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Nowadays, the management of parameters measured at the power plants is an urgent requirement
for each country. The automatic systems measuring process parameters of hydropower plants as
well as water management systems have been applied and flourished in the developed countries.
Some important parameters of the hydro plants such as rainfall, level of river, level of water reser-
voir, flow rate of water in canals and rivers, as well as parameters related to safety dams are meas-
ured by sensors, processed suitably and sent to the management centre. In Vietnam and Laos so far
most hydropower plants do not have an automatic data monitoring system and most parameters are
transmitted manually, which is very time consuming and difficult to implement. Therefore, this
paper introduces a new real-time, automatic system to overcome these problems. The design in-
cludes features such as automatic collecting, processing and transmitting data to the monitoring
and management centre. Besides regulating water resources and capacity of the plant to reach the
highest efficiency, the parameters of the system also help to assess impact, manage and monitor
the environment. The device was designed, created, and used as visualization tool for teaching
purposes in the Faculty of Electrical and Electronic Engineering, University of Transport and
Communications in Vietnam, and installed as a technology transfer program in the Theun Hinboun
hydropower plant, Na Hin village, Borikhamxai province, Lao People's Democratic Republic.

Hién nay viéc quan ly tham s6 do dac tai cdc nha mdy thuy dién la mot yéu cau cap bdach doi véi
méi quoc gia. Cdc hé théng tw déng héa do cdc tham sO cua nha mady thiy dién cing nhw cdc hé
théng quan Iy nguon nwée di dwoc iing dung va phdt trién manh mé ¢ cdc nwde phat trién. Mot s6
tham so quan trong cua nha mdy thiy dién nhu lwong mua, myc nwde song, myc nudc hé chira,
toc do ciia dong chay ciia nwGe trén cdc kénh va trén song, ciing nhw cdc tham sé lién quan dén dé
an toan cua ddp, ke bao déu duoc do béi cdc cam bién, sau d6 dwoc xir ly mot cach phu hop va
dwge dwa vé trung tam quan 1. Tai Viét Nam va Lao cho dén nay hau hét cdc nha may thity dién
khong c6 hé thong giam sdt dir liéu tw dong va hau hét cac thong sé duwoc truyén mét cach thi
céng rdt ton thoi gian va khé khdn dé thwe hién. Vi vdy, bai viét nay gidi thiéu mot hé thong méi tie
déng thoi gian thire nham khdc phuc nhitng vin dé nay. Hé thong thiét ké cé mét sé tinh nang nhuw
tw dong thu thap, xu 1y dir liéu va truyén dir liéu vé trung tam quan 1y gidm sat. Ngodi viéc dzeu tiét
nguon nudc ciing nhu cong sudt ciia nha mdy sao cho dat hiéu qua cao nhat, cdc thong sé ciia hé
théng con gitip danh gid tac dong va qudn Iy gidm sdt méi trieong. Thiét bi da duwoc thiét ké, ché
tao thanh cong, dwoc sur dung lam cong cu truc quan phuc vu giang day tai khoa Dién-Dién tir
truong Dai hoc Giao thong Vin tai, Viét Nam va dwoc chuyén giao lap dat cho nha mady thiy dién
Theun Hinboun, ban Na Hin thudc tinh Borikhamxai, nudc Cong hoa ddn chu nhan ddan Lao.
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1. Introduction

The measurement of hydrological parameters of hydro-
power plants is very important for the overall operation
efficiency of the plant. From that measurement, the opera-
tors of the plant can know the values of important pa-
rameters such as rainfall, level of water on river or lake,
and parameters related to the safety of dams, embank-
ments. The automatic systems measuring parameters of
hydropower plants have been used in a long time in the
developed countries. However, in Vietnam as well as in
other developing countries, many measurement systems
are only semi-automatic rather than fullly automatic.
These systems only measure and store the data automati-
cally in their internal memory. Human operators do the
collecting and sending of the data to the processing centre
manually. To collect the data, workers have to access the
areas in order to get the required parameters whereas
hydro plants are always located in rough areas nearby
rivers, waterfalls, sloping mountains etc. Thus, these
works are very laborious, costly, and the parameters are
not collected in real time, which makes these semi-
automatic systems unsuitable for emergency situations.

Today, with the rapid development of telecommunication
groups, mobile phone signal is available in most places in
Vietnam. The system combining automatic measurement
and automatic transmission of data via GPRS to the con-
trol centre is very practical and brings a high economic
benefit. In addition, data is sent to the centre in real-time,
which enables the executive staff to get real-time infor-
mation about each area of interest, at any time. By using
the measurement results, they can provide early warnings
to prevent an expected hazard, as well as provide useful
information about the environmental impact of the plant.
For example, in China, Han et al., 2012 designed a hydro-
logical monitoring system as an application of ZigBee
technology, based on GSM communication.

2. Location and status

In Vietnam, the monitoring systems in some hydropower
projects do not work effectively. The hydrological moni-
toring frequency conducted at the power plants such as
laly plant, Se San 4 plant and Buon Kuop plant is only 2-
3 times/year. Until recently, the Vietnam Environment
Agency under the Ministry of Natural Resources and
Environment plans to increase the annual number of ob-
servations to 3-6 times/year by 2015-2017 (Environmen-
tal Monitoring Centre, 2012). Several new small hydro-
power plants in Vietnam (such as Song Tranh 2) are
equipped nowadays with automatic systems for parame-
ters monitoring. The good performance obtained in-
creased the interest in the development of new automatic
monitoring systems, with even more features, and encour-
aged their implementation at transboundary scale. In this
paper, we developed an automatic hydrological monitor-
ing system for the Theun Hinboun hydropower plant,
which is located in the hydrographic basin of river Theun
in Borikhamxai province of Lao People's Democratic
Republic. The parameters surveyed are collected from
several areas within the river basin (rivers and streams
flowing into the reservoir of the plant), as well as from

several locations in the surrounding provincial forests (see
Figure 1 and Figure 2). Depending on the amount of wa-
ter in river basins flowing into reservoirs for hydropower,
the location of the monitoring stations will be selected.
Normally, rain gauges are installed at the upstream of a
river or of effluent while the stations measuring water
level are often installed downstream of a river to monitor
its water levels and water flow rate.

In our study area, the survey for data collection is very
difficult and strenuous. The topography of Borikhamxai
province and areas near by Theun Hinboun hydropower
consists of mostly rugged hills, rivers, mountains, which
makes the transport of the survey instrumentation devices
very difficult (Figure 1). Beside of surveying the most
favourable sites for the measurement and evaluation, we
have to examine whether the GSM operations are stable
in order to provide information to the data transfer mod-
ule. The given objective of the plant was to install 13
stations for GPRS-based transmission of data to the cen-
tre. For this, the survey team investigated 25 locations and
among them, the 13 most suitable places were selected
(Figure 2) (Open Geospatial Consortium, 2006; Steiniger
et al., 2005).

Figure 1. Survey in hydropower plant Theun Hinboun

3. Design of the management and mon-
itoring system

3.1. Structure of the system

The system architecture consists of a group of measure-
ment devices, data acquisition devices and central control
room at the station. Figure 3 shows a schematic represen-
tation of the system, which has the main objective the
collection of data from the measurement devices. The
collected data is stored in the memory of station devices
and then sent to the centre via wireless networks GSM /
GPRS and Internet (Ngo et al., 2012). At the receiving
station, the database management program will collect
and store the measured parameters such as reservoir water
level, rainfall, and some other parameters.

3.2. Structure of devices collecting and
transmitting data

The devices used in the project include processors PIC
24F256GB106, Datalogger; module GSM SIM900 trans-
mitting by GPRS, power supply with protection against
over-voltage, against convolution source, memory card (1
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GB) and some other devices such as LED, horn etc. The 4.2V DC and 3.3V DC. The software is built based on
power supply for the station board varies from 9V DC to MPLAB IDE development system for Microchip C30
36V DC while the output powers of the station board are  compiler Toolsuite (Figure 4).
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Figure 4. Block diagram of collecting device

The measuring equipment include sensors measuring
rainfall, water level, wind strength, etc. The sensor VW
piezometers of Slope Indicator measuring water level is of
the sensor based on pressure. The probe will be sub-
mersed into the rivers or lakes. When the water level in
these rivers and lakes changes, the pressure will change
respectively. From that, the sensor will read the current to
the respective value in the range of 4-20 mA.

The sensors TB4 and TB4MM measuring the rainfall are
made by Campbell Scientific manufacturer and work on
the principle of cumulative count data. When it rains, the
water will fall into the hoppers and then ot will flow and
pour into the gutters inside. The gutters are divided into
two sides, as shown in Figure 5. When the water flows
into the left gutter, due to the weight of the water, the

gutter will be turned over and activate the switch under-
neath. After that, the water will be poured into the right
gutter until this gutter is full, then the right gutter will be
turned over and activate the switch underneath. The latter
switch is opposite to the former switch through the axis of
the gutter turning. The cycle continues to operate in that
manner until the end of the rain. The heavier the rain
intensity, the greater numbers of turning over the gutters
during one hour. Thus, the output signal will be higher
during one hour. The conversion coefficient calculated for
one time of turning over of the gutter is 0.2 mm for the
TB4MM sensor and 0.254 mm for the TB4 sensor, re-
spectively. This is one digital signal given by the state
transition of the switch.
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CM240 — &= *_r

g
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Figure 5. Sensors VW piezometers and TB4/TB4MM

These measuring devices are connected to the equipment
that read signals from the sensors Datalogger CR800,
CR1000, CR10X (Compbell Scientific manufacturer, see
Figure 6). The data are then processed and transmitted to
the microprocessor. Sampling time is different between

stations (15 minutes, 30 minutes and 60 minutes). The
frequency of data storage depends on the importance of
individual stations. For the important station, frequency
will be higher, such as 15 min or 30 min, and is often
applied for water level measurement stations. The fre-
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quency of all the rainfall stations according to the stand-
ard of the meteorological department is 60 min per sam-
ple (Campbell Scientific, 2012).

— 4
Figure 6. Dataloger CR800 (a) and Datalogger
CR1000 (b)

The module SIM900 has functions for message pro-
cessing and GPRS data packet. The main microprocessor
is PIC 24F256GB106. It will read, process the data, and
execute the commands to control the transmission of data
from the module SIM900 to the monitoring centre by
GPRS connection. In the station, a measuring device
transmits signals to the BTS station using GSM/GPRS.
From here, the data will be pushed to internet and sent to
centre by ADSL Modem.

Currently, these devices are redesigned and developed
based on FPAA, using the chip AN231K04 and compati-
ble ones of Anadigm manufacturer. This chip can use
elements to configure inside it to create amplification,
differentiation, and filters. From there, we can use it to
read the analogue signals from sensors, then process,
filter, amplify and transmit the signal to the main proces-
sor to handle and transfer the data to the server. Figure 7
shows the real device.

Figure 7. Our real device

There are 13 stations installed arround the hydropower
plant (Figure 2): seven stations for reainfall measurement
(CSo01, €CS02, CS07, CS08, CS09, CS11, CS20) and six
stations for the measurement of water level (CS16, CS18,

CS19, CS21, CS22, CS23). The equipment located at the
station is designed with features that can change the IP
address and change the station name for the device.

Targets of the changes:

- Changing IP address to reset devices’ address when
moving to another server

- Changing ID of the station to reset devices’ name or
change the devices if necessary.

- Changing frequencies of sending data as well as struc-
ture of packets to the centre.

Features:

+ All of the above changes are made for using the devices
in a simple way. It is not needed to rewrite the code to
program the microprocessors. The performance is defined
by two methods:

- Implementation by software on computer (interface).
The devices will be connected to the interface via RS232
port. From this interface, the users can configure device
parameters on the incoming IP address as the station ID
and the frequency of sending. In addition, this interface
can also check the operation status of the device.

- Implementation by SMS. The users can configure the
parameters for the device with one SMS while the equip-
ment is still operating normally. The users will compose
one message based on the defined rule and send it to the
phone number of the device. Then the device will auto-
matically update the parameters and report back to the
user's phone that the change has been successful or not.
The purpose of this test is to know the certainty of im-
plementation, if the change was successful or not.

+ All changes of the above parameters after configuration
are saved to the flash memory in the microprocessor.
Therefore, when the devices are losing power and the
power comes back on, the parameters are not lost.

+ In addition, the devices also have the function of warn-
ing to landline or mobile phone by a text message when
the system has a problem such as rainfall or water level
exceeds a certain level, or when there is an intruder, or
when the devices are stolen.
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§

Figure 8. Mounting the device in the investigated area

3.3. Server at the centre

The software at the centre includes two packages. The
first package connects and gets the data, and the second is
the filtering distribution data analysis package.

The functions of the first software package are connection
and receiving data from the sending station. It is pro-
grammed via communication TCP Socket client / server.
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Figure 9. Algorithm diagram of software connecting
and receiving data

The functions of the second software package are separat-
ing the data of different stations, analyzing, charting and
storing the data. Because the system consists of many
different stations at different places, these stations are
indicated by different IDs. And for each station, the time
of sending data is different. For the water level measuring
stations the duration between each time of data transmis-
sion is 15 minutes. And for the rain gauges it can be 30
minutes or 60 minutes, depending on the importance level
of each station. Consequently, this software must separate
and group the different stations to display and store as

well as provide statistical reports per day, month, quarter
or year.

4. Hydrology monitoring

The gauges measuring and monitoring the rain and water
level are installed at 13 different stations, among which
rainfall stations are located at the upstream of the river
and most of the water level stations are located at the
downstream of the river. Our system focuses on the auto-
matic collection, processing and transmition of data to the
monitoring and management centre. On the other hand,
the investigated parameters are measured using standard
sensors, which are imported from the famous companies.

In Laos, all existing meteorological instruments in place
at 48 stations are analogue, manual types. Among these,
JICA Technical Cooperation Projects recently upgraded
only six stations, but the devices are still analogue and not
automatic (Pathoummady, 2010). In fact, the meteorolog-
ical stations in Laos with analogue instruments are of
potential risk for data errors induced by both low quality
of instruments and reduced proficiency of observers.
Since the number of meteorological stations in Laos is
insufficient and their efficiency is low, the hydrological
data are only measured with low accuracy at a reduced
number of places. According to the Department of Mete-
orology and Hydrology, Water Resources and Environ-
ment Administration, Lao People's Democratic Republic,
the rainfall amount measured at four stations in Laos from
1976 to 2009 varied from 1080 mm to 2694 mm with the
average rainfall of 1721 mm (Department of Meteorology
and Hydrology, 2013).

Table 1: Peak rainfall intensity measured during 72 hours at the station CS11 in 2011

Peak Rainfall Intensities

é 2011 Total 06 hour 12 Hour 24 Hour 48 Hour 72 Hour
g Month  (mm) Depth Day Depth Day Depth Day Depth Day Depth Day
(mm) time (mm) time (mm) time (mm) time (mm) time
Jan 0.00 0.00 0104:58 0.00 0110:58 0.00 0122:58 0.00 0222:58 0.00 0322:58
Feb 0.20 0.20 13 07:01 0.20 13 07:01 0.20 13 07:01 0.20 13 07:01 0.20 13 07:01
Mar 39.40 15.60 0812:00 17.00 3004:58 18.80 3013:58 18.80 3013:58 18.80 3013:58
Apr 2680 2260 2219:01 22.60 2219:01 22.80 2309:00 22.80 2309:00 22.80 2309:00
May 21240 33.00 1422:58 5520 1422:01 5540 1422:58 6040 1422:58 69.60 17 06:00
= Jun 984.60 153.00 2321:00 189.20 2403:00 247.40 2322:58 336.00 2422:58 407.60 2519:58
8 Jul  1249.80 90.60 3018:00 147.80 3103:00 219.00 3104:58 274.80 0100:00 300.60 2104:01
Aug  843.00 100.40 0904:58 124.00 0212:00 153.40 0222:01 257.40 0910:58 282.00 09 10:58
Sep  778.00 146.80 0100:00 191.20 0100:00 191.40 0100:00 19420 0100:00 197.20 01 00:00
Oct 74.00 2840 0207:58 29.60 0207:58 4440 0207:58 5520 0300:00 5520 0400:00
Nov 0.00 0.00 0106:00 0.00 0112:00 0.00 0200:00 0.00 0300:00 0.00 0400:00
Dec 0.00 0.00 0106:00 0.00 0112:00 0.00 0200:00 0.00 0300:00 0.00 0400:00

For the purpose of this paper, we do not aim at comparing
the hydrological data measured by our system with the
data from the Department of Meteorology and Hydrology
of Laos. Instead, we just focus on the point that the rec-
orded data are automatically transmitted to the central
station. Then the data can be extracted from the database

management program at any time and expressed automat-
ically under different performance types such as in table,
diagram or graph.

In our investigation, the data in Table 1 and Table 2 de-
pict an example of rainfall intensities measured over a
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shorter period of 72 hours. In this case, one can observe
the fine resolution of the data collected, impossible oth-
erwise if the readings were to be done manually, by hu-
man operators. The recorded data include the realtime of
measurement, every six hours. These tables also indicate
the total monthly amount of rainfall measured in 2011 at
two stations, CS11 and CS20. From these data, we can
calculate that the total rainfall amount in 2011 at the sta-
tions CS11 and CS20 (around Theun Hinboun hydropow-
er plant in Borikhamxai province) is 4208 mm and 2579
mm, respectively.

In our project, as explained above, the sampling time
could be every 15 minutes, 30 minutes and 60 minutes.
For the water level measurement stations which are im-
portant stations, frequency of storing data is 15 minutes or
30 minutes. Frequency of all the rainfall stations is 60
minutes per sample according to the standard of the mete-
orological department.

Table 2: Peak rainfall intensity measured during 72 hours at the station CS20 in 2011

Peak Rainfall Intensities

-§ 2011  Total 06 hour 12 Hour 24 Hour 48 Hour 72 Hour
?;3) Month  (mm) Depth Day Depth Day Depth Day Depth Day Depth Day
(mm) time (mm) time (mm) time (mm) time (mm) time
Jan 0.00 0.00 0104:58 0.00 0110:58 0.00 0122:58 0.00 0222:58 0.00 0322:58
Feb 0.20 0.20 1316:58  0.20 1316:58  0.20 1316:58  0.20 1316:58  0.20 13 16:58
Mar 19.40 7.00 3001:58 10.80 3007:58 14.00 3010:58 14.00 3010:58 14.00 3010:58
Apr 56.20 1540 2219:58 1540 2219:58 1620 2816:58 23.80 2816:58 30.60 2913:01
May 175.80 28.00 1813:58 28.00 1813:58 40.00 1910:01 46.60 1813:58 62.00 1922:58
S Jun 35020 40.00 2513:01 49.00 2513:01 69.00 2512:00 118.80 2519:01 126.40 26 15:00
8 Jul 795.60 118.00 3019:58 160.80 3101:58 270.20 3103:00 310.60 3118:00 318.00 01 00:00
Aug 513.40 7220 0209:00 81.80 0213:58 118.40 0210:58 192.00 0313:01 212.40 04 00:00
Sep 591.80 108.40 1604:01 113.80 1607:58 150.00 1607:01 238.00 1704:58 286.20 17 04:58
Oct 76.00 61.60 0106:00 6320 0112:00 6420 0200:00 68.40 0300:00 68.40 04 00:00
Nov 0.00 0.00 0106:00 0.00 0112:00 0.00 0200:00 0.00 0300:00 0.00 0400:00
Dec 0.00 0.00 0106:00 0.00 0112:00 0.00 0200:00 0.00 0300:00 0.00 0400:00

The collected data can be processed and interpreted using
the automatic system. All the data were automatically
collected and transmitted to the central station in real time
allowing statistical analysis and performance under the
different formats such as table, diagram or graphic. Figure
10 and Figure 11 show the monthly rainfall distribution
measured at station CS11 and station CS20 in 2011.

CS511 RAINFALL DISTRIBUTIONIN 2011
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Figure 10. Rainfall distribution measured at station
CS11in 2011

By interpretation under these diagrams, it is easier to see
that rainy season lasts from April/May to Septem-
ber/October, and the highest precipitation amount was
measured at both mentioned stations in July, which were
1250 mm and 796 mm at CS11 and CS20, respectively.

CS20 RAINFALL DISTRIBUTION IN 2011

lan Feb May  Jun Jul Aug  Sep Oct Nov Dec

Figure 11. Rainfall distribution measured at station
CS20 in 2011

Our devices can automatically measure and record the
rainfall intensities at the investigated stations and transmit
the recorded data to the centre. However, in this project,
we emphasize on transmission of the recorded data to the
central station for easier management and monitoring. We
can check the results whenever for any period of time
casily i.e. the data can be extracted per hour, week,
month, etc. For instance, we can visualize the daily rain-
fall amount during August 2012 measured at station CS09
(Figure 12):
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Data about water level monitoring at some stations
(CS16, CS21, CS18, CS19 top to bottom) during August
2012 are shown as graphic in Figure 13. The water
surface elevation varies from 141 m to 158 m and the
order of deep level at the stations is as following:
CS16>CS21>CS18>CS19.

The data collected for 13 stations in 2011 and 2012 in our
project are extremely valuable for Laos since the national
meteorological network, the observations and the data
management in Lao PDR are ineffective. Most of instru-
ments in the monitoring network are aged and some are
deteriorated (Pathoummady, 2010).
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Figure 13. One screen of data monitoring of water surface elevation during August 2012

5. Conclusion

New design and implementation of measurement devices
by local means are important for the development of mon-
itoring systems at hydropower plants in Vietnam and
other countries in the region. The device system has
solved the problem of automation for the statistic purpos-
es while the equipment designed ensures high reliability.

The automatical measurement of essential parameters of
the hydropower plants by such device systems is needed
in Laos and Vietnam. The application of remote data
transmission via GPRS services has brought in economic
efficiency in terms of system requirements as well as
features of direct monitoring and prompt handling situa-
tions when problems occur.

Concurrently, new technology applications will cause the
system to become more compact, fully integrated on a
motherboard. By design and creation of this automatic
system, we achieve an enormous benefit in terms of man-
power and time since data can be transmitted accurately
by GPRS instead of manual reading and reporting.

After several investigation and test phases, the official
installation of devices was done in March 2012. After this
date, the devices have been active 24/24 and no problem
occurred. Since the system went into operation, the hy-

dropower plant has been operating in a more effective
manner in regulating water resources as well as the capac-
ity of the plant so that the most efficient operation was
achieved.

The automatic hydrological monitoring system in the
Theun Hinboun hydropower plant, Na Hin village, Bori-
khamxai province, Lao People's Democratic Republic has
proven to be stable and efficient. It could therefore be
extended and implemented at different other locations in
Laos and surrounding countries where meteorological
data is still collected and transmitted manually.
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