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2. Introduction 

2.1 Issues Addressing 

Currently, there are many cases where maintenance procedures are not 
specifically defined or fully automated. Process automation have been 
developed with separate systems that support only parts of the whole 
process and has not sought their integration into an integrated system. 

This is a serious problem when making the integration of data that directly 
and indirectly impact on different departments of the organization; were 
combined with the above any of these automated systems did not consider 
standards and policies regarding software and data structure; or don’t’ have 
clearly established administrative procedures to be followed for the control 
and flow of information. 

The lack of automation and / or integration of these processes raise the 
following issues related to execution of road maintenance:  

• Losses:  

o Latin America: more than 50,000 Million of losses due to lacks 
of efficiency on budgets administration  

o For every Dollar not timely invested on Road Maintenance, you 
must spend between 3 to 5 on Rehabilitation Works.  

• Causes:  

o Lack of Resources: Sufficient, Timely and Continuous.  

o Lack of Effectiveness and Efficiency due to not technical 
decisions.  

• Consequences:  

o Poor average condition and accelerated deterioration of the 
road network. Loss of road assets.  

o Increased operating costs of public transport and public 
services and the consequent negative effect on the economy. 

In the case of road projects, the feasibility is determined in social terms, 
which must be defined because the benefits against the cost of the work 
and recurring maintenance costs, and thus establish whether the public 
investment can be classified as viable. 

Once established as a viable project, you should have a tool to generate:  

• Implementation and maintenance of a road inventory according to 
institutional needs.  

• Full Planning (quantity and amount to be disbursed) of the activities 
or operations of preserving and road maintenance. Verification of 
compliance with them with established budgetary goals. 
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• Monitoring and control of execution (in number and amount paid) of 
the activities or operations of preserving and road maintenance. 

• Control of deviations produced between scheduled and executed 
conservation and road maintenance. 

• Generation of payments for execution as well as a plan of recovery of 
investment through contributions by improvement. 

These issues motivated the development of Integrated System for Road 
Maintenance Management, in order to provide a comprehensive software 
solution that is essential for the economic evaluation of projects in order to 
promote understanding and implementation of the full cycle of a public 
investment project applied to road networks. 

2.2 Integrated Systems for Road Maintenance 
Management 

The Integrated Systems of Road Maintenance Management are important 
tools to promote good governance and improve maintenance processes, as 
they provide complete information for decisions making related to 
maintenance conditions that allow their proper maintenance for sustainable 
development. 

The fundamental idea is to optimize by automating the maintenance 
process administration in order to slow the deterioration of all components 
of the road network (road inventory) and also to make a better financial 
management of the network and generate savings in maintenance costs. 
This can be seen at the graph below, where you can see that the cycle of 
Maintenance Management that can be applied to the Conservation and 
Maintenance Routine Road, where cycles without Routine Maintenance and 
Conservation (blue) and cycles where apply Maintenance and Preservation 
Routine (green): 
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This is done through a cyclic maintenance management by improving the 
information collected and processed, as shown in the following chart: 

 

This process of continuous improvement will improve the standards 
established on the formulas and costs defined for each of the maintenance 
activities for the road network, thus existing initial differences between 
planned (year 1) will be getting smaller reaching minimum values (year n), 
as shown in the following graph: 
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2.3 Strengths 

Through SIGMAVIAL we seeks to contribute with ongoing solutions to 
activities of road maintenance control and management by incorporating 
system information tools and equipment that will improve the processes in 
terms of quality, scope, opportunity and efficiency  

The focus is to have a fully integrated tool for management of road network 
maintenance, with different platforms and a single database with on line 
access. 

But the final object is not only to implement a software or information 
system, the goal is to obtain a solution than involve the whole 
implementation, from software development to inventory execution, 
providing a complete package of service with professional advice both on 
road engineering, and information technology. 

2.4 Maintenance Index Concept (MI). 

The maintenance rate (hereafter MI) will be the main indicator used to 
assess the state of maintenance of the road network. This MI can be 
calculated by the system at level of segment, route, zone, and department 
or for the entire network, according to user needs; this will give you an 
accurate assessment of the conservation status of all inventory items of the 
road network in detail. 

As a definition of MI, we can describe it as a percentage with a range from a 
null value (no maintenance performed on the section analyzed) to 100% 
(maintenance done completely without budget constraints, in a fully ideal 
condition). This makes the MI always be located at intermediate values, 
tending to find the upper limit of 100%. The following chart shows this 
concept: 
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On those grounds, the MI is an index that is related technical and 
economically with each of the maintenance operations performed on the 
network. If all maintenance (ideally) is made, we will have an MI of 100%. 
If, due to budget restrictions, not all operations will be performed, then 
SIGMAVIAL will calculate which is the MI value depending on operations that 
will be performed, and then we can decide if it is acceptable and we can 
analyze it against budgetary constraints that forced a reduction of 
maintenance activities. The system allows the analysis of multiple 
combinations of budget implementation that will result on different MI 
calculations to achieve the optimal network condition according to the 
technical criteria and budgetary constraints. 

The MI can be programmed or actual as defined below:  

Programmed MI: It is based on maintenance activities planning. 
Therefore it indicates the MI that will be obtained if these planned 
operations are performed. 

Real MI: It is calculated from the maintenance operations actually 
carried out. Therefore it indicates the MI value as the operations are 
performed.  

Therefore, there will be differences between both rates and their 
comparison will allow us to make adjustments to optimize future planning. 
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2.5 Control Flow Model. 

From the above, then presents a logical model of operation of the proposed 
solution, where we can see the realization of an Annual Operating Plan 
(AOP) for ideal conditions (without budgetary constraints and MI = 100) from 
which successive iterations are performed with budget constraints to find 
the final POA that will apply for all programming and planning of network 
maintenance. This final AOP, will be used to monitor and control the 
execution of road maintenance in order to establish deviations between 
scheduled and executed in the conservation of all or part of the road 
network that will be analyzed. 
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3. System Features Overview 

3.1 Road Network Definition and Inventory 

33..11..11  MMAAIINN  FFEEAATTUURREESS  DDEESSCCRRIIPPTTIIOONN  

• Flexibility to manage Zones or Conservation Districts in which the 
network may be divided for ease of administration. 

• Flexibility to define details levels as roads segments in the network.  

• Administration or Walkways and geometries.  

• Capacity to group routes and segments by administration zone 

• Functionality for registration of GPS location, geometry and condition 
of inventory components in relation to the road network for each 
type of element (road surface, transverse and longitudinal drains, 
verges, signs and markings, bridges, safety elements, additional 
information characteristics and additional reports of incidents, etc.), 
with the following breakdown: 

o Road way surface.  

o Road and way width.  

o Number of ways.  

o Verges.  

o Vertical signage.  

o Horizontal markings.  

o Longitudinal drains.  

o Cross drains.  

o Safety devices.  

o Artworks (Bridges, content walls, etc.)  

o Luminaries and Light signals  

o Interferences. 

• This module allow register data directly from jobs of field data 
gathering for every inventory element not only regards GPS location 
and element characteristics but also its state of maintenance, photo 
captures, and other observations that brings accurate information of 
the element current situation. 

• The systems manage road progressive measures calculated directly 
from GPS road tracks. It has functionality to relate pictures, videos, 
and maps to GPS positions and routes progressives’ marks. 

• Flexibility to classify elements by type and other grouping levels 
cording to user needs. 
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• Administration of the resource requirements for the realization of 
maintenance activities including the following features: 

o Human resources effort required for each maintenance activity 

o Requirements of tools and equipments for maintenance 
activities realization, such as road machinery and vehicles 

o Materials management including stock administration for 
different warehouses 

33..11..22  SSAAMMPPLLEE  SSCCRREEEENNSSHHOOTTSS  

This section shows sample screenshots from the Road Maintenance 
Application 
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3.2 Road Maintenance Planning and Monitoring 

33..22..11  MMAAIINN  FFEEAATTUURREESS  DDEESSCCRRIIPPTTIIOONN  

• Module for road maintenance planning including the following 
features: 

o Definition of maintenance operations considering all 
maintenance and repair activities both for routine 
maintenance (such as cracks sealing, vertical signs painting, 
drains cleaning, etc.) and for those of proactive, seasoning, or 
eventual maintenance (such as obstruction of a sewer by 
weeds, deep or shallow pavement patching, repair culverts 
and ditches, etc) 

o Definitions of resources requirements for each maintenance 
activity 

o Management of road maintenance level rates based on 
condition of the road surface and condition of each inventory 
component. 

o Creation of budgets and annual operative planning (POAs) 
based on inventory maintenance data 

o Activity maintenance scheduling and programming based on 
defined operative plans. 

• Module of maintenance execution monitoring and control, including 
the following features: 

o Registration of progress of maintenance activities considering 
both  own staff and contractors  

o Reports and Queries for maintenance budgets follow up 

o Executed vs. Planned analysis including maintenance 
operations and compared maintenance rates. 

o Real vs. planned resource consumption 

o Executed vs. Planned deviation 

• Regarding planning functions, the system allowed to define and 
manage different maintenance activities according to user 
requirements and current agency policies. It is possible to define 
calculation formulas with conditional terms to calculate annual 
maintenance requirements based on state of each inventory element 
and road surface condition and damages. 

• Using planning tools, included in the system, it is possible to analyze 
different scenarios with different maintenance rates depending on 
budget availability 
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• Integration with HDM-4 software in order to apply models of 
deterioration and get profitability indicators for different 
maintenance policies. It is possible to bring information at the level 
of projects, programs and strategies. 

33..22..22  SSAAMMPPLLEE  SSCCRREEEENNSSHHOOTTSS  

This section shows sample screenshots from the Road Maintenance 
Application 
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3.3 Mobile Platform 

The system included mobile functionality using Tablet PCs with GPS 
receivers to make data gathering directly on field. This mobile system have 
the capacity to integrate image captures with other detailed data specified 
for each type of inventory element as part of the road network, including 
road surface characteristics. The mobile software included all necessary 
data to work off line on locations with poor communication infrastructure 
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and is totally integrated with the core maintenance system through 
synchronization functions. 

This mobile software brings the capacity not only to enter specific data of 
inventory elements, but also to be used to register maintenance state. 

The system has functionality to capture photos and videos related to 
progressive marks automatically gathered through the GPS receiver. 

3.4 Geographic Information System (GIS) 

The solution includes a Fully Integrated Geographic Information System that 
brings completed and updated visual information. 

The following screenshots shown examples of this functionality 

 

Geographical references of the whole network with updated and detailed information 
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Detailed inventory data with layers for each type of element 

 

 

Detailed and updated information for each inventory element 

Bridges 
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Signs 

 

Drains 
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Damages 

 

 

Information related to planning and execution of maintenance activities 

 

 



SIGMAVIAL – Overview and Implementation Approach 
Page 24 of 29 

 

Graphical comparison for different segment attributes (IRI Measurements) 

 

3.5 Architecture of SIGMAVIAL 

33..55..11  TTEECCHHNNIICCAALL  AAPPPPRROOAACCHH  

The following chart shows an overview of the technical architecture of 
SIGMAVIAL solutions. It is implemented in three platforms that works fully 
integrated with an on line unique Database. 
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33..55..22  FFUUNNCCTTIIOONNAALLIITTYY  BBYY  PPLLAATTFFOORRMM  

The following chart shows the functional approach for each platform. These 
three operational environments or platforms where designed to cover 
specific user needs. 

Desktop: This is a fully operational environment that leverages the 
flexibility and versatility of the desktop user interface. From this 
platform you have access to operative functions and all the 
administrative and setting tools. 

Tablet: This is the mobile environment designed to field needs. It has a 
user interface adapted to optimize the field data gathering with direct 
GPS location. It is a platform capable of running offline that can operate 
with full functionality in remote locations without any connection. 

Web: The web platform is designed to provide easy access from any 
available computer. It covers both the central system specific 
functionality as the full functionality of Geographic Information System 
(GIS) 
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4. Implementation Methodology Approach 

This section presents a brief description of activities and consultant support 
in a typical project to implement the software and make de initial data 
Gathering to achieve the system go live. 

4.1 Segments Definition and Road Traces 

• Definition of standards for segments codification for the total length 
of the network included as part of the Project. It is recommended to 
implement an initial pilot project including segments for all types of 
roads (pavement and not pavement). 

• GPS data gathering of road tracks including with the following 
characteristics:  

o Getting geographical coordinates for points located on the axis 
of each road segment using a GPS receiver with static accuracy 
of 1-3 meters and dynamic accuracy of 5-7 meters. The 
geographical coordinates of each measurement shall be 
performed by dynamic readings every second from a moving 
vehicle. 

o In the case of roads with more than one lane in each direction, 
must be considered to get the geographical coordinates driving 
on both directions. 

o Processing the data of each point to obtain progressive values 
in each road based on geographical projections 

4.2 Inventory of Networks Elements 

• Data gathering of elements of the road Inventory for the road 
segments included in the project. This includes the GPS location, 
inventory attributes, and condition of maintenance for each element. 

• The following list shows the main attributes to obtain on data 
gathering to be realized on field using mobile devices. 

At the level of each segment to be surveyed, the information is as 
follows:  

o Identification of the route and segment.  

o Route code which the segment belongs.  

o Code of segment.  

o Description of the segment (the segment start point and end 
point of the segment).  

o Zone or District where the segment is located.  

o Department where the segment is located.  
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o Municipality where the segment is located.  

o Segment length.  

o Location of points of reference.  

o Partial Distance  

o Distance to route origin  

o Width of Pavement (road).  

o Road surface type (Asphalt Binder, Concrete, Surface 
treatment, etc) 

o Number of lanes of driveway.  

o Date of the inventory. 

For each inventory element placed on each segment: 

o Cross Drains  

� Location: Route, Section, Progressive, coordinates.  

� Type and Dimensions.  

� Maintenance condition 

o Longitudinal Drains  

� Location: Route, Section, Progressive (from / to) 
coordinates.  

� Type and Dimensions.  

� Maintenance condition 

o Bridges and other additional structures  

� Name of the bridge river or intersection  

� Location: Route, Section, Progressive, coordinates.  

� Condition 

o Supplementary information and route issues  

� Location: Route, Section, Progressive, coordinates.  

� Intersections with other roads  

� Railways  

� Upper / Lower Steps  

o Vertical Signage  

� Location: Route, Section, Progressive, coordinates.  

� Type and Dimensions.  

� Condition 

o Horizontal Signs  
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� Location: Route, Section, Progressive (from / to) 
coordinates.  

� Type and Dimensions.  

� Condition 

o Security Devices  

� Location: Route, Section, Progressive (from / to) 
coordinates.  

� Type and Dimensions.  

� Condition  

o Shoulders and Verges 

� Location: Route, Section, Progressive (from / to) 
coordinates.  

� Type and Dimensions.  

� Condition 

4.3 Data Processing and System Implementation 

• Processing of data gathering results to relate each item with its 
geographical location for determining position in each segment by 
progressive traces obtained previously. 

• As part of the implementations it is included methodology and data 
gathering handbooks and also recommendations focused on human 
resources and characteristics of the department involved on the 
project. 

• Installation and configuration of Maintenance System Core server 
application for both web enabled and client server platform. 

• Data migration from previous systems if it is necessary 

• Implementation of data synchronization software and procedures to 
integrate mobile devices with the core application. 

• Installation and configuration of the Geographic Information System 
(GIS) with full integration with maintenance system core 
applications. 

• Users training on system application and procedures 

• Testing and Go Live 
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5. Typical Project Schedule 

The following chart shows the schedule for a typical SIGMAVIAL project 
including from scoping and planning to inventory execution and system go 
live 

 

Activities 1 2 3 4 5 6 7 8 9 10 11 12

Scoping, planning and organization process assestment including 

codification definition

Process redesing and system adjustments

IT infraestracture and Software configuration and installation. 

Including system and infrastructure testing

Data gathering of GPS trace of road network (It depends on total 

length of network)

Data gathering of inventory elements on field with mobile 

devices using GPS receivers

Data migration and data processing of inventory gathered

User trainning including both administrative and techical staff

Final cutover and Go Live

Months

 

 

 


