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Abstract : When doing maintenance works at the trackside of railway, the method which delivers information on
approaching of train to maintenance workers through alarm devices such as the flag or indication light, etc., is
being used by locating persons in charge of safety alarm in addition to the maintenance workers at fixed distances
in the front and rear of the workplace. Workers maintaining at the trackside may collide with the train since they
cannot recognize the approach of train although it approaches to the vicinity of maintenance workplace because of
the sensory block phenomenon occurred due to their long hours of continued monotonous maintenance work. The
clash or rear-end collision accidents between many maintenance trains called motor-cars can be occurred since there
are cases where the signal systems for safe operation of motor-car such as track circuit etc. are blocked or not
operated normally. We developed the new safety equipment for protection of trackside maintenance workers using
radio frequency signals and bidirectional detection mechanism. The developed safety equipment must analyze the
several operational mechanism for each different operation situations. In this paper the analysis results are repre-

sented.

Key words: safety alarm equipment, casualty accident, RF-based equipment

1. Introduction

According to results of the analysis on present condition
of railway accidents in Korea if converted into the equiv-
alent fatality index (1 fatality = 10 seriously injured per-
sons = 200 slightly injured persons), the equivalent fatality
index caused by casualties occupies 94% of the equivalent
fatality index for total railway accidents [1]. Casualties by
railway transportation refer to the accidents where casual-
ties occur to the passengers, crews, workers, etc. by rail-
way vehicles, and the casualties by railway safety mean
the accidents where casualties occur to the passengers,
crews, workers, etc. by railway facilities without any direct
rear-end collision or contact with railway vehicles. Many
measures are being studied to prevent and reduce casualties
by railway transportation. As explained previously, in case
of the public casualties by railway transportation which
occupy most of the railway accidents, since screen doors
were installed or are under progress at almost all of the
station buildings for metropolitan transit, they play epoch-
making roles in the reduction of casualties. However, stud-
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ies on safety equipment to protect trackside workers who
are employees as target persons of casualties have seldom
accomplished yet [2-5].

When doing maintenance works for the track or signal-
ing equipment at the trackside of railway, the method
which delivers information on approaching of train to
maintenance workers through alarm devices such as the
flag or indication light, etc., if they recognize the approach
of train, is being used by locating persons in charge of
safety alarm in addition to the maintenance workers at
fixed distances in the front and rear of the workplace.
Workers maintaining at the trackside may collide with the
train since they cannot recognize the approach of train
although it approaches to the vicinity of maintenance
workplace because of the sensory block phenomenon
occurred due to their long hours of continued monotonous
maintenance work. The clash or rear-end collision acci-
dents between many maintenance trains called motor-cars
can be occurred. In other words, workers are exposed to
the accident risks when they are performing maintenance
works at tracks, because they are sometimes unable to rec-
ognize the approaching motor-cars.

To reduce these casualty accidents of maintenance



30 Hyun-Jeong Jo, Jong-Gyu Hwang and Yong-Ki Yoon

workers working at the trackside of and the clash or
rear-end collision accidents between motor-cars, we
developed safety alarm equipment preventing the acci-
dents by transmitting specific RF-based from the motor-
car periodically and by making the terminal equipment
being carried by workers at the trackside provide various
alarm signals such as vibration, sound, LED, etc. to
workers through receiving wireless signals from terminal
equipment of approaching motor-car. Such interactive
wireless communication links may contribute to reduc-
tion of motor-car accidents [2] [3] [5-8]. In addition, if
more than two motor-cars are operated, we made it pos-
sible to alarm that another motor-car is approaching
through bidirectional wireless communications even
between the on-board equipment of motor-cars.

Figure 1 is the one showing an configuration of safety
alarm equipment to secure the safety through bidirectional
detection between the motor-car and trackside worker pro-
posed in this thesis, and it is the safety equipment making
workers evacnate by providing various forms of alarm
sounds through recognition of the approaching motor-car
by worker’s safety equipment if the motor-car approaches
within the some distance of front, and on the contrary,
inducing to drive carefully by making it possible to check
even in the motor-car also if there is any worker existed in
the front or not. This is to induce careful driving by pro-
viding a motor-car driver with the information also so that
the driver can check if there is any work conducted by
worker within the fixed distance of front or not, and the
alarm signal at the on-board equipment was made to be
expressed by LED and alarm sound [9].

2. RF-based Safety Equipment

We designed the safety equipment transmitting alarm
signals bidirectionally by using the wireless communication
to reduce casualties of trackside workers. Designed safety
equipment is consisted of the on-board equipment and the
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Fig. 1. Configuration of proposed safety equipment.

portable device for worker, and it is the safety equipment
to reduce casualties by enabling careful driving and evac-
vation to the safe area by making information on
approaching motor-car in the front or information on work-
ers output in the form of various alarm signals respectively.
Basic mechanism of the designed safety equipment is
made of the structure which makes the signal in a specific
frequency band transmitted periodically from the motor-car,
and delivers alarm signals in the form of buzzer, LED and
vibration, etc. by receiving periodic signals coming from
the motor-car to the safety equipment carried by the track-
side worker working within a fixed distance in the front. If
any worker recognizes alarm signals to alert an approach-
ing motor-car from the safety equipment carried by the
worker, the worker will evacuate to the safe area and the
alarm sounds can be cutoff.

Figure 2 is the one showing the configuration of on-
board terminal of safe alarm equipment, and it is con-
sisted of RF module to send and receive RF signals
periodically, MCU module handling the occurrence of
periodic RF signal and operation mechanism of alarm
signal, LED module for the output of alarm signal by
the light, LCD module to display the information, AMP
and speaker parts for the output of alarm signal by the
sound, and the power supply module for the input of
power supply from a motor-car. Power supply module
was made to be input from 5V to 40V so that the
power supply of various motor-cars can be input. The
frequency band of wireless signal used in this prototype
was 424 MHz which is the ISM band. The alarm signal
by LED was made to be displayed in different color
respectively in accordance with that whether there is
any worker existed in the front or another motor-car
existed in the front. The alarm sound was made to be
adjusted by the motor-car driver, and the LCD panel
was made so that the unique number of approached
worker’s terminal or terminal of another motor-car can
be displayed. If wireless signals are being fed back by
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Fig. 2. Configuration of the on-board terminal.
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various terminals within an approaching section, the ID
number of terminal was made to be expressed succes-
sively in the order of wireless signal feedback. The out-
put of wireless signal of the motor-car terminal of
motor-car and that for worker is in the ISM band, and
it was adjusted within 10 mW so that the radio wave
range can be about 250~300 m to suit for the metropol-
itan rapid transit.

As explained in the previous section, the safety equip-
ment to protect trackside workers is consisted of the on-
board equipment to be installed at the motor-car for main-
tenance work and the worker terminal to be carried by the
worker, and the safety mechanism is operated through
wireless communication between these two terminals. That
is, if the first motorcar in advance approaches the
trackside worker, portable worker terminal receive the sig-
nal from onboard equipments and indicate warning. If the
worker recognizes a warning signal from his alarm termi-
nal, it cut off the alert sounds through “stop key” activity.
And then, in case the other motor-car approaches the
worker in a row, it must show alert sound notifying the
access of the second motor-car regardless of the “stop key”
activity which is resulted from the recognition of the
access of the first motor-car. For this reason, the transmit-
ted frame architecture is designed such as Fig. 3 (a) to
transmit the ID information of the motor-car to trackside
worker terminal together with the waming indication. Tt
can assign 1D of the 64 motor-cars like transmitted frame
in the figure. In case it needs to assign more than 64
motor-car's ID, it is possible if it sets up the transmission
frame to 2 bits. We also added the information of the pro-
ceed direction of the motor-car as we verified in this
frame. Because there are only two directions, which are
upward and downward, we send this information with
transmission frame and display the worker to show which
direction the motor-car is approaching in classifying the
LED color and displaying them. Figure 3(b) shows the
structure of the transmitted frame which sends from porta-
ble equipments for workers to onboard terminal. It is not
assigned the ID number because it is unnecessary to clas-
sify the rail workers in onboard unlike (a).

As explained previously, the safety equipment for on-
board and for worker has several operation switches
such as the power supply switch, mode conversion
switch, etc. In case of the power supply switch, if this
is the case of safety equipment for motor-car, the power
supply switch for motor-car was not added separately so
that it could not transmit wireless signals to the front
periodically and continuously and the driver could not
turn off the output signal arbitrary when the power sup-
ply of motor-car was input. Checkup button is the but-
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Fig. 3. Transmitted frame between worker and on-board terminal.

ton added to enable buzzer sounds cut off if the worker
recognizes the approach of motor-car. When making
this button operated, it was designed so that the buzzer
sound could be operated again if any new wireless sig-
nal was received from another approaching motor-car,
although the buzzer sound was not expressed if any
wireless signal from currently approaching motor-car
was received.

3. Safety Alarm Mechanism

Since the motor-car terminal or worker one have the
same wireless aignal transmission distance respectively,
the alarm of the motor-car and worker terminals will be
expressed if the motor-car approaches within the wave
transmission distance on the basis of worker. Then, if
the worker recognizes this alarm, he/she will push an
alarm stop button and the expression of alarm signal at
the terminals for worker and motor-car will be stopped
accordingly.

Figure 4 is the figure explaining this basic alarm opera-
tion mechanism. That is, if the motor-car #01 enters within
the wave transmission area of worker terminal, the worker
terminal will receive RF signals coming from the motor-
car #01 terminal and make alarm signal occurred. And
right away, it makes drive carefully by making the alarm
informing that there is a worker in the front occurred at
the terminal of motor-car #01 by feeding back to the ter-
minal of motor-car #)1. The trackside worker will evacu-
ate if he/she acknowledges an alarm signal of worker’s
terminal, and afterwards since continued alarm signal is not
required to be occurred, the alarm signal at the terminal for
worker and for motor-car is made to be stopped by han-
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Fig. 4. Basic alarm operation mechanism.

dling the checkup button in the terminal for worker. At this
time also, although the terminal of motor-car #01 transmits
RF signal periodically and the terminal for worker also
receives the signal of motor-car #01 periodically, it was
made that the alarm signal was not output if an alarm
checkup button was pushed. Since then, if the motor-car
#02 approaches within the wave transmission area as
shown in the figure, it is implemented as a mechanism
where the worker’s terminal makes alarm signal occurred
again like Fig. 5 and at the same time makes alarm signal
occuired at the motor-car #02 by feeding it back to the on-
board terminal.

In addition to the basic alarm operation mechanism like
Fig. 4, certain situation where one motor-car entered within
the wave transmission area and then entered again after
having left it can be occurred. Since this is the operation
of motor-car to be used for works for the trackside main-
tenance not as a generally operated motor-car, it i3 possible
to repeat frequent forward and backward driving in a nar-
row area. This case is the one like Fig. 6, and at this time,
the terminal for worker will be stopped if it does not
receive any RF signal, and the alarm signal of on-board
terminal will be stopped also if it does not receive any
feedback signal from the terminal for worker. Since then,
when the motor-car #01 newly enters within the wave
transmission area, it was made to express alarm signals in
the same mechanism as that expressed at the time of first
entrance. Unlike the basic mechanism like Fig. 4, this is
the mechanism making alarm signals operated from the
beginning newly if any RF signal is received again after
being disconnected although the signal of on-board termi-
nal with same ID is received.

Although Fig. 5 is the case where the motor-car

Axtemvic yegnest for tuoemy-ex =01

Fig. 5. Alarm mechanism when the motor-car moves backward
after leaving its propagation area.

enters again after going out of the wave transmission
area, there is a case where the motor-car, which is the
trackside maintenance motor-car, is operated forward
and backward to work within the short area due to its
characteristics. This situation is the case where the cor-
responding motor-car approaches to the worker again by
moving backward again within the wave transmission
area after the check button is pushed by the worker to
stop the alarm after that worker recognizes the
approaching motor-car first. That is, in this situation, if
the worker terminal does not output the alarm signal
again, the clash and rear-end collision accident with
motor-car ¢an be occurred again. Thus, the alarm oper-
ation mechanism is necessary to solve this problem.
Actually, motor-cars are being operated for the mainte-
nance of trackside facilities of railway in many railway
fields such as the signal, communications, electricity, facil-
ity, etc. Generally in case of the railway, the moving loca-
tion of motorcar can be checked by railway signaling
system when the motor-car moves, and accordingly, the
control system preventing any clash and rear-end collision
between motor-cars by transmitting deceleration and stop
signals to the front and rear motor-cars. However, in case
of the motor-car, it is impossible to grasp the operation
location of motor-car by this signaling system on a real-
time basis since it is consisted of a single car or two cars
only. Accordingly, it is impossible to check the operation
location each other by the system even between the motor-
cars, and the operation location each other must be
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Fig. 6. Alarm operation mechanism the motor-carworker and
between motor-scars.

checked by motor-car drivers visually. In addition, because
it is impossible to check the location of other motor-cars
by eyesights of drivers since operation of these motor-cars
are usually accomplished at night, the clash and rear-end
collision accidents between each other motor-cars are being
frequently occurred currently.

Figure 6 is the one explaining the mechanism added
to prevent clash and rear-end collision accidents
between each other motor-cars by making alarm signals
occurred in accordance with the approach of each other
motor-cars. Although an alarm operation mechanism
between the motor-car #01 and the worker is operated
in the same manner as several cases explained previ-
ously, it is the figure explaining an alarm operation
mechanism between each other motor-cars additionally.
As shown in the figure, alarm signals between each
other will be occurred if the motor-car #01 is approach-
ing to the worker, and the alarm will be stopped by
pushing the check button. However, as shown in the
figure, the worker terminal makes alarm signals
occurred also if the motor-car #02 approaches within
the wave transmission area of worker consecutively
while moving close to the motor-car #01, and if the
motor-car #1 receives a RF signal from the motor-car
#02, it makes alarm signals occurred as shown in the
figure and makes alarms occurred at the on-board ter-
minal of motor-car #02 by making them fed back to the
terminal of motor-car #02. In this case, it was made to
have drivers induce safe driving accordingly by making
the on-board terminal express alarm signals differently
in accordance with whether it is the alarm caused by
the worker or by another motor-car. In this prototype,
the expression of alarm signal was made to express
LED colors differently to classify its recognition on the
worker from that on the motor-car.

Fig. 7. Prototype of the motor-car terminal.

4. Development of Safety Equipment

Safety equipment was manufactured and the test was
performed at the railway operation site on the basis of
the content designed previously. Figure 9 is the worker
terminal of prototype developed through this study, and
the Fig. 10 is the picture of terminal for motor-car. In
case of the worker terminal, it was made so that the
adjacent worker as well as the worker himself/herself
can check alarm signals by making alarms output so
that the red LED and high-luminance green LED can
be turned ON if it receives an approach signal from the
motor-car. In addition, we enabled alarm signals to be
output in a sound too, and at the same time, we made
alarm signals output in various forms such that the
vibration is occurred at whole parts of the terminal by
operating a vibration motor, etc. Output of the vibration
alarm is the same form as that for vibration state of cel-
lular phone. It was manufactured in a slightly smaller
size than that of cellular phone so that the worker could
carry it conveniently, and it could be attached at the
waist of worker or an accessory possible to be hung in
the neck through necklace could be attached addition-
ally. By using high-capacity rechargeable batteries, the
power supply of worker terminal was made so that the
worker could use it conveniently.

As for the terminal for motor-car, an alarm LED
which will be output in two kinds of color so that
whether an adjacent terminal is for the worker or for
the motor-car can be distinguished, a setup display but-
ton to set the operational direction of corresponding
motor-car and the direction display LED according to it,
a lever possible to adjust the size of alarm sound, and
the check button to stop alarm signals were attached at
the front of the terminal. In addition, by attaching a
LCD display device, we enabled this LCD display win-
dow to be used if the driver of motor-car wanted to
obtain more detailed information by making an opera-
tion status of his/her own terminal, an unique number,
etc. of the terminal for adjacent worker or other motor-
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car displayed. Unlike the terminal for worker, the out-
put of alarm was limited to LED lights and alarm
sounds only without any vibration. Power supply of the
motor-car was used as that of the terminal for motor-
car, and the power supply of motor-car was used so that
the natural role of terminal as the safety equipment
could be performed, and we made that the power sup-
ply of this safety equipment must be applied during the
motor-car operation since no separate power supply
switch was designed. This is to prevent the case funda-
mentally where the driver turns off the power supply of
on-board terminal arbitrarily and makes it impossible to
be operated as safety equipment.

Figure 11 is the one showing the waveform of signal
to be output from the on-board equipment, is the wave-
form transmitting signals pericdically, transmitting the
transmission frame like Fig. 4. This output signal from
on-board equipment outputs various alarm signals by
decoding these transmission signals if the portable
device for worker receives them within a fixed distance.

5. Conclusion

Since casualties of railway transportation occupy most of
the recent railway accidents, it is steadily required to pre-
pare the measure to prevent them. This paper described
contents such as the applicability through design, manufac-
turing and field test of safety equipment developed as a
measure to prevent casualties of maintenance worker work-
ing at the trackside of railway who corresponds to the
employee as the target person of casualties, and the valida-
tion on utilization through its implementation in another
form called as the safety helmet, etc. The safety equipment
being proposed transmits alarm signals bidirectionally to
the on-board and worker, and is consisted of the on-board
safety equipment to be installed at the driver's cab of
motor-car and the safety equipment for worker to be car-
ried by the worker. Each safety equipment outputs infor-

mation on entering motor-car in the front or information on
worker in the form of various alarm signals, and can pre-
vent and reduce casualties of railway transportation by
enabling careful driving and evacuation to the safe area.

And, we performed field tests in the tunnel for metropol-
itan rapid transit which is the actual operation section to
prove the effectiveness of developed safety equipment, and
as a result of the test, the applicability was validated since
requirements as the safety equipment to reduce casualties
of worker were satisfied sufficiently. In addition, the possi-
bility of utilizing this technology for safety equipment in
various forms was verified by showing the prototype man-
ufactured in the form of safety helmet using the bone con-
duction speaker by utilizing technologies for safety
equipment being proposed. It is expected that the safety
equipment having its superior performance and high possi-
bility of utilization like this to prevent casualties of main-
tenance worker working at the trackside of railway will
contribute much to the prevention and reduction of casual-
tes in railway transportation in the future.
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