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Abstract: The research study was carried out for the safety of highway maintenance workers in
order to avoid incidents or hazards in the direct emergency lane on the highway through the
implementation of a danger sensor device which known as Signal Warning Detector (SWAD). The
distance sensor detected the object at a certain distance and sent the signal to the output via the siren
device and emergency light. The device sensor was mounted on the highway worker vehicle. It also
sent signal to the receiver to alert employee by giving early signal of danger detected. The receiver
alerted employee by vibrating the vibrator motor that was attached at highway worker’s arm. The
main objective of the SWAD was to increase the safety procedure and precaution for maintenance
highway workers that currently doing their job at the emergency lane of the highway. The Signal
Warning Detector (SWAD) had successfully implemented by detecting the vehicle or danger from
behind in 70 meter maximum distance at straight emergency lane. The SWAD was effective to be
used on highway worker vehicles for additional safety by giving early danger signal.

Keywords: safety, automation system, sensor detector

1. Introduction

Nowadays, the safety system was one of the most
important requirements to make sure employees were
always safe and were not exposed to any danger®. Aspects
of the security system were not confined to industries such
as factories, ports, warehouses, tank storage, oil palm?
and others. However, it should be emphasized on the
roadside especially the highways. In this case, the safety
of the workers doing the maintenance work on the
highway was much less concerned. If an accident
involving an employee, it may result in serious injury or
death to the employee. Highway construction and
maintenance crews were often forced to work adjacent to
high volumes of traffic and in many cases fast-flowing
traffic. The large number of work zone accidents proved
that exposure was risk and clear®).

A highway maintenance worker was a person who

ensures that the highways and roads stay in, clean and
useable. There were a number of specialists in highway
support, including regular operation, repaired tasks and
repairing parking defects. This activity requested physical
quality and the majority of working time was spent outside.
In addition, road maintenance workers faced dangerous
situations, including working over long distances with
high-speed vehicles work in unpredictable weather
conditions, and regular used of various machines® and
instruments and heavy equipment®).

A distance radar sensor as mechanical automation
detection system was able to identify hazards for safety
purpose® which coming in the opposite direction through
a programmed sensor within a specified radius. The
device was supported by an alarm system as well as a
vibrator attached to the employee.

To ensure the system run efficiently, a reliability test
would be performed to determine the level of
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effectiveness of the transmitter and receiver as well as the
impact test. Reliability was the degree of consistency of a
measure, the test was reliable when it gave the same
repeated result under the same conditions”.

Consistency means that the measurements were
replicated when different individuals measured, on
different occasions, with supposedly alternative
instruments that measure the same thing under different
conditions®.

There were various types of road safety measures that
had been taken by the authorities to reduce the rate of road
accidents. However, the accident rate was still high as a
result of the tools being made less effective. It was caused
by a variety of unwanted factors. Some of which result
from poor road conditions, lack of warning signs and poor
road conditions. Traffic accidents happened to road users
as well as road workers. In the work zone crash, a number
of accident scenarios could be possible, as various
contributing factors could influence probabilities and
consequences®. Road users and highway workers had
encountered accidents due to maintenance work resulting
in wounds and deaths due to the less active signs since the
details of road signs were supposed to be essential to
understand driver's reactions 19,

The sensor technology was very useful in Industrial
Revolution (IR) 4.0 in developing automation system with
safety as important factor either for small or big
engineering industry? liked micro printing technology*?.
The sensor application was not limited to electronic board
system for programming only. But, the sensor could be
apply in material composite fabrication®, injection
moulding¥, oil palm industry, burner system'® and
automotive industry®.

Road safety was a collective responsibility requiring
participation by government, civil society and private and
public enterprises also the well-planned plan and strategy
were important. With infrastructure upgraded and the
construction of new roads, fast growth in vehicles
increased the risk of road accidents?.

The cones and safety lamps were the most widely used
markers, but they were very inaccurate. Previous
researcher had studied that the speed display was
generally more efficient than the rumble strips in the
warning area to minimize vehicle speeds'®.

The boundary of the work zone should be worried by
the additional workplaces as a new safety system that
decreases the danger to workers with vehicles contained
and coordinated from workplaces. Research in sign
substance and sign structure had been adequately applied
to work zone settings. The data substance had been
appeared to affect driver speed decrease at work zones.
Drivers were found to rely on text messages but graphic
messages were becoming increasingly viable in terms of
response time and accuracy'®.

Currently numerous road safety technologies could be
used to road vehicles. Modern technology could save
damage to property and prevent deaths with effective

security systems. Electronics played an important role in
developing optimized solutions for vehicle driving,
improving its safety features and reducing the
environmental burden?.

Previous researcher used single black-box camera
method for detecting and estimating the distance of a
vehicle driving in front as shown in Fig. 1. The proposed
method decomposed the input image into multiple-
resolution images for real-time processing and then
extracted the aggregated channel features (ACFs). A
method of detecting an object and a method of estimating
a vehicle’s distance from a bird’s eye view through
inverse perspective mapping (IPM) were applied. By
applying IPM and transforming a 2D input image into 3D
by generating an image projected in three dimensions, the
distance between the detected vehicle and the autonomous
vehicle was detected??.

Fig. 1: The vehicle detection with the center point of the
black-box camera.

Usually the safety procedure was conducted by
displaying a safety sign board and blocking with safety
cones while conducting the maintenance at the highway
emergency lanes. However, the procedure only alert the
highway users and not to the maintenance worker
themselves for any danger. Therefore, those maintenance
highway workers were actually needed a Signal Warning
Detector (SWAD) system which could gave them the early
emergency signal either by sound, vibrator or light.

2. Methodology

In order to complete the methodology process, a few
procedures needed to choose as the best selection.
Methodology data collection could be described as the
process of gathering and measuring information on
interest variables in a systematic manner that allowed one
to respond to questions, to identify research questions, to
test hypotheses and to assess results??.

The data collection methods may vary depending on the
discipline, the type of information and the intent of users.
Thus, the method to collect the data was basically related
to how the specific procedure to obtain the data®).

The real situation of experimental process had been
applied to find the best setting for Signal Warning
Detector (SWAD) that was installed at the highway
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maintenance vehicle as shown in Fig. 2. There were some
experimental had been conducted with several
parameters®? had been selected in finding the maximum
danger detector distance from the vehicle.
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Fig. 2: The Signal Warning Detector (SWAD) that alert
highway maintenance worker.

The maintenance worker vehicle was parked at
emergency to gather information about its environment
within 100 meter distance through the SWAD that located
at the back of the vehicle. Then, it proceeded the next
action to alert the maintenance worker about incoming
danger.

Signal Warning Detector system was a classical
optimization approach by using distance radar sensor
liked showing in Fig. 3. SWAD was developed with
integration of Arduino controller with distance radar
sensor known as uRad sensor that had capability to detect
speed and distance measurement?), as real safety system
for highway maintenance worker.

The completed assemble of SWAD system was shown
in Fig. 3. Transmitter which contained of Arduino
controller and uRad sensor was installed at roof top of
maintenance highway vehicle together with siren and
rotation lamp as the outputs. While the receiver was
installed at worker’s arm.

In experimental method, the distance radar sensor and
the program code administrated by Arduino as the
microcontroller to detect any emergency during working
or maintenance at highway straight emergency lane. Both
transmitter and receiver were connected by wireless
antenna.

Fig. 3: The full assemble of Signal Warning Detector
(SWAD) system

The factor that caused of the safety issue happening had
been studied and analyzed on how this factor could affect
and relate with the outcome of the problem. The necessary
information to construct the automation safety system
generally accumulated by the simulation and experimental
works.

In experimental process, the distance in range 0 to 100
meter was measured and cones had been placed for each
10 meter liked showing in Fig. 4. SWAD system was
installed at vehicle in obtaining the best distance for
emergency detector which was the maximum detector.
The SWAD was sent the output signal through siren,
vibration and rotation light. The vehicle also was tested in
the different velocity range.

Fig. 4: The cones were placed in range 0 to 100 meter.
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The research method liked showing in Fig. 5 was
conducted to achieve the objective by setting up any
potential danger coming within 100 meter from the
highway maintenance vehicle that was labeled as threat to
the system, thus active the safety precaution process. By
applying the SWAD system, it intended to help highway
maintenance worker to feel safer while working, reduced
unnecessary congestion or accident and improved the
safety confidence of the company towards their
employees. Another advantage regarding SWAD system

vehicle in range 0 to 100 meter distance from behind at
emergency lane. Table 1 showed the presence of the
movement car at different distance. The results were
collected from actual field experiment test at emergency
lane. From the result, this SWAD was not detected any
vehicle started from 75 to 100 meter due to the radar
distance sensor capability.

Table 1. The result of presence vehicle detected at emergency
lane.

were reduced maintenance working time and save energy Number of | Distance (Meter) Presence
used in helping the highway user for any emergency. testing vehicle
1 5-10 No
EMERGENCY LEFT LANE RIGHT LANE
LANE 2 15-20 No
3 25-30 No
Worker 4 35-40 Yes
truck
5 45-50 Yes
6 55-60 Yes
- 100m 7 65-70 Yes
) 01\ ™ 8 75-80 No
m Coming
\l/ vehicle 9 85-90 No
Coming Potential 10 95-100 No
vehicle danger
el The second experiment was conducted in detecting the
vehicle in range 0 to 100 meter distance at normal or slow
lane. Table 2 showed the presence of the movement car at
different distance. The results were collected from actual

Fig. 5: The new safety precaution procedure using SWAD.

3. Results and discussions

The result had been obtained based on the Signal
Warning Detector (SWAD) device that developed as one
of the safety device made for highway maintenance
worker. The development of the device was taken several
period of time due to safety features and some electronic
system supported by C language. As the device was new
creation, there was no specific setting especially with their
parameters setting. Due to this lack of information and
data approval, some experiment had been conducted to
obtain the best results for analysing.

The distance radar sensor used in this SWAD system
called uRad sensor. The concept of distance sensor
detected based on distribution of radar detection. The data
had been obtained in this experimental testing was to find
the best output or maximum distance detected purposely
at highway maintenance worker vehicle as safety device
for their worker. In this study, the parameter setting was
studied to find the best result for each parameter due to
different type of variable in this experimental. The
parameter that had been set to focus were the radar
distance sensor, speed range of car or any other present
object from behind and the output reliability such as siren,
rotation lamp and vibrator.

The first experiment was conducted in detecting the

field experiment test at normal lane. From the result, this
SWAD was detected vehicle at 25 to 30 meter and 45 to
60 meter distance due to the radar distance sensor setting
and positioning. The data showed the gap of the study in
improving the SWAD system to be more accurate in
detecting the danger or emergency situation during
maintenance work for highway workers.

Table 2. The result of presence vehicle detected at normal or
slow lane.

Number of | Distance (Meter) Presence
testing vehicle

1 5-10 No

2 15-20 No

3 25-30 Yes

4 35-40 No

5 45-50 Yes

6 55-60 Yes

7 65-70 No

8 75-80 No

9 85-90 No

10 95-100 No

The third experiment was conducted in detecting the
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vehicle at different speed in range 0 to 100 meter distance
from behind at normal or slow lane. The speed range or
velocity of vehicle that came from behind and object
distance detected at normal lane was shown in Table 3.
The trend of this graph was fluctuated where the result
from experimental showed the average speed of car from
0 to 70km/h. At velocity 10km/h, 20km/h, 40km/h and
70km/h, the vehicle was not detected since the experiment
was at normal lane. The result was not stable enough for

different speed at normal lane due to system configuration.

The data showed another gap of the study in improving
the SWAD system to be more stable so that it was not
detected the vehicle at normal lane and did not disturbed
highway workers during maintenance works at highway
emergency lane.

Table 3. The speed range of the car tested at straight emergency
lane.

The graph in Fig. 6 showed the speed range in unit km/h
versus distance detected at emergency lane. This lane was
focused as most of highway maintenance workers worked
duty at the side of the road. The result that obtained for
emergency lane was conducted in detecting the vehicle at
different speed in range 0 to 100 meter distance. The
average speed was about 0 km/h to 70 km/h, same as
experimental result before. At the speed average 0 to 30
km/h, the SWAD was not detected due to the vehicle
movement was too slow and programming set up. At
speed between 40 to 70 km/h, the SWAD function well
and showed the good result.

Speed Range (km/h) vs
Distance Detected At (m)

80

Number of | Speed Range (km/h) Distance
testing Detected (m)
1 10 -

2 20 -

3 30 35

4 40 -

5 50 35

6 60 30

7 70 -

Speed Range (km/h)

70
60
50
40
30
20
10

20

40

60

80

The fourth experiment was conducted in detecting the
vehicle at different speed in range 0 to 100 meter distance
from behind at emergency lane. Table 4 showed the speed
range and distance detected at emergency lane. The result
trend was stable where the result from experimental
showed the average speed of tested vehicle from 0 to
70km/h. At speed 10km/h, 20km/h and 30km/h, the
vehicle was not detected since the SWAD programming
was set to detect at minimum speed 31 km/h. The result
showed different data of distance detected at certain speed
set up. The highest speed which was 70 km/h could detect
the moving vehicle at 65 meter. The maximum distance

detection was at 70 meter at speed 50 km/h.

Table 4. The speed range of the car tested at straight emergency

lane.
Number of | Speed Range (km/h) Distance
testing Detected (m)
1 10 -
2 20 -
3 30 -
4 40 55
5 50 70
6 60 65
7 70 65

Distance Detected At (m)

Fig. 6: The graph of speed range (km/h) versus distance
detected at emergency lane.

While running this experimental research, there were
several things that had been observed and a lot of things
were determined related to radar distance sensor and
Signal Warning Detector (SWAD) system. The challenges
faced in this research were to get the reliable?® and
accurate?”) data for radar distance sensor in detecting
vehicle or other object to achieve the objective in
decreasing the accident situation among maintenance
highway workers. As regard with to SWAD system and its
capability, it was very easy to manage and control as
SWAD itself already developed to be compatible with
highway emergency lane environment.

3. Conclusion

In conclusion, the objective of Signal Warning Detector
(SWAD) study and experimental process which was to
find the best result in emergency detection had been
achieved. Several experiment had been run to find the
maximum vehicle distance detection by radar distance
sensor at different speed range in emergency lane. The
experimental study was applied in finding the data for
analysing due to new development of SWAD system that
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never been done before. While the value of distance sensor
from the lane was obtained through several experiment on
the site. The maximum distance detection was at 70 meter
at speed 50 km/h. The highest speed which was 70 km/h
could detect the moving vehicle at 65 meter in emergency
lane.

The data collected from several experiment showed the
result of SWAD was achieved. Where the data obtained
showed the system was run well where the transmitter
detected the moving object and sent the signal to the
receiver as early warning to highway maintenance
workers to react and save their life. As the result of
experimental testing, this SWAD system could be applied
for the maintenance workers at the highway to increase

their safety aspect and standard operation procedure (SOP).

This system also could be used as safety features for all
highway user in the future.
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Nomenclature

SWAD  signal warning detector system
IR industrial revolution

ACF aggregated channel feature
IPM inverse perspective mapping
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