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 There are more than 60 thousand of casualties happened in 2016. ( Yi, W., Chan et al,,
2016). Construction workers are involved in the highest casualty rate industry, which
has 3 to 4 times higher casualty rate compared to other industries (Yilmaz, F. et al,,
2015).

e According to statistics published by International Labor Organization (ILO), 33.7 million
accidents happened around the global with USD1.2 trillion lost accordingly. Due to
such a high casualty rate happened in construction projects, safety management has
been included by the Project Management Body of Knowledge for years.

 NIOSH has been promoting Total Worker Health (THW) to inspire and encourage
construction companies and workers to be more cautious and vigilant to safety related
matters including off-duty times.

© Copyright 2019 IATT. All rights reserved. Full or partial reproduction is prohibited.



37™ INTERNATIONAL

2. LITERATURE REVIEWS N - DI

FLORENCE 2019

* HRR: The cause of human’s fatigue has two types, physical and psychological.
Measuring human’s fatigue based on heart rate, Heart Rate Variability (HRV) and its
related parameters, is mostly seen in many research papers. Resting Heart Rate (RHR),
Maximum Heart Rate (MHR), the percentage of Heart Rate Reserve (%HRR), Heart
Rate Recovery (HRR), etc. are commonly used as the index to assess human’s fatigue.
(Abdelhamid & Everett, 2002)(Miyake et al., 2009) (Liu, Gao, & Freedson, 2012)
(Thomson et al., 2016).

* HRV: It has been proven that high frequency HRV (01.5Hz<HRV<0.4Hz) is closely
related to psychosocial workload and continuous working time (Fumiharu Togo et. al.,
2009). To measure physical fatigue needs continuous heart rate collection devices
with a data sampling resolution up to mini-second level.

* Light-weight wearable heart rate monitoring devices and application system are
needed for measuring workload and fatigue.
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3. SYSTEM DEVELOPMENT AND VALIDATION

Key System Components
* PPG Heart Rate Monitor: Nordic SoC with Green LED senor.

* BLE Gateway: Raspberry Pi 3B platform
* |oT Application System: Developed on AWS loT software platform
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KEY PRODUCTS
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HEART RATE RESERVE THEORY

HRR = MHR - RHR
1% = AHR/(MHR — RHR)
WHR = RHR + AHR
= RHR + (MHR — RHR)*L%

L% = (WHR- RHR) / (MHR — RHR)
MHR = 206.9 - (0.67 X Age)

HRR, Heart Rate Reserve
MHR, Maximum Heart Rate
RHR, Resting Heart Rate
WHR, Working Heart Rate
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* 6 volunteers involved aged form 24 to 28
e« 20 minutes exercise for 3 times with a 10 minutes rest between each exercise.

* A wireless ECG tag(FDA approved) attached on each volunteer and PPG wristband
worn on his left wrist.
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PPG VS ECG

HR (bpm)

S1R3: ECG vs PPG

155

145 - PPG———ECG Fix
135
125 I /
115 |
105 :
o W |

85

75

65 1 T T
1,534E+12 1,534E+12 1,534E+12

Timestamps (ms)

Figure 1. ECG vs. PPG from the first subject
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Figure 1. ECG vs. PPG from the second subject
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RESULT OF SYSTEM VALIDATION

Round 1 95.88% 100.00% 100.00% 100.00% 100.00% 99.18%
Sensor Coverage Round 2 98.00% 95.75% 92.26% 92.35% 100.00% 95.67%
Round 3 100.00% 100.00% 100.00% 100.00% 100.00% 100%
Rest 0.8128 0.8408 0.9029 0.9764 0.8848 0.8835
Walking 0.9785 0.9857 0.9090 0.9337 0.9942 0.9602
Running 0.9905 0.9945 0.9461 0.9772 0.9947 0.9806
Rest 2.73 -0.51 1.89 0.83 -0.03 +0.98
Walking 0.68 0.08 -0.55 4.50 0.72 +1.09
Running -0.29 -0.12 -0.92 -0.73 -0.10 -0.43

Time lag (seconds) 16 15 15 14 14 14.8
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4. EXPERIMENT ARRANGEMENT

* Construction site: shield tunnel construction project selected with a tunnel of
2KM in distance, and 2.8M in tunnel’s diameter, two shaft of 30M in depth and
15M in diameter.

* 16 volunteer workers involved in two teams of 8 people for each team.

* Data collection for 12 hours in the day shift form 6am-6pm.

* Pre-experiment conducted from March to May 2018, and justification work taken
in July and August 2018.

e Second experiment starting from 16 September to 16 November 2018
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BLE Gateway

Cat. 6 ethernet cable
Optical Fiber

© Copyright 2019 IATT. All rights reserved. Full or partial reproduction is prohibited.



37™ INTERNATIONAL

DASHBOARD OF WORKER’S STATUS /N® = DI(

FLORENCE 2019

Dashboard of worker’s health condition
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Dashboard of worker’s heart rate record
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Shield tunnel construction site-ground and shaft
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Shield tunnel construction site- drill and shield tunnel
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PPG Heart Rate Monitor Wristband
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PPG heart rate monitor wristbands worn on each on construction worker
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EXPERIMENT RESULTS
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Figure: 5. Workload (%HRR) difference between
tunnel construction workers
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Figure 6. Workload (%HRR) distribution of No. P8
workers in one week
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e System development: technical challenge of infrastructure, hardware and
software.

* Construction site: workers’ compliance and top management support.
e Data processing and analysis: lacks of software tools and references.
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* Real-time workload calculation and fatigue modeling.

* Developing fatigue prediction model and prevention method.

* Finding worker’s stress(HRV) and its relation with %HRR.

* Developing safety management system based on worker’s
workload(%HRR) and stress(HRV).
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Safety Monitoring and Management System
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Monitor of worker’s hear rate, %HRR, and workload
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Thank you for listening
......... Questions?
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