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ABSTRACT: A comprehensive earthquake impact assessment requires an exposure 
database with attributes that describe the distribution and vulnerability of buildings in the 
region of interest. The compilation of such a detailed database will require years to 
develop for a moderate-sized city, let alone on a national scale. To hasten this database 
development in the Philippines, a strategy has been employed to involve as many 
stakeholders/organizations as possible and equip them with a standardized tool for data 
collection and management. The best organizations to tap are the local government units 
(LGUs) since they have better knowledge of their respective area of responsibilities and 
have a greater interest in the use of the database. Such a tool is being developed by 
PHIVOLCS-DOST and Geoscience Australia.  Since there are about 1,495 towns and 
cities in the country with varying financial capacities, this tool should involve the use of 
affordable hardware and software. It should work on ordinary hardware, such as an 
ordinary light laptop or a netbook that can easily be acquired by these LGUs. The 
hardware can be connected to a GPS and a digital camera to simultaneously capture 
images of structures and their location. The system uses an open source database system 
for encoding the building attributes and parameters. A user-friendly GUI with a 
simplified drop-down menu, containing building classification schema, developed in 
consultation with local engineers, is utilised in this system.  The resulting national 
database is integrated by PHIVOLCS-DOST and forms part of the Rapid Earthquake 
Damage Assessment System (REDAS), a hazard simulation tool that is also made 
available freely to partner local government units.  

 

1 INTRODUCTION 

The development of an inexpensive exposure data collection tool has stemmed from a two and half 
year collaborative project between the Philippine Institute of Volcanology and Seismology 
(PHIVOLCS) and Geoscience Australia (GA). This project, known as Quick Unified Inventory and 
Vulnerability Estimation for REDAS (QuiveR), is supported by the Australian Agency for 
International Development (AusAID). The main objective of the QuiveR project is to enhance the risk 
assessment capabilities of the hazard and risk assessment tool of PHIVOLCS called the Rapid 
Earthquake Damage Assessment System (REDAS). REDAS was developed by PHIVOLCS in 2004 
through a grant from the Department of Science and Technology for use as an emergency management 
tool following strong earthquakes. REDAS can quickly simulate the hazard and possible impacts of 
the earthquake and rapidly generate information to support critical decision making in response to 
earthquake disasters.  REDAS' use has been extended as a tool to influence land use planning and 
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convincing emergency managers to seriously consider hazards and enhance the understanding of risk 
at a local level.  Training sessions are now being provided by PHIVOLCS to Local Government Units 
(LGUs) to enable them to use REDAS in their planning and disaster management efforts. 

To enhance the capabilities of REDAS for high-level risk assessment, vulnerability functions and a 
comprehensive exposure database are required.  To do this, inputs from the local engineering 
communities have been obtained in developing the vulnerability functions and the building 
classification schema.  Several workshops were conducted to engage with engineers from academia, 
Government and professional organizations. Based on feedback from the workshops, the Institute of 
Civil Engineering of the University of the Philippines (UP-ICE) later committed to develop the 
building vulnerability functions and schema for the building classifications. This has allowed 
PHIVOLCS to focus on exploring other possible sources of data that can be tapped and synthesized to 
come up with a suitable exposure database for risk analyses.  

There are two possible levels of detail at which an exposure database can be developed. The first is a 
building level database, which will require detailed information for every building within an area of 
interest (e.g., structural system, building materials, building irregularities, etc). This level of product is 
time consuming to develop and will not be realized during the current project. The second approach is 
a barangay-aggregated database which can be developed by desk-top analysis using existing 
information1. Some possible sources of information for the barangay-aggregated database are 
demographic data from the National Statistics Office (NSO) and the tax collection database of the 
LGU Assessors Office. The nationally consistent NSO data contains information about dwelling 
building materials (walls and roof), population per household, floor areas of dwellings and year built. 
These data are, however, insufficient for the development of a comprehensive exposure database. 
Local Assessors’ Office data, on the other hand, contains more detailed information (e.g. information 
on building classifications) but digital databases are only available in some key cities, as in our chosen 
pilot site of Iloilo City. The decision has been made to use the Iloilo City Assessors Office data to 
develop empirical relations to generate other vital information using key parameters from the NSO 
data. This will enable us to interpolate to areas where no city Assessors’ Office data are available.   

In order to validate our first-order exposure data sources, detailed field data need to be collected to 
determine the reliability of these data sources. This led us to develop field tools for detailed building 
level data collection. GA developed and introduced the use of PDA-based building data collection tool 
using ESRI ArcPad (a GIS data capture tool designed for portable systems). After designing the 
questionnaire and attributes that need to be captured, a total of 6 PDAs were tested and used during a 
building survey in September 2010 in the Iloilo City pilot site.  Several different local organizations 
participated in the survey and a total of 350 buildings was surveyed and classified during this initial 
field survey. 

The detailed building survey was found to be laborious and too time consuming to gather enough 
information for our purpose. Since it is not possible for PHIVOLCS and GA staff to stay for long 
periods in the field, the ideal scenario is to task the LGUs to continue the survey and make it a regular 
part of their activities.  Since the PDAs and the ArcPad software are too expensive to be acquired by 
our LGU partners, we have now developed an inexpensive building data collection system that can run 
on ordinary laptops or netbooks. Some of the required hardware is already available to most of our 
LGU partners. The design and development, field testing and application of this inexpensive system 
will be the main topic of this paper.  Feedback received from our LGU partners who used the tool 
during the survey in late January 2011 is also discussed in this paper. 

                                                   
1A barangay is the smallest municipal area in the Philippines which may occupy an area of a few city blocks up 
to tens of square kilometres.  
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2 METHODOLOGY 

2.1 Hardware Requirements 

We designed the system to make use of hardware that can be inexpensively acquired by the LGUs. 
The laptops and netbook PCs may already be available in the LGUs. The other hardware required are 
hand held recreational GPS or a Bluetooth GPS receiver for obtaining the geographical coordinates of 
the location of the observer and a high resolution webcam for obtaining high quality images of the 
buildings. If bigger laptops with shorter battery life are used, an inverter is necessary to continuously 
power the system from a vehicle. Figure 1 shows the complete hardware configuration of the system 
utilized.  A netbook driven by an Intel CPU (N550) was found to be ideal for this system because of 
its light weight and longer battery life (~ 8 hours). A Logitech Pro 9000 webcam was sufficient for the 
system because of its good quality lens and 2 megapixel image resolution. Its auto-focus and good 
automatic light balancing capability make it suitable for outdoor use. It is substantially lower in cost 
compared to tethered SLR cameras. Higher resolution hand held cameras may also be used to 
complement the webcam and the system caters for easy manual linking of the photos into to the 
database which is usually done after the field survey.  HOLUX GPS wireless receivers (Bluetooth) 
were found to be very suitable and significantly cheaper than many of their USB connected handheld 
competitors. The total cost of the system may range from P40,000 to P80,000 (Philippine Pesos; 
approximately NZ$1200-2400) depending on the configuration of hardware used. 

2.2 Software 

The tool is planned to be integrated into REDAS as its exposure data collection module, and thus the 
operating system required is Microsoft Windows. Furthermore, our intended users (the LGUs) are 
more familiar with the use of the Windows operating system. The building database contains about 80 
attribute fields and may possibly contain more than a million records depending on the number of 
buildings being surveyed in a given city.  Hence, the use of a powerful relational database system, 
such as MySQL, was adopted. MySQL enables efficient handling and management of the building 
database which is expected to become very large as the building data collection progresses.  An 
intuitive Graphic User Interface (GUI), which contains the questionnaire, was develop using Visual 
Basic to connect to and populate the MySQL database.  Drop down menus with appropriate choices of 
values are provided in the GUI to minimize typing and reduce the potential of operator error. This will 
also ensure the consistency of the values of the attributes in the database.   

A GPS module is provided to the system to periodically (every 3 seconds) obtain GPS readings. In 
addition, a map-display module is also provided to display a geo-referenced image or aerial 
photograph of the surveyed area.  High-resolution aerial images can be used in the absence of detailed 
building footprint data.  The Map Display Module communicates with the GPS Module to obtain and 
display the position of the surveyor on the map. This helps the observer associate the building 
footprints on the map with buildings on the ground.  A camera module is also provided for taking 
images of buildings using the high resolution webcam.  Better quality images can also be taken using 
higher resolution hand-held cameras and the system provides for easy downloading and manual 
linking of the images later.  

2.3 Building Attributes  

The building attributes that are being observed and recorded in the database include the geographic 
location and address of the buildings, building use, description of the floor and façade, walls and roof, 
structural system and other information that may characterize the earthquake vulnerability of the 
building, such as shape, symmetry and seismic separation from other buildings. These detailed 
attributes are shown in the snap shots of the software in Figures 2 and 3. 
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2.4 Field Survey Procedure 

1. Before the start of every day, the survey teams met to discuss the distribution of the work. 
After reviewing the areas previously covered, a survey coordinator assigned new survey areas 
to each team. Thorough coordination of survey teams is very important to avoid overlap or 
repetition of buildings which were already covered in previous surveys. Each team evaluates 
its assigned areas and formulates strategies about how and where to start the survey. The 
teams typically consist of 6 personnel and are assigned one vehicle and two or three 
laptop/netbook setups. Three of the team members stay inside the vehicle and act as 
laptop/netbook operators while the other three walk the streets to take observations that are not 
possible to collect from inside the vehicle. This information is then relayed to the 
laptop/netbook operators who enter the data into the database.  The runners estimate the width 
and length of building, observe the structural system and building materials at close range, 
estimate floor elevation from the street level and ask residents additional questions if 
appropriate (e.g., what was the maximum historical flood level at this site). The runners also 
take better positioned photographs using good quality cameras to complement the photographs 
taken by the laptop/netbook operators using webcam. 

2. Two survey procedures were tested. One involved completing the forms during the survey, 
and another by partially filling in the questionnaire in the field and completing the rest of the 
attributes in the office by reviewing the photographs taken. The latter, which is quicker, is 
ideal in situations that require rapid survey work, such as in streets where traffic is very busy. 
This would require that the photographs be of sufficient quality to clearly see the details of the 
different features of the building being evaluated. In places where there is no busy traffic, the 
surveyors bring the setup outside the vehicle and do the survey on foot as shown in Figure 1.   

3. At the end of each survey the data gathered from each laptop/netbook and are collected by the 
survey coordinator using a USB flash memory and integrated into the main database in 
another PC. 

3 DISCUSSION 

For our pilot study in Iloilo City, the survey teams consisted of personnel from several different LGU 
groups (Iloilo City Mayors Office, Iloilo City Engineering Office, Assessors Office of Iloilo City), the 
Office of Civil Defense (OCD) Region 6, Department of Science and Technology (DOST) Region 6, 
PHIVOLCS, UP-ICE, GA and AusAID.  A total 367 buildings were surveyed by two laptop teams (6 
personnel per team) during the two and half days field work (working 9 am to 4 pm) using a total of 6 
laptop/netbook setups.  Based on the above, the average number of buildings surveyed per day by two 
surveyors (one acting as data encoder and the other as runner) is about 25 buildings. Two vehicles 
were used with one vehicle for every three setups. 

There were several issues that were raised during the debriefing sessions with the LGU staff. Concerns 
were raised on possible spread of computer viruses, since a USB flash memory is used to collect and 
integrate survey data into the main database system. It was suggested that all setups should have 
updated anti-virus software and the laptop/netbook should not be used for any other purposes except 
for data collection. Some of the surveyors reported that there were instances where building owners 
were apprehensive about their presence in the neighbourhood. It was suggested that surveyors should 
be issued with identification to properly identify themselves. Another suggestion is to properly 
coordinate with the barangay officials and officers of the Home Owners Associations if the survey is 
to be undertaken inside subdivisions.  

In big cities like Metro Manila, heavy traffic and air pollution can be health hazards to surveyors.  It 
was suggested that we develop fast procedures that will allow complete operation of the tool inside the 
vehicle. A camera platform should be developed which will enable the camera to be mounted on top of 
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the car and remotely controlled by the surveyor inside the car. The remote control system should be 
able to lift, rotate and tilt the camera to get better positioned shots.  Light showers and drizzle 
experienced in the field also made us aware that laptops and netbooks are not weather proof and may 
not be as tough as PDAs in withstanding the rugged use in the field. However, since these are 
inexpensive hardware, these can be easily replaced.  Surveyors who did on-foot surveys noted that the 
laptop setup is too tiring to carry over a long period of time because of its weight. Use of inexpensive 
Windows-based tablets should be explored. This will make the hardware lighter and easier to use.  
Other participants recommended developing the same tool for Android-based tablets. These are 
cheaper relative to PDA units. There are brands and models that have GPS built-in and suitable 
resolution cameras that are also fitted at the back of the units. These features will enable the tablet to 
function in a very similar way as the existing PDA tools.  However, they may not be as tough as the 
PDAs and software development is a challenge.  Professional programmers may be required to 
develop the same software for Android devices.  

Since users do not always have an engineering background, it was suggested that automated 
classification of building types using other easily observed features of the buildings such as wall, roof 
columns, beams roof frame and bracing materials be used in automatically filling up the building 
classification attribute.  Another option to expedite the survey procedure would be to pre-populate 
building location data into the database using high-resolution imagery prior to going out into the field.  
Depending on the quality of the imagery, a derivative benefit could be that some building attribute 
data could be entered through a desktop exercise. 

One of the critical issues that arose during the discussion with the LGU users is the continuation of the 
building data collection after we (PHIVOLCS and GA) leave Iloilo City. The surveyors are concerned 
that they may not be able to sustain the work since they have other assignments when they go back to 
their respective units.  It was suggested that added features should be developed in the tool to translate 
the building information into forms that may be directly useful to the mandates of each unit. For 
example, the City Engineering Office could use these data in monitoring buildings under construction 
and in monitoring conditions of existing buildings in the city.  Furthermore, the Assessors Office 
could use it as an additional tool to gather information for tax collection. As an option to lessen the 
pressures of limited LGU resources, it was suggested the LGU hire temporary employees who would 
be trained for and dedicated to building surveys. 

DOST Region 6 and OCD Region 6 expressed strong support in the continuation and completion of 
the building data collection. Being the chair and vice chair respectively of the newly created Regional 
Disaster Reduction Management Center (RDRRMC),  the development of a database for buildings and 
critical facilities will be part of their responsibilities as technology and data provider for disaster 
management efforts. We therefore see these two agencies playing a lead role in facilitating the data 
collection effort in key cities in the region in the future. 

4 CONCLUSION 

The tool was successfully tested and utilized in the Iloilo City pilot site and was able to collect detailed 
attributes for 367 buildings.  Several enhancements were suggested by the LGU users in order to make 
the tool more user-friendly and useful for their respective mandates. 

The testing of the tool in the pilot site provided us with many lessons and insights on how we can 
improve and adapt the tool for the survey of bigger cities like Metro Manila.  Furthermore, we expect 
the development of this tool will have utility in collecting building information relevant for assessing 
the vulnerability of the Philippine building stock, and assessing the risk to other natural hazards, such 
as flooding and severe wind. 
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FIGURES 

 
Figure 1.   hardware setup consist of a netbook pc, a webcam, a Garmin GPS connected to the PC thru USB 
cable or a wireless Bluetooth GPS receiver and USB extension cables in case there is a need to put the webcam 
or Garmin GPS at a position away from the netbook PC. The power inverter, not shown in the picture, may be 
required over long period surveys. Show on the right side of the figure are surveyors bringing the setup and 
doing the building survey on foot. 

 

 

 
Figure 2.  Snap shots of the software showing the Geography, Building Use, Roof and Walls and the Floor and 
Façade folders and their corresponding attributes that are observed and filled up in the survey. 
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Figure 3.  Snap shots of the software showing the Structure Folder (with its corresponding attributes).  the 
Photographs Folder,  Map , GPS, and Camera Module. 


