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Supply
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Measuring water levels at dams and rivers is becoming crucial for preventing disasters 
caused by recent abnormal weather. Some transmitters are installed more than 1 km away 
from an observation station, and metal communication lines are vulnerable to lightning and 
noise. Yokogawa has developed a crystal-oscillator type water level meter only with optical 
fibers, eliminating copper wiring, to secure data transmission and power supply even under 
severe operating conditions. This paper introduces the structure and features of this new 
type of water level meter.

INTRODUCTION

Yokogawa Denshikiki released the WW4455/4456 crystal-
oscillator type water level meter for dams and rivers 

in 2013. The WW4455/4456 are second-generation water 
level meters exhibiting high level accuracy and stability and 
are equipped with an intelligent remote sensor. They offer 
the functions of binary-coded decimal (BCD) output and 
data saving on USB f lash memory as standard, and their 
features, such as the optional built-in printer, have been 
widely accepted. The BCD output function conforms to the 
specification of devices relating to telecommunications No. 54 
published by Ministry of Land, Infrastructure, Transport, and 
Tourism in Japan.

However, there were problems in the WW4455/56 that 
they are susceptible to lightning frequently occurring due to 
recent abnormal weather. This is because metal cables are 
used to connect a transmitter (remote sensor) to a transducer 
(recorder). 

Under such circumstances, there has been demand to 
replace existing metal cables between devices with optical 
fibers that are tolerant to lightning.

To a d d r e s s  t he  a b ove -me nt ione d  d e m a nd ,  t he 
WW4501/4502 crystal-oscillator type water level meter using 
optical fibers has been developed on the basis of the existing 
model WW4455/4456 under the collaboration of Yokogawa 
Electric Corporation and Yokogawa Denshikiki Co., Ltd. The 
development was successfully completed in a relatively short 
period of time thanks to each party utilizing their strengths. 

Their external views and major specifications are shown in 
Figure 1 and Table 1.

Figure 1 External views of the WW4501 transmitter and 
WW4502 transducer

Table 1 Major specifications of the WW4501 transmitter 
and WW4502 transducer

WW4501 transmitter
Items Specifications

Detection method Water pressure detection by crystal 
oscillator

Measuring range 0 to 10 m, 0 to 20 m,
0 to 50 m, 0 to 100 m

Accuracy Within ±0.05% of full scale
or within ±0.02% of full scale

WW4502 transducer
Items Specifications

Dedicated 
transmitter

WW4501 crystal-oscillator type water level 
measuring transmitter

Display items
Date, time, current water level, recorded 
water level, water level tendency, device 
statuses

Processing on water 
levels

Instantaneous value/moving average/
interval average (averaging is processed 
by the transmitter), atmospheric pressure 
compensation, density compensation, 
gravity compensation, zero-point 
adjustment

External output BCD output, analog output, printer output
Data storage USB2.0 compatible memory devices
Laser source 
wavelength

1.48 μm (power supply), 1.55 μm 
(communication)

Optical output power 200 mW (power supply), 2 mW 
(communication)

Laser class 3B (power supply), 1M (communication)
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OVERALL CONFIGURATION

The crystal-oscillator type water level meter with optical 
fibers is composed of a transmitter, transducer, and optical 
f iber cable connecting them as shown in Figure 2. The 
transmitter is placed under water at a water level measurement 
point, and transmits measured data. The transducer is located 
at an observation station on the ground, performs data 
processing and display, and communicates with the outside.

Figure 2 Overall measurement system configuration

The new models have been developed based on 
the existing product WW4455/4456, and to reduce the 
development period, the modification was limited to a change 
in power supply method and a change in the 4-20 mA signal 
transmission method from electrical to optical. Regarding a 
dedicated cable, including a tube, for guiding outside pressure, 
metal wires in it have been completely replaced with optical 
fibers.

TRANSMITTER

The transmitter is placed under water at a water level 
measurement point. It measures water level and other factors, 
and transmits the results to the transducer. Figure 3 shows the 
internal configuration of the transmitter.

Figure 3 Internal configuration of the transmitter

As par t of this development, method of receiving 
power was changed to one that utilizes optical power, and 
communication of 4-20 mA signal transmission and power 
transmission that had previously been carried out using copper 
wire, were changed to a transmission method that utilizes 
optical fiber. For the sensor part and the CPU that performs 

signal processing, resources of the existing models were 
utilized to shorten the development period.

Power Receiving Part
The power receiving part consists of a photodiode (PD), 

which converts received light power into electric power, 
and a voltage regulator. The voltage regulator includes a 
step-up converter and a step-up/down converter to generate 
two voltage outputs, 10 V and 3.3 V, from the input of 
2.5-4 V. The 10-V output is supplied to the water pressure 
sensor, and the 3.3-V output to the electronic circuit. The 
maximum conversion efficiency of a power-receiving PD is 
approximately 70% of the maximum output voltage as shown 
in Figure 4. To enhance efficiency when receiving power, the 
maximum power point control (MPPC) function is used to 
control the PD output voltage in order to stay at this point. In 
addition, to reduce the inrush current at startup and the peak 
current due to the use of PD in a high-efficiency area, the 
following measures have been implemented.
(1) Soft starting
(2) Sequential startups of DC/DC converters
(3) MPPC

Figure 4 Examples of photodiode characteristic

Communication Function Part
The optical communication between the WW4501 and 

WW4502 is bidirectional as it is with the WW4455/4456. The 
transmitter not only transmits the measured results of water 
levels to the transducer but also mutually communicates 
with it on setting information, alarms, and others. The laser 
diode (LD), which emits an optical signal, consumes current 
of tens of mA when active, which is not so small when 
compared to the receiving power capacity. Thus, the signal 
is modulated to a return to zero (RZ) signal with low duty 
ratio by software that reduces the lasing time, which helps 
reduce power consumption. The optical signal received by the 
PD is amplified by the transimpedance amplifier (TIA) and 
transferred to the CPU.

TRANSDUCER

The transducer contains a recorder function to receive and 
save the water level information obtained from the transmitter. 
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It also has a function for exchanging information with host 
systems. Figure 5 shows the internal configuration of the 
transducer.

Figure 5 Internal configuration of the transducer

The existing transducer employs a plug-in system and 
provides I/O slots for flexible I/O configuration in which plug-
in boards for various sensors can be selectively inserted. 
The architecture of the new model is the same as that of the 
existing one.

For the new plug-in board for the crystal-oscillator type 
water level transmitter, the existing plug-in board was used 
as a base to shorten the development period. The new board 
is composed of a power supplying part and a communication 
function part. In the power supplying part, the electric power 
supply circuit containing metal lines has been replaced with 
a high-power LD and its driver circuit. In the communication 
function part, an electric-optic (E/O) converter, including 
a LD and LD driver, and an optic-electric (O/E) converter 
including a PD and TIA, have been added to the existing 
circuit. A dedicated CPU has been added to control the newly 
added optics-related portions of the power supplying and 
communication function parts.

Power Supplying Part
The power supplying part is composed of a high-power 

LD, an LD driving circuit, and a temperature controlling 
circuit to cool the LD.

To stabilize the optical power supply, an auto power 
control (APC) circuit is used in the LD driver that can keep 
the LD output power constant. To ensure the LD reliability, a 
thermoelectric cooler (TEC) built in the LD module is driven 
to cool the LD and keep its temperature constant. The required 
output power of the LD depends on consumption of electric 
power within the transmitter. The LD output of 200 mW was 
determined to be sufficient.

Safety standards for products using lasers are defined in 
Japanese Industrial Standards (JIS) and other standards. An 
LD of 200-mW output is categorized in class 3B, for which 
various safety measures are recommended. To meet the 
safety standards for class 3B laser, various safety measures 
are implemented in the WW4501/02. Actual measures are 
explained later.

Communication Function Part
The same communication data format as that of the 

existing models is used. Electrical signals are converted into 
optical signals as they are, and vice versa. However, because 
the transmitter modulates the transmitting signal to a RZ 
signal to reduce electric power consumption, the received 
signal is demodulated to a non-return-to-zero (NRZ) signal by 
the newly added CPU, and is then transferred to the portion of 
the communication function part that has a similar design to 
that of the existing model.

Laser Safety
Because a high-power LD is used in the transducer, it 

is required to conform to various laser safety standards. The 
following measures were judged as necessary, and have been 
implemented.
(1)   A shutter at the laser beam exit to prevent unexpected laser 

emissions
(2) Laser shutoff mechanism by a key control switch
(3)   Notice on the location of the laser beam exit and laser class
(4) Alarm for during lasing
(5)   Automatic laser emission shutoff mechanism on emergency

For the automatic shutoff mechanism listed above, to 
respond to breaks of fibers or unexpected disconnections of 
connectors while laser light is being emitted, the new model 
is equipped with a function that detects disconnections using 
communication signals, and shuts off laser output if detected.

Use of Standard Programs
For the newly added CPU used for optical control, the 

same microcomputer as that used in the plug-in boars of the 
existing transducer WW4456 is used. This enables the use of 
the standard programs which can be used as a template for 
software on the plug-in boards.

In the standard programs, functions common to the plug-
in boards, such as communication with the main board and 
control of stand-by functions, are standardized as shown in 
Figure 6. The use of the standard programs helps shorten 
the development period for each plug-in board and improve 
software quality.

Figure 6 Common functions in the standard programs

In addition, the existing functions such as water level 
measurement, and the newly added functions such as optical 
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control are performed by two separate microcomputers 
respectively, as shown in Figure 7. This enables existing 
software resources to be easily reused and prevents software 
being used for existing functions from being affected by newly 
added functions.

Figure 7 Functions in charge for each MPU in the plug-in 
board for water level input by optical connection

Following the design policy descr ibed above, the 
resources could be concentrated on developing programs for 
new functions, thereby making the development period short 
while maintaining the product quality.

DEDICATED CABLE

The t ransmit te r  i s  placed under water,  but ,  the 
inside of it must be exposed to atmospheric pressure in 
order to compensate for measurement error caused by the 
effect of atmospheric pressure. Thus, the dedicated cable 
contains a tube for guiding atmospheric pressure, besides 
optical fiber cables, as shown in Figure 8.

Figure 8 Cross section of the dedicated cable

This cable does not contain a metal shield required for 
copper wires. Because this reduces the tensile break strength, 
a tension member needs to be strengthened. However, 
by using steel stranded wires as intervention strings, the 
original purpose of which is to keep the cable cross section 
in a perfectly circular shape, the cable can ensure the same 
strength as that of the existing cable.

In order to accurately adjust the degree of inclusion, 
sheath thickness and other factors, the cable has been designed 
so that its outer diameter is the same as that of the existing 
cables used for the WW4455/4456, and so that its cross 

section becomes a perfect circle. This has enabled the use 
of the flanges and other components for the existing models 
as they are, reducing the time period required by Yokogawa 
Denshikiki for development.

MECHANICAL DESIGN

Because the size of a transmitter affects the ease of its 
installation in the field, there is strong demand for smaller 
transmitters. By manufacturing the optical power receiving 
part in-house and optimizing the layout of optical fiber cables 
in the transmitter, the increase in the size caused by supply 
of optical power was minimized. The WW4501 transmitter is 
smaller than the first-generation transmitter (the product prior 
to the WW4455).

When designing the layout of optical fiber cables, the 
minimum bending radius needs to be considered because it 
affects the reliability of disconnections (when fiber breaks) 
of an optical f iber, although it depends on its operating 
conditions. The cumulative disconnection probability of a fiber 
is given by the following equation (1).

where, 

The cumulative probability of breakdown of an optical 
fiber after 20 years use is calculated by using the equation 
shown in Figure 9 above. In the case of the bending radius of 
the transmitter, the probability is 1.49 × 10-6, demonstrating it 
is sufficient.

Figure 9 Relationship between fiber bending radius and 
cumulative probability of breakdown 

Figure 10 shows the actual layout of the optical fibers 
and other parts in the optical power receiving part of the 
transmitter.

To help ensure ease of maintenance, such as when 
replacing circuit boards, optical connecters are used for all 
optical connections. Different types of connectors are used 
for each connection in order to prevent incorrect connections 
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being made during manufacturing and installation.

Figure 10 Layout of optical fibers and parts in the optical 
power receiving part

COLLABORATIVE DEVELOPMENT

In this development, Yokogawa Electric and Yokogawa 
Denshikiki collaborated utilizing each party’s strengths, and 
realized the following benefits:
(1) Ensured quality

Yokogawa Elect r ic studied and developed element 
technologies specific to optical power supply and optical 
communication, and Yokogawa Denshikiki introduced 
those technologies into the products as they are. This 
enabled the products to be developed in a short period of 
time even though new functions were involved.
By reusing the main body, standard programs and 
mechanical parts used in existing products, Yokogawa 
Denshikiki could minimize the steps requiring new design, 
thereby ensuring the quality of the products.

(2) Shortening lead time
Yokogawa Denshikiki disclosed a list of preferred general-
purpose parts in its inventory to Yokogawa Electric before 
beginning development at Yokogawa Electric. This reduced 

the procurement lead time for the selected parts, and also 
minimized the increase in the number of shelves required 
for new parts at Yokogawa Denshikiki.

(3) Skills training in advance
Yokogawa Electric lent optics-related tools to Yokogawa 
Denshikiki to be used in training on work-related skills, 
such as fusion splicing of optical fibers. At Yokogawa 
Denshikiki, by introducing similar tools, the time required 
for such work could be reduced during the stage of trial 
product production.

CONCLUSION

Development of these new products was driven based 
on a desire to complete them for release to meet customers’ 
requests. However, Yokogawa Elect r ic and Yokogawa 
Denshikiki collaborated utilizing each party’s strengths as 
described above, and Yokogawa Denshikiki was eventually 
able to release the new products early. Meanwhile, Yokogawa 
Electric can utilize the technologies developed under the 
collaboration for other products,

Yokogawa Group will continue offering products that 
can achieve high customer satisfaction in a timely manner 
by rapidly developing activities across departments and 
companies. Active expansion of such cross-organizational 
activities in Yokogawa Group is expected to create further 
synergy effects.
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