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ABSTRACT 
 

Complexity in construction implementation has been proven to cause fatal accidents as a result of human 
errors due to fatigue. Construction accidents could happen at any time and the occurrence is difficult to 
predict in dynamic project characteristics. There are relationships between internal (workers) and external 
factors (construction environments) as leading factors in the accident since the project conditions also cause 
fatigue. Therefore, this paper presents an integrated system through real-time monitoring, with appropriate 
tools to decide workers safety conditions. The purpose of the developed system is to prevent construction 
accidents by monitoring workers’ conditions during working hours. Fuzzy-based decision-making was 
proposed as a real-time monitoring system based on fatigue prediction, hazard level, environment effect, 
and safety analysis, according to internal conditions (heart rate, body temperature, and muscle activity) and 
external factors (hazard zone, safety protection, working space temperature, noise level, and illumination), 
then added with historical safety data. Fuzzy approach was used to develop the system according to the 
knowledge-based from experience, database, and expertise, since high accuracy of this method in analyzing 
qualitative issues such as safety assessment. Software development for fuzzy decision support system 
application has been realized to solve the problem in the form of safety decision-making. The performance 
evaluation showed that the overall fuzzy system was running well. Experimental tests on the system 
delivered the input data and proceed to expected output, as workers’ safety decisions. The results show that 
the varied output of workers’ safety conditions could be represented in the data model with different 
physiological conditions. Worker performance is assessed in preparation work to observe the readiness of 
workers, followed by real-time monitoring on working hours, where the data is updated hourly or minute. 
Therefore, fuzzy decision support system is appropriate in accident prevention and part of efforts in 
achieving construction safety. The integration with sensor networks is needed to realize the final goal in 
modern safety management in construction. 

Keywords: Construction Safety Monitoring, Decision Support System, Fuzzy Decision Making. 
 
1. INTRODUCTION  
 

Construction is a unique and dynamic industrial 
activity due to a tight schedule with high 
complexity caused by various resources involved. 
Construction activities still depend on labor as the 
main source of work completion. When the goal is 
strict, all the energy of the workers must be 
mobilized. However, people have limited capacity, 
where high demand will force workers to their 
ability. It leads to the weakness in health and safety 

problems, reflected in the highest rates of accidents 
in almost all countries in the world. In Indonesia, 
the highest accidents were caused by construction 
with 31.9% and increased between 5% - 10% per 
year. These also encourage accidents at any time 
during working hours, make it more difficult to 
predict and prevent [8, 12, 23]. 

Some previous studies stated that the dominant 
factors that caused construction accidents were 
unsafe actions (human errors) with almost 88%, 
while the others were unsafe conditions with 10% 
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and the act of God with 2%. Even though the unsafe 
conditions only contribute as much as 10% in 
construction accidents, the relationships with unsafe 
act cannot be ignored [11, 14, 17, 21].  

The accidents due to human error, as much as 
50% are caused by loss of balance and alertness 
level which is described as an initial symptom of 
fatigue. Through fatigue, performance degradation 
happened and caused the risk of accidents [8, 30]. 
On the other hand, measuring fatigue is not easy 
because it only can be approached through general 
symptoms of changes in physiological and 
psychological conditions and cannot be measured 
directly at the source of fatigue. The method with 
self-report and subjective measurement is the most 
widely used in previous studies related to worker 
fatigue [4, 6, 7, 19, 26, 31]. Fatigue assessment with 
subjective measurement causes discomfort for 
constructions worker with high mobility 
characteristics, due to the loss of working time to 
complete the checklist. Fatigue rate cannot be 
updated with "just a time" assessment such as a 
subjective measurement because fatigue is a 
dynamic process, the previous state will affect the 
current conditions and depends on the workload for 
workers [6].  Therefore, the real-time measurements 
are most appropriate through the objective 
assessment based on the physiological conditions of 
workers, since the results are closer to reality.  

Based on Maurits as stated in [18], the unsafe 
condition comes from environment conditions of 
the project site such as worker’s position, project’s 
characteristics, weather, and noise. Unstable 
condition in high elevation, potentially causing falls 
from height. According to BPJS data, "falling from 
a height" was still the main cause of accidents with 
26%. Falling from a height was determined from 
project characteristics which are call hazard areas. 
The project’s characteristics of project related to the 
safety analysis are determined by the design of 
project which contains hazard points automatically. 
Project characteristics will produce a potential 
hazard such as open space, unprotected side, and 
hole/opening and cause a potential danger for 
workers with unstandardized safety protection [7, 
17, 24, 25, 31]. Generally, construction operation 
takes in an open workplace. Therefore the 
environmental conditions around the site will affect 
the implementation of construction. Worker 
activities in hot weather such as sun exposure, will 
increase heat stress and affect the body’s 
metabolism. Visual acuity is also impaired. Noise 
from construction equipment reduces concentration 
due to work stress and causes accidents. 

In construction safety, risk means a potential 
accident. Generally, construction workers are 
affected by an excessive risk of being hurt at work. 
This assessment is decided by the management 
level. It is determined by the safety historical 
database such as previous project performance 
related to the accidents and worker health data [10]. 

Some efforts have been made to prevent the 
accident, such as regulations. However, in fact, the 
role of government through H&S policies has not 
been consistently implemented by the project 
manager [29]. A manual inspection system that is 
commonly used causes the data to be poorly 
organized and seems useless for accident prevention 
action. Meanwhile, morning briefing for workers 
usually only illustrates the general description of 
hazards without deep screenings of the 
physiological condition for good work preparation. 

Previous studies have started the exploration of 
safety analysis with information technology 
approaches through sensing and biomechanical 
measurement. However, based on the existing 
conditions, the availability of instruments is still 
fragmented. It is difficult to use for construction 
workers with dynamic mobility, moreover, the 
integration of instruments is not necessarily 
compatible with each other and the data analysis 
becomes more complicated.   

In the real-world, every situation is not always 
clearly defined. Therefore each decision-making 
also involves the subject of uncertainty. A decision 
support system will be more appropriate when the 
decisions are made according to human reasoning-
based. As it is known in workplace safety issues, 
the characteristic of parameters used in the 
assessment is more qualitative. Since human 
preferences and opinions are contained of 
vagueness, it can be replaced by a linguistic 
approach to express decisions in real terms through 
membership functions and inference systems as a 
fuzzy system concept. Fuzzy system is appropriate 
for representing human knowledge and solving 
problems in decision making. The fuzzy logic 
approach has been used in many areas and has been 
proven to minimize the weakness of qualitative 
approaches including subjectivity, doubt, and 
personal judgment from experts [9, 13, 15]. 

As discussed previously, it is important to design 
a monitoring system based on physiological 
conditions and the environment characteristic of 
construction project to prevent accidents. Therefore, 
we propose a fuzzy decision support system as real-
time monitoring for construction safety with in-
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depth analysis focused on workers as the main 
resources. The novelty of this research is a real-time 
safety monitoring system for workers based on 
internal (workers condition) and external factors 
from projects environment for human reasoning-
based decision making through a fuzzy logic 
approach and stated in software development. The 
contributions of this research consist of three parts: 
observing the readiness of workers in work 
preparation, analyzing fatigue prediction, hazard 
level and environment effect during working hours, 
and decision-making through safety analysis as an 
integrated safety monitoring system. A number of 
data models with different physiological conditions 
are generated to represent the output of the systems 
approach.  

The proposed system is focused on an integrated 
monitoring system, realized in the development of 
FDSS is a software application to ascertain the 
solutions for accident prevention and improvement 
in construction workers’ safety. A further topic of 
our research is integrating the existing systems with 
sensor networks to complete the whole safety 
system for construction workers. This analysis is 
part of the final goal in developing a modern safety 

management system related to planning, monitoring 
under implementation and evaluation including all 
related to the construction project. 

 

2. METHODS 
 
2.1 Flow Diagram of Safety Monitoring 

Previous studies stated that construction 
workers accident was determined by the 
relationship between internal and external factors 
[11, 14, 17, 21, 27, 28]. Internal conditions can be 
measured through the physiological changes during 
working hours such as heart rate value, body 
temperature, and muscle activity as the easiest 
indicators for construction workers with high 
mobility. Construction project’s characteristics as 
external factors (project design and environment 
condition) also affect the accident occurrence. To 
accommodate historical health data of workers and 
safety performance of projects, the management 
level can decide through health record and safety 
risk. Therefore the relationships for the whole 
safety system can be shown in the flow diagram 
(Figure 1). 

2.2 Research Framework  
Based on the flow diagram, the decision 

support system (DSS) for worker safety monitoring 
was developed with two basic concepts, namely 
measurement of work preparation and on working 
hours as shown in the research framework for 
safety monitoring system (Figure 2). Measurement 
in work preparation meant checking workers' 
readiness and prevented worse conditions during 
work. When the performance was good, then the 
decision was “going” to work and proceed with 
measurement on working hours. If the performance 
was poor, then “stop” was recommended and the 

workers should take medical treatment or rest, and 
real-time monitoring was unnecessary. 

Figure 2 also shows three steps of analysis. 
The first stage determined variables identification 
according to the flow diagram, which was used as 
an input data in this analysis, then followed by the 
development of a fuzzy system with the output 
divided into fatigue predictions, hazard levels, 
environmental effects, and safety risks. In the final 
stage, input data come from the output in the 
previous stage and then processed into construction 
worker safety decisions. 

 
Figure 1: Flow diagram of safety analysis system 
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2.3 Methodology of the Developed Framework 
2.3.1 Knowledge-based Approach 
The initial step in developing a decision support 
system was safety monitoring of construction 
workers started with identifying variables. A 
boundary value of identified variables was traced 
by referring to previous research and literature 
studies and then discussed with experts who have 
more than five years of experience in construction 
projects and institutions related to safety and health 
through interviews. Fifteen data were collected 
from the interview process with the experts. The 
interviews were conducted to collect numerical data 
from variables related to the safety of construction 
workers as fuzzy input. Representation of 
knowledge-based approaches related to safety 
systems was also adapted in the analysis process to 
realize the output.  
2.3.2 Structure model of fuzzy system 
The fuzzy computation scheme was a basic tool for 
safety monitoring system. The fuzzy decision 

support system was realized in Pascal language 
programming. Numerical input/output variables 
changed into linguistic variables as represented in 
each membership function as fuzzification process. 
Then the data was processed using an inference 
engine in accordance with knowledge-based from 
expert opinions, experience, and database through 
fuzzy rule sets. Fuzzy inference system is a state of 
fuzzy rule evaluation using the functions of 
implication and aggregation to find output. A 
decision can be obtained from defuzzification 
mechanism by converting the fuzzy output into 
crisp value. In this study, the decision was used as a 
recommendation for safety officers and workers for 
implementation. To ensure the accuracy of the 
system, experimental computation was conducted 
as assessments and then the experimental 
simulations were conducted to observe the 
behaviors in the developed model [2]. The model 
structure of the fuzzy system for safety monitoring 
is illustrated in Figure 3. 

 
Figure 3: Structure model of fuzzy system for safety monitoring 

 
Figure 2: Research framework for safety monitoring 
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Fuzzy logic analysis begins with fuzzification by 
changing an exact value into the fuzzy 
input/linguistic variable according to its 
membership function. Triangular fuzzy number 

(TFN) was used as defined in previous studies [28]. 
The linguistic variables are shown in Table 1 and 
Table 2. 

Table 1: Membership functions for stage 2 

Functions : Input  Functions : Output  
Variables Membership Function  Variables Membership Function  

Record data Performance 

Heart rate  

 

Body temperature  

 

Muscle activity  

 

Working space 
temp. 

Fatigue 
Prediction 

Fall effect  

 

Hazard distance  

 

Safety protection 

 

Hazard Level

Noise  

 

Illumination 
Environment 

Effect 
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The inference process considers all the rule sets in 
accordance with knowledge-based from experience, 
database and expert opinions. In this study, the 
fuzzy rules were set by the multi- input single-
output (MISO) controllers, consisted of five sets of 
fuzzy rules that indicated the stages in the 
developed system. For example, the fuzzy rule in 
syntax is shown below. 

IF antecedent THEN consequent 
IF Heart rate is Low AND Body temperature is 

Low AND Record data is Low THEN The 
Performance is Low 

The best performance was reached when the heart 
rate and body temperature were in normal condition 
(medium category), but when the record data 
showed bad conditions, it should been warning to 
workers that conditions would getting worse during 
working hours and optimal performance have been 
achieved, so the recommendation was “break”. 
These conditions are represented in 27 fuzzy rules 
set (Table 3). The higher or lower heart rate during 
working hours also had an impact on fatigue. In 
construction activities, muscle fatigue occurred 
more easily, so when muscle activity generated into 
worse condition, it indicated that the worker was 

tired despite a normal heart rate. It would been 
worse if it was combined with bad conditions from 
external factors. 81 rules are identified from fatigue 
prediction in Table 4. It would be very dangerous 
with the highest level of hazard if the worker’s 
position was at maximum elevation and very close 
with the hazard area, even though safety protection 
was applied well in project site such as shown in 
Table 5 with 60 rules set. Table 6 shows 12 rules 
from the environment effect. The effect of noise in 
workers’ safety was higher than illumination, where 
illumination could still be adapted by workers to 
some extent, so that the environmental effect was 
minimal. Regarding the danger level, the 
combination of internal domination factors of 
workers and external conditions would caused 
conditions to get worse as shown in Table 7 with 
108 rules. 

Table 2: Membership Functions for final stage 

Functions  Variables Membership Function  

Input Fatigue prediction 

 

 Hazard level 

 

 Environment effect 

 

 Safety risk 

 

Output Decision safety 

 
Note: UC= Under control; NBr= Need break-time; NBh= Need Break-hour; TR= Total rest. 

Table 3: Fuzzy rules set for performance 
No. 

Rules 
Heart 
rate  

Body 
temp. 

Record 
data 

Performance 

1 Low Low Low Low 
2 Low Low Medium Low 
:     

27 High High High Low 
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In this research, fuzzy inference system worked by 
using the Mamdani method (min-max method) 
which is started with min function for implication 
(rules aggregation) and then using max function for 
rule composition. Generally as stated in Equation 1 
[1, 22]: 

       21
max min input ,μinputμ zμ BAk

  (1) 

With µ (z) is the solution value of fuzzy 
membership, and k is fuzzy rule number. 
Defuzzification was the last phase in the analysis 
with the input derived from fuzzy rules 
composition. The final output was an exact number 
in fuzzy set domain within a certain range. 
Defuzzification by centroid method (central point 
(Z*) of fuzzy area as a crisp solution) is usually 
used in Mamdani as shown in Equation 2 [1,22]. 

 
 


z

zz
Z




*  (2)

 With z is the fuzzy number of the linguistic term of 
Z and µ(z) is the value of fuzzy membership of z. 
2.3.3 Model Test for Real-time Data 
According to the identified variables, heart rate and 
muscle activity values were changing significantly 

during working hours, so it needed to be modeled 
based on the autoregressive principle, which 
represented a random process to predict the future 
according to the previous behavior. For this 
research, heart rate value was generated in 
accordance with the state dynamic equation model 
as stated in Equation 3 and Equation 4 [2, 20]. 

     Tnynyny avv 11   (3) 

        21
2

1
11 TnyTnynyny avpp   (4) 

With yν(n) = ýc(nT) be the true velocity at the n-th 
sampling instant, ýc(t) is instantaneous velocity. We 
had assumed that the acceleration ÿc(t) is constant 
over the sampling interval and that ya(n - 1) is the 
acceleration over (n – 1)T ≤ t ≤ nT. 
Muscle fatigue activity could be defined by muscle 
force. At rest time, muscle force was maximal with 
100%. This condition would decrease through 
working hours and the impact of workload until 
break-time reached. The muscle fatigue model was 
also defined as the asymptotic reduction of the peak 
of muscle fatigue torque to 50% over 100 seconds. 
Therefore, muscle fatigue model was developed in 
the context of the cycle-to-cycle control as 

Table 5: Fuzzy rules set for hazard level 

No. Rules  Fall effect  Hazard distance Safety protection Hazard level 

1 Minor Immediate Absent Low 
2 Minor Immediate Not proper Low 
:     

60 Lethal Far Proper Medium 

Table 6: Fuzzy rules set for environment effect 

No. Rules  Noise Illumination Environment effect 

1 Low Low High 
2 Low Medium Medium 
:    

12 Very high High High 

Table 7: Fuzzy rules set for safety decision 

No. Rules  Fatigue level Hazard level Environment effect Safety risk Decision 

1 Low Low Low Low Work 
2 Low Low Low Medium Work 
:      

108 High Very high High High Total rest 

Table 4: Fuzzy rules set for fatigue prediction 

No. Rules  Heart rate Body temp. Muscle act. Working space temp. Fatigue prediction 

1 Low Low Low Low High 
2 Low Low Low Medium High 
:      

81 High High High High High 
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exponential decrease of maximum muscle force 
(Fm) to 50% of the source value as a function of 
time alteration with decay constant as in Equation 5 
[2]. 

 nfn e
F

FF
nfn

Max 
















 ; 1
2

0max
0max

  (5) 

With Fmax0 is the original value of maximum 
muscle force, n in this study refers to time with nf is 
the time when muscles begin to fatigue, and α is the 
decay constant. In the case of muscle fatigue in the 
proximal muscles (shoulder flexors) and distal 
(fingers flexor) in repetitive movements, it was 
agreed that fatigue due to MVC strength was 

decreased by 18% and 24% [2, 5]. 
 
2.4 Application Prototype Development  

All stages in the fuzzy process were 
outlined in a software application that was making 
it easier for users to be applied on-site through the 
interface provided. The compiled application 
consisted of several main menus to accommodate 
the needs of input and output data acquisition that 
would be used in the analysis. The main window 
showed some main menus (workers performance, 
monitoring, help, and exit), where each consisted of 
sub menus as shown in Figure 4 - 9. 

 
Figure 4: Main menu of application 

 
Figure 5: Menu of membership function setting 
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Figure 6: Menu of fatigue prediction analysis 

 
Figure 7: Menu of hazard level analysis 

 
Figure 8: Menu of environment effect analysis 
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Safety analysis was the final decision form for real-
time monitoring systems, derived from previous 
subsystems such as prediction of fatigue, hazard 
levels, environmental effects and safety risks 
(Figure 9). 

 

3. RESULTS AND DISCUSSION 
 
3.1 Experimental Computation 

Experimental computation on various 
conditions of worker safety on construction sites 
were conducted and solved to illustrate and verified 
the applicability of the developed application 
model. 
For example, the DSS platform shows the worker’s 

heart rate is 63 bpm (medium category) with the 
body temperature for 35.2oC (medium). According 
to the record data, the worker’s condition is 
medium with the value 40% (Figure 10). With these 
data, the model automatically shows the final 
performance in “high” category with a value of 
87.006%. According to the rule sets, the fuzzy 
systems generated the data with the winning rule 
“IF the heart rate is medium AND the body 
temperature is medium AND the record data is 
medium THEN the performance is high”. It means 
that the result of the developed system is the same 
with the design approach. Therefore, the DSS 
platform showed proper and running well according 
to the case. 

 
Figure 9: Safety decision analysis 

 
Figure 10: Performance for preparation work 
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Fuzzy approach in safety analysis as real-time 
monitoring on working hours was adopted from the 
DSS platform which has been verified in the 
previous discussion. The reliability of the safety 
analysis presented in Figure 9 shows the winning 
rule is number 15 with the degree of membership 
function is 0.7. According to the rules sets, “IF 
fatigue prediction is low AND hazard level is 
medium AND environment effect is medium AND 
risk is high THEN the decision is work”. The final 
result in the developed system is 15.52 with the 
category is “work”. Therefore the system denoted 
the appropriate logic functions and generated the 
input to final output properly. 
 
3.2 Performance Evaluation 

Based on the stages in fuzzy analysis, the 
system represented the appropriate output through 
experimental computations. The developed fuzzy 
decision system in the form of a program 
application was evaluated to ensure the overall 
system performance in accommodating various 

inputs from the safety conditions of construction 
workers at the project site. The consistency of the 
output membership function (OMF) of the DSS was 
evaluated with the designed rules, using the data 
model generated from real-time monitoring as 
system verification. In the rule evaluation with min-
max operation (the Mamdani method), a number of 
rule sets generated to select "the winning rule", 
which was a non-zero number and confirmed with 
the result of the DSS execution in presenting "the 
winning rule". Many trials were executed with 
various input conditions so that the entire mapping 
rules could evaluate appropriately. If 
inconsistencies were found, the system would re-
checked to search the principle of errors due to 
interpretation in the design that was not appropriate 
with the knowledge-based approach or caused by 
mistakes in the mapping process of the developed 
program. The evaluation progress was used as 
feedback for system improvement, thus a zero error 
rate is finally obtained (the accuracy of the fuzzy 
system leads to 100%). 

 
Table 8 represents the system performance 

testing through a series of experimental data to 
evaluate the overall number of mapping rules. Each 
input condition provide the output of the DSS 
program execution and then these recommendations 
will be matched according to the designed rules 
based on the winning rule. For example in case 1, 

by inputting the predicted values for fatigue (F), 
hazard level (HL), environmental effects (EE), and 
risks (R), the DSS program will give a decision (D) 
as an output. According to the input data, the 
designed rules indicate that rule no. 1 is the 
winning rule, while the results from the DSS 
program execution show that the selected rule is 

Table 8: Performance evaluation for safety decision 

Cases  
The Execution from DSS No. Win. 

Rule 
Fuzzy Rules 

F HL EE R D OMF F HL EE R D Error 
1 26.846 8.167 20.409 25 14.45         
 1.00 1.00 1.00 0.75  0.75 1 L L L L VL 0 

2 21.527 8.167 20.409 25 15.44         
 1.00 1.00 1.00 0.75  0.75 1 L L L L VL 0 

3 22.612 8.167 21.472 40 14.45         
 1.00 1.00 1.00 1.00  1.00 2 L L L M VL 0 

4 23.527 8.167 20.958 66 14.45         
 1.00 1.00 1.00 0.867  0.867 3 L L L H VL 0 

5 21.717 8.167 59 22 14.83         
 1.00 1.00 0.933 0.9  0.9 4 L L M L VL 0 

6 26.35 8.167 59 40 14.7         
 1.00 1.00 0.93 1.00  0.93 5 L L M M VL 0 

7 21.502 8.167 59 70 15.8         
 1.00 1.00 0.93 1.00  0.93 6 L L M H VL 0 

8 21.737 8.167 87.712 14 15.61         
 1.00 1.00 0.708 1.00  0.708 7 L L H L VL 0 

9 47.107 8.167 21.183 38 35.57         
 0.144 1.00 1.00 0.10  0.10 1 L L L L VL 

0 
 0.144 1.00 1.00 0.80  0.144 2 L L L M VL 
 0.855 1.00 1.00 0.10  0.10 37 M L L L L 
 0.855 1.00 1.00 0.80  0.80 38 M L L M L 

10 48.582 8.167 21.183 38 33.72         
 0.071 1.00 1.00 1.00  0.071 3 L L L H VL 0 
 0.929 1.00 1.00 1.00  0.929 39 M L L H L 

Note: L= low; VL= very low; M = Medium; H = high. 
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rule no. 1 with the degree of membership function 
(OMF) is 0,75  > 0. It states the consistency 
between the design and program execution is 100% 
(error rate is 0). Then the evaluation is continued 
for each rule from the whole rules that are 
designed. 

 
3.3 Performance in Work Preparation 

Workers’ performance denotes the 
physiological condition of workers (heart rate, body 
temperature, medical histories) in morning 
preparation through the DSS platform menu. This 
analysis offers an opinion for safety officer or 
project manager in deciding worker’s safety 
conditions in work preparation to prevent 
construction accidents. High-performance score 
means that the level of readiness is also higher for 

workers to complete their job during working 
hours. 

Apart from medical histories, somatic 
factors also influence the readiness in work 
preparation such as age, lifestyle, and sleep 
disorders. The max value of heart rate is decreasing 
when a person is getting older. According to the 
expert opinions, it was stated that the effect of life 
style such as alcohol & smoke consumption (Ls), 
and sleep disorder (Sd) are increasing the heart rate 
until 10% (abnormal) as shown in Figure 11.  

Based on previous studies, it was proven 
that smoking activity before work increases the 
heart rate value of 10 – 20 bpm (Kurnia Dewi, 
2017). In abnormal conditions affected by somatic 
and record data, the performance was running lower 
than normal condition as summarized in Figure 12. 

 

 
Figure 11: Heart rate trend based on record data 

 
Figure 12: Performance of workers in normal and abnormal conditions 
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3.4 Real-time Monitoring on Working Hours 

The decision on worker's readiness will 
determine the measurement of real-time monitoring 
on working hours. Real-time monitoring is 
influenced by external factors such as workload, 
therefore HR and MA as significant variables that 

changed with the time function were developed by 
following equations 2 and 3. Heart rate value 
increased based on the exertion of workload and 
muscle activity would decrease according to the 
deficiency of muscle strength in workload 
resistance. The behaviours of heart rate and muscle 
activity are shown in Figure 13. 

 
Real-time monitoring system on working hours 
were measured based on safety risk from previous 
project experience, fatigue condition as internal 
factors, the level of hazard, and environment 
condition of the project site as external conditions. 
According to these measurements (subsystems), the 
suggested decision was the final goal. In this study, 
fatigue was analyzed in real-time based on time 

function, whereas for hazard level and environment 
effect, were conducted with a discrete approach 
because the changes tend to be stagnant as 
illustrated in Figure 9. Various conditions could be 
happened during working hours. This behavior 
would recommend different decisions for workers’ 
safety. The system simulates the condition of 
workers in real-time monitoring (Table 9). 

 

Figure 13: Heart rate and muscle activity behaviours in real-time monitoring 

Table 9: Simulation condition of workers in real-time monitoring 

No.  
HR BT MA WST FE HD SP Noise Illum. Risk Accident 

Rate 
Decision 

(bpm) (0C) (%) (0C) (m) (m) (%) (dB) (Lux) (%) 

1. 61 36.1 90.43 24 12 2.1 42 45 839 41 21.88 Work 

2. 60 36.5 80.00 26 6 2.4 10 10 1250 35 23.00 Work 

3. 59 34.1 90.77 24 10 1.5 67 39 1478 60 27.01 Work 

4. 58 38.6 89.44 24 11 2.4 37 45 967 49 33.69 UC 

5. 61 34.2 88.83 24 10 1.6 67 39 1478 60 35.23 UC 

6. 60 36.5 79.00 26 20 0.1 23 40 400 48 39.00 NBr 

7. 80 36.5 27.00 26 4 2.4 75 15 1250 20 64.00 NBh 

8. 41 36.5 86.69 24 10 1.0 78 33 839 67 81.06 TR 

9. 38 34.1 88.85 24 20 1.0 79 19 100 83 81.15 TR 

10. 80 36.5 27.00 26 20 0.1 25 25 1050 50 85.00 TR 
Note: UC= Under control; NBr= Need break-time; NBh= Need Break-hour; TR= Total rest. 
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Table 9 shows the first condition, if all the factors 
are in almost normal conditions, then the accident 
rate is low and the recommendation for decisions is 
“still work”. The second condition is when the 
internal factors are good while the external factors 
are danger, with the risky level of safety, then the 
result indicates low rate, so the recommendation is 
“still work” but in “under control” if the condition 
is getting worse. In the next phase, if the internal 
conditions are normal, and the external conditions 
are dropped and the safety risk is medium, so the 
accident rate is getting worse and the 
recommendation for the worker is “need break-
time”, but if these conditions are combined with 
abnormal internal factors, it is recommended “need 
break-hours” to re-charge the condition. The last 

subject, if the internal and external factors are in 
bad conditions, then the accident rate is high and 
“total rest” for the worker as the recommendation. 
 
3.5 Integrated Safety Monitoring System 

As an integrated system, there is a 
relationship between measurement in work 
preparation and during working hours as a 
comprehensive effort to prevent construction 
worker accidents. Other simulations were 
conducted to show this relationship (Table 9). From 
Table 8, several conditions are executed from the 
preparation stage through the DSS platform and 
then proceed with fatigue prediction as the first 
result of real-time monitoring.  

 
Table 10 shows that poor physiological 

conditions in the morning causes low performance 
and not ready to work. The prediction of fatigue is 
also high when starting work and can get worse 
during working hours. Performance and fatigue 
prediction based decisions recommend workers 
"rest." The decision of safety also indicates a high 
accident rate for workers so they are not allowed to 
work. Another case shows that normal 
physiological conditions will lead to good 
performance and ready to work. The prediction of 
fatigue also indicates normal conditions but should 
be aware that the physiological conditions worsen 
during work. The "work" recommendation is given 
based on performance and predictions of fatigue, 
while the decision of safety shows a low incident 
rate but must work under supervision. If the 
physiological measurements in the morning show 
normal conditions, then the performance is 

maximal and no indication of fatigue is detected, so 
it is safe to work. 
 
3.6 Discussion 

The developed system has been realized 
based on internal and external conditions in 
accordance with knowledge-based form experience, 
database and expertise to support the 
recommendation for decision making in worker’s 
safety in work preparation and on working hours.  
The fuzzy approach is used in realizing the decision 
support system since the accuracy of this method to 
analyze qualitative issues such as safety assessment 
The fuzzification as the first step in fuzzy systems 
are changed the input data into their membership 
functions to generate fuzzy inference system with 
fuzzy rules are set by MISO controller, worked by 
the Mamdani method (min-max method) to find the 
decisions as the final goal of safety monitoring for 

Table 10: Relationship between performance and real-time monitoring 

No.  
HR BT RD MA WST Performance Fatigue Prediction 

Recommendation 
(bpm) (0C) (%) (%) (0C) (%) (%) 

1. 40 34.0 90 90.72 24 18.252 80.535 Rest 

2. 38 34.1 85 88.85 24 19.209 80.427 Rest 

3. 41 33.9 70 89.32 24 21.229 79.997 Rest 

4. 80 36.2 94 90.01 24 18.572 49.000 Under Control 

5. 59 34.1 95 90.08 24 60.225 47.482 Under Control 

6. 79 36.7 88 88.99 24 22.990 46.541 Under Control 

7. 58 34.2 90 88.99 24 61.392 44.233 Under Control 

8. 58 36.1 87 89.44 24 88.124 20.008 Work 

9. 61 36.1 90 90.43 24 88.825 19.930 Work 

10. 60 36.0 85 88.61 24 88.439 19.769 Work 
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construction workers through defuzzification 
mechanism.  

The performance of system has been 
validated with a series of real-time monitoring data 
through the consistency of each designed fuzzy rule 
with the results from the developed DSS program. 
The comparison between DSS execution and the 
designed rules stated an error value of 0. It means 
that the system performance showed 100% of 
consistency. It indicates that knowledge-based 
approach in the design process could be realized in 
the form of fuzzy decision support system. With a 
fuzzy system-based analysis approach, it could be 
ensured that decision making would be easier. A 
knowledge-based analytical approach that 
accommodates the logic of human thinking such as 
FDSS was needed for decision-makers related to 
the safety of construction workers at the project site 
and developed in the form of a software application 
to facilitate operation. 

The DSS platform and safety analysis 
showed that the decision support was reliable for 
the system analysis according to the verification 
process. The DSS platform was proper to illustrate 
the readiness in work preparation while the safety 
analysis has delivered a recommendation for the 
decision of accident prevention according to the 
internal and external conditions.  

Several different conditions have been 
generated in the developed system to describe the 
real conditions. Historical data and physiological of 
workers affect the performance in work preparation 
and also influenced by somatic factors, lifestyle, 
and sleep disorder. Maintaining physiological 
factors in normal conditions was very important to 
determine “good performance” as the readiness to 
work. If the “work” decision has been 
recommended, then proceed with real-time 
monitoring during working hours. A good 
performance condition that was supported by a 
good muscle activity level led “no fatigue” 
condition of workers to start the activities. All of 
the variables, heart rate and muscle were generated 
based on time function, modeled with 
autoregressive equation in real-time monitoring. 
The final decision was recommended from the 
safety analysis. 

The realized system needed some 
improvement for further research to find the real 
condition in construction project with other 
variables and the effect of its behaviour. The 
integration between sensor networks and this 
developed model system is needed to achieve our 
final goal in modern safety management system in 
construction. 

4. CONCLUSION  
 

A real-time monitoring for construction workers 
safety on working hours which was developed 
according to the integration of worker conditions as 
internal factors and external factors from 
environmental project was proposed. The proposed 
system consisted of fatigue prediction mechanism, 
analysis of hazard level and environmental effects, 
and safety risk assessment from management, in a 
comprehensive analysis for decision-making. The 
development of monitoring system has been 
realized in the form of fuzzy decision support 
system (FDSS). Fuzzy logic works with human 
reasoning-based approached which was proper to 
analyze the problem with qualitative assessment 
such as safety analysis and according to the tested 
model, the fuzzy process was more appropriate for 
decision-making analysis. FDSS was designed as a 
real-time monitoring based on complete aspects, 
both from the condition of workers and 
construction sites, thus making safety decisions 
were easier, more accurate, always updated and 
better in preventing accidents. The experimental 
computation with the simulation process is shown 
good performance in describing the safety 
condition of workers. System validation shows that 
the FDSS application is capable in assisting the 
decision recommendations. The final result was 
useful for the recommendation for accident 
prevention, especially for construction workers. 
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