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FOREWORD  
In response to the 

escalating flood 

damage driven by 

climate change, the 

Ministry  of  Land, 

Infrastructure, 

Transport and 

Tourism (MLIT) of 

Japan developed a 

crisis-management 
water level gauge — 

 
Water Resources Management and 

Hydrology Division of the Department of 

Irrigation and Drainage (DID), Malaysia, 

which conducted a pilot study. Findings and 

results were subsequently shared with TC 

members. 

This report provides an overview of the 3L 

Water Level Gauge, reviews the project’s 

implementation in detail, and evaluates the 

gauge’s  performance  under  real-world 

the 3L Water Level Gauge — featuring four 

key advantages: 

(1) long-term, maintenance-free operation; 

(2) a compact design enabling space-

saving installation on bridges and 

similar structures; 

(3) lower initial investment costs; and 

(4) reduced ongoing maintenance and 

management expenses. 

To promote capacity building in flood 

monitoring among ESCAP/WMO Typhoon 

Committee (TC) Members, MLIT proposed 

the Flood Risk Watch Project for Life-Saving 

as one of the Annual Operation Plans (AOPs) 

of TC Working Group on Hydrology (WGH). 

Officially launched at the TC 51st Session in 

2019, the project concluded at the TC 56th 

Session in early 2024. 

Throughout its implementation, the project 

was carried out in collaboration with the 

conditions. It is intended to serve as a 

technical reference for the Typhoon 

Committee region and beyond. 

I wish to express my deepest appreciation to 

all experts from Japan’s MLIT and the 

Infrastructure Development Institute (IDI) for 

their invaluable contributions to this initiative. 

My sincere thanks are also extended to our 

colleagues at DID Malaysia for their 

dedicated support and cooperation 

throughout the project. 

 

 

 
Dr. DUAN Yihong 

ESCAP/WMO Typhoon Committee 

Secretary 

January 2026 
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1.2 Overview 
Gauges 

of 3L Water Level 

1. Introduction  
 
 

 
In September 2021, the World 
Meteorological Organisation (WMO) and the 
United Nations Office for Disaster Reduction 
(UNDRR) announced that climate change 
and increasing extreme weather events have 
caused a surge in natural disasters over the 
past 50 years, disproportionately affecting 
developing countries. 

According to the agency's "Atlas of Mortality 
and Economic Losses from Weather, 
Climate and Water Extremes", from 1970 to 
2019, natural disasters accounted for 50% of 
all disasters, 45% of all reported deaths and 
74% of all reported economic losses. 
However, it states that with early warning 
systems and improved disaster management, 
the number of fatalities will fall by about a 
third between 1970 and 2019, from 50,000 in 
the 1970s to less than 20,000 in the 2010s. 

 
Water level observation systems are 
considered to be the backbone of this early 
warning system and disaster risk reduction 
and will be even more needed in the future to 
reduce and mitigate damage caused by 
water-related disasters. 
In addition, effective flood control measures, 

including structural measures, are essential 
to mitigate damage caused by floods and to 
prevent the loss of assets accumulated 
through development. The planning and 
design of flood control measures require 
water level data accumulated by water level 
observation systems. 

 
In Japan, the need for more detailed river 
water level monitoring has led to the 
installation of cheaper (less than USD 100) 
"3L Water Level Gauges", with more than 
9,000 (as of May 2022) installed across the 
country. However, all Typhoon Committee 
Members have not established such water 
level stations, and river level data necessary 
for river and water resources management, 
including floods and droughts, are not 
sufficiently observed, collected and shared. 
One of the reasons for the lack of 
development of water level observatories is 

the installment cost. The cost of water level 
gauges needs to be reduced so that they can 
be installed in more locations. 

 
Even where water level gauges have been 
installed, many cases have been reported 
that they have not been adequately 
maintained and damaged hindering 
continuous observation. The major reason 
for this is considered to be maintenance 
costs, and effective measures to reduce the 
maintenance costs of water level 
observations are required. 

 
On the other hand, in view of the 
intensification of water-related disasters in 
recent years, in addition to measuring and 
reliably collecting river level data at higher 
densities and frequencies, the data needs to 
be combined with forecast information and to 
be disseminated in an easy-to-understand 
and effective manner for use in evacuation of 
residents and in crisis management 
responses of governments and locals, in 
order to reduce damage caused by water-
related disasters, including human lives. 

Therefore, there is a need for water level 
observation equipment with low installation 
and maintenance costs, as well as proposals 
for observation systems. Furthermore, those 
river level observation systems need to be 
deployed in advanced river information 
systems that can provide the collected river 
information more clearly and effectively. 

 
As one of the solutions to meet the needs in 
typhoon committee members, Japan has 
proposed the introduction of "3L Water Level 
Gauges" with the keywords "3L that is Low 
cost, Long Life and Localised". 

 

 
(1) Crisis management type water level 

gauges in Japan 

In Japan, while flood disasters occur 
frequently on small and medium-sized rivers, 
there are not enough water level monitoring 
stations compared to large rivers, which has 

1.1 Current status and challenges of 
water level observations in 
Typhoon Committee members 
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led to difficulties in crisis management based 
on the rising river levels of small and 
medium-sized rivers and responding to crisis 
management based on this information. 

 
To address this challenge, the Ministry of 
Land, Infrastructure and Transport and 
Tourism (MLIT) has developed a low-cost 
water level gauge specialized for water level 
observation during floods in the framework of 
a public call for technology from companies 
under the Innovative River Management 
Project since 2016. By specializing in 
observations during floods, using mobile 
communication networks and utilizing 
generic components, the cost and size of the 
instrument has been significantly reduced. 
The aim is to promote the spread of water 
level gauges to rivers where no water level 
gauges were previously available and to 
rivers where higher-density water level 
monitoring is required, and to enhance the 
water level observation network. 

 
The features of the crisis management type 
water level gauges are as follows. 
The name "crisis management type water 

level gauge" is used to distinguish it from 
conventional water level gauges because of 
its special feature of monitoring water levels 
during floods. 
(Features of crisis management type water 
level gauges). 

 
 Long-term maintenance-free (more than 

5 years of operation without power 
supply). 

 Space saving (downsizing enables easy 
installation on bridges, etc.). 

 Reduction of initial costs (The cost of the 
water level gauge itself is less than 1 
million yen/unit due to the downsizing of 
the equipment, which was enabled as a 
result of observations limited to flood 
events, that led to smaller batteries and 
equipment with the help of technological 
development as well. 

 Reduction of maintenance and 
management costs (reduction of data 
volume by specialising in water level 
observation during floods only, and 
reduction of communication costs in 
combination with IoT technology). 

 The system has been installed in more 
than 9,000 locations nationwide (as of 

May 2022), and further installations 
being promoted. 

Crisis management type water level gauges 
are low-cost water level gauges specially 
designed for flood observation, which 
measure and transmit data at 10-minute 
intervals when the river level rises and 
exceeds a threshold water level. Under non-
flood circumstances, only one inspection 
data transmission per day is required. 

 
Crisis management-type water level gauges 
of national and local management have been 
installed at approximately 9,000 locations (as 
of May 2022), and further deployment is 
being promoted. 

 
Crisis management-type water level gauges 
are broadly divided into water contact types 
and non-contact types, which are selected 
according to the conditions of the installation 
site. The basic configuration is the same for 
both types. Observation results from the 
crisis management type water level gauges 
and conventional water level gauges are 
published on the River Information Centre's 
'River Level Information' website, which can 
be viewed by residents at any time via PC or 
smartphone. The website is operated by the 
Ministry of Land, Infrastructure, Transport 
and Tourism (MLIT), so prefectures and 
other local authorities do not need to build 
their own viewing systems, which is one of 
the reasons for cost-saving. 

 

Figure 1-1 Images of Crisis management 
type water level gauges 

The technical specifications of the crisis 
management type water level gauge are 
given in the Appendix at the end of this 
document. 
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(2) Overview of the 3L Water Level Gauge 
 

The name "crisis management type water 
level gauge" in Japan is used to distinguish it 
from conventional water level gauges 
because of its special feature of monitoring 
water levels for crisis management during 
floods. However, when crisis management-
type  water  level  gauges  are  applied 

 

Figure 1-2 Overview of the 3L Water Level 
Gauge 

 

 

(1) Typhoon Committee Working Group on 
Hydrology 

The ESCAP/WMO Typhoon Committee 
(hereinafter referred to as 'TC: Typhoon 
Committee') is an intergovernmental 
organization for typhoon disaster mitigation 
established in 1968 for the purpose of 
cooperation among 14 members (as of 
March 2020) in East and South-East Asia. 
In addition, the Working Group on 

Hydrology ('WGH') is one of the essential 
working groups of TC. 

 
The Japanese Ministry of Land, 
Infrastructure and Transport (MLIT) has 
actively participated in the TC since its 
establishment. 

 
The WGH members exchange information 
and discuss national and regional reports, 
AOPs (Annual Operation Plans) and other 
topics of discussion at the Hydrology 
Committee meetings. 

(2) AOP6: Flood Risk Watch Project for Life-
saving 

overseas, their use is not necessarily limited 
to flood periods as in Japan. For this reason, 
the Ministry of Land, Infrastructure, 
Transport and Tourism (MLIT) introduces 
them as '3L Water Level Gauges' to make it 
easier for partners to understand their 
features in overseas applications. The 3L in 
3L Water Level Gauge stands for Low Cost, 
Long Life and Localised. 

 
From March 2019 to March 2023, as one of 
the individual activities of the Hydrology 
Committee (AOP6: Flood Risk Watch Project 
for Life-saving), a project was carried out to 
study the possibility of deploying 3L water 
level gauges to Typhoon Committee 
members. The long-term objective of the 
project is to promote the installation of water 
level stations in Typhoon Committee 
members and the more effective use of river 
information, including water levels. 

 
As a first step towards this, the project aims 
to study the feasibility of 3L water Level 
Gauges application to other typhoon 
committee members by sharing the 
installation procedures and data utilization of 
the 3L Water Level Gauges with the typhoon 
committee members through demonstration 
(test observation) in a typhoon committee 
member outside Japan. 

 
Test observations for applicability studies 
were conducted in cooperation with the 
Department of Irrigation and Drainage (DID), 
Ministry of Energy Transition and Water 
Transformation (PETRA), Malaysia, and 
after visiting three candidate sites, the 
observations in a river in Kuala Lumpur was 
chosen. Malaysia, like Japan, has a 
nationwide water level observation network 
and information system in place. The 
reasons for the selection of Kuala Lumpur 
were that it was easy to verify the test 
observation data and compare them with 
data of existing water level observation 
equipment. Moreover, Kuala Lumpur is 
undergoing significant urban development, 
and if flooding were to occur, the damage 
would be enormous and a more detailed 
understanding of river levels is required. 

 
a) Objective 

・To share the installation procedure and 

1.3 Typhoon Committee Working 
Group on Hydrology AOP6 Project 
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data utilization of the 3L Water Level 
Gauge with Typhoon Committee 
members. 

・Consideration of its installment to other 
typhoon committee members. 

b) Implementation period 

・March 2019 - March 2023 

c) Area of implementation of the 
demonstration 

・Specific river basins in Malaysia 

In the project, the applicability of a Japanese 
companies’ crisis management type water 
level gauges (3L Water Level Gauge), 
including modification and adjustment of the 

equipment to Malaysian hydrological 
observation specifications, was confirmed by 
installing it on one river in Malaysia, and 
conducting test operations. Specifically, the 
3L Water Level Gauges were installed at the 
same location as the existing water level 
gauge operated by the Malaysian DID, 
observations were carried out at the same 
time, and the observed values of them were 
compared to confirm the feasibility of 
introducing the 3L Water Level Gauges to 
Malaysia. 

The next chapter details the demonstration in 
Malaysia. 
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2. Demonstration in Malaysia  

 
 

 

(1) Hydrological observation in rivers in 
Malaysia 

DID through the Division of Water Resources 
Management and Hydrology (BSAH) as a 
whole is responsible for setting up and 
maintaining the hydrological stations 
throughout Malaysia, collecting, processing, 
archiving, and dissemination of the 
hydrological data such as rainfall, river stage 
(water level) and discharge (streamflow), 
evaporation, river suspended sediment, river 
water quality, and agro-hydrological data. 
The hydrological activities are carried out for 
three major purposes: 

 

i. Data collection and management; 

ii.  Maintenance of a flood 
forecasting/warning service; and 

iii. Maintenance of a drought 
monitoring service. 

 
To fulfill the activities in an orderly and 
standardised manner, a quality manual 
based on the MS ISO 9001:2015 was formed 
by the BSAH Division. 

 
In the early days, the DID water level station 
consisted of stick gauges. The gauges must 
be read at least twice daily and recorded 
manually. Nowadays automatic or telemetry 
water level stations have been developed by 
DID. Automatic water level instrument mainly 
consists of sensors, data loggers or remote 
terminal units, communication modems, and 
power supply systems. By using this 
automatic equipment, water level data can 
be monitored in real time by DID and the 
public. This method is very useful for flood 
forecasting and monitoring. 

 
Currently, DID is actively developing 
telemetry water level stations throughout the 
country. Based on information from the 
website https://publicinfobanjir.water.gov.my, 
there are 939 numbers of telemetry water 

level stations that have been developed by 
DID. However, this number keeps increasing 
over time since hydrological station 
development projects are still ongoing. 

 
(2) Malaysia’s Flood Forecasting and 

Warning Program（PRAB） 

1) Outline of PRAB 
 

The National Flood Forecasting and Warning 
Program (PRAB) was initiated after the major 
floods that occurred in December 2014 that 
hit eight states namely Kelantan, 
Terengganu, Pahang, Perak, Perlis, Johor, 
Sabah and Sarawak. A total of 25 deaths 
were recorded, more than 500,000 people 
were evacuated, and the cost of losses 
exceeding RM 2.85 billion. This program is 
planned to be implemented comprehensively 
throughout the country where it involves the 
development of flood forecasting models for 
40 main river basins. 

 
2) Background of Development 

 
The PRAB Program will be developed 
through 3 phases of implementation, namely 
Phase 1, Phase 2A, and Phase 2B. The 
implementation of PRAB is targeting 40 
major river basins will have a highly accurate 
flood forecast model. PRAB Phase 1 Project 
has been implemented for three (3) major 
river basins namely Sg. Kelantan, Sg. 
Terengganu and Sg. Pahang. The PRAB 
Phase 2 Project will involve flood forecasting 
models in 38 river basins nationwide 
including Sabah and Sarawak. The PRAB 
project is expected to be completed by 2030. 

 
3) Development Goals 

PRAB aims to achieve the following four 
goals. 

 

i. To develop a system that can 
forecast monsoon flood 7 days 
earlier based on weather forecast 
data   from   the   Malaysia 

2.1 Overview of Hydrological 
Observations in Malaysia 

https://publicinfobanjir.water.gov.my/
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2.2 Background 
Malaysia 

of Activities in 

Meteorological Department (MET); 

ii. To increase the capacity of the 
existing system for warning and 
dissemination of monsoon flood 
from 6 hours to 2 days earlier for the 
benefit of related agencies and the 
population affected by the flood; 

iii. To increase the accuracy of flood 
forecasting by reducing the 
difference between forecast and 
observed data from 1 meter water 
level to less than 0.5 meter; and 

iv. To develop a system that’s capable 
to forecast and disseminate flash 
flood warning to public from 1 to 3 
hours earlier based on weather 
forecast data from Malaysia 
Meteorological Department (MET) 
focused on river overflow. 

 
Figure 2-1 shows the overall structure of 

PRAB. The PRAB is composed of the 
following four components: 

 

i. Observation (rainfall and water 
level); 

ii. Data accumulation; 

iii. Forecasting (river level and 
inundation forecasting based on 
rainfall/water level data, tide levels, 
river topography, and land 
topography); and 

iv. Information Release. 

 
Figure 2-1 PRAB overall structure 

4) Flood and Inundation Forecasting 
Methodology and Disaster 
Prevention Information Release in 
PRAB 

PRAB aims to issue out flood warning to the 
public as early as two (2) days ahead based 

on the meteorological data from the Malaysia 
Meteorological Department (MET). In issuing 
flood warning to the public, data from various 
source is required as an input to the flood 
forecasting model. One of the crucial data is 
water level in river which is obtain from 
telemetric water level station throughout 
Malaysia. More water level gauge 
observations are needed to improve the 
accuracy of flood forecasting and to issue 
early warnings. 

 
5) Information Items Provided by PRAB 

A website has been developed in the PRAB 
program which is called as Public Infobanjir. 
The website provides hydrological 
observation data as well as images of flood 
conditions via cameras and flood forecasts. 

 
Figure 2-2 shows the installation status of 
rain gauges, water level gauges, and web 
cameras station. 

 

Figure 2-2 Rainfall Observations, Water 
Level Gauges and Cameras (Near Kuala 

Lumpur) 

（▽：rainfall station, ○：water level gauge, 

■ ：camera） 
https://publicinfobanjir.water.gov.my/?lang= 

en 
 

 
The installation of 3L water level gauges in 
Malaysia was conducted since 2018 with the 
Department of Irrigation and Drainage (DID), 
Ministry of Energy Transition and Water 
Transformation (PETRA) Malaysia as a 
counterpart. The history of activities to date 
is summarized in Table 2-1.. 

https://publicinfobanjir.water.gov.my/?lang
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Table 2-1 Background of Activities 
FY Period Contents 

 

 
2018 

 

 
October 

2019 8th Typhoon Committee Working Group on Hydrology 
(Tokyo) 
Explanation of the project to members at the Typhoon Committee 
Working Group on Hydrology 
Explanation of the 3L water level gauge to DID officials during a 
seminar in Malaysia 

 
 
 
 
 
 

 
2019 

 
January 

Visit to Malaysia DID (Kuala Lumpur) 
Visit to Malaysia DID's water level observation facilities and 
exchange of opinions 

 
October 

2019 8th Meeting of the Typhoon Committee Working Group on 
Hydrology (Seoul) 
Project description to the members of the Hydrological Committee 
of the Typhoon Committee 

 Visit to Malaysia (Kuala Lumpur) 
Held seminars on Hima Dam inspection and flood risk monitoring 
Explanation of the project to Malaysian DID officials 

 
December 

Field survey of potential 3L water level gauge installation in 
Malaysia (Kuala Lumpur, Penang) 
Meeting DID water level observation and hydrological data 
application staff and field survey 

→Approval for trial construction of a 3L water level gauge 

 
 

 
2020 

 
 

January 

Visit to Japan by Malaysian DID officials, site visit to 3L water level 
gauge, MLIT meeting 
Visit the crisis management type water level gauges of Yamato 
River and Tsurumi River 
Explanation of Japanese policy by MLIT staff 

Year-round 
Coordination of 3L water level gauge technical specifications, test 
observation locations, customs clearance procedures, etc. 

 
 
 

 
2021 

  

 
August 

Public solicitation of companies participating in the test observation 
of 3L water level gauges 

→Confirmation of participation request for test observation (4 
companies applied) 

September 
Online briefing for companies participating in the test observation 

→Final confirmation of observation participation (4 companies 
decided) 

November 
Online information exchange meeting for companies participating 
in the test observation 

 
 
 

 
2022 

January 

～February 
Application for test observation to Malaysia DID (Letter sent) 

→Official approval for test observation of 3L water level gauge 

March 
Online meeting by DID Malaysia, Ministry of Land, Infrastructure, 
Transport and Tourism, and companies participating in the test 
observation 

April 

～August 
Installation of 3L water level gauge (Malaysia) 

August 
Installation of water level gauges at all participating companies 
completed and observation started 

October Start of test observation 

 
2023 

March Test observation completed 

April Removal of 3L water level gauge (planned) 

September Adjustment of AOP6 test observation results 

October Report the results to the Typhoon Committee 
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2.3 Selection of rivers and sites for 
test observation 

2024 February Coordination of final report with Malaysia 

 

 

Figure 2-3 Background of activities（DID organizing documents） 

 

The Malaysian DID side proposed the three 
basins shown in Figure 2-2 as the target 
basins for the test observation of the 3L 
water level gauge. During the field visit in 
December 2019, we visited the water level 
stations in these three basins and examined 
candidate sites for the implementation of the 
test observation sites. 

 

・Klang River 

・Langat River 

・Pinang River 

 
 

 
Figure 2-2 Map of candidate locations of 

model watersheds 

 
(1) Situation of Klang River 
 The Klang River is an urban river that 

flows through the urban area from Kuala 
Lumpur City in the upper basin to Klang 
City in the lower reaches. 

 DID presented two water level gauge 

Langat River Basin 

Klang River Basin 

Pinang River Basin 
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test sites: the Klang Gate Dam upstream 
and the Sultan Sulaiman Bridge water 
level station in the center of Kuala 
Lumpur. 

 Non-contact water level gauges were 
installed at both the Klang Gate Dam 
and Sultan Sulaiman Bridge, one on the 
dam body at the Klang Gate Dam and 
one on the water pipe bridge at the 
Sultan Sulaiman Bridge. 

 The Sultan Sulaiman Bridge was also 
equipped with a radio wave velocimeter 
for real-time flow observation. The 
station has been monitoring the water 
level for more than 40 years and is one 
of the most important stations on the 
Klang River. 

 The station used to be observed by a 
propeller-driven anemometer using a 
cableway. It is still used for the 
verification of radio wave anemometers. 

 

Figure 2-5 Klang Gate Dam and existing 
water level gauge (non-contact type) 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-6 Sultan Sulaiman Bridge Water 

Level and Rainfall Observatory and Existing 
Water Level Gauge and Radio Velocity 

Gauge (non-contact type) 

 

 
Figure 2-3 Location map of Klang River 
basin and observed water level gauge 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-4 Klang Gate Dam and existing 

water level gauge (non-contact type) 
 
 
 

 

Figure 2-7 Sultan Sulaiman Bridge Water 
Level and Rainfall Observatory and Existing 
Water Level Gauge and Radio Velocity 
Gauge (non-contact type) 
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Figure 2-8 Sultan Sulaiman Bridge 
Observation section and building 

Figure 2-9 Sultan Sulaiman Bridge 
Observation section and building 
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(2) Langat River situation 

 

・The Langat River, like the Klang River, 

is urbanized in its upper basin and is 
frequently flooded. 

・In this survey, we visited two sites: Kg. 

Sg. Kantan, which is a branch of the 
Langat River and flows through a 
residential area, and Sg. Langat Batu 
12, which is along the main river of the 
Langat River and near the flooded area. 

・The two water level gauges we visited 
were both non-contact. 

・The Batu 12 site on the upstream side 

of the Langat River was flooded twice in 
October 2019, when a siren warning 
was issued. In the upper Langat River 
basin, the floodplain is topographically 
restricted to the riverbanks, and the 
inundation area seems to be limited to a 
part of the riverbanks where the ground 
elevation is low. 

・The siren equipment was a mechanical 

type using floats and was not linked to 
the PRAB system, but operated 
independently depending on the water 
level in the ground. The range of the 
alarm is about 1 km from the siren point, 
according to the hearing. 

・At Batu 12, a web camera was installed 

in addition to a water level gauge and 
siren. The web camera costs 3000 RM 
(about 78,000 yen) for the camera itself 
and 20,000 RM (about 52,000 yen) for 
the whole camera. 

 

Figure 2-10 Langat River Basin Map 

 

 
Figure 2-11 Langat River Upper Basin and 
Inspection Water Level Gauge Location 

Map 
 

Figure 2-12 Kg. Sg. Kantan Water Level and 
Rainfall Observatory and Observation 
Section 

 
Figure 2-13 Kg. Sg. Kantan Water Level 

and Rainfall Observatory and Observation 
Section 



13   

 

 
Figure 2-14 Sg. Langat Batu 12 Water Level 
and Rainfall Observatory and Water Level 

Gauge Sensor Section (Non-contact) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-15 Sg. Langat Batu 12 Water Level 
and Rainfall Observatory and Water Level 

Gauge Sensor Section (Non-contact) 

 
Figure 2-16 Web camera and siren device 

 
Figure 2-17 Web camera and siren device 
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(3) Pinang River Status 

 

・The Pinang River basin is used by 

urban areas from the mouth to the 
upstream basin, similar to an urban river 
in Japan. 

・In recent years, flooding damage in the 

Pinang River has mainly occurred in the 
downstream area, which is affected by 
tidal fluctuations, while the upstream 
area appears to be free of flooding 
damage due to the effects of the 
reservoirs described below. 

・At the most downstream point, Sg. 

Pinang di Jalan P.Ramlee, two water 
level gauges (non-contact type), one 
new and the other old, were being 
tested. 

・The instruments were similar at Sg. 

Pinang di Jalan P.Ramlee and one 
upstream at Sungai Air Itam @ Jalan 
Scotland. The RTU device to be 
employed on Penang Island has a data 
logger function and has different 
specifications from the two rivers in the 
mainland part. It will be necessary to 
evaluate both types during the test 
observation. 

・The Lolong Batu Lanchang site, where 

no water level gauge has been installed, 
is currently equipped with a rain gauge 
only, but it appears that overflow 
flooding also occurs from this site, and 
is considered a candidate site for 
installation of a new water level gauge. 

 

 
Figure 2-18 Pinang River Basin and 

Observation Water Level Gauge Location 
Map 

 

 
Figure 2-19 Sg. Pinang di Jalan P.Ramlee 
Water Level and Rainfall Observatory and 
Observation Section 

 
Figure 2-20 Sg. Pinang di Jalan P.Ramlee 
Water Level and Rainfall Observatory and 

ObservationSection 

 
Figure 2-21 Water level gauge, siren, rain 

gauge and solar panel 
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© G o o g l e 

 

K u a l a L u m p u r 

Klang River 

 

 
Figure 2-22(2) Water level gauge, siren, rain 

gauge and solar panel 

 
Figure 2-23(1) Kolam Sg. Dondang 

Water Level and Rainfall Observatory and 
Retarding Basin 

 
Figure 2-24(2) Kolam Sg. Dondang Water 

Level and Rainfall Observatory and 
Retarding Basin 

2.4 Selection of test observation sites  

(1) Test observation site 

Of the three candidate basins, the Klang 
River  basin  was  selected  for  the  test 

observation. The Klang River is an urban 
river that flows through the capital city of 
Kuala Lumpur and is a river that has been 
severely flooded. Although water level 
gauges have already been installed in other 
rivers, a more detailed understanding of river 
water levels was desired, which was the 
reason for the selection. In the early stages 
of implementation, the test observation site 
was selected at the Klang River Sulaiman 
Bridge site (Sg. Kelang di Jam. Sulaiman), 
located in downtown Kuala Lumpur, in 
consultation with Malaysian Department of 
Irrigation and Drainage. 

 
Table 2-2 Test and Observation Site 

District River Station name 

Kuala 
Lumpur 

Klang 
River 

Sg. Kelang di 
Jam. Sulaiman 

 

Fig. 2-18 Klang River Basin Location 
Map 

 

S g . K e l a n g d i J a m . S u l a i m a n 
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F l ow 
Di rect i  on 

Figure 2-19 Location map of the Klang River 
basin and test observation sites 

 

Figure 2-20 Sg. Kelang di Jam. Sulaiman 
Water Level Observatory Exterior 

However, due to space limitation and 
installation constrain, the installation location 
of the 3LWLG was decided to be changed to 
the Sentul Hydrology Station, Kuala Lumpur. 
Only one location was selected in order to 
make fairly comparison on data analysis and 
equipment performance between all the 
3LWLG installed. Besides that, it can 
facilitate the monitoring work by the DID 
personnel. The proposed installation location 
is as shown in the Figure 2-21 below. 

 

Figure 2-21: Propose Location for 3L WLG 

Installation 

(2) Overview of the Klang River basin and 
river 

 
The Klang river basin has a catchment area 
of 1,285.00 square kilometer, and 253 
numbers of tributaries. The catchment area 
involves Kuala Lumpur and 6 districts in the 
state of Selangor which is Klang, Kuala 
Langat, Sepang, Petaling, Hulu Langat, and 
Gombak. There are 2 dams in the Klang river 
basin which are Batu Dam, and Klang Gates 
Dam which provide water supply to the 

people of Klang Valley and for flood 
mitigation purposes. 

The Klang River is a river which flows 
through Kuala Lumpur and Selangor and 
eventually flows into the Straits of Malacca. 
It is approximately 120 km in length, and has 
11 tributaries which are includes Sg. 
Gombak, Sg. Batu, Sg. Kerayong, Sg. 
Damansara, Sg. Keruh, Sg. Kuyoh, Sg. 
Penchala and Sg. Ampang. 

 

2.5 Location of the test equipment   

The Sentul Hydrology Station, Kuala Lumpur 
is selected as the test observation because 
there is a steel bridge owned by DID that has 
plenty of space for installation of 5 numbers 
of 3LWLG. Besides that, DID has a number 
of water level gauge installed on that bridge, 
which can be used as a reference for 3LWLG 
comparison. 

 
Before the delivery of 3LWLG to Malaysia 
was carried out by the participating 
companies, several matters were be 
informed and decided as follows: 

 
i. All the 3LWLG shall be installed 

on the existing 30-meter-long 
steel bridge at the Sentul 
Hydrology Station, Kuala 
Lumpur. The Picture and 
sketches of the steel bridge as 
shown in Figure 2-22 have been 
sent to all the participating 
companies through MLIT, for 
their reference; 

ii. The 3LWLG installation point on 
the bridge has been set as 
shown in Figure 2-23; 

iii. The participating companies 
were informed about the 
existence of one (1) water level 
gauge unit owned by DID at the 
steel bridge, which will be used 
for data comparison with 
3LWLG from Japan. In addition, 
the installation of 3LWLG must 
be done at a distance of at least 
6m from the river bank due to 
the existence of exposed 
sedimentation during low water 
level at a distance of 4m from 
the river bank. Please refer to 
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Figure 2-24; and 
iv. The participating companies are 

allowed to install the 3LWLG on 
the existing safety railing on that 
steel bridge, but they must be 
responsible for the damage and 
failure that will occur. In addition, 
the participating companies also 
need to make repairs to the 
original condition of the safety 
railing after the testing program 
is completed. The picture of the 
safety railing is as shown in 
Figure 2-25. 

 

Figure 2-22: Steel Bridge at Sentul 

Hydrological Station, Kuala Lumpur 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-23: Arrangement of Sensor 

Placement on the Bridge 
 

Figure 2-24: Installation Location 

 

 

Figure 2-25: Steel Bridge Safety Railing 
 

The installation work has been carried out in 
stages by each of the participating 
companies. The first installation works were 
carried out by the Midori Engineering 
Laboratory on the 11th of May 2022, followed 
by MEISEI ELECTRIC Co.,Ltd. on the 23rd 
of May 2022. Then, the YACHIYO 
Engineering Co., Ltd. / OSASI Technos Inc. 
completed their WLG installation works on 
the 27th of June 2022. And finally, on the 
26th of June 2022, eTRUST Co.,Ltd. have 
installed their WLG on site. The picture of all 
WLG installed on the steel bridge at the 
Sentul Hydrology Station is as shown in the 

 
Figure2-26. The summary of the installation 
date of WLG is shown in the Table2-3 below. 

 
Table 2-3: Installation Date 

 

No. 
Participating 

Company 
Installation 

Date 

1 Midori Engineering 
Laboratory 

11/5/2022 

2 MEISEI ELECTRIC 
Co.,Ltd. 

23/5/2022 

3 YACHIYO 
Engineering Co.,Ltd. / 
OSASI Technos Inc. 

27/6/2022 

4 eTRUST Co.,Ltd. 26/7/2022 
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Figure 2-26: Picture of all WLG installed at 

site 

 
 
 

 
3. Preparation for test observation (work in Japan)  

 
3.1 Companies Participating in the Test and Observation  

 

Work items and process of test and 
observation 

 
The work items and overall process of the 

test observation are as follows. In 2020-2021, 
the global spread of COVID-19 forced 
changes in the test observation process, 
which had to postpone the process. 

Table 3-1 Malaysia 3L water level gauge test observation process 
 

Item 
Implem 

-enter 

2021 2022 2023 

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 

 
 
 
 
 
 
 
 
 
 
 
 

 
Japan 

1.Coordination with Malaysia DID                                

(1) Coordination of test construction sites M・I                               

(2) Coordination of customs clearance 

procedures 
M・I 

                              

(3) Arrangement and coordination of observation 

results 
M・I 

                              

2. Recruitment of participating companies (holding 

briefing sessions) 

                               

(1) Briefing session held M・I                               

(2) Declaration of willingness to participate in 

test construction 
P 

                              

(3) Determination of the number of participating 

companies → Communication to DID 
M・I 

                              

3. Design and development of 3LWLG                                

(1) Design of Malaysia-specification WLG P                               

(2) Production of Malaysia-specification WLG P                               

Communication test with Malaysian server P                               

4. Construction Plan Examination                                

(1) Planning of local construction plan P                               

(2) Communicate local construction details to 

DID 
M・I 

                              

(3) Preliminary coordination with local 

contractors 
P 

                              

5. WLG transportation to Malaysia P                               

 
Malaysia 

(1) Installation and adjustment of water level 

gauges 
P 

                              

(2) Observation of water level P                               

(3) Removal of water level gauge P                               

M: Ministry of Land, Infrastructure, Transport and Tourism 

I: International Institute of Construction Engineering 

P:Participating Companies 

 

(1) Cost sharing for test and observation 
 

Since the Malaysian DID is positioned to 
evaluate the performance of the Japanese 
3L water level gauge, all costs (procurement 

 

 
of the test equipment, transportation to 
Malaysia, installation in Malaysia, 
observation and removal, etc.) are to be 
covered by companies wishing to participate 
in this test observation. 



19   

(2) Recruitment of participating companies 
 

The 3L water level gauge is an observation 
device that serves as the backbone of the 
river water level monitoring and early 
warning system. Therefore, it is expected 
that it will be widely disseminated through the 
Typhoon Committee Working Group of 
Hydrology. The 3L water level gauge began 
with the Japanese concept of the crisis-
management type water level gauge. To 
disseminate this concept, it is important to 
participate in the test observation. 

 
The public application period was 26 days, 
from August 2, 2021, to August 27, 2021, 
during which a total of nine companies 
confirmed or inquired about the project, and 
received applications for participation from 
the four companies and JVs listed in the table 
below. 

 
Table 3-2 Testing and construction publicly 

solicited companies/JVs 
 
 
 
 
 
 
 
 
 

 

 

(1) Organize technical specifications for test 
observations 

 
The differences in the technical 

specifications between the domestic Crisis-

management-type water level gauge and 

Malaysian  3L  water-level  gauges  are 

use the knowledge of companies and water 
level gauge manufacturers that already have 
experience with the implementation of such 
gauges in Japan. Therefore, we decided to 
invite companies interested in overseas 
activities to participate in the project. To this 
end, the Ministry of Land, Infrastructure, 
Transport, and Tourism (MLIT) publicly 
solicited participating companies regarding 
this test observation on its website, and all 
companies that applied were eligible to 

 
summarized in Table 3-3. 

Comparing the existing water level gauges in 
Malaysia with the 3L water level gauges in 
Japan, although their equipment 
configuration and parts are generally equal, 
it is not possible to conduct water level 
observations in Malaysia using the 3L water 
level gauges with Japanese specifications 
due to differences in observation conditions 
and communication environment. Therefore, 
the test observation required partial 
modification of the 3L water level gauge to 
meet the Malaysian required specifications. 
The following four items are the summary 

of the modifications required for the 3L 
water level gauge. The sensor part of the 
water level gauge was limited to a non-
contact type based on the requirements of 
the Malaysian side. 

 

・Support for year-round observations 

(observation periods, intervals, and 
associated power supply modifications) 
Backup support in case of 
communication breakdown (logger 
function added) 

・Modification of communication unit 

(RTU) (Modification of communication 
program to support Malaysian 
telecommunication lines and to 
communicate with Malaysian data 
center) 

・Steel enclosure (anti-theft measure) 

3.2 Localization 
observation 
(coordination 

of test and 

equipment 
with Malaysian 

specifications for equipment) 

NO. Company Name 

1 eTRUST Co.,Ltd. 

2 Midori Engineering 
Laboratory 

3 YACHIYO Engineering 
Co.,Ltd. / 
OSASI Technos Inc. 

4 MEISEI ELECTRIC Co.,Ltd. 
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Table 3-3 Summary of differences in water level gauge observation specifications 
Entry Japanese specification Malaysian Specifications 

Water Level Gauge 
Type 

Contact type / Non-contact 
type / Image type 

Non-contact type 

Water level 
observation period 

Flood season only Year-round observation 
(Observation outside of 
flooding season) 

Water level 
observation interval 

2 minutes / 5 minutes / 10 
minutes interval 

5 minutes interval 

Water level 
transmission 
interval 

2 minutes / 5 minutes / 10 
minutes interval 

15-minute intervals 

Water Level 
Observation 
Accuracy 

Depends on each company (1 
mm to 1 cm) 

1cm 

Power 
Specifications 

Depends on each company Storage batteries/solar panels 

No-sunshine 
guarantee period 

Depends on each company 14 days (2 weeks) 

cellular telephone 
network 

4G(LTE Cat.1) 2G(GSM)/4G(LTE) 

communication 
protocol 

MLIT's own TCP FTP 

Water level gauge 
housing 

(made of) plastic made from iron 

 
 

(2) Basic configuration of equipment 
 

The 3L water level gauge shall be a partially 
modified version of the Japanese domestic 
crisis-management-type water level gauge to 
Malaysian domestic specifications. 
The companies participating in the test 

observation provided the 3L water level 
gauge itself as well as components related to 
its installation. 

The 3L water level gauge body refers to the 
part shown in yellow in Figure 3-1. 
Specifically, it consists of a sensor unit (water 
level gauge), RTU unit, power supply unit 
(battery and solar panel), and housing. 

 
The components involved in installation are 
shown in blue in Figure 3-1, and include the 
foundation, mounting components, and jigs. 

 
 
 
 
 
 

 
Figure 3-1 3LWLG equipment configuration 

image 
 

1) Water level gauge sensor 
Water level gauge sensors shall be limited to 
non-contact (radio frequency or ultrasonic) 
types. 

 
2) Communication unit (RTU) 

The communication unit (RTU: Remote 
Terminal Unit), which controls the entire 
water level gauge, stores data, and transmits 
observation data, was set to observe water 
levels every 5 minutes and transmit data to 
the DID server every 15 minutes (three sets 
of water level data at 5-minute intervals were 
sent). 

Solar 
Panel 

Battery 

RTU 

Sensor Unit 
Housing 

Installation Materials 
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3) Communication lines 
As with existing water level meters in 
Malaysia, private cellular phone lines will be 
used. The telephone network to be used will 
be 2G (GSM) or 4G (LTE), which is in service 
throughout Malaysia. 

 
4) Data backup device 

A data logger function is maintained in the 
RTU as a backup means in case of 
communication breakdown. The data 
storage period shall be one year from the 
observation. Backup data will be stored on 
SD cards or other general-purpose storage 
media that can be manually retrieved by DID 
staff for viewing and transmission on a PC. 

 
5) Power supply section 

The power supply section shall be self-
generated by batteries and solar panels. The 
battery capacity and solar panel size will be 
designed to be appropriate considering the 
Malaysian requirement specification 
"continuous operation under no sunlight for 2 
weeks" and the amount of communication. 

6) Enclosure 
The enclosure that houses the 
communication unit (RTU) and battery shall 
be made of steel, based on a theft case in 
Malaysia. The size of the enclosure shall be 
set based on the size of the communication 
unit and battery to be stored. 

 
7) Water level observation and data 

storage and transmission 
Water level observations shall be conducted 
in accordance with the observation items and 
intervals specified by Malaysia DID. 

8) Observation period 
The water level observation period should be 
year-round (constant observation), not only 
during floods. 

9) Observation and data transmission 
intervals 

Water level observations shall be made at 5-
minute intervals, data storage in RTUs shall 
also be made at 5-minute intervals, and data 
transmission to the data center shall be 
made at 15-minute intervals. 

10) Data storage 
Observation data is stored in a logger in the 

RTU in a predetermined format at 5-minute 
intervals and transmitted to the data center 
at 15-minute intervals. In addition, the 
storage capacity is set so that the saved data 
can be stored in the logger for a minimum of 
one year from the point of storage. 
Observation data were in text format every 

5 minutes and given file names according to 
the following naming conventions. 

 
11) Observation items 

Only items related to water level 
observations were observed based on the 
Malaysian DID's PRAB system common data 
format. (Observations were made for 17 of 
the 87 DID observation items) 
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Table 3-4 Observation items (only water level observation items among DID observation 
items are set) 

NO 
. 

parameter 
Observatio 
n interval 

transmissio 
n interval 

Setting with 3L water level gauge 

1 start character 5mins 15mins $ 

2 
Station Number 
(PRAB) 

5mins 15mins DID assigned 

4 RTU ID number 12hrs 12hrs 
Each company sets its own limit 
of 25 characters 

5 
Data acquisition 
year, month, date, 
time, second 

5mins 15mins 
Data acquisition year, month, 
date, time, second 

6 
Alarm Related 
Parameters 

5mins 15mins Value of DID designation (A2) 

7 Battery voltage 5mins 15mins Current battery voltage value 

8 
Signal strength of 
communication 
devices 

5mins 15mins RTU signal strength 

10 Initial battery voltage 5mins 15mins Initial battery voltage value 

11 Solar panel voltage 5mins 15mins 
Generated voltage value of solar 
panel 

16 
Alert threshold of 
water level gauge 

12hrs 12hrs 
DID will be given at a later date if 
needed 

17 
Warning threshold of 
water level gauge 

12hrs 12hrs 
DID will be given at a later date if 
needed 

18 
Danger threshold of 
water level gauge 

12hrs 12hrs 
DID will be given at a later date if 
needed 

36 
Water level gauge 
1ID 

12hrs 12hrs 
Each company sets its own limit 
of 25 characters 

37 Water level 1 5mins 15mins Water level observation value 

85 
Observation point 
latitude 

5mins 12hrs 
Water level observed value point 
latitude 

86 
Observation point 
longitude 

5mins 12hrs 
Longitude of water level 
observation point 

87 final character - 15mins * 

 

12) Data transmission 
Observation data is transmitted to the data 
center at 15-minute intervals. 

The connection protocol to the data center 
shall be FTP, and the observation data file 

shall be sent to the data center after the 
observation. (every 15 minutes) 
The address, connection ID, and password 

for the connection to the data center were 
specified by the DID. 
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4. Test observation 

 
 

 
(1) Transportation and on-site installation 
The 3L water level gauges were transported 
by the companies participating in the test 
observation. 

 
The on-site installation of the 3L water level 
gauge was done by the test observation 
participants themselves. 

 
(2) Adjustment of zero-point height 

The water level gauge measures the 
distance from the sensor surface of the water 
level gauge to the river surface. The 
measured distance is added to the zero 
height of the water level gauge to obtain the 
observed water level. In the test observation, 
this zero-point height was not sufficiently set 
due to a lack of prior coordination. Therefore, 
we decided to add the corrected value to the 
3L water level gauge and compare the water 
level with the DID water level gauge until the 
zero-point height of the water level gauge 
was corrected. 

 

 
 

Figure 4-1 Adjustment of zero-point height 
 

Specifically, corrections were made as 
shown in the table below. The correction of 
the zero-point height of the water level gauge 
at AOP60003 was the slowest, with the 

correction completed on January 15, 2023. 
This allows a direct comparison of DID water 
level gauge observations with all water level 
gauge observations 

4.1 Installation of 3L water level 
gauge 
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Table 0-1 Method of comparison with DID's WLG 
WLG Company 

Comparison Method (1) Comparison Method (2) 
Notes 

Period (Malaysian time) Comparison Method Period (Malaysian time) Comparison Method 

AOP60001 eTRUST Co.,Ltd. 14.10.2022- Observations corrected 6.12.2022 Comparison of DID  
  6.12.2022 and compared 14:55- WLG observations with 
  14:50 Observed value -0.141m  3LWLG observations 

AOP60002  14.10.2022- Observations corrected 6.12.2022 Comparison of DID  
  6.12.2022 and compared 14:55- WLG observations with 
  14:50 Observed value -0.154m  3LWLG observations 

AOP60003 Midori Engineering 14.10.2022- Observations corrected 1.15.2023 Comparison of DID calculation 
 Laboratory Co., Ltd. 15.1.2023 and compared 22:20- WLG observations with formula：y=a*x+b 
  11:45 Modified calculation  3LWLG observations a=-0.00473 
   formula   b=40.31434 

AOP60005 YACHIYO Engineering 14.10.2022- Observations corrected 28.12.2022 Comparison of DID  
 /OSASI Technos Inc. 28.12.2022 and compared 13:05～ WLG observations with 
  13:00 Observed value -0.090m  3LWLG observations 

AOP60006 MEISEI ELECTRIC 14.10.2022- Observations corrected   
 

 Co.,Ltd. 1.12.2022 and compared － － 
  15:45 Observed value -0.151m   

  1.12.2022 Observations corrected 11.1.2023 Comparison of DID  
  15:50- and compared 16:45- WLG observations with 
  11.1.2023 Observed value -0.098m  3LWLG observations 
  16:30    

 

4.2 Test observation  

(1) Demonstration experiment period 
The demonstration period for the test 
observations was at least six months from 
the start of the observations. 

The six-month period was established 
based on the minimum required period in 
operation during the transfer of water level 
gauges within Malaysia. 

 
(2) Verification of the results of the 

demonstration experiment 
Through test observations, we demonstrated 
that the Japanese 3L water level gauge 
meets the requirements of the Malaysian 
water level gauge. 

For the verification work, IDI received 
observation data from each company and 
existing Malaysian water level gauge 
observation data from the Malaysian DID, 

and conducted data comparison and 
coordination work including confirmation with 
the Malaysian DID. 

The evaluation perspectives to be 
demonstrated in the test observations are as 
follows. 

 

（Observation Performance Evaluation） 

・Comparison of 3L water level gauge and 

existing Malaysian water level gauge 
observations and water level mark 
readings 

（Maintenance Performance Evaluation） 

・Assessment of crisis communication 
status (data transfer status) 

・Assessment of equipment failure 

frequency (confirm no-failure period, 
non-stop observation period, and 
evaluate battery condition (Battery Volt)) 
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5. Test observation results 
 

5.1 Installation location  

Details of the installation locations are shown 
in the figure below, with the 3L water level 
gauge installed around DID's WLG. 

 
 

 

 

 
Table 5-1 Installed water level gauge 

 

Figure 5-1 Installation location (1) 

Figure 5-3 Installation location (3) 
 

In the test observation, data was sent to 
DID's FTP server, and water levels were 
displayed on DID's website. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5-4 Example of water level display of 
a comparative water level gauge (Sg. Batu 

di Sentul) 

 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 5-2 Installation location (2) 

The four evaluation items for the test 
observations were 1) Data Format, 2) Battery 
Voltage, 3) Observed Water Levels, and 4) 
Data Transfer. The evaluation period was 6 
months from October 2022 to March 2023. 

 

Figure 5-5 Evaluation items for test 

observation（DID organizing documents） 

5.3 Evaluation of observation results  

5.2 Evaluation 
Observations 

Items for Test 

MEISEI ELECTRIC Co.,Ltd. 

AOP6-6 

YACHIYO Engineering / 

OSASI Technos Inc. 

AOP6-5 

6m 9m 

7m 

eTRUST Co.,Ltd. 

AOP6-2 

7m 

DID WLG 
8m 

Midori Engineering Lab. 8m 

Batu River 

Flow Direction 

AOP6-3 eTRUST Co.,Ltd. 

AOP6-1 
9m 6m 

B
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g
d
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Figure 5-6 Monthly voltage check (average) 
 

Figure 5-7 Voltage check on a daily basis 
(charged during the day by solar cells) 

 
(3) Observed Water Levels 

The accuracy of the 3L water level gauge 
was verified by comparison with a water level 
gauge in operation at DID. 

 
The average observed water level difference 
between all 3L water level gauges and DID 
water level gauges is about 1 cm, and no 
specific large errors occur. Therefore, it can 
be concluded that the observed water level 
of the 3L water level gauge is sufficiently 
accurate compared to the DID water level 
gauge. 

Table 5-4 Observed Water Levels 
Mth. Ovt. Nov. Dec. Jan. Feb. Mar. Min. Max. Ave. σ 

 

AOP60001 

Min. -8.90 -19.00 -13.90 1.10 3.10 2.10 
 

-19.00 
 

40.10 
 

0.18 
 

0.03 
Max. 30.10 34.10 23.10 39.10 40.10 34.10 

Ave. -0.01 0.12 0.83 -0.93 0.11 -1.20 

σ 0.02 0.03 0.02 0.02 0.03 0.03 

 

AOP60002 

Min. -7.40 -21.50 -6.70 1.00 2.60 1.00 
 

-21.50 
 

87.90 
 

-0.16 
 

0.02 
Max. 25.60 28.40 27.80 49.30 87.90 42.90 

Ave. 0.13 -0.12 0.95 -0.43 0.34 0.10 

σ 0.02 0.03 0.02 0.02 0.03 0.02 

 

AOP60003 

Min. -7.89 -15.40 -6.50 2.70 3.70 4.70 
 

-15.40 
 

13.40 
 

-1.19 
 

0.04 
Max. 13.03 12.68 13.20 12.91 13.40 12.90 

Ave. 1.47 0.98 2.00 0.99 1.06 0.64 

σ 0.03 0.04 0.03 0.04 0.03 0.04 

 

AOP60005 

Min. -7.40 -12.60 -8.60 1.90 2.10 1.60 
 

-12.60 
 

24.10 
 

-0.19 
 

0.02 
Max. 9.00 11.40 11.70 9.00 24.10 14.10 

Ave. 0.04 -0.15 0.70 0.13 0.32 0.08 

σ 0.02 0.02 0.02 0.02 0.02 0.02 

 

AOP60006 

Min. -9.50 -20.90 -11.30 0.00 0.80 -0.20 
 

-20.90 
 

10.30 
 

0.22 
 

0.02 
Max. 7.60 7.30 8.20 8.60 9.60 10.30 

Ave. -0.01 -0.23 0.55 -0.82 -0.24 -0.58 

σ 0.02 0.03 0.02 0.02 0.02 0.02 

(1) Data Format 
The status of DID's conformance to the 
PRAB system common data format (only 
items related to water level observations) 
was checked. 

There were a few items for which data 
different from the regulations were recorded, 
but these were omitted because this was a 
test operation, or because the 3L water level 
gauge supplier misidentified and recorded 
different data. Adaptation to the format 
stipulated in Malaysia is easily possible, and 
it can be concluded that there are no 
problems regarding the data format. 
 

Table 5-2 Data Format 
NO. List Parameter eTRUST Co., Ltd. 

Midori Engineering Laboratory Co.,  YACHIYO Engineering Co.,Ltd. / 

Ltd. OSASI Technos Inc. 
MEISEI ELECTRIC CO., LTD. 

1 $ - start of message $ $ $ $ 

2 Station I.D. 

( follow Station List ) 
AOP60002 AOP60003 AOP60005 AOP60006 

3:blank 

4 RTU I.D WLG20220002 SESAME02q3L202202 90000020 215209 

5 date and time stamp 220911235003 220911235000 220911235000 220912000000 

6 Nr – Normal,A1 – Rainfall alarm,A2 – 

Water Level Alarm,A3 – RF and WL Alarm 
Nr A2 A2 Nr 

7 Battery voltage is V 13.1 13.1 12.8 13.0 

8 GSM/ Comm – GSM/Comm signal strength 

(dbm or ASU : 0 to 33 integer) 
-51 -69 -51 -71 

9:blank 

10 Int_Bat – internal battery voltage 13.1 

11 Solar Output in volt 13.1 12.8 

12-15:blank 

16 WL_Alert threshold value 32.0 32.0 32.0 32.0 

17 WL_Warning threshold value 32.3 32.3 32.3 32.3 

18 WL_Danger threshold value 33.0 33.0 33.0 33.0 

19-35:blank 

36 WL1_ID MD-10-2201010A SESAMEUSWL3L202202 1247 215208 

37 Water Level 1 in meter 29.615 29.576 29.544 29.582 

38-44：blank 

45 H-phone Officer 1 (PHN) 129385126 

46 H-phone Officer 1 SUNGAI SENTUL AOP6-2 

47-84：blank 

85 Lat – latitude 3.1782 3.1778 3.1783 31.7835 

86 Long – Longitude 101.6830 101.6831 101.6829 101.6829 

87 * - end of message * * * * 

 

 
 
 

 

(2) Battery Voltage 
It was verified that 12V, the voltage required 
for the operation of general observation 
equipment, is always available. 
 
The low voltage of AOP60001 in February 
and March 2023 was due to a disconnection 
between the solar generator and the battery 
(shutdown due to power supply interruption). 

Except for that, the minimum voltage of all 3L 
water level gauge hydrometer batteries are 
at least 12 V, and it can be concluded that 
the 3L hydrometer batteries have adequate 
performance. 

Table 5-3 Battery Voltage 
Month 

A OP6000 1 A OP6000 2 A OP6000 3 A OP6000 5 A OP6000 6 D ID WLG 

Min. Ave. Max Min. Ave. Max Min. Ave. Max Min. Ave. Max Min. Ave. Max Min. Ave. 

Ovt. 

2022 
12.70 13.02 14.20 12.90 13.29 14.40 12.90 13.25 14.50 12.60 12.96 13.90 12.90 13.48 14.70 12.64 13.31 

Nov. 
2022 12.60 12.99 14.10 12.90 13.28 14.30 13.00 13.26 14.40 12.60 12.98 13.90 12.90 13.44 14.70 12.62 13.28 

Dec. 

2022 
12.60 12.96 14.10 12.90 13.27 14.30 13.00 13.26 14.40 12.60 12.98 13.90 12.90 13.42 14.70 12.59 13.26 

Jan. 
2023 12.50 12.96 14.20 12.90 13.27 14.40 12.90 13.25 14.50 12.60 12.99 14.00 12.90 13.44 14.70 12.59 13.27 

Feb. 

2023 
11.80 12.74 14.10 12.90 13.25 14.40 12.90 13.23 14.40 12.60 12.96 14.00 12.90 13.41 14.70 12.55 13.25 

Mar. 
2023 11.80 12.31 14.00 12.90 13.25 14.40 12.90 13.23 14.40 12.60 12.93 13.90 12.90 13.46 14.70 12.53 13.30 

Ave. 12.33 12.83 14.12 12.90 13.27 14.37 12.93 13.25 14.43 12.60 12.97 13.93 12.90 13.44 14.70 12.59 13.28 

（DID organizing documents） 
 
Battery Voltage was checked on a daily and 
monthly basis, but no abnormalities in 
voltage could be identified, except for some 
water level meters. 
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Figure 5-8 Observed Water Levels 

 
(4) Data Transfer 
The threshold for data transfer for DID is 
95%.Test observations showed that 
AOP60001 and AOP60002 had transfer 
rates below thresholds of 84% and 94%, 
respectively; AOP60003, AOP60005, and 
AOP60006 had transfer rates above 
thresholds. 

A particularly low transfer rate for AOP60001 
was caused by a period of inactivity of the 
water level gauge (approximately 15 days) 
due to a disconnection between the solar 
generator and the battery; even excluding 
this period, the transfer rate did not exceed 
95%. 

Table 5-5 Data transfer status 
AOP60001 AOP60002 AOP60003 AOP60005 AOP60006 DID WL  

Month 

      

No. of 
Miss-ing 

Data 

% 
Re-

ceived 

No. of 
Miss-ing 

Data 

% 
Re-

ceived 

No. of 
Miss-ing 

Data 

% 
Re-

ceived 

No. of 
Miss-ing 

Data 

% 
Re-

ceived 

No. of 
Miss-ing 

Data 

% 
Re-

ceived 

No. of 
Miss-ing 

Data 

% 
Re-

ceived 
Ovt. 
2022 251 97% 924 89% 17 100% 3 100% 0 100% 448 95% 

Nov. 
2022 

777 91% 654 92% 250 97% 177 98% 32 100% 0 100% 

Dec. 
2022 351 96% 519 94% 291 96% 90 99% 20 100% 6 100% 

Jan. 
2023 

312 96% 354 96% 497 94% 48 99% 35 100% 6 100% 

Feb. 
2023 635 92% 258 97% 351 96% 6 100% 3 100% 0 100% 

Mar. 
2023 

5908 29% 339 96% 579 93% 222 97% 6 100% 12 100% 

TOTAL 8234 84% 3048 94% 1985 96% 546 99% 96 100% 472 99% 

 



28   

6.1 Assessment 
Suitability 

of Water Level 

6. Summary of test observations 

To explore the feasibility of introducing a 
Japanese 3L water level gauge (non-contact 
type)* to Malaysia, we confirmed the 
fulfillment of general requirements for water 
level observation in Malaysia through test 
operation for more than 6 months (based on 
DID's internal regulations). 

 

（  Consistent with Malaysian water level 

requirements） 

(1) Data transfer 
The threshold for DID is generally 95%. 

 
In contrast, AOP60001 and AOP60002 had 
transfer rates below the threshold of 84% 
and 94%, respectively, for the entire 
observation period; AOP60003, AOP60005, 
and AOP60006 had transfer rates above the 
threshold. 

 
A particularly low transfer rate for AOP60001 
was caused by a period of inactivity of the 
water level gauge (approximately 15 days) 
due to a disconnection between the solar 
generator and the battery; even excluding 
this period, the transfer rate did not exceed 
95%. 

 
AOP60006 has a data transfer rate close to 
100%. This is because AOP60006 
incorporates a system that retransmits data 
to the server at a later time, even if the time 
could not be transferred due to a data server 
outage or other reasons. 

 
AOP60003 and AOP60003 have an internal 
storage device inside the water level gauge. 
In the internal data, generally, 100% of the 
data is stored. This suggests that the low 
transfer status may be due to radio wave 
conditions and server conditions. 

 
For AOP60001 and AOP60002, the DID 
threshold is below 95%. These water level 
gauges do not have built-in storage devices. 
In the future, we believe that adding a 
storage device to the water level gauges and 
the data retransmission system described 
above will ensure that the threshold value of 

 
95% or higher can be achieved. 

(2) Observed water level 
The accuracy of the 3L water level gauges 
was verified by comparison with a water level 
gauge in operation at DID. 

 
The average difference in observed water 
levels between all 3L water level gauges and 
DID's water level gauges is about 1 cm, and 
no specific large errors have occurred. 
Therefore, it can be concluded that the 
observed water levels of the 3L water level 
gauges are sufficiently accurate compared to 
those of the DID water level gauges. 

(3) Battery voltage 
It was verified that 12 V, the voltage required 
for the operation of general observation 
equipment, is always available. 

The low voltage of AOP60001 in February 
and March 2023 was due to a disconnection 
between the photovoltaic generator and the 
battery (shutdown due to power supply 
interruption). 

 
Except for that, the minimum voltage of all 3L 
water level gauge batteries are at least 12 V. 
It can be concluded that the 3L water level 
gauge batteries have adequate performance. 

 
(4) Data format 
The status of DID's conformance to the 
PRAB system common data format (only 
items related to water level observations) 
was checked. 

 
There were a few items for which data 
different from the regulations were recorded, 
but these were omitted because this was a 
test operation, or because the 3L water level 
gauge supplier misidentified and recorded 
different data. Adaptation to the format 
stipulated in Malaysia is easily possible, and 
it can be concluded that there are no 
problems regarding the data format. 

 
(5) Maintenance performance 
During the test observation period, some 
problems with AOP60001 and other 
equipment occurred, but no major problems 
with  equipment  maintenance,  such  as 
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situations requiring repair of water level 
gauges, occurred. 

In addition, all observations were powered by 
batteries and solar panels for on-site power 
generation, but no action was required 
except for a problem that occurred with a 
disconnection between the solar generator 
and the batteries. Therefore, it can be said 
that the performance was satisfactory from 
the standpoint of maintenance-free operation 
of the equipment. 

(6) Overall evaluation 
Taken together, the above-mentioned items 
can be concluded that the general 
requirements for water level gauges in 
Malaysia are satisfied for AOP60003, 
AOP60005, and AOP60006 based on the 
current test operation. For AOP60001 and 
AOP60002, the observed water level, battery 
voltage, and data format were satisfied, but 
the data transfer rate did not meet the 
threshold value of 95%. 

No major maintenance problems were 
encountered with the equipment, and 
continuous observation was possible with in-
house power generation. Therefore, it can be 
said that the 3L water level gauge meets 
satisfactory performance from the standpoint 
of maintenance-free operation of the 
equipment. 

 
As a result, it can be evaluated that the 3L 
water level gauge performed satisfactorily in 
terms of Long Life (long-term maintenance-
free) and Localize (adaptability to Malaysian 
observation specifications). 

In addition, the introduction of the system into 
water level observation in Malaysia will 
require performance certification through the 
Test and Commissioning process, which will 
be established separately for each project in 
Malaysia. 

 

6.2 Development for introduction  

Through the demonstration tests, it can be 
said that the Japanese 3L water level gauge 
has generally met the performance 
requirements for introduction into Malaysia. 
Full-scale introduction to Malaysia will be 
possible in the future after performance 
certification through the Test and 
Commissioning process to be set up 
individually. Full-scale operation is expected 
to provide further validation that will 
contribute to the deployment of 3L water 
level gauges in the members of the Typhoon 
Committee. 

 

6.3 Conclusion  

Through the demonstration in Malaysia, it 
was shown that the 3L water level gauge 
could be applied to water level observations 
in the members of the Typhoon Committee. 
In the future, it is expected that the 
introduction and  demonstration of  the 
equipment, including other members of the 
Typhoon Committee, will lead  to   the 
enhancement  of the  river  water level 
observation system among the Typhoon 
Committee members and the mitigation of 
flood damage, including loss of human lives, 
through the effective use of river information. 

. 
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(1) Observation Standards and Specifications for Crisis Management Type Water Level 
Gauges 

Observation Standards and Specifications for Crisis Management Type Water Level Gauges (1/2） 

Item 
Items to be 
determined 

Standards and Specifications 

1. Standards to be followed Standards to be followed Ministry of Land, Infrastructure, Transport and Tourism's river standards 

2. Operational system (1) Target organization River administrators 

(2) Targeted field River floods 

(3) Targets for 
measurement 

River water level 

(4) Observation data Water level data 

(5) Disclosure In principle, the data will be made available to the general public (open data). 

3. Instruments and 

equipment 

(1) Equipment to be provided 

Water level mark Water level markers shall be installed as necessary at the discretion of the river administrator. 

Duplication of water level 
gauges 

Duplication of main and secondary water level gauges shall be implemented as necessary at the discretion of the river 
administrator. 

(2) Water level gauge reading unit 

Minimum reading unit The minimum reading unit shall be 1 cm. 

In the case of an image processing type water level gauge, the resolution calculated from the coverage area and the number of 

pixels captured shall be clearly indicated. 
(3) Observation equipment 

Method of determining the 

water level 

The water level is determined by averaging the observed water level for 20 seconds or more at sampling intervals of 1 second 

or less. The water level shall be determined by averaging the observed water level for at least 20 seconds at sampling intervals 

of 1 second or less, removing any instantaneous abnormal values. 

Instead of removing anomalous values, the water level may be determined by averaging the data obtained by removing the two 

largest and two smallest data. 
Example: If measurements are made for 20 seconds at 1-second intervals, 16 data are averaged. 

Inactive (Inactive mode) 

Normal water level 

monitoring (monitoring 

mode) 

The water level is monitored every 10 minutes or less until it reaches the observation start water level (monitoring mode). 

When the water level is below the observation start water level, data transmission is not required (except for the dead/alive 

monitoring). 

Observation start water 

level, observation stop 

water level 

When the water level exceeds the observation start level, water level observation is performed (observation mode). 

When the water level falls below the observation stop water level, observation is stopped (monitoring mode). 

For rivers where water levels remain high for a long period of time due to late-stage dam releases, etc., appropriate settings 
should be made while also considering the power supply capacity. 

Water level monitoring 

during flooding 

(observation mode) 

When the water level exceeds the observation start level, observation and transmission of measured data shall be performed 

at intervals of 10 minutes for large rivers, 5 minutes for small and medium-sized rivers, and 2 minutes for rivers with rapidly 

rising water levels as a standard. The observation time interval shall be determined by the river administrator based on the 

river's outflow characteristics. 

Dead/Inactive monitoring 

(except for cold weather 

specifications) 

Transmit measurement data at least once a day for deadly monitoring. 

Communication device The data shall be transmitted separately to an external database via a closed network connection in accordance with the 

communication specifications specified in the special specifications at the time of procurement. 
The data transmission function is to resend the data in case of undelivered data during transmission. 

Logger function Logger functions shall be secured as necessary at the discretion of the river administrator. 

Clock function Periodic time correction by radio clock, GPS, NTP (Network Time Protocol), etc. 
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Observation Standards and Specifications for Crisis Management Type Water Level Gauges (2/2） 

Item 
Items to be 
determined 

Standards and Specifications 

3. Instruments and 

equipment 

(4) Power supply, etc. 

Power supply Using a solar battery or a chemical battery in principle. 

It is standard to secure the power supply capacity that enables continuous observation for five years as shown in the table 

below. 

When using a solar battery, it should be in monitoring mode during normal times throughout the year, and should have a 

capacity of at least 150 observations in observation mode after 9 days of no sunshine. 

If a chemical battery is used, it should be in monitoring mode during normal times, and should have a capacity of at least 150 
observations four times a year in observation mode (no need to replace batteries for 5 years). 

■ Estimated number of observations (table) 

 

 

 

 

 

 

 
Determine in the special specifications according to the situation of the installation location. 

(5) Common to (2) to (4) 

Durability, moisture 

resistance, and lightning 

resistance 

The durability and moisture resistance shall be secured under the environmental conditions at the installation location specified 

in the special specifications at the time of procurement. 

Dustproof and waterproof performance of outdoor boxes, etc. shall be IP55 (Japanese standard) or higher. 

Ensure resistance to induced lightning (especially for water level gauges wired in river channels). 

Product Performance 

Certification (Test Results) 

Product performance certification shall be based on the outgoing quality assurance for the accuracy specified in the special 

specifications at the time of procurement, against the type specifications of the equipment prepared by the equipment 

manufacturer. 

4. Technical standards (1) Setting of base height Set the base height as the inundation start height (bank height, river bank shoulder, etc.) at the point where the water level 

gauge is installed or in the vicinity. 

The water depth or water level up to the base height is indicated. 

In principle, the elevation of the base elevation should be determined; a simple method using GNSS, etc. or known elevations of 

bridges, etc. may be used to determine the elevation. 

If the base elevation (flood inundation start elevation) changes due to river maintenance, etc., the base elevation of the water 

level gauge shall be changed. 

(2) Inspection method The installation status of equipment shall be checked through periodic inspections at least once a year, such as before the 

start of the flooding season. 

5. Data organization and 

management 

Concept of Data Storage Observed water level data measured at or above the starting water level and registered in an external database will be stored 

for a certain period of time. 

 
Data verification 

In principle, post-verification of water levels measured by risk management type water level gauges shall not be conducted. 

When data is used for flood analysis, etc., detection of abnormal values in observed values should be conducted as 

necessary. 

6. Data format Data to be transmitted by 

the water level gauge 

The information to be transmitted to an external database in the form of data to be transmitted as specified in the special 

specifications at the time of procurement. 

Crisis management type water level gauges shall create a water level gauge ledger at the time of installation. 

7. Cold weather 

specifications (added to 3.) 

Installation Method Installation method May be removed during the winter months. 

The structure shall be easily removable. 

Measurable temperature Normal monitoring and water level observation during flooding is possible at temperatures of -5°C or higher. 
Can be automatically turned off at temperatures below -5°C. 

Dead/Inactive monitoring Transmit measurement data for life and death monitoring at least once a day during periods other than winter when the power 
is turned off. 

Freeze resistance 
(common in 3.(2) to (4)) 

Ensure freeze resistance so that the sensor will not be damaged even if it freezes. 

Cold, snow, and salt 

resistance (common to 

3.(2)-(4)) 

Ensure cold resistance according to the conditions of the installation location. 

Ensuring snow resistance so that it will not be damaged by accumulated snow. Alternatively, take measures to prevent 

damage due to snow accumulation. 

When installing on a bridge that uses an antifreeze agent, take measures to prevent deterioration and corrosion due to the 
antifreeze agent. 
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(2) Crisis Management Water Level Gauges Participating in the Test Observation (Pamphlet) 

・Midori Engineering Laboratory Co., Ltd. 
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・MEISEI ELECTRIC Co., Ltd. 
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・eTRUST Co., Ltd. 
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・Yachiyo Engineering Co., Ltd. / OSASI Technos Inc. 
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(3) Presentation Materials at Typhoon Committee Working Group on Hydrology (WGH) 
 

2019 
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2019 Technical visit 
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