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Abbreviations 

Abbreviation list Meaning 

API Application Programming Interface 

ASP.NET Core 
Free and open-source web framework developed by Microsoft, runs 

on full .NET Framework, on Windows, and the cross-platform .NET 

GIS Geographic Information System 

iOS Mobile operating system for Apple mobile devices (iPhone, iPad, iPod) 

LSG Local self-government 

m Meter 

MaPLoRds Local Road Transport Network Resilience Diagnostic Too 

MVC 
design pattern to decouple user-interface (View), data (Model), and 

application logic (Controller) 

OGC Open Geospatial Consortium 

POI   Points of Interests 

Pr   Prioritization 

RESTfull API 
Representational State Transfer interface that two computer systems use to 

exchange information securely over the internet 

RoA Road asset 

RoL Road link 

RoSL Road sub-link 
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1. MaPLoRds system architecture 

1.1 Introduction 

Purpose of this Report is to help users to apply the Methodology developed for the Climate Resilience of the 

Local Roads Network using the MaPLoRds software system.  

The MaPLoRds system is an essential tool for applying the Methodology as it enables users to assess the 

climate resilience of the local road network by analyzing the road network's characteristics, climate hazards, 

and vulnerability. The system provides a user-friendly interface and visualization tools to support the decision-

making process. 

This guide also provides step-by-step instructions on how to use the MaPLoRds application tool. By following 

these practical guidelines users will be able to use the application tool to its full potential. 

1.2 Report scope 

The Practical Guidelines document describes how to assess exposure, vulnerability, risk, and criticality of local 

transport networks by applying prescribed Methodology (a detailed separate document). A MaPLoRds 

software system comprises a set of tools developed to facilitate implementation of Practical Guidelines. Two 

pilot LSGs: Kraljevo and Aleksandrovac are presented as a case study for demonstration of tools within 

Practical Guidelines and its integration into local transport network management. Although the Practical 

Guidelines is piloted on Kraljevo and Aleksandrovac, the developed methodology and system are applicable 

to other LSGs in the country and to the countries in the region as well. 

A tool for mobile devices (mobile application) is developed to facilitate the data collection in the field and web 

application is developed for data analysis, resilience and priority assessment based on the developed 

methodology (described in the separate document - Methodology). The tools are simple to use, intuitive and 

with user friendly interface for utilization by engineers in the local level administration.  

Collected data are stored first on mobile device database and then in back-office central database to be easily 

accessible to different users for various analysis. Set of different reports are available onscreen and for export 

to Excel. This will enable authorities to prioritize the activities, review the types of hazards, network, and links 

vulnerabilities, etc. The content of the Report is in accordance with developed methodology.  

The MaPLoRds system is supported by GIS open data, through open maps, available both in the field work 

using mobile devices and, in the office using web application. 

In general, development of information systems includes design of components for data collection, system 

analysis, requirements gathering, asset data definition and data management processes, levels of GIS service 

and implementation of basic API-s (application programming interface).  

Development of the MaPLoRds mobile application (for Android and iOS) and web GIS application enables 

users to perform continuous data collection related to occurred road hazards events, upon which priority 

assessment will be made based on the developed methodology. The workflow overview of the developed 

system is presented in Figure 1. The implemented decision support system will rely on both up-to-date field 

data and data obtained through the background modelling (spatial modelling of specific hazard types, road 

vulnerability and criticality).  
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Figure 1 MaPLoRds system data collection and analysis workflow 

 

The language of the mobile and web application is Serbian, Latin alphabet by default. Application interface 

and data classification labels includes English as well. However, multilingual support is available and fully 

implemented. Therefore, application is being developed in a way that additional languages could be installed 

at any time as per need. The content in different languages is stored in the central database with available web 

service for generation of JSON resource files (non-executable configuration data that is required by the 

application and is deployed along with the application). The bilingual glossary, in Serbian and English, is 

produced for developed version of the application, introducing key terms and phrases that are required for the 

MaPLoRds interface, both for mobile and web application.  

The system is developed to the highest industry standards and in accordance with Platform Security and 

Personal Data Protection rules. Personal Data of the users (e.g., password) are stored in encrypted form in the 

central database. All other non-sensitive data are not encrypted.  

The main dataset includes the following: coordinates, date/time, field photographs, user log, type of 

occurrences/problem, main feature for the hazards (e.g., landslide, rockfall), the size of the affected road 

section, level of road damage, road surface type (macadam, asphalt…), etc. Full extent of dataset will be 

presented throughout the document with screen capture illustrations. 

1.3 MaPLoRds system development 

The MaPLoRds mobile application is developed using .Net MAUI1 as Multiplatform App User Interface and 

C# programming language. The web services that are used for communication between mobile app and back-

office (central) database are developed using ASP.NET Core Web API. The web application, allowing for 

several modules with features such as: data visualization, validation of data, consistency check-ups, is 

developed as web application using ASP.NET Core2 (Core6, MVC app).  

The user management component is implemented, and the accessibility of application features it has been 

tailored to accommodate various roles. The list of roles includes System Administrator, Power-user for all 

LSGs, Power-user per one LSG, Field specialist and Public users. Details of user roles will be explained later 

in the text. 

 

1 https://dotnet.microsoft.com/en-us/apps/maui  

2 https://learn.microsoft.com/en-us/aspnet/core/introduction-to-aspnet-core?view=aspnetcore-7.0 

https://dotnet.microsoft.com/en-us/apps/maui
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The database management system used is PostgreSQL3 14.4 with pgAdmin4 14 tools. Database name is: 

maplords_db. The GIS database support is using PostGIS5. The geospatial data sharing is implemented by GIS 

web services relying on GeoServer6 2.21, also an open-source tool. More precisely, Geospatial Information 

System Web RESTfull API - Services that follow the Open Geospatial Consortium (OGC) standards for web 

services: Web Mapping Services (WMS) and Web Feature Services (WFS) are used. 

Figure 2 presents main component of the system and data flow interaction. On the left side is mobile application 

for data collecting in the field. Data are stored in local database, where from upon synchronization request and 

via available internet connection   alphanumeric data (1) are sent via Rest API for storage in MaPLoRds 

database (2).  

Set of Rest APIs is also used to exchange alphanumeric data (3) with MaPLoRds Web Application. WebGIS 

Rest APIs are used to read data (5) from central database and to serve WMS layer for mobile application (4), 

as well as for web application (6).  

Business logic is implemented in business layer over central database as set of procedures that perform all 

required calculations (score calculations) and deductions (priority class assignment) (8), whose results are 

retrieved by web application together with other required data (7). 

 

Figure 2 Components of MaPLoRds system 

 

3 https://www.postgresql.org/  PostgreSQL  14.4 is a free and open-source relational database management system)   

4 https://www.pgadmin.org/ PgAdmin is set of PostgreSQL Tools 

5 https://postgis.net/ PostGIS is an open-source PostgreSQL external extension that adds support for geographic objects to the PostgreSQL object-

relational database. 

6 https://geoserver.org/  

https://www.postgresql.org/
https://www.pgadmin.org/
https://postgis.net/
https://geoserver.org/
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2. MaPLoRds mobile application 

2.1 MaPLoRds installation  

Installation “apk” file is available on http://maplords.rgf.bg.ac.rs/data/. The final version of application will be 

published on Google Play (https://play.google.com/) and for IOS on App Store by the end of the Project. 

After installation, the Field user authorized for data collection can start with his registration. Verification of 

the registration is to be provided by the Power-user (described in next section and in user management module, 

Section 3.1).  

Figure 3 provides an overview of main screens in the MaPLoRds mobile application. Mobile application 

displays a map with a background of the surrounding area of the current location (automatically defined by 

navigation module of mobile device in both online and offline mode), with a radius or zoom level specified 

in settings configuration.  

User friendly interface guides the user to report an observed issue that will be called observation (using a 

button on a map). The users are offered to choose type of the road hazards by image-clicks for easier 

selection, upon which several forms follow with further data collection requirements. 

The user of mobile application has the following options for data collection: 

• self-registration module, user login, password change, 

• collection of new observation data, 

• search, view, and filter of collected data (with option to see own data and data of other users in same 

LSG), 

• editing of collected data, except geolocation and date/time. 

Figure 3 presents screens after user login and creating new observation point, he/she is guided further to 

insert hazard, optionally several hazards within the same observation, followed by traffic and infrastructure 

screen. It is possible to take field photos from any of these screens and all acquired pictures are automatically 

uploaded to central database on the server within synchronization process. 

Figure 3

 

Figure 3 Overview of main screens with dataflow in mobile application 

http://maplords.rgf.bg.ac.rs/data/
https://play.google.com/
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After finishing all required data entries, a pin location on the map is generated. The click on pin opens the 

form with the saved data. In case a new issue needs to be reported on an existing issue from the past, both 

entries (old and new) will be saved to the database, but the old entry will be marked as inactive. 

Mobile application is enabled to work in online and offline mode.  Frequently, internet connectivity may not 

be accessible on location. In such cases, offline mode operation enables the collection of necessary field data 

and its storage in a local database on a mobile device.  Once an internet connection is re-established, the status 

or datasets will be updated, transferred, and synchronized with the backend database. 

2.2 Registration and login 

The first application panel is Login panel, see Figure 4. The new user needs to access the user registration form 

and click on Register link (Figure 4). The existing user uses his own, already generated, username and 

password to log in.  

Upon clicking on the Register link, the new user will be prompted to fill in the information displayed   in 

Figure 5 which includes their first and last name, telephone number (optional), select municipality (LSG), 

username and password. The checkbox “I have read and accept privacy, terms and conditions” with appropriate 

links to documents must be checked before proceeding with application use.  

  
 

Figure 4 Login panel (with registration link) 

The system's initial list of roles includes the following: System Administrator (responsible for user and role 

management), Power-user for all LSGs, Power-user for a specific LSG, Field Specialist, and Public users (with 

restricted access to available data on the site – read only mode). The user assigned the role of Field Specialist 

is intended to use the mobile application with rights to create observations, fill in data forms, capture photos, 

and submit data to the central database. 
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Before login, account must be approved by System Administrator. The whole procedure of registering is 

explained in several steps: 

1) Fill in the form in Figure 5 and click Register, 

2) Data are transmitted and stored in the central database, where the password is encrypted and saved so 

that only the user can access and read it. The status of the user account will be marked as “requested”. 

3) Upon account creation, both in-app and email notifications are automatically sent to the Administrator, 

informing them of the new account. 

4) The Administrator assigns the appropriate role (access rights) to the user based on a predefined list, 

after which the user account status will be marked as “active”. 

5)  The user receives an e-mail confirming that their account has been activated, along with a link to 

tutorials and guidelines on how to use the application. 

6) The application allows users to login and access features based on their assigned user rights. Once 

registered and verified by the municipality Administrator users can start data collection. 

In addition to the registration button, the Login panel, also includes a Request button for resetting a forgotten 

password.  

Registration fields are:  

Full name (first and last name),  

E-mail,  

Municipality (LSG),  

Username,  

Password.  

  
Figure 5 Registration panel   



The World Bank Group 

Technical Assistance - Improving Resilience and Safety of the Local Road Transport 

Network in the Republic of Serbia 
 

  | final | 16 August 2023 | Arup d.o.o. Beograd (Vracar) 

Local Road Transport Network Resilience Diagnostic Tool and 

Practical Guidelines Page 7 
 

Figure 5 on the left side presents form with data required for registering a user, while on the right side is a 

form for password reset.  To ensure the security of password changes, users will be authenticated via email 

verification. 

2.3 Data collection - general 

 The reporting of (hazard-related) problems on road infrastructure will be facilitated by a user-friendly interface 

that includes a background map. Users will be able to select one or more types of occurrences (slide, landslide, 

flood, torrent) on the road by choosing from offered images, making the selection process easy.  They will 

then be prompted to fill out several forms for data collection, including data on traffic and estimated 

investments. 

After completing all required data entries, a pin on the map will be generated. Clicking on the pin will open a 

form with saved data. If a new observation is reported for a location that has an existing observation, both 

entries (old and new) will be saved in the database. The ordinal number (observation_id field) of the new 

entry will be increased by one, so the old entries have smaller ordinal numbers. After successful login user 

can preview and enter new observation, change profile, modify settings, read Privacy Policy and Terms of 

Use.  

  
Figure 6 Home panel 

The Home panel depicted in Figure 6 (in Serbian to the left and in English to the right) includes a base map in 

the background and a menu docked leftward. The application will provide following options: 1) add a new 

observation; 2) display all existing observations; and 3) display only the observations recorded by the current 

(logged) user.  

Figure 7 shows points on the background map, which correspond to existing observations. Colors and symbols 

of points will be adapted to computed priority score (the numerical value of the score defines the color of the 

point), as described in the Methodology. Clicking on one of these points will bring up a screen that displays 

information on existing hazards, traffic, and infrastructure information, which will be elaborated in the next 
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section. In brief, to begin inputting a new observation, the user should click on plus sign button that looks like: 

, located in the left corner of the screen, and the system will automatically read and save coordinates, user 

account and date/time, while all other inputs will be provided by the user on the field.  

Note:  Please, note that the test dataset used in this document is not real data collected in the field. The colors 

of the panel may appear slightly different in mobile applications. The colors of the points are related to 

prioritization, with 1-5 classes represented by different colors ranging from green to red, and an additional 

class for unclassified data (blue), while current location point is in purple. The web application periodically 

assigns appropriate classes and colors through the prioritization process. The point size remains the same. 

  
Figure 7 Application interface in Serbian and English language 

As shown in Figure 7 the interface includes both Serbian and English language options, with the same set of 

functionalities available in both languages.  
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Figure 8 Language setting panel 

The Settings panel, as depicted in Figure 8 (in both languages) allows the user to change default language 

(English) for interface. The Municipality (LSG) selected by the user should be verified by System 

Administrator, and the appropriate role should be assigned to the user. The available languages are Serbian 

and English, but solution is flexible and new languages can be added through the Glossary module of the web 

application.        
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Figure 9 Profile panel 

The panel shown in Figure 9  allows the user to view their profile data. It is important to note that the email 

and username cannot be changed from this panel. 
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Figure 10 Privacy Policies  

Privacy Policy (http://maplords.rgf.bg.ac.rs/Policy) and Terms of Use (http://maplords.rgf.bg.ac.rs/Terms)   

are shown in Figure 10 and Figure 11, respectively. 

 

Figure 11 Terms of Use 

 

http://maplords.rgf.bg.ac.rs/Policy
http://maplords.rgf.bg.ac.rs/Terms
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The preferred and default functionality of the application is to use online maps. However, in areas where 

internet is not available, the user can select to work with offline maps that are prepared and available on project 

server. Download of maps per LSG is automated, as shown in the following set of screenshots (Figure 12): 

starting with no offline maps available on device, followed by screen for download and finally with 

downloaded offline maps that can be set to be visible or invisible.  

 

  

  

  

Figure 12 Offline maps download page 

2.4 Data collection - new observation 

To start a new observation in a different location, the user can click on the Add new button or icon  located 

in the lower left part of the screen, as displayed in Figure 14. The system will then automatically calculate and 

record the current user’s location, along with the corresponding date and time, and save the collected data. It 

is assumed that in real time the user is present at the road location road being observed. The system will later 

automatically align recorded observation points with road links, by using distance measurement to match the 

point with the road links accurately. 
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Figure 13 Application interface in Serbian and English language 
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After clicking the Add new button or icon , a panel is displayed, as illustrated in Figure 14. The panel 

contains read-only data that is displayed in grey, and a textbox that enables the user to enter (optionally) a 

specific location description.  

 

 

Figure 14 New observation panel 

The displayed panel provides two options for the user. They can either select a hazard data entry by clicking 

on one of the four pictures offered (see Figure 15).  

  

Figure 15 New observation, hazard selection 

 Four types of hazards are available, namely, landslide, rockfall, flood and flash flood. Each hazard type has a 

distinct color scheme.  The data entry forms also include button  to take photos, which is present in the 

panels for hazards, traffic, and infrastructure data.  Instructions for managing photos and other multimedia, 

including videos if recorded, will be provided in Section 2.6.3 

After selecting a button corresponding to the identified hazard type, the user can access the appropriate data 

entry form Figure 15  Upon completing the data entry for one hazard, the user will be redirected to the previous 

panel to record additional hazards for the same observation, if applicable. 
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2.5 Panels for hazard 

This section presents data management for each of the four hazards, utilizing a distinct color scheme to assist 

users in directing their attention to the appropriate panel. 

2.5.1 Landslide hazard 

The landslide panel is distinguished by a dark red color scheme and allows users to insert data specific to the 

chosen type of landslide hazard. 

  
Figure 16 New landslide panel  

The panel begins with a schematic presentation of all quantitative values to provide guidance for users as they 

complete the form. In dimension data section, users can enter values for length, width, depth, and area. 

Required – obligatory values are indicated by a red asterisk (*) in the caption label. The form is designed to 

adopt to the required data, so if a user selects “no” for “visible scarp”, no additional quantitative data will be 
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needed, and a corresponding text box will not be visible. However, if the user selects “yes” for “visible scarp”, 

two text boxes for height and volumes will appear. Logical constraints are also included in the form, such as 

if the landslide activity is described as “once in few years”, it cannot be categorized as “active” (by definition). 

Categorical variables can be selected in either a single-choice or multiple-choice format. Single-choice format 

allow the user to select only one option from the offered choices, whereas multiple-choice options allow the 

user to select zero or more options. s 

 To enable single-choice selection, option buttons can be used, as presented in Figure 16. For the frequency of 

landslide occurrence, the user can choose from options such as “once in a few years”, “once in a year” or 

“more than once in a year”. Option buttons are designed to be easily selectable on mobile devices, and the 

selected option is clearly identified by a checkmark (tick mark). For multi-values selection, checkboxes are 

used. For example, in the case of landslide triggers, the user can select one or more options from the list of 

offered choices, including “rainfall”, “earthquake”, “snow melt”, “erosion of the base” and “human activity 

(undercutting, overloading...)”. The final section of the panel is dedicated to the status of activity of the 

landslide, as well as for the information of remediation if available. Remediation date is recorded in a text field, 

which allows for the inclusion of partial date such as “2015, end of year”, “2016, May” or “2016-05-25”. Note 

that it is very important that first 4 characters are denoting year of the remediation. 

After finishing with landslide data entry, user can:  

• Add new hazards (using NEW  button) (save and go to the home panel, Figure 15), 

• Return to the first screen (BACK  button) (without saving of current data go to the home panel, 

Figure 15), 

• Take a picture (using button ), save it (it is automatically linked to the observation),  

• Finish with hazards and go to Traffic form (using NEXT  button, go to traffic panel in Figure 20), 

• Abandon any entry on current form and skip to the next (traffic) panel by clicking on  

Note: User can add more than one landslide. 
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2.5.2 Rockfall hazard  
Rockfall panel has a purple color scheme (Figure 17). When selecting the rockfall hazard type, the user can 

enter relevant data for the rockfall event. 

  
Figure 17 New rockfall panel  

The rockfall panel begins with a schematic presentation of all quantitative values to provide guidance for the 

user when filling in the form. Similar approach for option buttons and multiple-choice checkboxes is used as 

in landslides. The same conditional functionality of buttons and fields, as well as logical consistency check is 

applied as in landslide case. 

In dimension data section, the user can enter values for the runout, release height and block volume. 

Required – obligatory values are indicated by a red asterisk mark (*) in the caption label.  

For multi-values selection in rockfall triggers, checkboxes are used, allowing the user to select one or more 

options from the offered list. The available options to be checked for rockfall triggers include “rainfall”, 

“earthquake”, ”icing”, “plant roots”, “snow melt” and “human activity (undercutting, overloading...)”.  

Similar to the landslide triggers, for this panel as well at least one selected option is required from the list. 
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The final section of the panel is dedicated to the status of the rockfall activity, as well as for the information 

of remediation if available. Remediation date is recorded in a text field, which allows for the inclusion of 

partial date such as “end of 2015” or “May 2016”. 

After finishing with rockfall data entry, user can:  

• Add new hazards (using NEW  button) (save and go to the home panel, Figure 15) 

• Return to the first screen (BACK  button) (without saving of current data go to the home panel, 

Figure 15) 

• Finish with hazards and go to Traffic form (using NEXT  button go to traffic panel Figure 20) 

• Open camera, take a picture and save it  (it is automatically linked to the observation), 

• Abandon any entry on current form and skip to the next (traffic) panel clicking on   

Note: User can add more than one rockfall. 
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2.5.3 Flood hazard 

Flood panel has a blue color scheme (Figure 18). The user inserts data for flood as a chosen type of hazard. 

  
Figure 18 New flood panel 

Panel starts with schematic presentation of all quantitative values to guide the user in filling the form. Similar 

approach for option buttons and multiple-choice checkbox is used as in previous hazard types, as well as 

similar entry conditioning and logical cross-check. 

The following values are defined in the dimension section: floodway width, flood fringe width, level above 

normal, level above the road. 

A trigger is one or more options from the list: “rainfall”, “snow melt”, “upstream dam breach”, “downstream 

river damming”, “external flood wave”. The frequency is similar to other types of hazards. 
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For protection status, the user can select one of the following options: “no flood protection installed”, 

“damaged protection”, “regulated”. If available, approximate date and cost of regulation installation should 

be provided. 

After finishing with flood data entry, user can:  

• Add new hazards (using NEW  button) (save and go to the home panel, Figure 15) 

• Return to the first screen (BACK  button) (without saving of current data go to the home panel, 

Figure 15) 

• Finish with hazards and go to Traffic form (using NEXT  button, go to Figure 20) 

• Open camera, take a picture and save it  (it is automatically linked to the observation), 

• Abandon any entry on current form and skip to the next (traffic) panel clicking on   
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2.5.4 Flash flood hazard 

The flash flood panel has a green color scheme (Figure 19). User inserts data for flash flood as a chosen type 

of hazard. 

  
       Figure 19 New flash flood panel 

Panel starts with schematic presentation of all quantitative values to guide the user in filling the form. Similar 

approach for option buttons and multiple-choice checkbox is used as in previous hazard types, as well as 

similar entry conditioning and logical cross-check. 

For dimensions related to the flash flood the following quantitative values are expected to be filled in: width, 

runout, level above normal and level above/below the road. 

Trigger for the flash flood can be one or more options selected from the list: “rainfall”, “snow melt”, 

“upstream dam breach”. 
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For protection status user can select one of the following options: “no flood protection installed”, “damaged 

protection”, “regulated”. If available, approximate regulation date and cost of installation should be 

provided. 

The following parameters protection status, installation date and cost are like for floods. 

After finishing with flash flood data entry, user can:  

• Add new hazards (using NEW  button) (save and go to the home panel, Figure 15) 

• Return to the first screen (BACK  button) (without saving of current data go to the home panel, 

Figure 15) 

• Open camera, take a picture and save it  (it is automatically linked to the observation), 

• Abandon any entry on current form and skip to the next (traffic) panel clicking on   

• Finish with hazards and go to Traffic form (using NEXT  button go to Figure 20) 
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2.6 Traffic, infrastructure, and multimedia 

2.6.1 Adding traffic information 

Once all hazard information has been added, the traffic information panel becomes available. To provide a 

better overview of the recorded hazard data, a list of all previously recorded hazards is displayed at the top of 

the panel, with links for viewing and removing functionality if necessary (as shown in Figure 20). 

   
Figure 20 New traffic panel 

For the traffic interruption type, one of the following options can be selected: “single lane”, “both lanes”, 

“reduced speed”, “no effect”.  

For traffic flow type, one of the following options can be selected: public transport included or no public 

transport. 

The alternative routes parameter is implemented as a “no/yes” switch. If is the user selects “yes” then the 

estimated length of the alternative route is required. 

After finishing with traffic data entry, user can:  

•  Return to the hazard screen (BACK   button) (without saving of current data go to the home 

panel) 

• Open camera, take a picture and save it  (it is automatically linked to the observation), 

• Abandon any entry on current form and skip to the next (traffic) panel clicking on  

• Finish with Traffic and go to Infrastructure form (using NEXT   button go to Figure 21 or Figure 

22)  
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2.6.2 Adding infrastructure information 

Affected road options, to be filled in if applicable, are presented in Figure 21 in Serbian and Figure 22 in 

English.  

  

   

Figure 21 New infrastructure panel (Serbian language) 
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Figure 22 New infrastructure panel (English language) 

The Affected Road part of panel is divided in three logical parts: 

• Road: “pavement, asphalt layers”; “pavement, concrete layer”; “pavement, cobbled stone”; 

“pavement, all layers”; “embankment, damage of embankment”; “drainage, cleaning or repair of light 

drainage elements”; 
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• Structure: “bridge, light surface repair”; “bridge, structure repair”; “bridge, new bridge”; “retaining 

wall, wall repair”; “retaining wall, new wall (sections)”; “drainage, repair of culverts”;  

• Other: “third party utilities, interruption of existing roadside infrastructure”; “earthworks, removal of 

soil”; “scaling, rock scaling”; “households, endangered households”; “casualties, dead or injured”, 

“endangered stream”. 

The quantitative value for Road width (designation B) is required (obligatory) data. 

The extensive list of boxes is presented to explain the interface, but usually only a few of these boxes will be 

visible. Specifically, depending on the selected options for the Affected Road, only relevant quantitative 

values will become visible. To specify the type of Surface course, the user can select one option from the list 

provided, which includes: “dirt”, “gravel”, “macadam”, “cobbled stone”, “concrete”, and “asphalt”. 

Clicking the  NEXT button will take you to a multimedia panel (Figure 24), while selecting the BACK 

button will return you to the transport panel (Figure 20).Figure 23 To obtain more information, the user can 

click on “i” button. Figure 23 illustrates an example of a descriptive explanation of the selected option. 

   

Figure 23 Example of popup with explanation of label (option) 

2.6.3 Upload photos (images) 

As already explained at the panel for new observation, button  can be used for taking pictures from 

any of the panels. In addition, users have the option to take pictures outside of the application and later link 

them to the observation entry by uploading them on the screen presented in Figure 24. 
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Figure 24 Panel for photos upload 

Photos from the fields will be automatically sent to the server along with other data (as one batch) to record 

the visual evidence of the observation. Later, users can use the web application to describe the photos. The 

export procedure is outlined in Figure 30.  
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2.7 Data preview 

On the Home panel, users have the option to select the data preview feature, which displays a list of 

observations. After choosing a particular observation from the list, its details are presented. It is worth noting 

that a location can be observed multiple times during the designated period, and all data is recorded and 

available for preview. However, the most recent data will be displayed at the top and used for scoring. 

 

  
Figure 25 Observation details panel 
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Figure 26 Observation details panel: preview of traffic, infrastructure, and photos 

An overview of recorded data is presented in next panels: data are accessible via tabs Hazard (Figure 25), 

Traffic, Infrastructure and Photos (Figure 26). Photos that are taken out of the application can be uploaded 

and assigned to the relevant observation as well. 
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Figure 27 Editing / updating (examples) 

Examples of editing options for different data groups are presented in Figure 27. 
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Figure 28. Links page with search and Links details 

Figure 28 presents the example of link data panel that are downloaded and prepared for use in the mobile 

application. 
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Figure 29 All observations tab 

Figure 29 presents the screenshots with observation list preview, where several filter options are available.  
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Figure 30 Export data tab with option to select observations for upload to the server 

Once all the necessary data has been provided, the observation data can be uploaded to the server. If photos 

are included in the data, they will be exported automatically as well. Figure 30 provides an example of the data 

export process. The user has the option to select specific observations for export or choose to export all 

observations at once. It is important to note that a successful export requires the mobile device to be connected 

to the internet. After a successful upload, the exported data is removed from the list of observations for upload. 

2.8 Public user crowdsourcing? 

A simplified version of map preview is available for public users allowing them to report irregularities on the 

road via a straightforward notification form. We use well-known expression “crowdsourcing” which involves 

obtaining work, information, or opinions from a large group of people who submit their data via the Internet, 

social media, and smartphone apps. The user must be registered, but procedure for registration is simple and 

“self-registration” is explained in Section 2.2. However, the public user is unable to access the interface 

described in the previous section. Instead, a simplified menu with a map (Figure 31) and a simplified 

notification form (Figure 32) are available. 
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Figure 31 Public user menu preview 

Figure 31 presents a simple menu with a limited number of options, including a map that automatically 

positions the user's current location and allows them to add a point to indicate the location of the reported 

irregularity. 
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 Figure 32 Panel for public users 

Figure 32 shows a simple panel where a public user can submit a notification about an event or undesirable 

situation on the road. The user can add a location description, select the type of hazard (which will be displayed 

in an assigned color) and provide additional information about the observed situation. The user can also submit 

illustrative photos as part of the notification. 
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3. Web app outline 

The users with maximum privileges are referred to as power users, who can be analyst for one or all LSGs, 

as well as administrators and field specialists, each with different authorization rights:  

• administrative part: user management, user account’s role and status assignment, user activity logs 

control,  

• Catalogue management includes defining the types and characteristics of observed hazardous event 

collected via the mobile app, setting up a Priority matrix rule for determining the preliminary priority 

value, configuring input data categories (as specified in Task 1) such as numeric, categorical, and string 

data, and setting weights for prioritization required for weighted sum calculation in the Control layer. It 

also involves managing the recommendations catalogue. 

• The GIS base layers include the road network (OSM – OpenStreetMap) with feature exploded to a 

suitable size (1 km or as proposed within Task 1) and Control layer, which is only accessible to 

authorized users.  

Public access to the portal will have the following functions:  

• search, browse and filter of collected data, 

• simple statistical overview: per section, within LSG area etc., 

• download area (shape files, excel and csv with input and output data). 

All data are stored in backend database, which is also managed by the web application, dedicated to user 

management, glossary editing for multilingual support, data search, preview, and analysis, as well as for the 

reporting, including data export into an excel file. The web application is available at 

https://maplords.rgf.bg.ac.rs/  with core functionalities. 

The reports are designed as a series of web pages that allow user to start with an overview report (as presented 

in Figure 76 and Figure 77) and drill-down to the overview of point data (Figure 73 and Figure 74). Users will 

also be able to further drill-down to obtain detailed information about the observed data in the field. 

In addition to the HTML report, an excel format is also available as it provides better flexibility for handling 

tables with numerous columns. Users can exclude irrelevant data from the Excel report and generate a PDF 

version from there. 

  

https://maplords.rgf.bg.ac.rs/
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3.1 User management 

Log in panel for users is presented in Figure 33. 

 

Figure 33 Log in panel for web application 

The user management feature allows for the customization of the application's features and accessibility 

based on different users by assigning appropriate roles. The initial list of roles include:  

• Administrator of the system (user profile and user role management),  

• Power-user for all LSGs, (management of all data for all LSGs - mobile and web application) 

• Power-user per one LSG, (management of all data for one LSG - for mobile and web application) 

• Field specialist (data collecting in the field using mobile application) and  

• Public users (reading role plus notification about hazards on the roads). 

The proposed roles will be further refined based on feedback from the LSGs to ensure clear specification of 

authorization and use cases. 

The administrative part of the web application requires login and admin roles. Figure 34 presents forms for 

user management: adding new user and editing. A typical scenario for a new user is to self-register as explained 

in the Registration and login section, after which the administrator can assign a role through this panel. 

However, for administration purposes, there is also an option to add a user through the web application. 
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Figure 34 User management panels 

 

Figure 35 Tabular preview of users with search option 

Figure 35 presents a panel for searching of existing users in tabular layout.  
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3.2 Glossary management 

The system provides multilingual support through its database model, allowing an unlimited number of 

languages. The main catalogue contains all labels for user forms in both mobile and web applications, as well 

as supporting messages and database content. Each concept in the catalogue has a translation equivalent with 

a term and definition for all defined languages. Initially, the system supports English and Serbian, but 

additional languages can be added. For easy access to the mobile application interface, JSON localization file 

for each language is generated from database content using open web service. Figure 36 illustrates the language 

management process, including how to preview, add, and edit information for new languages in the system. 

 

  

Figure 36 Language management forms 

For each language, 2-character ISO 639-1 code is assigned as unique identifier. This is followed by a 4 latter 

IETF language tag and narrative name of the language. All domains, domains values (concepts) and variables 

used in the system, along with the massages, are stored in the shared catalogue. The system also stores 

measurement units and designations for qualitative variables where applicable, in addition to the term and 

definitions. 

The schematic presentation of the panel includes information on the measurement unit and designation for 

quantitative variables. Just to emphasize that labels and other content presented in bilingual user-interface in 

previous sections are managed by this component. 
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The overview of selected quantitative data is presented in Figure 37. 

 

Figure 37 An excerpt in bilingual glossary for multilingual support of quantitative variables 

Even qualitative variables that are controlled by domains, such as single choice and multiple choice, are also 

managed by the catalogue. This can be observed in Figure 38 Figure 36. 

 

Figure 38 An excerpt in bilingual glossary for multilingual support of domains for qualitative values 

Forms presented in Figure 39 and Figure 40 will be used for catalogue and glossary management. Figure 39 

presents editing of one term in two languages, but, if more than two languages are defined, they would be 

listed below. 
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Figure 39 Editing of catalogue  

 

Figure 40 Tabular preview of catalogue terms with search option 
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3.3 Dashboard notifications 

For some actions required, for example for role assignment for new user, the notification will be provided as 

presented in Figure 41. 

 

Figure 41 Notifications panel 

 

3.4 Backend map preview 

The web application should display road links and sub-links, which can be used to visually analyze problematic 

parts on the roads in LSG. The problematic parts can be identified as points with observations and will be 

classified in five classes ranging from 1 (low) to 5 (heigh) priority. Each class will have an appropriate color 

scheme, starting with green for lower priority and going up to red for higher priority:   

• Very low class <0.08 ⇒ color code dark green 

• Low class = 0.08-0.16 ⇒ color code light green 

• Moderate class = 0.16-0.36 ⇒ color code yellow 

• High class = 0.36-0.64 ⇒ color code orange 

• Very high class > 0.64 ⇒ color code red 

The observed points will only be visible when the user zooms in to a smaller extent since they may not be 

informative at larger scales.  
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Figure 42 Web GIS form with Open Street base map 

The point features with assigned priority values are used in the calculation of links and sub-links priority values, 

which considers the number of observations, the assigned point values and the length of segment. The line 

features (road links and sub links) can be selectively shown or hidden by the user via the panel and will be 

color-coded according to their priority class as previously explained.  

The point features (observations), on the other hand, will only become visible when zoomed in and when 

user selects the “visible” layer option. The user also has the option to choose from several base layers, as 

presented in  Figure 42 with Open Street Map and Figure 43 with ArcGIS World Imagery. Visibility of 

layers check list, Base layers selection and Legend are conveniently located on the right side of the panel for 

easy access by the user. 

 

Figure 43 Web GIS form with ArcGIS World Imagery 

 The web GIS form with ArcGIS World Imagery supports a click event online on point features, which 

allows the user to preview detailed data when they click on a specific point on the map. Additionally, when 

the user zooms in on the point and line features, the names of streets or locations will be visible using zoom-

in labels. 
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3.5 Geolocation and observation 

The geolocation section on the web panel provides an overview of all geolocations with possibility to browse 

to detailed data for selected row. Icon for delete  marks a record that is deleted, however, it is not actually 

deleted from the database. This option is enabled just to Power user for that LSG. The column UUID is 

visible only to admin role. It is a global unique identifier serving as a primary key. 

 

Figure 44 Overview of geolocations 

To preview data for an observed geolocation (Figure 45), the user needs to click on a symbol  to see the 

detailed information split into several sections (tabs): 1) Main data, 2) Hazards, 3) Traffic, 4) Infrastructure. 

Figure 45 represent part of panel with tabs on detailed page. 

 

Figure 45 Tabs on page with details of observed data 

The main data section (Figure 46) shows general information about geolocation and observation such as date 

of observation, user, coordinates, location name etc. Also, photographs for selected geolocation are shown on 

main panel. 

 

Figure 46 Details page: main data tab 

The Hazard tab in Figure 47 displays a list of all hazards observed for selected geolocation. For presented 

example, a landslide is the observed hazard and all relevant information from the database is shown. Just to 

mention that preview and interface are displayed in the language in the user’s preferences.  The data editing 

mode can be accessed by clicking on the icon . 
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Figure 47 Details page: hazards tab 

The left side of Figure 48  the Traffic tab displays traffic data. On the right-side, Infrastructure tab shows 

infrastructure data. 

    

Figure 48 Details page: traffic and infrastructure tabs 

Editing of data collected in the field is enabled for the authorized user, by using the icon  next to tab 

dataset name. Figure 49 present an option for editing of landslide data. When selecting a symbol on the left 

panel, data will appear in modal popup (on the right panel).  

          

Figure 49 Editing of data collected in the field 
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3.6 Support area 

The download section currently contains apk files, but other resources will be available here: additional data 

and document, guidelines, other relevant links. Figure 50 presents the initial version of such page. 

 

Figure 50 Download area 

Supporting data can comprise background datasets, guidelines for data analysis, use cases and other relevant 

documents. 

Figure 51 presents tabular preview of links with possibility to update relevant links data (Figure 52). 

 

Figure 51 Tabular preview of links 
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Figure 52 Updating of links related data 

Figure 53 presents a part of data form with another preview of links’ data. Similar approach for presenting 

data is for sub links. 

 

Figure 53 Preview of link data 

3.7 Web services specification  

Web services are a way for different software components to communicate with each other over the internet 

providing a standardized way for applications to exchange data and functionality.  

In the context of MapLoRds web and mobile applications, web services are used to integrate data and 

functionality from different sources into a single application. The mobile application uses a web service to 

retrieve data from a remote server, such as information about road links and all observation details and 

display it in the app's user interface.  

Similarly, a web application might use a web service to access functionality provided by a third-party 

service, such as base or additional layers on the map. MaPLoRds web services use standard protocols such as 
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HTTP, XML, and JSON to enable communication between components and Representational State Transfer 

(REST), which is commonly used in web and mobile application development. 

MaPLoRds web services are divided into following groups: 

• Geolocation services 

• Language services 

• Referral Values services (LSG specific) 

• User services  

Figure 54 presents part of the screen with list of services presenting its group, type (GET or POST) and 

relative path. 

 

Figure 54 List of MaPLoRds web services 

3.7.1 Geolocation services 

Geolocation services implement actions related to geolocation objects. 

Service: GetGeolocations is of type GET, without parameters. The service return list of all geolocations to be 

used in data view grid, map preview etc. Figure 55 presents an example of its usage. 

Url: https://maplords.rgf.bg.ac.rs/api/api/Geolocation/GetGeolocations  

https://maplords.rgf.bg.ac.rs/api/api/Geolocation/GetGeolocations
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Figure 55 Web service GetGeolocations request 

The override version of service will have a parameter LSG and then it will extract geolocations for the 

requested LSG only. 

Service: GetGeolocationsByID is o type: GET and it has one parameter: Geolocation_UUID. Service 

returns geolocation for requested identifier of geolocation, with one (or more) observations, containing 

hazards (landslides, rockfalls, floods, flash floods), traffic and infrastructure. Figure 56 presents an example 

of its usage.  

Url: https://maplords.rgf.bg.ac.rs/api/Geolocation/GetGeolocationByID   

 

Figure 56 Web service GetGeolocationByID request 

 

Service: GetGeolocationByFilter is of type GET, with several parameters: Location name, LSGID, Distance, 

CurrentLocationX, CurrentLocationY. User can filter data by Location name or LSGID value. There is 

possibility to find all geolocation in radius of 100m, 250m, 500m 1km, 5km or 10km. 

Url: 

https://maplords.rgf.bg.ac.rs/api/api/Geolocation/GetGeolocationsByFilter?name=LOCATION&lsgid=LSGI

D&distance=DISTANCE 

Figure 57 presents an example of its usage. 

 

Figure 57 Web service GetGeolocationByFilter request 

Service: SaveGeolocation is of type POST, with a string parameter geolocation. Service provides adding new 

geolocation into database, where geolocation data are passed as string. String is formatted in JSON and 

deserialization of string creates Geolocation object that can be saved into database. Object contains geolocation 

data with observation and hazard lists, traffic, and infrastructure. 

Url: https://maplords.rgf.bg.ac.rs/api/Geolocation/SaveGeolocation  

Service: UpdateGeolocation is of type POST, with a string parameter geolocation. It provides updating 

geolocation data. Service gets geolocation data as string. String is generated as JSON and deserialization of 

string gives us Geolocation object that can be updated. Object contains geolocation data with observation 

and hazard lists, traffic, and infrastructure. Service updates all data which values are changed. 

https://maplords.rgf.bg.ac.rs/api/Geolocation/GetGeolocationByID
https://maplords.rgf.bg.ac.rs/api/api/Geolocation/GetGeolocationsByFilter?name=LOCATION&lsgid=LSGID&distance=DISTANCE
https://maplords.rgf.bg.ac.rs/api/api/Geolocation/GetGeolocationsByFilter?name=LOCATION&lsgid=LSGID&distance=DISTANCE
https://maplords.rgf.bg.ac.rs/api/Geolocation/SaveGeolocation
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Url: https://maplords.rgf.bg.ac.rs/api/Geolocation/UpdateGeolocation  

Service: GetLinks is of type GET, with lsgid and name parameters. The service return list of all links to be 

shown in grid on user request. Figure 558 presents an example of its usage. 

Url: https://maplords.rgf.bg.ac.rs/api/api/Geolocation/GetLinks?name=NAME&lsgid=LSGID  

 

Figure 58 – Web service GetLinks request 

The override version of service will have a parameter LSG and then it will extract geolocations for the 

requested LSG only. 

Service: GetLinkByID is o type: GET and it has one parameter: LinkID. Service returns link for requested 

identifier. Figure 59 - Web service GetLinkByID request presents an example of its usage.  

 

Figure 59 - Web service GetLinkByID request 

Url: https://maplords.rgf.bg.ac.rs/api/Geolocation/GetLinkByID   

Service: UploadImages is o type: POST and it has two parameters: Observation_UUID and ImagesList. 

Service saves information about images into database and copy images from device to server. 

Url: https://maplords.rgf.bg.ac.rs/api/Geolocation/UploadImages  

Service: SaveGuestUserGeolocation is of type POST, with a string parameter geolocation. Service enables 

adding a new geolocation for guest users (not field workers) into database, where geolocation data are passed 

as string. String is formatted in JSON and deserialization of string creates Geolocation object that can be saved 

into database. Object contains geolocation data with location name and description. Figure 60 Web service 

SaveGuestUserGeolocation request presents an example of its usage. 
  

Url: https://maplords.rgf.bg.ac.rs/api/Geolocation/SaveGuestUserGeolocation   

 

 
Figure 60 Web service SaveGuestUserGeolocation request 

3.7.2 Language services 

Language services provides JSON files that contains labels and data translations on Serbian and English 

languages. 

Service: GetCatalog is of type GET, with a string parameter language. Service provides JSON file for 

specific language that is further used for interface and system massages. Service can accept “sr” for Serbian 

or “en” for English language. Figure 61 presents an example of its usage. 

https://maplords.rgf.bg.ac.rs/api/Geolocation/UpdateGeolocation
https://maplords.rgf.bg.ac.rs/api/api/Geolocation/G
https://maplords.rgf.bg.ac.rs/api/Geolocation/GetLinkByID
https://maplords.rgf.bg.ac.rs/api/Geolocation/UploadImages
https://maplords.rgf.bg.ac.rs/api/Geolocation/SaveGeolocation
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Url: https://maplords.rgf.bg.ac.rs/api/Language/GetCatalog/{lang}  

 

Figure 61 Web service GetCatalog request 

Service: GetLngs is of type GET, with a string without parameters. Service returns list of all available 

languages in json format. Figure 61 presents an example of its usage. 

Url: https://maplords.rgf.bg.ac.rs/api/Language/GetLngs 

 

Figure 62 Web service GetLngs request 

3.7.3 Referral Values services 

Referral value services provide different data that are necessary in application. 

Service: GetMunicipalities is of type GET, without parameters and returns list of municipalities (LSGs). 

Figure 63 presents an example of its usage. 

Url: https://maplords.rgf.bg.ac.rs/api/ReferralValues/GetMunicipalities.   

 

Figure 63 Web service GetMunicipalities request 

 

Service: GetOfflineMaps is of type GET, without parameters and returns list of maps in mbtile format that 

could be used in offline mode. Figure 63 presents an example of its usage. 

Url: https://maplords.rgf.bg.ac.rs/api/ReferralValues/GetOfflineMaps.   

 

Figure 64 Web service GetOfflineMaps request 

 

https://maplords.rgf.bg.ac.rs/api/Language/GetCatalog/%7blang%7d
https://maplords.rgf.bg.ac.rs/api/Language/GetLngs
https://maplords.rgf.bg.ac.rs/api/ReferralValues/GetMunicipalities
https://maplords.rgf.bg.ac.rs/api/ReferralValues/GetMunicipalities
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3.7.4 Users’ services 

User services provide different actions with user accounts. 

Service: RegisterUser is of type: POST, without parameters. Service gets new user object, check if email 

already exists or username is taken. If not exists, it saves the new user into database, otherwise, service return 

error message about this.  

Url: https://maplords.rgf.bg.ac.rs/api/Users/RegisterUser  

Service: LoginUser is of type: POST, with parameter: User object. Service check if user exists and allows 

users login into mobile application. Service check if username exists, if password is correct and if is status 

active. If everything is ok, service returns status ok. In other case, service returns appropriate status value. 

Url: https://maplords.rgf.bg.ac.rs/api/Users/LoginUser 

Service: UpdateUser is of type POST, with parameter: User object. Service gets User object and update 

user data. 

Url: https://maplords.rgf.bg.ac.rs/api/Users/UpdateUser  

Service: DeleteUser is of type POST, with parameter: User object. Service gets User object and delete user 

from database. This is possible only if there is no user activity recorded in the system. 

Url: https://maplords.rgf.bg.ac.rs/api/Users/DeleteUser   

https://maplords.rgf.bg.ac.rs/api/Users/RegisterUser
https://maplords.rgf.bg.ac.rs/api/Users/UpdateUser
https://maplords.rgf.bg.ac.rs/api/Users/DeleteUser
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3.8 Defining priority matrix 

The priority matrix is based on scoring system that will be described in this section. For each group of data are 

given parameters that are scored with seven score classes: c_05, c_075, c_1, c_2, c_3, c_4, c_5. For numerical 

and quantitative parameters such as length, width, and depth, each score class is defined by a range of values. 

Only parameters related to remediation have classes c_05, c_075, c_1, where ponders are 0.5, 0.75 and 1 

respectively. All other parameters have classes c_1, c_2, c_3, c_4, c_5, where c_1 is lowest (1) and c_5 is 

highest score (5), indicating a greater hazard. For example, quantitative value: Length of landslide smaller than 

10 has score 1, while over 500m has highest score 5. 

For descriptive and qualitative values such as Frequency and Activity, specific values are listed for each score 

class. For parameters that are not self-explanatory additional descriptions are provided to help clarify the 

scoring system. It is important to note that the scoring system is stored in a database, and is not hardcoded, 

meaning that there is flexibility to make changes to scoring ranges and options through a web interface. 

 

 

Figure 65 Landslides scoring system 

Figure 65 presents a scoring system for landslides comprising of 12 parameters. It includes 7 mandatory 

quantitative values numbered from 101 to 107, 3 qualitative values numbered from 108 to 110, and optional 

data related to remediation. In the remediation section, a score of 0.5 is allotted if the remediation time is less 

than one year, a score of 0.75 is assigned if the time period is between 1 to 5 years, and a score of 1 is given 

if the remediation is not done or if it is older than 5 years. 
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Figure 66 Rockfall scoring system 

A scoring system for rockfall is presented in Figure 66 , which consists of six parameters - three quantitative 

and three qualitative - required to collect data. There are also two optional parameters related to remediation 

included in the system. This system is similar to the previously explained scoring system used for landslides. 
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Figure 67 Flood scoring system 

Figure 67 presents a flood scoring system that comprises four quantitative and three qualitative parameters to 

collect data, along with two optional parameters related to remediation. 
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Figure 68 Flash flood scoring system 

Figure 68 presents a flash flood scoring system that consists of four quantitative and three qualitative 

parameters to collect data, along with optional remediation parameters. 

Hazard score is weighted sum of landslide, rockfall, flood and flash flood scores. For landslide minimal 

score value is 11 and maximal score is 50, while weight (ponder) is 5. For rockfall the minimal score value is 

7 and the maximal score is 30, while weight (ponder) is 2. For flood minimal value is 8 and maximal score is 

35, while weight (ponder) is 3. For flash flood minimal value is 8 and maximal score is 30, while weight 

(ponder) is 4. 
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Figure 69 Traffic scoring system 

Figure 69 presents a traffic scoring system that includes three qualitative parameters to collect data, along 

with optional data related to alternative routes and estimated detour length. However, the approach for score 

calculation of infrastructure is a different set-up as presented further in the figures.  

 

 

Figure 70 Infrastructure scoring system 
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Figure 70 displays tables that are used for scoring of infrastructure.  The scoring approach depends on the type 

of investment - light, medium, or heavy. For each type of investment, a list of infrastructure features is 

consulted, and the maximum score from the list is taken. If infrastructure data are not available, then a score 

value of 2 is assigned. The weighting factors that are used to combine the scores are specified within a stored 

procedure in the database, rather than within the application code. This approach makes it easier to modify the 

weighting factors, if necessary, without requiring changes to the application code. All values used in this 

process are consistent with the methodology document that outlines the approach. 

Vulnerability assessment is weighted sum of traffic and infrastructure scores. For traffic minimal value is 5 

and maximal score is 23, while weight (ponder) is 5. For infrastructure minimal value is 0 and maximal score 

is 12, while weight (ponder) is 2. 

Calculated scores are normalized for hazards, traffic and infrastructure and finally hazard and vulnerability 

scores are multiplied giving priority value for observed geolocation. From calculated priority value, priority 

class is assigned: 1 (very low) for priority value < 0.2, 2 (Low class) for priority value 0.2-0.4, 3 (moderate 

class for priority value 0.4-0.6, 4 (high class) for priority value 0.6-0.8 and 5 (very high class) for priority value 

≥ 0.8. 
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4. Validation and reporting services 

The decision support module provides a range of functions to support the decision-making process. These 

functions include validation, road lifecycle analysis, review of recommendations, and lifecycle asset cost 

analysis. Additionally, the module will propose a consistent network-wide approach for assessing vulnerable 

locations.  

• Validation (logic control) module – refers to reliability assessment by validation that combines, 

compares, and analyses historical data and collected field data with a mobile application, with purpose to 

check consistency of base GIS layers (vulnerability, hazard and other available data) with observed 

(collected) data.  

• Prioritization, Reporting and Data export module (backend database supply reporting module with 

collected data). 

• On-request query within the on-screen selected area will update the list of priorities, enable review of the 

types of hazards present, network links and segments vulnerabilities, etc. as specified in the Methodology 

developed under the Task 1. Selected area for reporting can be a part of the administrative area. 

− Reporting with different levels of details, including statistical overview (tabular and graphical) for 

requested period of time and area with integrated option for export to different formats, e.g., excel, 

csv. 

− Reviewing vulnerable locations, and the frequency and impact of incidents/problem notifications 

related to potholes, breakdowns, severe weather problems etc. 

• Level of data validation and consistency checks will be different in different areas since level of available 

historical data will be different. 

• Providing consistent guidance for operational response and recovery measures to ensure network 

resilience and user safety. 

Reported issues (points) related to previously collected data (all or by a user) will be displayed as points on 

the map. The map will also provide a list with the option to view and focus on a map.   Furthermore, users can 

see the attribute data in a user-friendly format and access any attached images previously supplied. 

The proposed integrated mobile and web GIS system with introducing a control data that is derived from 

expert-driven analysis, involves overlapping relevant hazard, vulnerability, and criticality layers. This control 

data supports the final map together with the field point features.  

To facilitate the process of hazard assessment and risk analysis, a kind of wizard or pipeline is developed for 

the proposed mobile and web GIS system. The pipeline is designed to collect and integrate various types of 

data, including hazard data such as landslides, rockfall, flood, flash flood, and climate data. In addition, 

exposure data will be obtained from road network vector data, which will be overlaid with the hazard data. 

Vulnerability will be assessed using road characteristics data, such as road type and condition.  

The risk will be calculated by combining exposure and vulnerability data, while the criticality will be 

determined by integrating socioeconomic conditions with risk data. Remediation and prevention costs will be 

required to prioritize the risks. During the Project and a few months after, the Consultant shall provide and 

maintain storage for the application database using their own resources. The project team suggests that local 

governments that have the technical capabilities take over the complete system and use it by installing it on 

their own information resources, while the governments that do not have the technical capabilities and are 

interested in using it can sign a contract with the Faculty of Mining and Geology of the University of Belgrade 

on hosting and technical support. 
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4.1 Reports for observed geolocations 

Very detailed reporting for the observed location is aimed to make an overview of all data recorded in 

database related to scoring and prioritization. Report “Detailed report of observations scores for LSG” is 

bilingual, Figure 71 presenting English version and Figure 72 Serbian. 

• Column A: LsgID  - identification of LSG 

• Column B: GeolocationUUID - automatically assigned location identification 

• Columns C and D: X and Y coordinates of observed location 

• Column E: Location – identification of location for user input (optional) 

• Column F: Observation uuid – automatically assigned observation identification, the last observation 

is the current (active), while remaining are the archive that does not affect scoring (prioritization) 

• Column G: Table – hazard, transport or infrastructure set of parameters, the numbers will be an 

ordinal number within one observation, having in mind that one observation can have more than one 

landslide (landslide 1, landslide 2, …), total points for one hazard (landslide, rockfall, …) 

• Column H: Parameter – name of the parameter and measurements unit if applicable 

• Column I: Text - value of the parameter (text or numeric) 

• Column J: Score - parameters according to the priority matrix from the methodology, describer also 

in section “Defining priority matrix” 

• Column K: Sum Score – sum for one hazard (landslide, rockfall, …) or vulnerability in traffic and 

infrastructure 

• Column L: Sum Scores – sum for all hazards (for all landslides, all landslides, ...), traffic and 

infrastructure  

• Column M: Normal SumScores - normalized value according to formulas in methodology 

• Column N: PUser – user name and account for user that collected data 

Additional columns might be introduced if user specification from the field requires. The report can be obtained 

for the whole LSG, or per selected point by clicking on button in last column on the right. Similar content 

will be visible as HTML page in web application. Sorting for the whole LSG can be by the prioritization of 

the point. Please note that the exported file has been processed with elementary transformations: merging fields, 

coloring headers, setting filters, and freezing the first row. An example excel document with a macro for 

merging is available on the central site in the documents section, the name of the macro is „MergeSameCells“. 

User can also easily use filtering to put a threshold for preview. 
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Figure 71 Observation point scoring overview in English 

 

Figure 72 Observation point scoring overview in Serbian 

In addition to the detailed report on scoring and prioritization, a second report “Observation links report” has 

been generated that presents aggregated data on geolocation (point) observations, as presented in Figure 73 
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(English) and Figure 74 (Serbian). Each row of the report presents a single observation point, with 

accompanying information about the road and link provided. The report has been sorted in descending order 

according to score, which reflects the prioritization of each observation point. There is also a similar report 

available that combines points and sub-links. 

• Column A: road name, name of the road according to Open Street Map 

• Column B: road link, code (number) of the road link according to Open Street Map 

• Column C: length(km), automatically calculated length of the link 

• Column D: location, user description of the location 

• Column E: coord_x, coordinate X in UTM 34N (EPSG: 32634) 

• Column F: coord_y, coordinate Y in UTM 34N (EPSG: 32634) 

• Column G: landslide, description of key feature values for landslides 

• Column H: rockfall, description of key feature values for rockfalls 

• Column I: flood, description of key feature values for floods 

• Column J: flash flood, description of key feature values for flash floods 

• Column K: traffic, description of key feature values for traffic 

• Column L: infrastructure, description of key feature values for infrastructure 

• Column M: investment category, derived investment category according to infrastructure input data 

• Column N: priority score, calculated priority score in rage 0-1, 1 means higher priority, 0 low 

priority. 

• Column O: priority class, 1-5 class derived from priority, 1 low priority, 5 high priority. 

 

 

Figure 73 Point observation sorted by priority score in English.  

 

Figure 74 Point observation sorted by priority score in Serbian 
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Figure 75 presents report for data collected by crowdsourcing, observed and reported by volunteers on 

selected LSG geolocations.  

 

Figure 75 Crowdsourcing report: volunteer observation per geolocations 

 

4.2 Reporting on links 

The most important report is general overview of links, which has been sorted by priority score in 

descending order, see Figure 76 in English and Figure 77 in Serbian.  Each row of the report presents values 

for a single link, providing a clear picture of its importance and priority level.  

• Column A: Road name, name of the road according to Open Street Map 

• Column B: Road link, code (number) of the road link according to Open Street Map 

• Column C: Start X, starting point of link coordinate X in UTM 34N  

• Column D: Start Y, starting point of link coordinate Y in UTM 34N 

• Column E: End X, ending point of link coordinate X in UTM 34N 

• Column F: End Y, ending point of link coordinate Y in UTM 34N 

• Column G: Length (km), automatically calculated length of the link 

• Column H: Surface course, derived from all surface course for all points on link 

• Column I: Road function, derived from all road function for all points on link 

• Column J: Hazard type, observations number plus all hazard types (landslides, rockfalls, floods, 

flash floods) derived from all surface course for all points on link 

• Column K: Affected road, derived from infrastructure part from all points on link 

• Column L: Investment category derived from infrastructure part from all points on link 

• Column M: Priority score, calculate from all points on the link 

• Column N: Priority class, derived from the link priority score 

• Column O: Bg. base class, derived from background spatial modeling for actual time period 

• Column P: Bg. 2050 class, derived from background spatial modeling predicted for 2050. year 

• Column Q: Bg. 2100 class, derived from background spatial modeling predicted for 2100. year 
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Figure 76 Link data sorted by priority score in English. 

 

Figure 77 Link data sorted by priority score in Serbian. 

Figure 78 presents a panel for report preview and export, where Link report is selected for LSG Kraljevo first 

in Serbian. The columns included in the report are the same as previously explained. Generally, the user can 

select the type of the report, LSG and language for the report. 
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Figure 78 Panel for reports with selected Link Report 

4.3 Reporting on sub-links 

All report available for links are also available for sub-links with similar columns and headers. Figure 79 

presents the Sub Link overview report where each sub link is presented in one row, starting with the road name 

(if available), followed by the link identifier, and coordinates of both end points, length, surface course and 

road function. All hazards that have been reported on the particular link are listed in the ‘hazard type’ column. 

The affected road and investment category are collected from all observed geolocations. Priority score and 

priority class are calculated according to the given Methodology.  

 

Figure 79 Sub link overview report Figure 80 presents more detailed overview with the observation data for 

sub links for selected LSG. 
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Figure 80 SubLink for Observation report 

Figure 81 presents report for LSG with scores that can further open other, more detailed report for one 

observation ( Figure 82). 

 

Figure 81 Lsg scores report 

 

 Figure 82 Form opened from Lsg Scores for detailed data for one observation 

 

4.4 Statistics reporting 

Part of web application is dedicated to the statistical overview of data in central database in the form of 

tables and graphs. Figure 83 presents the statistical overview of observed geolocations grouped by five 

priority classes and class “other” is for those that are not classified, usually recent or unfinished entries. 
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Figure 83 Statistical overview of data in central database by priority classification 

Figure 84 presents the statistical overview of a number of observed geolocations per user, classified in 

columns by priorities. In the last column is a button link for a drill-down more detailed view with a list of 

geolocations observed by the selected user. 

 

Figure 84 Statistical overview of number of observed geolocations per user 

Figure 85 presents list of observed geolocations for selected user. 
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Figure 85 List of geolocations observed by user 

Figure 86 presents graphical overview of hazards, where each hazard type (landslide, rockfall, flood, flash 

flood) is presented in one class and each LSG has separate graph. 

 

Figure 86 Statistical overview of hazards per LSG 

Figure 87 presents more detailed presentation of recorded data with hazard and vulnerability parameters 

grouped by score classes 1 to 5. 
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Figure 87 Statistical overview of hazard and vulnerability parameters by score classification 

Figure 88 presents graph that will present statistics of crowdsourced data – current data is recorded by 

project team members for testing purpose. 

 

Figure 88 Statistics of crowdsourced (volunteer) geolocation observations 


