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Project summary
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climate change leads to a series of dangerous phenomena, such as
landslides. Landslides occur not only in the mountainous province, but also in
Delta provinces, where hundreds of landslides are reported annually in the
North-Western provinces of Vietnam. These events have catastrophic impact
to the community as well as the economy.
This project precisely addressed the problems mentioned, by designing and
implementing an efficient and reliable Landslide Monitoring and Early Warning
(LMnE) system based on the 3G/2G mobile communication system combining
with a wireless sensor network at monitoring stations. The system uses
advanced processing algorithms combining obtained data at the central
station.
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Project Summary
Tips: It is recommended to complete this section once you have finalized the text of the report. It will be
easier to go back through to build the summary based on the highlights of the report the project team just put
together.
The Project Summary can be up to one page long.
It should include a brief justification; an outline of the project objectives to be achieved; the project real timeline
and the main activities conducted.
The abstract of the project written when ISIF Asia initially approved the project and the objectives listed in the
Grants Agreement signed by APNIC and your organization should be useful inputs when preparing this section
of the report.
Vietnam is a country heavily influenced by climate change. The effect of climate change leads to a series of
dangerous phenomena, such as landslides. Landslides occur not only in the mountainous province, but also in
Delta provinces, where hundreds of landslides are reported annually in the North-Western provinces of Vietnam.
These events have catastrophic impact to the community as well as the economy.
In mountainous areas, the conditions for landslides to occur are met frequently, especially after heavy rains or
geological activity, causing harm to the community as well as damaging or destroying much needed
infrastructure and key transport routes. However in Vietnam, investment in mountainous regions is often lower
than in urban areas. The meteorology monitoring and forecasting systems are ill equipped and overloaded, so
they cannot deliver earlier and more accurate forecasts for complex weather events, unable to provide timely
warnings.
This project precisely addressed the problems mentioned, by designing and implementing an efficient and
reliable Landslide Monitoring and Early Warning (LMnE) system based on the 3G/2G mobile communication
system combining with a wireless sensor network at monitoring stations. The system uses advanced processing
algorithms combining obtained data at the central station.

Figure 1. Illustration of placing sensor columns, the weather station, and the data logger in the proposed WSN

In this solution, an integrated GPS (Global Positioning System) receiver and a (Microcontroller unit) MCU board
with advanced sensors was added to each sensor node to measure temperature, precipitation, vibration, etc.
and sent this information to the central station via 2G/3G transceiver. At the central station, the above
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information, combined with satellite images and geological maps, allows predicting the change in region’s
geology and providing the landslide early warnings. The project selected a pilot location to conduct the local
survey and research around Hoa Binh (Ha Giang provinces), as it is one of the areas that is most affected by the
landslides in Vietnam, populated by many different ethnic minorities. This is how it works:
Our WSN system consists of sensor nodes that are capable of data acquisition, data storage, data processing,
and wireless data transmission (see Fig. 1). The proposed WSN is shown in Fig. 2 which consists ten wireless
sensor nodes to measure parameters of the environment for landslide monitoring. For this kind of application,
the WSN can be designed as a star or tree network models. The data will be sent to a data logger through a
gateway from each node via Xbee standard. The data received from the data logger is pre-processed and
uploaded to a database on a web server over the Internet and/or GSM/GPRS. A real-time program would
analyze the data to monitor and give an alert (it need) to the designed people about the probability of landslides.

w
Figure 2. Illustration of the system connection in our proposed WSN

Background and Justification
Tips: The reader should be reminded of the context your organization is working, and where the project has
been developed in.
This section provides a window to understand the challenges faced by the community you are working with.
Include a detailed description about the situation before the project start, describing any relevant aspects that
make the project relevant in such a particular scenario.
The reader should be provided with a clear description about the problem(s) to be addressed through this project
and the motivation from your organization and team members to get involved and offer a solution.
Vietnam is a country heavily influenced by climate change. The effect of climate change leads to a series of
dangerous phenomena, such as landslides. Landslides occur when specific conditions such as seismic activity,
rain, floods, are met.
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Landslides occur not only in the mountainous province, but also in the Mekong Delta provinces such as Tra
Vinh, where hundreds of landslides are reported annually in the North-Western provinces of Vietnam.
Landslides and the associated events such as heavy rain and floods, have catastrophic impact to the community
as well as the economy, causing damage to people and property, damage or destruction of infrastructure
(including communications) and key transport routes.
Vietnam has recorded 250 flash floods and landslides from 2000 through 2014, which left 646 dead or missing
and 351 injuries nationwide [15]. According to the report, such natural calamities swept away 9,700 houses,
flooded over 100,000, inundated over 75,000 hectares of rice fields as well as damaged hundreds of hectares of
agricultural land and infrastructure. Property losses are estimated to have been over VND3.3 trillion (USD155.4
million). According to the predictions of the experts [16], with the increasing effects of climate change in the
coming years, the phenomenon of landslides is expected to occur more frequently. This shows the urgency of an
early warning system of landslides, to monitor and provide warning information to people in a timely manner.
However in Vietnam, investment in mountainous regions is often lower than in urban areas. The meteorology
monitoring and forecasting systems are ill equipped and overloaded, so they cannot deliver earlier and more
accurate forecasts for complex weather events, unable to provide timely warnings.
This project precisely addressed the problems mentioned, by designing and implementing an efficient and
reliable Landslide Monitoring and Early Warning (LMnE) system based on the 3G/2G mobile communication
system combining with a wireless sensor network at monitoring stations. The system uses advanced processing
algorithms combining obtained data at the central station.
In this solution, an integrated Global Positioning System- GPS receiver and a Micro-Controller Unit - MCU board
with advanced sensors was added to each sensor node to measure temperature, precipitation, vibration, etc.
and sent this information to the central station via 2G/3G transceiver. At the central station, the above
information, combined with satellite images and geological maps, allows predicting the change in region’s
geology and providing the landslide early warnings. The project selected a pilot location to conduct the local
survey and research around Hoa Binh (Ha Giang provinces) (see Fig. 1), as it is one of the areas that is most
affected by the landslides in Vietnam, populated by many different ethnic minorities.

Figure 3. Map of HoaBinh Province
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The landslide is one of serious hazards in many countries. There were some landslide monitoring systems built
to monitor and predict this hazard. These systems can split into two groups: long term and short term monitoring.
For short term monitoring system, WSN have proved its advantages such as real-time monitoring of
geographical regions, remote monitoring, and easy to extend the system [21-23]. There are methods have been
proposed to monitor and/or predict landslides. For example, in [22], the authors proposed to use the slip surface
localization method for detecting landslide. Otherwise, some researches applied the commercial softwares to
model and predict landslide [24]. In [23], authors focused to the deployments at the field site (Indonesia) but the
system is quite simple when the authors did not concern to power saving and/or the change of the environment.
In [25], the authors use accelerometer to measure vibrations caused by landslides. The decision is made only
from the acceleration threshold. The information about the inclination of the slope or the precise movements of
soil is not mentioned. In [26], the authors proposed to use a MEMS inclination sensor to acquire the real time
data of the slope ground displacement, and transmit to an early warning system by a WSN. It can be seen that in
countries that landslide often occur, research have been trying to develop efficiently landslide detection.
However, there is no landslide detection is developed up to now. Our project is a pilot study in Vietnam right
now.

Project objectives
Tips: Please include here the original objectives as listed on the Grant Agreement.
If any objectives were modified, added or removed during the reported period this should be explained/justified.
The objectives pursued were:
1. Performing a survey on the distribution of the landslide area, the current sensor node to measure
environment’s parameters and to construct a model of the Ad-hoc sensor network (coverage size and number of
sensor nodes in a coverage area)
2. Developing more detail communication model between sensor nodes and central station to improve
communication link (sensor node-central station-sensor node).
3. Developing the algorithms and software’s at central station.
4. Evaluation and testing of the proposed network model and protocol in a laboratory environment using ten (10)
hardware boards controlled by computers. Feasibility study of hardware development for a complete, real
system to be considered in future projects.

Users and uses
Tips: Discuss with your project team who would be the future users and how they would use the findings
throughout the project lifecycle. The uses identified should relate to the theory of change that you have
discussed with your project team. The discussion about theory of change, users and uses, will be a very
important input to your communication strategy: depending on who the user is and of what use will be the
findings, a communication strategy can be developed. For example, if the users of the findings are policy makers
and the use is to influence a change in the regulatory framework, which communication approach will work the
best?
Who will be the user of these findings?
What are the more relevant things the project team wants to learn about or evaluate through the lifecycle
of this project?
Globally, landslides cause thousands of deaths, injuries, and many billions of USD in direct and indirect
damages annually. Developing countries suffer the most, with about 0.5% of the gross national product lost
through landslides. Climate change, global warming and its anticipated consequences of natural hazards are
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likely to lead to increased loss of lives and infrastructure. In general, for the future, there will be an increasing
trend in the number of people affected by natural disasters. In the case of Vietnam where this research will be
undertaken, the country has many characteristics that make it prone to frequent and severe landslides. Vietnam
is located in one of the storm center of the world. It is one of the countries most hit by natural disasters and is
within one of the most vulnerable regions affected by climate change. In Vietnam between 1980 and 2010,
about 16,000 people were killed and almost 74 million people were affected as a result of natural disasters
including landslides. The estimated economic damages amounted to around 8 billion USD. Over the last
decade, methods for forecasting and predicting some types of natural hazards have become more sophisticated
and reliable; however these remain a challenge in providing early warning in a real-time for landslide disasters.
Early warning systems will help to reduce economic losses and mitigate the number of injuries or deaths from a
disaster, by providing information that allows individuals and communities to protect their lives and property.
In order to improve the resilience of the community, a strategic program for landslide risk reduction and
mitigation should be implemented by government, for example the Central Committee for Flood and Storm
1
Control . However, to date very few efforts have been carried out to assess landslides in Vietnam and no
attempt has been made for establishing a landslide early warning system. Building on these works, we are
developing a pilot study of early warning systems in Vietnam. The system is urgently required to guarantee the
safety of people living in landslide hazards prone area in Vietnam as well as other landslide risk prone countries
in the world. It can be separated into a number of processes: 1) After this project is completed, the results would
be submitted to the Disaster Risk Reduction Administrator, Central Committee for Flood and Storm Control,
Ministry of Transport to ask for the approval; 2) Our technology will be transferred to this organization for
deployment in wide areas (they are future users of this project) and for policy making; and 3) early warning
systems in a real-time will help local people reduce the of lives, economics and infrastructure. Through the life
cycle of this project, we feel happy to contribute our knowledge to the community with the support from ISIF
ASIA. Vietnam and other developing countries need more projects like this.

Indicators
Tips: Indicators help to measure project’s progress.
Indicators help the objectives that were set by the project team to be affordable, tangible, and measurable.
They help to verify the success and rewrite the course in case we are not achieving it.
An indicator could be quantitative (percentage, amount) or qualitative (perception, opinion).
The ISIF Asia secretariat suggests the SMART approach to indicators:
S
M
A
R
T

1

Specific
Measurable
Achievable (acceptable, applicable, appropriate, attainable or agreed upon)
Relevant (reliable, realistic)
Time-bound

Central Committee for Flood and Storm Control http://ccfsc.gov.vn
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Baseline

Indicators

Progress

Assessment

Course of action

Refers to the initial
situation when the
projects haven’t
started yet, and the
results and effects
are not visible over
the beneficiary
population.

How do you
measure project
progress, linked to
the your objectives
and the information
reported in the
Implementation and
Dissemination
sections of this
report.

Refer to how the project has advanced in achieving the
indicator at the moment the report is presented.

Descriptions should be clear and ideally contain
operational terms were needed. Please describe the
quality dimensions.

What is the project
team planning to do
next is very
important to
document,
especially if
changes to the
original plan have
to be implemented
for the success of
the project.

To date very few
efforts have been
carried out to
assess landslides
[17] in Vietnam and
no attempt [18] has
been made for
establishing a
landslide early
warning system.

Based on four main objectives of this project, a series of activities have been listed in an order. The project progress can be measured by
the completion percentage. At the moment the report is present, all activities have been completed. These indicators are quantitative
(percentage):
C1. Useful and
updated review
about landslide
research and the
current status of
landslide in some
locations in the
Northern of
Vietnam

C1: 100%
The project team have performed a field survey in HoaBinh province, where landslides often occur.
A training workshop was arranged to help electronics
engineers to understand about the landslide
phenomenon. It will help them when they set-up the
system in the field site more properly.
Project team collected and studied from many
published papers about developing a WSN for landslide
monitoring.

In March, 2014 a field survey was arranged. We have
visited tens of potential landslide slope in Hoa-Binh
province.
In April, a training workshop was arranged. Four invited
papers have been presented at this workshop: 1)
Introduction about landslide, 2) Physically based
modelling of landslide, 3) Landslide hazards in Hoa
Binh province, 4) Real-time wireless sensor network for
landslide detection. This workshop has offered to the
team such necessary knowledge before getting start in
this project.

C2. Reliability of
the Network
communication
confirmed by
careful simulation
programs

C2: 100%
A network model has been built in order to simulate the
WSN behaviors. The simulation program is completed
in May, 2014.

Based on OMNeT++, this network is simulated
including network topology (e.g. star, tree), network
protocol and parameters of hardware. Some simulation
parameters in the physical layer are shown as: the
output power level is 10 dB, the received sensitivity is 100 dBm, the system operating margin is 99.9%, the
gain of the antenna is 6 dBi, and the range of frequency
is 2.405-2.465 GHz. Through simulation, we can
estimate the packet delivery ratio (PDR) base on the
number of messages, which is computed by the ratio
between the transmitted and received packets.

C3. Efficient of the
monitoring and
warning algorithms.

C3: 100%
A specific program was designed to process and
provide the monitored information or real-time alert. In
case of alert for landslide, alert services will be
executed. One of alert services is the Short Message
Service (SMS), which is implemented to send an alert
message to the phone of responsible people about the
level of the warning

Our WSN system consists of sensor nodes that are
capable of data acquisition, data storage, data
processing, and wireless data transmission. The
proposed WSN provides method to collect data on
moisture content, vibration of earth, soil movement and
temperature of the environment. The collected data can
be subjected in real time and transmitted continuously
over long distance. A specific program would be
designed to process and provide the monitored
information or real-time alert. It works based on setting
a series of thresholds and the physical based model.

C4. Unification of
the hardware
system including
sensors, RF
modules, etc in a
box.

C4: 100%
A sensor column consists of Waspmote board, battery
and gates to connect external sensors. The sensors
have been tested and calibrated carefully in order to
remove the deterministic errors and reduce the
stochastic errors

Our WSN system consists of sensor nodes that are
capable of data acquisition, data storage, data
processing, and wireless data transmission. The
proposed WSN provides method to collect data on
moisture content, vibration of earth, soil movement and
temperature of the environment. The collected data can
be subjected in real time and transmitted continuously
over long distance.

C5. Reliability of
real network
communication.

C5: 100%
The system is tested by using a suitable outdoor
experiment to evaluate the performance of the
proposed system.

In this research, the WSN is simulated and tested in
outdoor environments with the influence of the
vegetable cover. This scenario is closed to real
condition that we will deploy in Hoa-Binh province. In
experiment, we set up in the same condition with
simulation to evaluate the real performance of the
system. The measured PDR is also 100%, which
confirm not only the consent of simulation and
experiment, but also the reliability of the WSN.

C6. Clarification of
the results, report
and conference
paper

C6: 100%
The project team was success in building a flexible and
efficient wireless sensor network for detecting rainfall
induced landslides. The system is simulated and tested
a suitable outdoor experiment to evaluate the
performance of the proposed system.
Part of our work is accepted to present at an
international conference (Asia Pacific Conference on
Multimedia and Broadcasting)

Several supplemental documents would be attached in
the final submission.
Asia Pacific Conference on Multimedia and
Broadcasting (APMediaCast2015) is Annual
International Conference, will be held on 23-25 April
2015, at Grand Inna Kuta Bali Indonesia. In this paper,
we focuses on a new development of compressed
sensing (CS) based algorithm which can be applied for
landslide monitoring. This work exploits the natural
properties of the data acquired in the time domain. The
transmitted data is the random set of the Fourier
coefficients corresponding to the time domain data.

All activities have
completely finished.
We have tested the
system both in lab
and outdoor
scenarios (as we
declared in the
proposal).
As that was not part
of the original
proposal, we have
not test the system
in the field site.
Fortunately, our
university has been
persuaded by our
results and decided
to grant us a fund in
order to extend our
research (ISIF
grant) and set-up
the WSN in the field
site.
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Project implementation: understanding the chain that leads to
results
Tips: This is the most important section of the report. Here, the reader will understand the processes and
operational issues of your project and how they contribute to the achievement of the objectives and the theory
of change behind the project implementation.
Is possible that the project team’s understanding of the development problems to be addressed with this project
will have evolved or changed from those described when the project was originally submitted and approved. If
that is the case, please share what motivated the change and what course of action has the project team
identified.

Results chain diagram provided by In Develop

Narrative - project implementation
Implementation: Our WSN system consists of sensor nodes that are capable of data acquisition, data storage,
data processing, and wireless data transmission. At each sensor node of the WSN, several geotechnical
sensors would be integrated to form a sensor column. The sensor column will be buried underneath the earth for
monitoring the various parameters like, earth movements, in situ stresses and strains, etc. A WSN, which utilize
spatially distributed autonomous sensors, to monitor physical or environmental conditions, such as temperature,
sound, pressure, etc. In general, a WSN has three levels of nodes: low level nodes (i.e. sensor columns), cluster
heads, and the gateway node (or the sink node). The low level nodes working under each cluster head. Their
data will then be forwarded to the cluster head. There is no processing step is performed in any of the cluster
heads. All of the higher level nodes will be receiving the data from the lower nodes and transmitting it to the
successive higher level nodes. The cluster heads transmit the data to the sink node. In this project, the sink
node is connected to a data logger. Data would be pre-processed at the data logger and then further forward to
a processing center. The data will be sent to a data logger through a gateway from each node via Xbee
standard. The data received from the data logger is pre-processed and uploaded to a database on a web server
over the Internet and/or GSM/GPRS. A real-time program would analyze the data to monitor and give an alert (it
need) to the designed people about the probability of landslides.
Development effects: this project is the pilot study in Vietnam that focus to develop a wireless sensor network
in order to monitor the landslide phenomenon. The success of this project has proved that we can develop the
WSN by ourselves to assemble the real-time system in some specific locations. This kind of experiment is not in
the scope of this project (as we declared in the proposal). Being convinced of this work, our university (VNU) has
decided to fund us to implement the outdoor-location experiment (in HaGiang or HoaBinh provinces). The
outputs can be classified into three groups: 1) Technical report contains fundamental of landslides, survey
results performed at selected location(s), and the model for real monitoring area, 2) integration of hardware
components(10 hardware kits includes multiple of sensors, DSP board, RF front-end module, etc: helps
electronics engineers to sense and acquire the data in real-time manner), 3) Algorithms and Softwares+
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Publication: 01 accepted conference paper at 2015 Asia Pacific Conference on Multimedia and Broadcasting
(APMediaCast). Furthermore, two master students are going to defence their theses in this direction.
Actual system design for Landslide Monitoring Application
1. Multi sensors integration for each sensor column
The components of a sensor column (namely, wireless sensor node) are integrated as shown in Figure 4.a.
Each sensor column includes three kinds of sensor for measuring parameters of the environment. The
Microprocessor Atmega328 will receive data from sensors and process such as sensor calibration and filter
noise in order to offer value of sensors: temperature, humidity and accelerator. The Xbee module will transfer
the observed data to a processing center. A large capacity battery is used to supply power for each sensor node
up to one year. Thus, the sensor column consists of full components to measure the environments and data
transmission, which is suitable for landslide monitoring.

Figure 4a. Block diagram of a sensor column

a. Accelerometer
An accelerometer can be used as a tilt meter and geophone. For landslide monitoring purpose, the acceleration
sensor is used for measuring the soil layer movements as low creep movement or sudden movement and
analysis of vibration cause during a landslide. In this research, the ADXL335 accelerometer is used to measure
for soil movement and analysis vibration in the ground. The ADXL335 is small, low power, complete 3-axis
accelerometer with signal conditioned voltage output. It can measure the static acceleration of gravity in tilt
sensing applications, as well as dynamic acceleration resulting from motion, shock or vibration. Bandwidths can
be selected with a range of 0.5 Hz to 1600 Hz for X and Y axes, and a range of 0.5 Hz to 550 Hz for the Z axes.
Especially, the vibration characteristics demand the measurement of frequencies up to 250 Hz. The algorithms
for calculating accelerator at X axis:

⎡ Vi
⎤
* RADC − Oi ⎥ / Si ,
Ai = ⎢⎣1024
⎦

(1)
i=X, Y, Z
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where Ai is the value of acceleration in direction i=X,Y,Z; Vi is the value after sampling of i axis; RADC is the
reference of voltage; Oi is 0 g voltage after some simple calibration of i axis; and Si is the sensitivity of the
accelerometer of i axis.
b. Soil moisture sensor
The soil moisture sensor uses resistance to measure the water content of soil (by measuring the dielectric
permittivity of the soil, which is a function of the water content). Simply insert this rugged sensor into the soil to
be tested, and the volumetric water content of the soil is reported in percent. The circuit for moisture sensor has
flip-flop two different inputs to make the current go back and forth. Soil moisture is calculated as following.

M=

(2)

(M ADC − 0offset _ ADC ) * 200
(1023 − 0offset _ ADC )

where M is soil moisture (%), MADC is a data value returned from ADC, and 0offset_ADC is ADC value at 0 Kpa
respectively.

(a)

Accelerometer ADXL335

(b)

(c)

(d)

RF Xbee module

(e)

Wapmote board

Soil moisture sensor

Temperature sensor LM35

Figure 4b. Hardware components of a sensor column (wireless sensor column)
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c. Temperature sensor
The temperature sensor is used to measure changes in environment’s temperature. The physical properties of
soil and water change with temperature. Thus, the LM35 is used to measure the temperature of environment.
The LM35 series are precision integrate-circuit temperature sensor, with an output voltage linearly proportional
to the Centigrade temperature. The LM35 does not require any external calibration or trimming provide typical
o
o
o
o
accuracies of ± 1/4 C at room temperature and ± ¾ C over a full -55 C to +150 C temperature range. The
temperature is calculated as
(3)

T = VADC * k

where T is the real temperature of environment, VADC is the value of temperature after sampling, and k is a scale
coefficient (in this case k = 45).
d.

Xbee

XBee is a wireless RF module using the wireless communication standard 802.15.4. It has longer range than
Bluetooth but lower power consumption than WiFi (802.11). It has a 250kbps radio frequency (RF) data rate and
operates at 2.4 GHz. The XBee modules have the sleep modes for extending battery life.
e. Microprocessor
The Atmega328 microprocessor is a member of the high-performance Atmel 8-bit AVR RISC-based
microcontrollers. It is used to receive and process onserved data from sensors. The Atmega328 have many
special features suitable for building a WSN, such as: high performance, low power AVR microcontroller,
advanced RISC architecture up to 20 MIPS throughput at 20 MHz and 23 programmable I/O lines. The
Wapsmote board has integrated full functions of Atmega328.
2. The proposed Wireless Sensor Network for landslide monitoring
One of important requirements for any landslide monitoring system is the efficient delivery of data in a real-time
manner. The architecture of the system in this study is shown in Fig. 5.

Figure 5. The architecture of the proposed WSN system

Figure 6. Software interface

The complete architecture consists of six wireless sensor columns to measure parameters of the environment.
The WSN is designed as a star network model. The onserved data at each node will be sent to gateway via
Xbee standard. Maximum distance between node and gateway up to 7 km with 250 kbps RF data rate. The data
received from the gateway is duplicated and stored in a database server. Besides, the data is also processed by
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computer via available designed program as shown in Fig. 6. It collected and process to show the network status
and mesuared data at each node. The real-time data and the results of data analysis are then streamed on the
Internet in real-time. Alert services such as the Short Message Service (SMS) is implemented to alert
researchers about the probability of landslides.
3. Wireless software architecture
The software modules implemented in the wireless sensor network include three main modules:
a. Data acquisition module
This module is developed to provide the capability of collecting data from both digital and analog sensors. The
digital data arriving from the acceleration is collected using the digital drivers. The analog data is collected from
soil moisture and temperature sensor.
b. Data processing module
In the monitoring applications require scheduling the events and managing each node’s buffer to avoid loss of
events and data. The data processing module is a core component for processing all the incoming and outgoing
data from the sensors and transmitter respectively in our wireless sensor network. The scheduler module
implements three basic functions:
- Sensor sampling: This module provides efficient communication between sensors and wireless sensor
column. It has the capability to sample and collect measured data in the user defined inter-sampling rate. Data
then is sent to buffer manager module.
- Health monitoring: This module is designed and implemented monitor health of the wireless sensor column.
The node health function provides the status of power in the node, the health of the battery.
- Power saving: This module is designed to provide a power saving mechanism to sensor columns. It is
implemented by integrating wireless sensor column state transition, such as ‘sleep’ and ‘active’.
c. Computer software
The computer software is designed to collect data from wireless sensor columns, analysis and processing
algorithms release warning landslide for researchers.
4. Results
The sensor column has assembled successfully using Waspmote board, Besides, the sensor column has water
resistance.
a. Data Frame: In order to transmit data effectively, the data frame is needed to design carefully. The data frame
is sent from sensor columns have structure:
#

Node ID

#

WASPMOTE_XBEE

#

Frame index

#

Data no. 1

#

Data no. 2

#

Data no. 3

#

……

where:
•
•
•
•
•

Node ID: is an ID address of the node that has 9 numbers
Frame index: will increase after each post
Data no. i: is data of sensor ith that is divided to two fields: name of sensor and data value.
As an example, data frame received from sensor column is: #382553448#WASPMOTE_XBEE#7#TCA:31#HUMI1:0#HUMI2:0#BAT:68#ACC:-1;-2;90#ACC1:715;477;382#
Note that the information of the battery health is also attached into this frame. Gateway receives the date
frame at every 5 seconds.

b. Accelerometer: By rotating the accelerometer in a full range of 360 degrees, we recorded the acceleration
data to form a sinusoidal signal It can be seen that the obtained data is reliable.
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c. Temperature: The temperature sensor is calibrated with a thermometer. The sensor has shown a good
accuracy while comparing with the reference.
d. Soil moisture: The soil moisture sensor is calibrated with standard moisture measuring device-soil PH &
moisture device. This sensor has also proven its good accuracy.

(a) Inside of a sensor
column

(b) Closer view of a sensor
column

Figure 7. Photographs of a sensor column

In measuring outside, we extend the number of sensor nodes. The simulation scenario shows in the table
below.
Simulation scenario in measuring outside
Topology
star

Number of nodes
6

Distance from nodes to gateway
Node1

Node 2

Node 3

Node 4

Node 5

Node 6

38 m

57 m

18 m

39 m

35 m

25 m

Area

Simulation time

100x100m

2 hours

The model of the simulation is showed in Fig. 8.

Figure 8. Simulation model of WSNs system in outdoor experiment

When the simulation ends, we estimate the packet delivery ratio base on the number of messages, which
were sent and received (Figs. 9 and 10).
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Figure 9. Number of messages sent in outdoor simulation process

Figure 10. Number of messages received in outdoor simulation process

The number of messages sent of node 1, node 2, node 3, node 4, node 5, node 6 is 140 messages, 103
messages, 127 messages, 109 messages, 133 messages, 118 messages, respectively. Thus the total
number of messages sent in simulation process is 97 messages. From figure 8, the total number of messages
received is 730 messages. So, the percentages of received packet in simulation process is 100%.
In practical process, we set the model same with that one in simulation process. The Figure 11 will show the
model in practical process.

Figure 11. practical model of WSNs system in outdoor experiment
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The number of transmitted-received packet is showed in the table below.
Number of transmited-received packets in outdoor process
Number of transmitted packet

Number of received packet

Percentage of received packets (%)

97

97

100

According to the result of simulation process and practice process, the percentage of received packets is
100% both in indoor and outdoor experiment. The system operates stable and suitable to deploy in
experiment. For real-time monitoring the data can be accessed through the website http://uetlandslide.com/

Figure 12. Website for data monitoring

As for the operational aspects of the project, the team reported:
The project team established a partnerhip with Prof. Phan Trong Trinh and Assoc. Prof. Do Minh Duc from the
Institute of Geological Sciences (IGS) at the Vietnam Academy of Science & Technology (VAST). They are
experts about landslide phenomenon. They help us to understand what is a landslide, where landslide is often
occurring, where should we bury the device in order to sense and monitor the landslide.
The research group come from different departments of the Electronics and Telecommunication Faculty (VNU
UET-FET). They are specialized in electronics, communication, wireless network, signal processing, etc. The
project helped these individuals to work as a group with the same objectives. We learned from each other and
improved by ourselves. The team also welcomed a collaboration with a researcher from IGS as it helped the
team to have a clear and wider understanding about landslide monitoring. The team has only one female
member in the research group. Most of the members are below 35 year old. The progress of this project tracked
the schedule quite well.
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Input

Project activities

Outputs

Outcomes

Financial, human and
material resources

Actions taken, work
performed.

Result and/or deliverable
produced as a direct
result of the project
activity. Outputs are
under direct control of the
project team.

Likely or achieved short Dates where the listed
and medium term effects. activity was developed.
Focus on the changes
facilitated by the project
for its beneficiaries.
Outcomes tend to be
under the influence of the
project team but not
under direct control.

Timeline

Status

Indicate when the activity Assessment indicating
started, on-going or
how the activity has been
completed.
conducted. Describe
technologies
implemented, methods
and techniques used and
any challenges that have
been identified.

Assessment

Training workshop for
project

Some experts from
Electronics Engineers
Institute of Geological
understand basic
Sciences (IGS) give three knowledge of landslide.
lectures about the
landslide: Introduction
about landslide;
Landslide: causes and
solutions; Landslide in
HoaBinh province.

Technical report contains April 25, 2014
survey results performed
at the selected location

Completed.

Without knowledge of
landslide, electronics
engineers do not know
how to set up the
equipment correctly in the
experiment field. After
this workshop, they have
been equipped this
needed knowledge.

Staff hired for network
simulation. Computer
with corresponding
software.
Equipments: computer,
wireless platform.

- Analyze the connectivity Network performance
of the network
simulation, version 1.2
- Evaluate and construct
the packet’s structure in
the sensor network
- Design the routing
model and analysis of the
transmission of the
packets from sensor
columns to central
station.
- Evaluate the routing
protocol in the sensor
network
- Simulate and evaluate
the system performance
of the proposed system.

A program to simulate the June 25, 2014
network performance.
The network consists of
ten sensor columns. The
information transmission
would be modelled in
different conditions.

Completed.

The project team will use
this simulation to test the
connectivity of the whole
system, especially in the
condition of bad weather
(e.g. heavy rains cause
landslide)

Staff hired for hardware
implementation.
Computer with sensors
and devices.
Equipments: computer,
accelerometer, GPS,
DSP kit, RF module,
humidity sensor, power
unit

- Integrate different kinds Hardware implementation
of sensor in each sensor
column.
- Calibrate the sensors
- Implement the whole
hardware system.

A whole integrated
system:Ten hardware
kits, sensors, GPS
receiver, a DSP board
and a RF front-end
module.

August 10, 2014

Completed.

The hardware system
would be set up at the
experiment field. The
information from sensor
will be used as inputs of
the monitoring program.

Technical support for 2
months. Laptop with
wireless nodes and
corresponding software
Equipments: sensor
nodes, wireless platform.

Test the transmission of
the network under
several different
conditions

Algorithm and C/C++
code for the sensors and
DSP board.
Reliable communication.

A procedure to test and
verify the data
transmission.

Sep. 10, 2014

Completed.

In the good weather, the
communication among
nodes is often reliable.
However, landslides
usually occur during or
after heavy rains. The
connectivity should be
ensured in this condition.
The testing is used to
ensure the reliability of
the system.

Staff hired for landslide
Analyze and propose a
algorithm. Computer with suitable model for
corresponding software. landslide monitoring.
Equipments: computer

The model, version 1.0

A Best-fit model for real
monitoring area

October, 2014

Completed.

The project team uses
this model along with the
data acquired from
sensor columns to
monitor the landslide.

Staff hired for
programming the
landslide monitoring.
Computer with sensors
and devices.
Equipments: computer,
accelerometer, GPS,
DSP kit, RF module,
humidity sensor, power
unit

Real-time application
developed, tested and
launched.

The application version
1.0

A program to monitor the December, 2014
landslide in real-time.

Completed.

The project team can use
this program to predict
the time the landslide
would occur.

Travel for International
Conference

Present the research at
the International
Conference: 2015 Asia
Pacific Conference on
Multimedia and
Broadcasting
(APMediaCast)
http://apmediacast.org/

Publication: 01 paper

A conference paper

The paper is accepted to Completed.
present at APMediaCast

The paper was presented
at APMediaCast, 2325/04/2015
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Project outputs, communication and dissemination activities
Tips: Take into account that the reader of your report has not being involved in project implementation, so
readers do not have any further knowledge besides the information you are providing here.
This section of the report will allow you document the communication and dissemination efforts that the project
team has conducted, which might be part of a specific communication strategy design as part of the project, or in
place for the organization as a whole. When possible, please provide information about strategies in place and
the rationale behind them.
Lessons can be learned from many aspects of project implementation, covering a wide variety of aspects such
as technical, social, cultural and economical. Taking the rationale behind the project and its objectives can serve
as a framework to draw your conclusions. Lessons can be identified by project partners, beneficiaries and
general staff from the organization. A project diary and other activity records can serve as a tool to reflect during
project team meetings and immediately after project activities are conducted.
Outputs are immediate, visible, concrete developmental change that is the tangible consequence
of project activities, under direct control of the project team.
Example of possible outputs to report are:
-‐ New products and Services (software, online platforms, applications);
-‐ Information sharing and dissemination (publications, conferences, multimedia, social media);
-‐ Knowledge creation (new knowledge embodied in forms other than publications or reports, such as new
technologies, new methodologies, new curricula, new policies);
-‐ Training (short-term training, internships or fellowships, training seminars and workshops) and
-‐ Research Capacity (research skills; research management capacity and capacity to link research to
utilization of research results).
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Project outputs

Status

Assessment

Dissemination efforts

Output No. 1 (use the same names as
per the listed outputs in the table
above, see Project implementation)

Please select the option that better
describes the status into the
development of this output:
-‐ Work in progress
-‐ Completed. Please indicate date.
-‐ Not started. Please clarify, why?
-‐ Not completed. Please clarify, why?

Descriptions should be clear and
ideally contain operational terms where
needed. Please describe the quality
dimensions.

Please specify what dissemination
efforts were made, with special
attention to those intending to reach
target groups by gender, age, ethnic
and socio-economic profiles to impact
marginalized and disadvantaged
groups.

Technical report [21 ]contains survey
results performed at selected
location(s) and best-fit model for real
monitoring area.

-‐ Technical report contains survey
results performed at the selected
location (s): completed (April 25,
2014)
-‐ Best-fit model for real monitoring
area: completed (May 25, 2014)

Project team uses survey result as
In Hoa Binh, Ha Giang provinces,
parameters in the landslide monitoring many large landslides occurred during
model.
the heavy rainfalls. We focus to the
construction of landslide conditioning
factors in these provinces.

Algorithm and C/C++ code for the
-‐ Algorithms for network
sensors and DSP board. Detail
communication: completed (June 25,
technical reports showing the code, its
2014).
functionality and its operation under
-‐ C/C++ code for the sensors and DSP
simulating and testing conditions.
board: completed
-‐ Algorithm for landslide monitoring:
physically based model: completed
Ten hardware kits, sensors, GPS
receiver, a DSP board and a RF frontend module.

-‐ Sensor integration: completed (June
20, 2014)
-‐ Sensor calibration: completed (July
25, 2014)
-‐ Evaluate and test in a laboratory:
completed (August 10, 2014).
-‐ Evaluate and test in outdoor
environment: completed (Jan, 2015).

Training workshop for project (soft term - Completed
training)

- Multi-sensors are integrated to a
micro-controller which can be
programmed by using C/C++;
- Data from sensor columns is brought
to the landslide model.

- The C/C++ programming ensures the
data is transferred in real-time.
- The model to predict the landslide
has a high complexity that needed to
be processed in server.

- Multi-sensors are needed to be
integrated in each sensor column.
- Sensors need to be calibrated
carefully before assembling the lab and
experiment field.

- There are different kinds of sensor
needed to be integrated.
- Different sensors need different
calibration methods.
- Results from sensor testing can be
used to adjust the previous steps.

Some experts from Institute of
Geological Sciences (IGS) give
lectures about the landslide.

This training workshop will help the
electronics engineers to implement the
system properly.

International Conference (a proceeding -‐ Submitted and Accepted
The paper was presented at a peerpaper): 2015 Asia Pacific Conference -‐ To be presented at the conference on reviewed conference (APMediaCast).
on Multimedia and Broadcasting
23-25/04/2015 at Bali Island,
(APMediaCast)
Indonesia.
http://apmediacast.org/

After months working in this project,
some results on sensor integration on
each wireless network, network testing
would be published. It would be a good
measure of this project.

Project outcomes
Tips: This section should be completed ONLY for the final report.
ISIF Asia expects you to report about the outcomes of the project as defined in the table below, based on the
project implementation section of this report. Project team is encouraged to discuss the questions provided
below to guide the reflection:
Can you identify and describe the relationships between the activities implemented and the social, economical,
cultural and/or political benefits of your project implementation?
Outcomes can be defined as:
•
•
•
•
•

Medium-term effects
Effect of a series of achieved outputs
Should capture the changes for the
beneficiaries
Take place during the life of project/strategy
Influence but not direct control
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The medium-term effect: this project is one of the first researches in Vietnam that focus to develop a wireless
sensor network in order to monitor the landslide phenomenon. The success of this project has proved that we
can develop the WSN by ourselves to assemble the real-time system in some specific locations. This kind of
experiment is not in the scope of this project (as we declared in the proposal). Being convinced of this work, our
university (VNU) has decided to fund us to implement the outdoor-location experiment (in HaGiang or HoaBinh
provinces).
Effect of a series of achieved outputs: the most important output is the successful launch of a WSN for
landslide monitoring. It will help the government authorities to see that the landslide monitoring systems are
possible to implement in different locations in Vietnam for the protection of the natural environment,
infrastructure, and human lives against landslide disasters. The outputs can be classified into three groups:
•

•

•

•

Technical report contains fundamental of landslides, survey results performed at selected location(s), and
the model for real monitoring area: helps electronics engineers know how to set up the equipment correctly
in the experiment field.
Hardware: Ten hardware kits includes multiple of sensors, DSP board, RF front-end module, etc: helps
electronics engineers to sense and acquire the data in real-time manner. Our hardware system can be
duplicated to implement in larger areas in the future works.
Algorithms and Softwares includes 1) algorithms and C/C++ codes for the sensors and DSP board; 2) data
structures and algorithms in the web-servers; and 3) physical based model for landslide monitoring. These
algorithms and softwares can be improved and duplicated to implement in the future works.
Publication: 01 accepted conference paper at 2015 Asia Pacific Conference on Multimedia and Broadcasting
(APMediaCast). Furthermore, two master students are going to defence their theses in this direction.

The changes for the beneficiaries:
•
•

For the local residents: this is an important step to help the people in areas that landslide often occurs
preventing from losing the natural environment, infrastructure, and human lives.
For the research team: we are equipped the knowledge of landslide, data sensing, network
communication...The hardware and software are useful to extend our work in this field.

Take place during the life of project/strategy: The project adopts a combination of serial activities: site
survey, hardware assembly, modelling and simulation of the wireless ad hoc sensor network, database web
server, and constructing a small scale model in a laboratory environment.
Influence but not direct control: through this project, many people know about landslide and the need of
solutions to reduce the risks caused by landslide. Being convinced of this work, our university (VNU) has
decided to fund us to implement the outdoor location experiment (in HaGiang or HoaBinh provinces). People
also know about ISIF Asia program and ISIF's missions. In the future, there would be more grant submissions
from Vietnam to this program.

Project management and sustainability
Tips: Please comment on the general project administration, staffing, procurement, etc. specially those
aspects contributing to the fulfilment of the project objectives as well as those that have delay project
implementation.
Indicate how the project team has strengthened its capacity and work towards sustainability with the support
provided by ISIF Asia? (new equipment, training, improved administrative skills, lessons learned from the
project). Has the organization increased its research or administrative skills of the team involved? Has the
project allowed for a particular contribution to capacity building of women or marginalized social groups? Special
attention should be paid to the expected or unexpected impact on marginalized social groups.
Have you done anything different to provide administrative support for this project besides your “business as
usual” processes and procedures? Has the project inspired change inside your organization?
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Sustainability is to be examined not only in terms of staff retention and financial stability of the
organization supporting the project but about the communities’ appropriation of benefits
perceived from project implementation.
The ISIF Asia Secretariat is very interest to learn if this project has generated opportunities for future
development (new funding from partnerships, sponsorships, investment or other funding mechanisms), please
provide details.
Please explain if the ISIF Asia grant has helped to consolidate your organization and how. If any of the project
activities will continue after the end of the ISIF Asia grant, please describe how your organization is planning to
support future developments.
Indicate how the project team has strengthened its capacity and work towards sustainability with the
support provided by ISIF Asia?
- Using the ISIF fund, we have bought the equipment, included of a number of sensors and devices to work on
this project.
- Our research team has been trained about the landslide phenomenon, network communication and signal
processing
- This is the first international project that I am a PI. I have learned how to distribute the tasks to each project
member, how to manage the fund (device and salary), etc. I have also learned from experience PI. Thus, the
administrative skills of the team have been improved.
- The encouragement for gender equality and gender perspectives in research is considered through the
involvement of one female PhD student from the UET. Other Master students from UET will potentially be
involved in different aspects of the project.
Have you done anything different to provide administrative support for this project besides your
“business as usual” processes and procedures? Has the project inspired change inside your
organization?
In fact, the only difference is the language. We had to translate some parts of the grant agreement to
Vietnamese and submit to the Division of Planning and Finance.
In Vietnam, we have also a selection process of funded projects based on the requirement and the evaluation of
VNU or Ministry of Science and Technology. However, the number of approved projects is very limited due to
the low budget. This project inspired many researchers from UET. They believe that ISIF fund is really a good
encouragement to researchers in developing countries. I do believe that in the future, there are several
submissions from UET.
Sustainability is to be examined not only in terms of staff retention and financial stability of the
organization supporting the project but about the communities’ appropriation of benefits perceived from
project implementation. The ISIF Asia Secretariat is very interest to learn if this project has generated
opportunities for future development (new funding from partnerships, sponsorships, investment or
other funding mechanisms), please provide details.
For this project, the support of ISIF fund is really a good encouragement. Now that the proof of concept is
completed, the system is ready for field testing, before any “real life” application can be undertaken. As the field
experiment should cover wide areas, the costs will be really high. Therefore, our research group will apply an
extended project from the Department Natural Resources and Environment, Department Agriculture and Rural
development, or some local provinces. We do believe that when the field testing is completed with good results,
our group would be supported to continue to apply to real applications.
In the period up to the present, UET has hosted more than 200 research projects, funded by various research
programs of the VNU and Vietnam government. UET staff members also participate in several joint development
projects with other research institutions, government agencies and industry corporations. This is the first time a
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research group of UET has got a fund from ISIF. It proved that one of UET interests has met the requirements of
international organization.
Our university, UET has signed up its mission as “to conduct education and training and to foster talents,
providing highly-qualified human resources at all higher-education levels; to conduct research on
development and application of advanced sciences and technologies based on a strong information and
communication technology background; to pioneer approach regional and international higher-education
standards; to effectively contribute to the development of the intelligence-based country’s economy and
society”. Inspired by the recent development and achievements of “engineering as the discipline, the art and
profession of the creative application of scientific principles”, UET has reformulated and focused its profile on
engineering education and research. UET is committed to develop into an institution of excellence in the highereducation system of Vietnam, aiming to conduct, develop and deliver high-level engineering education and
research, and thus efficiently contributing to the industrialization and modernization of the country. This project
is a good example of a meaningful research and it is totally fitted to UET's mission. The project’s
relevance to society is by contributing to the development of effective interventions for the protection of the
natural environment, infrastructure, and human lives against landslide disasters. The findings of the study will
not only support the development of local guidelines for landslide risk mitigation, but also contribute significantly
to the revision of the international guidelines for landslide risk assessment and early warning systems. Finally,
the project outcomes will lead to reduce landslide damages of the natural environment, infrastructures, and
human lives.
Please explain if the ISIF Asia grant has helped to consolidate your organization and how. If any of the
project activities will continue after the end of the ISIF Asia grant, please describe how your organization
is planning to support future developments.
After the end of the ISIF Asia grant, based on the obtained results, our university - UET will confirm that it can be
listed as one of potential applications. It means that our research would pass the first phase of a science project
and ready for the second phase (i.e. Production and Deployment Phase). This letter of the recommendation will
help us easier to apply an extended project from the Department Natural Resources and Environment,
Department Agriculture and Rural development, or some local provinces. Furthermore, our university has
decided that the field monitoring (an extended concept of landslide monitoring) would be one of the main
interesting in VNU-UET (http://www.vnu.edu.vn/home/inc/print.asp?N15904 ). Being convinced of this direction,
our university (VNU) has decided to fund us to implement the deeply outdoor experiment.

Impact
Tips: This section of the report does not refer to the project activities, but about the “bigger picture”. It will be
desirable if the project team can reflect on the impact that the project has contributed to as part of other
actions implemented by your organization and/or your partners.
Impact refers to the influence the project may had on the way people does things through the
use or adoption of the project outputs; changes in the context the project was implemented;
changes in the community the project has been working with; and/or changes inside the
organizations that have participated in the implementation or the relationships established
through the project’s implementation.
Impact is often impossible to measure in the short term and is rarely attributable to a single activity. Impact can
be linked to a vision or long-term development goal that your organization might be working towards.
It can be identified as a logical consequence of achieving a combination of outputs and outcomes.
Impact is usually measurable after the project life and is outside the direct control of the project team and the
organization.
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As the project main objectives were to develop a proof of concept of landslide monitoring in Vietnam using WSN,
its impact is limited. The project confirms that it is possible to use WSN to monitor the landslide at areas at risk.
From its results, the leaders in Department Natural Resources and Environment, Department Agriculture and
Rural development, or some local provinces can scale-up to deploy a larger program for field testing of the
landslide monitoring using WSN for later deployment in “real life” conditions, as a meaningful contribution to the
development of effective interventions for the protection of the natural environment, infrastructure, and human
lives against landslide disasters.

Overall Assessment
Tips: This section of the report is extremely valuable for the ISIF Asia secretariat as it provides evidence
about the role and relevance of ISIF Asia contributions in the Asia Pacific region.
Tips: Briefly provide your own views on the value and importance of the project relative to the proposed
innovation, investment of time, effort and funding involved. Include the strengths and weaknesses of the project
and the steps taken to strengthen the credibility and reliability.
This is your opportunity to conduct a team reflection about the value of the project for the organization. The
following questions might help you to prepare a substantive overall assessment.
•
•
•
•
•
•

To what extend the project meet its objectives?
What were the most important findings and outputs of the project? What will be done with them?
What contribution to development did the project make?
Were certain aspects of project design, management and implementation particularly important to the
degree of success of the project?
To what extend the project help build up the research capacity of your institution or of the individuals
involved?
What lessons can be derived that would be useful in improving future performance?

This study has successfully developed an sensor columns for efficient wireless sensor network based landslide
monitoring system. The sensor column has integrated different kinds of sensors to collect and process data. In
each sensor column, there are three external sensors, a micro-processor and a wireless transmission module.
The information on temperature, soil moisture, tilt, vibration, and the status of battery health is sent frequently to
the data processing centrer. The sensor characterization and wireless transmission were also tested carefully. It
can be seen that the whole system can be implemented in real environment.
• To what extend the project meet its objectives?
Up to now, the project has reached to all objectives. The first factor is that it is a well-prepared project. Before
the project has approved, the team members have many discussions about the inputs, activities, and outputs of
the project. The second factor is that it is well-organized. It made the progresses can be archived.
• What were the most important findings and outputs of the project? What will be done with them?
- The project has completed successful. After that, my university has decidied to fund for extending this research
and setting the outdoor experiment.
- This is the first time a research group of UET has got a fund from ISIF. It proved that one of UET interests has
met the requirements of international organization.
- My university (and of course myself) has more experience with the international project.
• What contribution to development did the project make?
In order to improve the resilience of the community, a strategic program for landslide risk reduction and
mitigation should be implemented. However, to date very few efforts have been carried out to assess landslides
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in Vietnam and no attempt has been made for establishing a landslide early warning system. This is the first
project in Vietnam uses WSN in landslide monitoring. The success of this project will construct a system for
dissemination and communication of early warning and risk information in a way that is understood by authorities
and the population.
• Were certain aspects of project design, management and implementation particularly important to the
degree of success of the project?
Sure, the project design, management and implementation, particularly are very important to the degree of
success of the project. This project does not focus only the electronics and communication, but also the
knowledge about geography (landslide). Thus, the project design is made carefully; the progress has been
checked regularly to ensure the management and implementation.
• To what extend the project help build up the research capacity of your institution or of the individuals
involved?
Before this project, some member with separate strength of electronic, network, signal processing, and (of
course) landslide have not a condition to work together. After this project was approved by ISIF ASIA, we could
join in a group in order to work together due to its variety of research aspects.
• What lessons can be derived that would be useful in improving future performance?
+ Increase the number of sensors and devices to monitor a wider area
+ Improve the power plan to save the energy.
+ Implement the field experiments in different provinces with different geographical conditions.

Recommendations
Tips: Include any recommendations in this section that you and your project team, the organizations supporting
the project and the community you worked with, would like to make to other practitioners or researchers on the
field facing similar problems or implementing similar solutions.
Please take a minute to share recommendations with the ISIF Asia secretariat that might help to improve the
support provided.
We would like to thank to the ISIF ASIA. This grant is a realy good encouragement to researchers, especially in
Vietnam. We would like to recommend to ISIF Asia donors and sponsors to increase their funding contributions
to that ISIF can provide every year grants to each developing country in Asia. We would also like to recommend
ISIF to adjust the sechedule of disbursements from 60%,30%,10% to a 70%-20%-10% of the total. The larger
disbursement for the first phase will help project team to purchase equipment and cover running costs while the
second and third disbursement are processed.
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