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1. Asset	Management	Tool	Description	
At the onset of the project, the team set out to develop a proof-of-concept All-in-one Asset 
Management tool. The tool was envisioned to incorporate specific modules and features that 
would be implemented during this prototype phase. The All-in-one tool would be developed 
using client/server applications including a desktop capability with full functions and a web-
based capability with specific functions. The All-in-one tool would consist of 9 different 
modules. These modules were envisioned to be: 

1- Assets Inventory Module 

2- Analysis and Data Mining Module 

3- Optimization and Decision Module 

4- Users and Authentication Management Module (future study) 

5- Hardware Module (future study) 

6- Reporting Module 

7- Web-based Applications Module (future study) 

8- Mobile Application Module (future study) 

9- Training Module (future study) 

In the prototype phase, specific modules and features were developed to provide a proof of 
concept. In this phase, a use-case was used to provide the necessary proof of concept and the 
look and feel of the tool. The prototype includes partial functionalities from the modules 
specified on the proposal. These are: 

 Basic Inventory Module:  

 Entry pavement and bridge related information  

 Define and maintain ‘actions’ or ‘treatments’ database  

 Define simple maintenance needs for assets and define the required ‘action’ and 
the associated price of applying the action on a specific asset  

 Analysis Module:  

 Ability to define analysis study. Ability to set the study period and scope by 
allowing the user to filter out a set of assets to choose for the study  

 Generate a list of assets that require action or treatment during the study period  

 Generate a list of actions required during the study period for each asset  

 Optimization and Decision Module:  

 Ability to create and maintain a decision analysis project  

 Define the budget available  

 Ability to define alternatives as set of actions to be implemented. Actions are 
imported from an analysis study. Different decision alternatives are different 
treatment combinations applied to the assets selected in the analysis study  
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 Ability to perform basic economic analysis to compare the alternatives  

 Reporting Module:  

 Tabular reports  with graphic capabilities  

 Pre-configured reports. No report generator will be delivered in the Proof-Of-
Concept  

 Reporting can display entities from the 3 modules above (Inventory, analysis and 
decision) 

The following were not developed during this phase of the project: Users and Authentication 
Management, Hardware, Web-based Applications, Mobile Application and Training modules. 
The prototype represents the proof-of-concept, and as such provides basic functionality that can 
be improved by way of add-on modules.   

In order to catalog the functionality of the asset management tool, the team created a conceptual 
database relationship diagram that would store all the assets information. The picture below 
represents the database diagram used for the development of the prototype tool.  
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The assets inventory module was developed to enable the user to capture all assets in a structured 
format with images and maps for easier GIS integration. It also holds the relationships and 
interdependencies between defined assets. The window shown below represents the main screen 
of the All-in-One asset Management tool; from here the user will be able to access the Pavement 
or Bridge asset inventory, as well as the rest of the modules.  

 

The following sections provide the description and functionality of each module.  

1.1. Assets	Inventory	Module:	

The asset inventory module holds the latest conditions of the assets as well as the history of 
conditions and actions taken to maintain or rehabilitate. This module also holds the list of 
possible conditions and defects that can happen to any asset defined as well as the possible 
actions. The actions are be defined in greater detail to identify action consequences, cost, time to 
implement, and life span. The asset inventory module also includes a best practices section that 
may be populated with best practices in maintaining/rehabilitating the asset. Additional data may 
be captured such as weather data, traffic data, accidents, etc. which could be used in analysis and 
optimization modules. The functionalities of this module can be summarized as: 

‐ Asset definition 

‐ Inventory definition 

‐ Asset attributes (Geometric, Construction, etc.) 

‐ Current condition with images and detailed description 

‐ Condition and maintenance action history 
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‐ Conditions data and best practices 

‐ Condition analysis models and indices 

‐  Cost history per asset per action 

‐ Map/GIS data 

‐ Other data in relation to asset or asset location (e.g. traffic, weather) 

The following image is the bridge inventory browser. From this window, the user has access to 
all bridge assets registered in the database. It also allows the user to filter results based on certain 
parameters as well as adding new assets or editing existing ones. The user also has access to the 
inspection editor and the maintenance profile editor for each selected asset.  

 

Similarly, the following image is the pavement inventory browser. From this window, the user 
has access to all pavement assets registered in the database. It also allows the user to filter results 
based on certain parameters as well as adding new assets or editing existing ones. The user also 
has access to the inspection editor and the maintenance profile editor for each selected asset.  
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Entering asset data is accomplished through the various asset editors. In general, the screen is 
divided in three tabs: General Information, Geometric Attributes and Construction History. From 
the General Information tab shown below, the user will be able to enter information related to the 
identification of the new or existing assets. 
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The asset editor also provides a tab to enter geometric attributes.  

  

The asset editor also provides a tab to indicate construction history of the asset.  
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The inspection browser allows the user to enter the latest inspection results. In the inspection 
browser screen, the user will have access to the inspection data for the selected asset. This screen 
is accessible from the Asset Browser, and allows the user to enter new inspection related 
information or edit/review/remove existing information.  

 

In the Inspection Editor the user will enter the information related to an already performed 
inspection, as well as information concerning the status of that particular asset per element. 

On the top-right corner of the screen shown below, the user rates the condition of each element 
of the asset.  Given that real information was not provided for the purpose of the evaluation of 
this prototype, test data was used. The elements for each asset would be configured during the 
phase of implementation of the tool as well as the Health Index for the asset, given that it varies 
from department to department. (In some States bridges have from 10 to 20 elements, in others it 
has hundreds of elements, and some states don’t even use them). Elements may refer to the deck 
or the columns on a bridge; and the pavement, the drainage system or shoulders on roads.  

The tool offers the flexibility to allow the user to define the elements on any asset independently 
of their number and granularity.   
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1.2. Analysis	Modules	

The analysis module enables the user to create new analysis studies.  These studies improve the 
identification of problems and actions and generate alternatives under user predefined 
constraints. The list of alternatives includes different combinations of maintenance and 
rehabilitation actions and the user is able to change the criteria for combining the actions.  When 
a new study is initiated, the time period and the scope of the study are first identified.  

The module then generates a list of all possible assets that require action, based on the analysis 
models and historical data attached to each asset. For each asset, a list of actions is also 
generated.  By default all the assets and actions are selected for analysis. However, the user can 
exclude assets or actions from the study.  

This module enables the analysis to be executed at different levels to accommodate any 
organization or business process. The functionalities of this module can be summarized as: 

‐ Create a new study 

‐ Preview or edit a study 

‐ Run queries on existing data 

‐ Run statistical analysis tests 

‐ Execute Data mining algorithms on existing and historical data 

‐ Generate list of assets to be included in the study based on specific criteria 
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‐ Generate possible actions for the assets in the study per time period 

‐ Forecast the asset condition per action 

‐ Analyze the impact of external factors on the asset condition per action (e.g. demand, 
traffic, or weather) 

‐ Analyze and compare actions per asset with future consequences (incl. cost, time, life 
span, etc.) 

‐ Generate alternatives based on user specified constraints 

‐ Analyze historical data and best practices 

In the Maintenance Profile Editor the user assigns one or more treatments to an element 
depending on its condition rate. In this first Tab called “Treatment” the user must define factors 
of cost, duration, description of the treatment, start date and target rating (which is the expected 
rate for the selected element after the treatment is performed). Under the Life-Cycle Cost Tab, 
the user enters all the data needed to perform a Life-Cycle Cost Analysis. The Life Cycle Cost is 
used to determine for each element which of the treatments is most cost effective long-term. In 
the Benefit Cost tab, the user enters all the data needed to perform a Benefit-Cost Analysis. The 
Benefit-Cost is used to determine under a limited budget which assets should be treated based on 
their benefits for the users.  

 

1.3. Optimization	and	Decision	Module:	

The optimization and analysis module builds over the Inventory and the Analysis module by 
running optimization algorithms to rank the maintenance and rehabilitation alternatives per time 
period selected. The optimization algorithms take into consideration several criteria and 
constraints including financial constraints, technical feasibility, safety measures, service levels, 
environmental impact, and social impact. This module includes several wizards and easy to 
follow steps to guide the user in the optimization process. There are several techniques employed 
in this module including marginal cost analysis, benefit cost analysis, ranking and rating, and 
pairwise comparison using AHP. The output of this tool is a ranked list of maintenance and 
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rehabilitation alternatives by time period. The functionalities of this module can be summarized 
as: 

‐ Create new optimization & decision exercise 

‐ Review historical decisions and how each decision is performed 

‐ Select the decisions/optimizations required 

‐ Execute the algorithms and review the results 

‐ Conduct sensitivity analysis on the results 

On the Asset Analysis screen the user is able to browse different assets based on asset specific 
criteria as well general location criteria. In order to start the analysis the user has to check the 
boxes next to the assets he wants to analyze, and click the Start Analysis button.  

 

The Analysis Display helps the users to decide which of the treatments to perform, and if there 
are budget limitations, which assets to treat. However, the users may select treatments manually 
based on their preferences. If the users decide to go with the automatic selection they have to 
click on Start Optimization. 
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In the benefit cost configuration screen, the user enters information related to budget constraints, 
period of analysis and interest rate to perform life-cycle cost and benefit-cost analysis. The user 
also enters constraint attributes to prioritize decisions. The values below are example values to 
explain how the configuration works. Note the following conditions for which the tool is 
calibrated. The tool selects only treatments that extend asset life 10 years or more, the tool 
selects only treatments with a duration of 15 weeks or less, the tool selects only treatments that 
increase the element’s condition rate to 7 or more, and the tool will select assets with a Health 
Index of 5 or less.  

 

After all the parameters have been set up for the optimization, the results are presented in two 
rounds. The first round will show the treatments that should be executed for each element based 
on the Life-cycle cost analysis and the constraint attributes entered.  
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These treatments would be the most cost-effective alternatives based on the constraints 
established by the user. The user may also decide to not enter any constraints and the selection 
will be based only on the life-cycle cost analysis. 

 

In the second round, the tool will carry out the selection subject to the budget constraints. It will 
base the selection on the benefit cost analysis of the previously selected assets, choosing the 
assets that offer the most benefit to the users without exceeding the budget. The user also has the 
capability to change the selection manually.  

After performing the analysis each selected element will change phase to “In Treatment” and 
they won’t appear again in the Decision module. 

 

1.4. Users	and	Authentication	Management	Module:	

This module would enable the system administrator to add or remove users and set the 
authorities of each user. It would also enable the user to define automated actions and specific 
reports to be generated for each user. The functionalities of this module can be summarized as: 

‐ Add or remove users or user groups 

‐ Set authorities for each user or group and login information 

‐ Review user log and actions 

‐ Customize user reports and generate system usage and user errors 
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This module was not developed for the prototype all-in-one asset management tool. It is 
recommended for review in future studies. 

1.5. Hardware	Module:	

The hardware module would enable the system administrator to add new hardware (e.g. mobile 
device or camera) that is used for data collection in regard to assets condition. The data fields 
saved in the hardware would be mapped to its equivalent data fields in the system.  

This module was not developed for the prototype all-in-one asset management tool. It is 
recommended for review in future studies. 

1.6. Reporting	Module:	

The reporting module is used to design, build, and generate reports and dashboards. The reports 
can be generated for all the data in the other modules. Based on the user authorities, certain 
reports are active to view or print. The reports include inventory data, inventory statistics, 
comparisons, analysis reports, summary reports, and decision reports. The functionalities of this 
module can be summarized as: 

‐ Design reports and dashboards 

‐ Build and generate reports and dashboards as well as build customized or special reports 

‐ Automate report generation and Archive reports 

‐ Publish reports and dashboards 

‐ Generate work orders notifications for certain maintenance jobs 
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In the dashboard screen the user has access to relevant information regarding all the assets in the 
system. Graphs, charts and tables show information related to costs, expenses, budget, inventory, 
condition, etc. In the future, the tool will offer the capability to customize the dashboard and 
reports to show detail data for each individual asset. Due to data constraints, the dashboard on 
the prototype only contains artificial or test data.  

1.7. Web‐based	Application	Module:	

The web-based application module will allow users to access the system through a web browser 
to execute specific tasks on the system. The tasks are limited to viewing data, adding asset data, 
generating and viewing reports, and generating or viewing dashboards.  

This module was not developed for the prototype all-in-one asset management tool. It is 
recommended for review in future studies. 

1.8. Mobile	Application	Module:	

The mobile application module will hold all the mobile application available for the hardware or 
mobile devices used in the organization. The module will enable the handheld users to download 
application, get updates, and support. The mobile application purpose is to allow field-enabled 
data entry and asset inventory updates.  

This module was not developed for the prototype all-in-one asset management tool. It is 
recommended for review in future studies. 

1.9. Training	Module	

This section will operate as a dedicated training location and practice about using the system at 
the office, on the road, and on site. It will also support hardware and handheld users, and remote 
users over the web. It will include step by step instructions and videos. This section will also 
include user forums to be able to post ideas, practices, problems, how-to, etc. 

This module was not developed for the prototype all-in-one asset management tool. It is 
recommended for review in future studies. 

2. Prototype	of	the	Asset	Management	Tool	
In this prototype phase, specific modules and features were developed to provide a proof of 
concept. In this phase, a use-case provided the necessary proof of concept and the look and feel 
of the tool. The prototype included partial functionalities of modules 1, 2, 3, & 6 only.  

 Basic Inventory Module: 

o Entry of pavement related information 

o Ability to view location on an external mapping tool (e.g. Google Earth) 

o Ability to attach photos 

o Define and maintain ‘actions’ or ‘treatments’ database 

o Define simple maintenance needs for assets (periodic maintenance for example) 
and define the required ‘action’ and the associated price of applying the action on 
a specific asset 

 Analysis Module: 
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o Ability to define analysis study.  

o Ability to set the study period and scope by allowing the user to filter out a set of 
assets to choose for the study. 

o Generate a list of assets that require action or treatment during the study period 

o Generate a list of actions required during the study period for each asset 

 Decision Module: 

o Ability to create and maintain a decision analysis project 

o Define the budget available 

o Ability to define alternatives as set of actions to be implemented. Actions are 
imported from an analysis study. Different decision alternatives are different 
treatment combinations applied to the assets selected in the analysis study  

o Ability to perform basic economic analysis to compare the alternatives 

 Reporting Module: 

o tabular reports will be available with graphic capabilities 

o Pre-configured reports. No report generator will be delivered in the POC 

o Reporting can display entities from the 3 modules above (Inventory, analysis and 
decision) 

o Reports are to be agreed on at a later stage 

3. Conclusion	

A prototype of a tool capable of integrating different asset types and performing analysis and 
evaluation on rehabilitations and treatments for different asset types was successfully developed. 
The All-in-One Asset Management tool demonstrate that with the use of particular mathematical 
and analysis techniques and with the design of a structured data base construct, the joint 
administration of these assets is feasible. 

A second phase for implementation of this tool is recommended in order to demonstrate its 
effectiveness. Additionally, further development is needed to finalize the design of a more 
complete tool.   


