
Telemetry System deployable into Nuclear Power Plants
by 429-MHz Radio Communications

Kenichi Takizawa, Mikio Suzuki, and Ryu Miura

Abstract— This paper presents a telemetry system which
enables us to gather health information of workers in buildings
at a nuclear plant. This system utilizes a 429-MHz radio
communications, which shows good penetration characteristics.
A suitable transmission protocol and relaying method are
presented, which are demonstrated by a prototype through
an experiment in an office building. The experiment results
show that its coverage area of radio communications reaches
50 meters even in non line-of-sight situations, which provably
satisfies required coverage size at a nuclear plant. Also, it
is demonstrated that the relay communications is achieved
between different floors with the prototype. The telemetry
system is also available as telecommunications for controlling
robots installed into the damaged buildings in the nuclear plant.

I. INTRODUCTION

Severe accidents at TEPCO nuclear power plants in
Fukushima caused by great tsunami were happened in March
2011. It is expected to take more than 20 years to compensate
the accidents completely [1]. One of crucial points for this
challenge is to manage workers’ health conditions since
acceptable cumulative radiation level is regulated by law.
In order to manage their health conditions, the use of a
telemetry system by a radio communications is expected
to be useful. However, since buildings in power plants are
constructed with thick reinforced concrete, in addition, lots
of debris inside the damaged building block its lone-of-sight
of radio communications. Thus, any radio frequencies that
does not penetrate well like 2.4 GHz is not adequate from
viewpoint of providing availability of radio communications.
One candidate frequency to overcome this problem is 429
MHz [2], which is a license-free band. In this paper, a teleme-
try system for monitoring the workers’ health conditions is
presented by using radio communications of 429 MHz.

Fig. 1. Sideview of a reactor building of the TEPCO nuclear plant in
Fukushima.
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II. DESIGNED TELEMETRY SYSTEM

A. System overview

A system overview of a telemetry system for collecting
workers’s health conditions is shown in Fig. 2. The system
utilizes radio communications operating at a frequency band
of 429 MHz, which gives good penetration even in indoor
obstructive environment. In this system, each worker has a
wearable device, which consists of sensors for measuring
radiation level, body temperature, acceleration and so on, and
also a transceiver for radio communications. The transceiver
sends measured data by sensors to relay nodes which are
settled inside the building in each floor. The received data at
the relay nodes are gathered to the coordinator device, which
has a capability of bridging the telemetry system inside
the building and cable connection between the coordinator
device and its operation room in the power plant. This system
enables us to monitor the workers’ health conditions in real
time, which is useful to manage cumulative radiation level,
avoid thermal shock during their load, or detect accidents by
monitoring the acceleration.

B. Transmission protocol

A transmission protocol designed for the telemetry system
is illustrated. The task of the protocol is to realize to gather
sensor data generated at each worker to the control station.
Each wearable device generates an 8-byte or 2-byte payload
per second. The 8-byte payload contains raw data generated
by sensors. On the other hand, the 2-byte payload contains
compressed sensor data by differentiating the sensor data
from the data measured previously. An 4-byte header is
added into the payload, which includes a device ID, time
stamp, and other information required to identify the worker.
The 12-byte or 6-byte data that includes sensor data and
header data is transmitted by radio communications operating
at 429 MHz. To end this, a preamble, which is utilized to
accomplish receiving timing, is added as prefix, which has

Fig. 2. System overview of the telemetry system using 429 MHz.



length of 4 bytes. In total, the frame length for each worker
per second is ether 16 or 10 bytes. In the 429-MHz band,
40 channels are allocated, in which channel bandwidth is
8 KHz. Then, each frequency channel has a capability of
providing bit rate of 4.8 kbps. When setting the ratio of raw
data transmission to 1/60, average length of the data frame
becomes 10.1 bytes. As a results, average time duration of
a data frame is 16.8 ms, which means that each frequency
channel conveys 59 data frame per second. Since the 429-
MHz band has 40 channels, it is possible to manage 2360
workers or sensor devices simultaneously with this telemetry
system.

C. Radio communications

One of crucial technical aspects of the system is radio
propagation characteristics inside the building at 429 MHz.
Since the characteristics have not been clearly addressed so
far on this frequency band, simulations on radio propagation
is conducted under a usage scenario described as the system
model shown in Fig. 2. The model for simulations is shown
in Fig. 3, which is based on a dry-well part of a reactor
building. In the simulations, a relay node is deployed in
every floor, which plays a roll of collecting sensor data
transmitted by devices worn on workers. Sensor devices are
widely distributed in each floor, in which distance between
each sensor device and relay node ranges from 2 meters to
45 meters. The thickness of the walls is set to 1300 mm.

As a result, pathloss, which is equivalent to attenuation
occurred during propagation, is shown in Fig. 4. As a
reference, pathloss encountered in free space is also plotted.
As shown in this figure, additional loss against the free space
is almost less than 10 dB, and their distribution is Gaussian.
Another point derived from the simulations is that the largest
pathloss is 80 dB; which brings 10-dB margin if the radio
communications for the system utilizes transmit power of
10 dBm with receiver sensitivity of -110 dBm, which are
typical specifications of a commercially available product,
Circuit Design Inc. (MU-2-429 [3]).

D. Prototyping and experiment

A prototype that consists of relay nodes and sensor nodes,
which is a part of the telemetry system shown in Fig. 2,
is fabricated by using a radio communications operating at
429 MHz. Each sensor node has sensors measuring radiation

Fig. 3. Simulation model for evaluating radio propagation characteristics
in 429 MHz.

level, temperature, and acceleration. The size of the sensor
and relay nodes is 120mm x 160 mm x 30 mm. In this
prototype, a RF module product by Circuit Design Inc. (MU-
2-429) is employed, which provides transmission power of
10 dBm and bit rate of 4.8 kbps. By using this module, a
telemetry system with time division duplex (TDD) and relay-
ing between relay nodes is implemented. The transmission
protocol follows that shown in the previous section.

An experiment has been conducted for showing proof-
of-concept of the telemetry system. The measurement is
conducted inside an office building, which is constructed by
reinforced concrete. A relay node is placed at a position in
the 2nd floor, and sensor nodes are distributed in the floor.
As predicted by the simulation results, experiment results
demonstrate that the telemetry system enables us to collect
measured sensor data in the area of 75 meters in the office
building made with reinforced concrete. The coverage area
is almost same as the area of a floor of buildings in nuclear
plants as shown in Fig. 2. Another test is also conducted,
in which a relay node is set at the 3rd floor in order to
demonstrate data transmission between relay nodes set at
different floors. The distance between the relay nodes is 7.2
meters. The result is that relay link is successfully established
with packet ratio of less than 0.1 %.

III. CONCLUSIONS

This paper has presented a telemetry system which enables
us to collect workers’ health information in the buildings at
the nuclear plant. The system utilizes a radio communica-
tions operating at frequency of 429 MHz. A suitable trans-
mission protocol and relaying method have been presented
for the radio communications. Feasibility study has been con-
ducted with a prototype, which consists of relay nodes and
sensor device with radiation sensor, temperature sensor, and
acceleration sensor. The experiment results have shown that
the coverage area of radio communications between a sensor
device and relay node reaches 75 meters, which provably
satisfies required coverage size at a nuclear plant. Also, relay
links between different floors has been demonstrated.

REFERENCES

[1] Fukushima Daiichi nuclear disaster, http://en.wikipedia.org/wiki/
Fukushima Daiichi nuclear disaster.

[2] P. Ali-Rantala, L. Sydanheimo, M. Keskilammi, M. Kivikoski,“Indoor
propagation comparison between 2.45 GHz and 433 MHz transmis-
sion,” IEEE APS, 2002.

[3] Circuit Design Inc., MU-2-429, http://www.cdt21.com/.

0 20 40 60 80 100
40

50

60

70

80

90

100

distance [m]

p
a

th
 l
o

s
s
 [
d

B
]

 

 

Simulation results

Free−space

Fig. 4. Simulation results on pathloss in 429 MHz.


