part of the client tier of the IoT 
platform EMULSION [17], can be tested as per 
[18].  

The sliders, depicted in Figure 3, allow 
consumers to set their maximum preferable values 
for air quality indicators (PM2.5, PM10, O3, CO, 
SO2, NO2, and AQI). During the route computation, 
none of these values for the respective indicator can 
be exceeded. 

A dropdown menu allows setting the 
transportation type. The sliders, shown in Figure 4, 
allow consumers to set their average speed for 
different road types. If a consumer feels confused 
with the numerous sliders or s/he is unsure of their 
average travel speed, s/he can use the default 
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values. Different transportation types offer various 
options for average speed and different protection 
from polluted air. 

Figure 5 (Appendix) shows the lower section of 
the developed app’s screen, with most of the space 
occupied by the map of the target area. To visualize 
the map and perform operations on it, the 
JavaScript library Leaflet [19] was used. A left 
click on the map sets the starting point of the travel 
route, while a right-click sets the endpoint. If a 
selected point does not match a specific node, it is 
replaced with the nearest node. 

 
 

Fig. 3: Air quality indicators’ limits 
 

Fig. 4: Transportation options 
 

In the end, the consumer selects the types of 
travel route s/he wants (i.e., the healthiest, the 
fastest, or the shortest one), as shown on the right-
hand side in Figure 5 (Appendix). More than one 
route type can be chosen. After completing the 
settings, the consumer clicks on the "Calculate 
route(s)" button, and the route computation process 
begins. 

It is important to note that the web application 
itself does not perform any route computations. It 
makes a call to a proxy server, which forwards the 
request to one of the utilized computation servers to 
generate a route. If all three types of routes are 

selected, three separate requests are made to 
different computation servers. The generated routes 
are visualized on the map, and information about 
these appears below the buttons shown on the right-
hand side in Figure 5 (Appendix). By pressing the 
"Details" button, which then appears, detailed 
information about the route can be obtained, as 
depicted in Figure 6 (Appendix). 
 
 
5  'Best' Travel Route Computation 
The computation of the 'best' travel route is 
performed by the selected computation server using 
the dynamic Dijkstra algorithm, with a different 
metric depending on the chosen route type. If 
computing the shortest route, the metric used is the 
route length (in meters). If computing the fastest 
route, the metric used is the time required to travel 
on the route. 

For computing the healthiest route, a metric 
needs to be defined that properly describes 
exposure to polluted air. There are many options for 
doing this, such as considering only some of the air 
pollutants (PM2.5, PM10, O₃ , CO, SO₂ , NO₂ , and 
AQI) or a combination of them, weighted 
differently. In the developed application, it was 
decided to use the overall air quality indicator 
(AQI). The exposure is computed using the 
following formula: 

 
where AQI1 и AQI2 are the AQI values at two 
specific sequential nodes of a road/way on the 
route, time is the time needed to travel the distance 
between these two nodes, and C is a protection 
coefficient, whose value (in the range of 0 to 1) is 
determined based on the transportation type, as 
shown in Table 3. 

 
Table 3. Values of the protection coefficient C 

Transportation type C 

Car (closed windows) 0.200 
Car (open windows) 0.229 
Motorbike 0.286 
Bicycle 1.000 
Walk 0.429 

 
 
6   Conclusion 
This paper has examined the process of computing 
and recommending the 'best' travel route to 
consumers, describing the steps from receiving raw 
data to generating and recommending the route 
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itself. Preliminary data preparation, divided into 
permanent, refreshable, and computable data, has 
been described, along with the implementation of a 
specially developed web application providing 
multiple options for computing the 'best' travel route 
using a distributed server architecture. 

Future directions for research and development 
will include adding traffic load data for introducing a 
speed-reducing coefficient and inclusion of 
expanding options for computing the routes based on 
extra data, e.g., supplied by weather forecasting and 
AQI prediction algorithms. With different input data, 
the application could be modified to recommend also 
the safest route (e.g., through areas with the lowest 
crime rate depending on the time of the day, day of 
the week, etc.), the most comfortable route (with the 
best road conditions), and other types of routes. 
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APPENDIX 

 

Fig. 5: The map of the target area 
 

 
Fig. 6: Sample healthiest route’s detailed information 
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