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ABSTRACT 
 
Singapore Land Authority (SLA) manages some 14,000 hectares of State land and 
about 5,000 buildings. To provide an effective and reliable asset management 
system, SLA rolled out a Mobile Geographical Information System named mgLAMS 
in March 2008, which leverages on ESRI ArcPad technology, for its land and building 
management operations. This solution is the first in Singapore, enhanced from local 
and international case studies. The project team collaborated with GIS experts to 
leverage on GIS tools and emphasized on training to develop soft skills of officers 
and shared knowledge via multimedia tools. 
 
This paper shares a new paradigm of field operation where officers are equipped with 
a customized PDA, preloaded with essential map layers and information. Using an 
integrated GPS, officers are able to accurately locate themselves and retrieve the 
necessary information required to resolve a case. With the mobile devices, they are 
able to capture and digitize new data on site. Back in the office, officers reconcile the 
new data into the enterprise Geodatabase via a desktop ArcGIS solution. Using GIS 
for field operations also allow SLA to conduct analysis on land and building 
maintenance issues and incidents and implement preventive measures. The paper 
also highlights the challenges faced during the implementation of this mobile GIS 
project.  
 
 

PAPER BODY 
 
Background 
 
The Singapore Land Authority (SLA) is a statutory board with the Ministry of Law. Its 
mission is to optimize land resources for the economic and social development of 
Singapore. To date, SLA is responsible for the direct management of some 14,000 
hectares of State land and about 5,000 buildings. Land Asset Management Services 
(LAMS) is a division within SLA and its core function is to formulate and execute 
strategies to ensure optimal and effective management of state properties which 
includes vacant state land and buildings. In total, LAMS manages a portfolio of about 
11,500 ha of state land and 550 buildings. 
 
Field operation is an integral part of work in LAMS when it comes to managing of 
state properties. It includes routine inspections performed to ensure proper 
maintenance of state properties and ad-hoc site inspections to resolve public 
feedbacks. In the past, traditional methodologies were adopted where observations 
were recorded on paper forms during field inspections and filed for reference. 
Information relating to the state properties is also captured in a simple Excel 
spreadsheet for record purposes. Furthermore, field officers bring along hard copy 
site plans, inspection forms, files and bulky equipments like camera and measuring 
tape to record observations and quantify measurements. It was also difficult to 
retrieve information and perform multi-dimensional analysis. 
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A research report by Microsoft1  found that optimized field operation involves the 
coordination and synchronization of 3 key components – people, process and data – 
which is an impossible feat without some measure of technology. In the midst of the 
digital revolution, it is essential to embrace the advantages of technology. Our age-
old method of recording and filing information manually had to be replaced by the 
latest technology. A project team comprising officers from LAMS and Information 
Technology Division (ITD) was formed to identify and explore the available solutions. 
The team also had resource support from the Land Data Division.  
 
 
What is mgLAMS? 
 
mgLAMS was rolled out in SLA in April 2008 and it stands for Mobile Geographical 
Information System (GIS) for Land Asset Management Services. Mobile GIS is a 
combination of location data, GIS software, GPS, and mobile computing device. It 
introduces a new concept of field operations which entails the use of mobile GIS 
capability, allowing field officers to capture, manage, analyze and display 
geographically referenced information. The following diagram illustrates the general 
workflow of mgLAMS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1: Workflow of mgLAMS  

 
A typical day of a LAMS field officer begins in the office extracting the latest version 
of spatial and textual data onto his mobile device, installed with the customized 
ArcPad software, a mobile geographical and spatial interface. Essential map layers 
are preloaded onto the mobile device before the field operation so as to equip him 
with the necessary information required to perform his duties. Field officers then 
capture and digitize information in the field using their mobile devices and this 
information captured on the mobile device would be synchronized with the original 
dataset in the office when the field officer completes his field operation. mgLAMS is 
designed with the intention to enable SLA to leverage on technology to better 
manage our State Properties and the following are key functionalities of mgLAMS: 
 
Improve Record Management  
 
The old system of recording and filing information manually was outdated and had its 
flaws. Gathering and using information in the field was a paper-based process in the 
past, with multiple points of data entry without access to real time information or the 

                                                 
1 Microsoft Dynamics GP, Transforming Field Service Operations, June 2006 
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ability to accurately communicate field observations back to the office. mgLAMS 
allows the easy access, retrieval and submission of data.  
 
A PC running ArcGIS ArcEditor software is provided for the purpose of checking in 
and out job data and docking stations are configured to facilitate this process. The 
PC is connected to the Enterprise Geodatabase Server to retrieve the reference 
layers maintained by various SLA departments. A customized program is also written 
to allow all users to synchronize their data based on user login and the system is 
smart to select the relevant data sets for each field officer according to their pre-set 
area of management (zone). Field officers carry 10 layers of geographically 
referenced information i.e. landownership, cadastral and operational information etc. 
in their mobile device to assist them in their daily field operations.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2: Layers of spatial information made available to officers and auto selection of information based on user login.    
 
Facilitate Analysis of Complex Issues  
 
GIS is fundamentally used to answer questions and make decisions. It allows 
integration of spatial and textual data to analyze it as a whole and leverage it to make 
critical business and planning decisions. It opens up new possibilities for analyzing 
data by providing a visual tool to see the data graphically. A GIS takes an attribute in 
a database and spatially enables the data. This would allow users to understand, 
question, interpret and re-evaluate the data in ways simply not possible while using a 
standard textual database. With the data spatially enabled, some complex what-if 
questions can be answered to make intelligent and well informed decisions. This 
information can be overlaid and analyzed along with spatial data from other 
departments to give a better understanding of the location. By combining data and 
applying some analytical rules, a model has been being developed to archive the 
redundant Job Record entries. 
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Customized job record reports are designed in mgLAMS to facilitate the analysis of 
optimal scheduling and job allocation. mgLAMS helps to ensure that no State 
Properties are left out and are inspected on a routine basis. The work distribution of 
each field officer can also be analyzed and better assigned from the reports.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3: Customized Job Record retrieval and reports.   

 
 
Improve Efficiency in Field Operations 
 
mgLAMS allows field officers to visualize information in a digital map, collect 
information where observed, while improving productivity and data accuracy in the 
field. The GPS functionality in the mobile devices assists the field officers to pin point 
their location and this also serves as a level of quality control on the accuracy of the 
data collected by the field officers. mgLAMS also has tools to link and associate field 
pictures and notes with related features in the GIS layers. Besides that, field officers 
are able to make use of the customized ArcPad program on their mobile devices to 
measure linear distances and area. More importantly, officers can respond faster to 
public feedback and address land issues swiftly with mgLAMS. They can make better 
decisions with the latest and most accurate data with the customized user interface 
and design of mgLAMS.  
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Fig 4: Specially designed user interface catering to the operation needs of officers.   

 
Enable the Building and Management of Knowledge Repositories 
 
The successful implementation of mgLAMS also enables the building and 
management of a reliable common knowledge repository that is published for other 
staff to use. 3 customized forms are designed specially for the field operation of 
LAMS, namely (1) Critical Incident (CI); (2) Maintenance Issue (MI) and (3) Job 
Record (JR). These 3 customized forms are designed for easy data entry by the 
officers in the field and yet, capture sufficient and relevant information. The intent 
behind CI and MI layer is to capture Grade I and Grade II occurrences on State 
Properties. Grade I occurrences are more serious and causes more damages e.g. 
land slides, bush fires, illegal trespassing etc while Grade II occurrences are less 
serious and damaging e.g. potential mosquito breeding, overgrown vegetation, bee 
hives etc. In the long run, spatial data collected in the CI and MI layer can be used to 
perform a cause-and-effect analysis/ trend studies which in turn help to pre-empt and 
forecast such future occurrences. This allows SLA to play a more pro-active role in 
asset management, implementing preventive measures at the forecasted locations. 
JR layer enable the field officers to log in each job performed on the State Properties 
and record down observations made in the field in relation to the performance of their 
term contractors. This database of observation serves as a tool for evaluating the 
performance of the contractors in the long run.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5: Customized forms used by officers in the field.   
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Overcoming Challenges  
 
Developing a New Concept  
 
Mobile GIS is a new concept in SLA and Singapore. In terms of knowledge and 
requirements for this project, there were no local case studies for the project team to 
examine and learn from. The team researched extensively on the topic of mobile GIS 
so as to understand its capabilities and applications better. The project was first 
piloted with a 3-month proof of concept (POC), allowing the team to test the complete 
solution with different mobile devices in real life conditions.  The results were then 
evaluated by plotting them on the SLA basemap and Aerial photos. The team also 
conducted tests using SLA’s DGPS system, SiReNT (Singapore Satellite Positioning 
Reference Network), to enhance the accuracy of the GPS observations.   
 
Externally, the team collaborated with ESRI Singapore, a geographic information 
solutions provider providing a broad range of products, applications, services and 
total spatial solution propositions. ESRI Singapore is a highly respected name in the 
geographic information field because of their expertise with ESRI products. We 
engaged ESRI South Asia in numerous discussions, seeking their expert views on 
how SLA can leverage on mobile GIS to provide an effective and reliable asset 
management system. The project team called a tender later which was awarded to 
Satyam Computer Services to develop the solution.  
 
Coping with a Paradigm Shift 
 
mgLAMS is a modern management tool which encourages a paradigm shift in asset 
management in SLA. One of the greatest challenges of this project is to assimilate 
the change, from a traditional method to leveraging on GIS and mobile technology. 
The 26-strong field team comprises men and women, ranging from 23 to 58 years old 
with little or no GIS knowledge. The project team expected the field officers to 
experience transitional difficulties due to unfamiliarity towards GIS and mobile 
technology. To overcome this, a 2-day classroom and field training for field officers 
was put in place to provide adequate hands-on training on the usage of mobile 
device and basic GIS understanding, to ensure effective operation of mgLAMS. The 
training was customized to suit the needs of different categories of users, namely end 
users and system administrators. The usage of mgLAMS was expectedly low in the 
first 2 weeks. More was done to help field officers adapt to the new technology and 
increase the usage of mgLAMS. Re-training sessions were arranged based on a train 
the trainer scheme, a step-by-step guide book was disseminated to every field officer, 
a FAQ was also prepared and a support person stationed at SLA full time to help the 
staff overcome the initial challenges faced by the staff using the system for the first 
time. The efforts by the development team paid off with a 4-fold increase in usage of 
mgLAMS. 
 
Ensuring Data Security  
 
As the data had to be carried out of office premises on mobile devices to the field, 
data security was a major challenge imposed by the data owners from various SLA 
divisions. Fortunately, ESRI’s new ArcPad 7.1 technology had addressed this 
concern by building in encryption as part of the check-out process. It was made 
mandatory for users to assign a password while checking out the data to the mobile 
device. This helped to resolve only 50% of the problem. 
 
LAMS data was protected by using the encryption provided by ArcPAD since it 
encrypts the data for operational layers i.e. layers that are editable. As mgLAMS 
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required a lot of other layers for reference in the field and these layers were not to be 
edited by the LAMS officers, the challenge was on the development team to ensure 
that the process is secured for the data owners to share these reference layers. To 
overcome this challenge, the team evaluated various options to address the concern. 
Finally, it was decided to make use of the Windows Mobile 6 SD card encryption 
mechanism to encrypt the data on-the-fly while transferring the data to the mobile 
device. This ensures the data stored in the SD card can only be retrieved through the 
mobile device that was used to encrypt it.   
 
In addition to the encryption, there are 3 levels of authentication put in place. The first 
being the mobile device password protection and the second being the mgLAMS 
application authentication and the last is the ArcPad data encryption password. The 
device was also customised to ensure that the mgLAMS application is initiated, 
rather than the default ArcPad, when the ArcPad is launched by the user. 
 
Perfecting the Solution 
 
The flash memory of the device was considered to be sufficient to hold the spatial 
data checked out of the system, but along with the photos of the spatial data, the 
space on the mobile device was inapt. The team decided to make use of the 2GB 
external storage card as the primary storage rather than the devices flash memory. 
As ActiveSync synchronises only the data stored in the flash memory, a custom 
program had to be developed to read and write data to the storage card. 
 
After a few days of rolling out the system, field officers provided feedback of the long 
time taken to complete the checkout process. After much investigation and fine 
tuning the system, it was observed that the time taken to copy data to the SD card 
took longer than expected. This was due to the low write speed of the memory card. 
After changing the SD card to one with a better write speed, the transfer time 
reduced by 70%. The transfer speed may be improved further with the use of the 
newer USB 2.0 mobile devices. Over time, about 90% of the data transferred to the 
mobile device comprises of the photos taken during the field operation. The team is 
considering to develop an application to synchronise only the newer photos and 
delete the archived photos on the storage card. This will improve the overall check-
out and check-in time considerably.  
 
 
Evaluation of mgLAMS 
 
Professionalize work – mgLAMS is a modern management tool which changes the 
way information is retrieved, captured, used in the field and shared within the 
organization. Technology is introduced into the field operations to streamline process 
and improve efficiency. It induces and welcomes continuous changes and at the 
same time, paying attention to the morale and welfare of the people. Field officers 
also carry less bulky equipment, from 6 kg to 2 kg. With mgLAMS, information can be 
linked to location data and this information can be analyzed along with spatial data 
from other departments to provide more comprehensive information of the location. 
Softcopy maps and forms are also used in the field via the mobile devices and 
information is captured digitally and directly. Providing the field officers direct access 
to spatial data in the field allows them to make on-the-spot well informed decisions. It 
also creates a common platform to share knowledge and information which consists 
of more consistent and accurate information. The integrated GPS functionality on the 
mobile device would assist the field officers to pin point their location and thus serves 
as a level of quality control on the accuracy of the data collected. Collecting spatial 
information while in the field improves the quality and accuracy of the data and 
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minimizes administration and data entry time and error. The diagram below illustrates 
the interface of creating a Critical Incident feature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
Fig 6: Creating a spatial data in mgLAMS.   

 
Perfecting our asset management – State land & building maintenance these days 
goes beyond mere grass-cutting, pest control and puddle-clearing. Nowadays, SLA 
tackles more complicated day-to-day land management issues that require much 
faster response time and careful analysis of the problems. Issues like soil erosion, 
overgrown vegetation, dengue-control and even landslide-prevention are part and 
parcel of a day’s work for our officers. To help them deal with these increasingly 
complex issues, it is necessary to leverage on technology to provide an effective and 
reliable asset management system. mgLAMS which incorporates the use of mobile 
GIS and GPS in our daily land and building management operations allows SLA to 
make intelligent and informed decision in land and building management issues by 
integrating spatial and textual data and analyzing them more comprehensively. It 
opens up new possibilities for analyzing data by providing a visual tool to see the 
data graphically and improve in resource accountability. mgLAMS also provides the 
ease of retrieving past information.  

 
       
 
 
 
 
 
 
 
 
 

Fig 7: Retrieving past records in mgLAMS.   
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Perpetual learning - The age of field officers in LAMS ranges from 22 to 58 years old 
and many officers have little knowledge in technology and GIS. With mgLAMS, it 
equips them with a technology (mobile device) which was unfamiliar to them initially 
but eventually enriches their knowledge in GIS. This solution has upgraded their soft 
skills and enhances their awareness to technological advances. Most importantly, it 
helps to promote continuous learning for all staff, regardless of age. 
 
Pleasing our customers - mgLAMS helps to nurture an attitude of service excellence 
in meeting the needs of the public with high standards. mgLAMS helps to reduce the 
time spent on field operations and thus enable officers to resolve feedbacks faster. 
This solution translates into a 74.6% improvement in turnaround time to handle public 
feedback and thus raising customer satisfaction. More site inspections are also 
performed by our field officers as a result of mgLAMS and thus establishing a higher 
level of maintenance standards on our State Land and Buildings. Leveraging on 
technology in land and building management would help to make SLA a world class 
land authority, by allowing SLA to respond to market needs quickly and gain 
competitive advantage. 
 
 
Key Learning Points  
 
Key learning points from the implementation of mgLAMS are: 
 
Buy-Ins 
 
1. Implementing mgLAMS revolutionizes the field operation of the division and 
brings about a shift in paradigm. It is important to obtain buy-ins and participation 
from all stakeholders to guarantee the success of the project and change the long-
standing culture of traditional field operation. The establishment of a focus group 
comprising field officers sent a strong message to the end users that they are part of 
the project team and mgLAMS is designed with their needs and operation in mind.  
 
Pilot-Testing 
 
2. Investment of time and resources for a comprehensive pilot testing of the 
mobile GIS capability paid rich dividends as it helped in exposing potential technical 
and process related pitfalls. It allows the project team to experience the limitations of 
the out-of-box mobile software and design a customized solution for LAMS’ 
operations. Data security concern was also magnified when the project team brought 
out sensitive data layers for field operation via the mobile devices. During the full 
project implementation, appropriate measures and solutions were put in place to deal 
with these challenges.  
 
Staff Training 
 
3. The successful implementation of IT projects is not solely dependent on the 
hardware and software. Instead, the human capital aspect plays a vital role in its 
success. A well-thought training program will equip officers with the relevant skills 
and knowledge to embrace the new technology and leverage on it to help them in 
their course of work. mgLAMS is a successful case study where the training program 
includes classroom and hands-on sessions, training manuals, step-by-step guide and 
using multimedia tools like video and publicity posters to showcase the change in 
paradigm. These measures encouraged officers to be more receptive towards the 
new technology.  
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Future Plans  
 
With experience and expertise gained from the implementation of mgLAMS, SLA is 
now reviewing the system and its functionalities to improve it further. The 
development team is constantly researching on improvements and enhancements to 
the system so as to bring greater benefits to the stakeholders. This system facilitates 
fast discovery and use of spatial and non-spatial data and allows growth and 
development of other related applications. One such related application is the 
supplier management module where it leverages on the spatial data collected via 
mgLAMS to monitor the performance of the service providers.  
 
Besides the visual perception of spatial distribution, it will be very useful to translate 
the existing patterns observed into objective and measurable considerations or 
forecasts. The spin-off from mgLAMS is a spatial decision support system where it 
takes existing spatial data and use a variety of mathematical models to make 
projections into the future. This allows SLA to answer questions and make well-
informed decisions and play a more pro-active role in crisis prevention and 
management.  
 
 
Summary 
 
mgLAMS is implemented to enable SLA to leverage on mobile Geographic 
Information System (GIS) capability to ensure effective and reliable management of 
vacant State Land and Buildings. In addition to enhanced efficiency, customer 
service delivery, response time and decision-making, the use of mobile GIS is 
supporting SLA’s drive to be innovative and customer-centered in land and building 
issues.  mgLAMS has allowed SLA to be playing a more proactive role in asset 
management in detecting problem areas before they become issues to the public. 
 
 


