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Abstract

Sitting work posture is often used in office work. Work position failures when sitting can cause Musculoskeletal Disorders.
Therefore, ergonomists are necessary for the workplace to assist workers' posture. However, these needs cannot be met due
to the limited number of ergonomists and costs. So a practical and inexpensive semi-automatic application is needed. One
method for assessing upper body work posture is RULA. This study aims to develop a posture assessment application for
sitting work and suggest improvement. In addition, the effect of changes in room brightness, the variability of chair height,
and types of office-work tasks were explored in this study to determine the accuracy level of the depth camera to measure
the worker's posture. Research design uses empirical research with independent variables: room illuminance, chair height,
and four types of office-work tasks. The two levels of room illuminance are 32 lux and 60 lux; the seat height consists of
three levels, i.e., 40, 45, and 50cm, while four types of tasks include writing, typing, writing with a cheat sheet, and typing
with a cheat sheet beside the Subject. The experiment tests the difference between the application's RULA estimation results
and the ergonomist's RULA value. The experiment results showed that the proposed application successfully assessed
RULA with the same results as the calculations by the ergonomist. This study makes posture assessment easier for sitting
work and provides suggestions for posture improvement. In addition, automation of posture assessment using a depth

camera helps provide evaluations and recommendations for improving posture while working sitting.
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1. Introduction

Sitting work posture is often used in office work. The health
risks of office workers with prolonged sitting work can raise
concerns for society and industry [1]. Many office workers do
their jobs in poor sitting positions, unlike those advocated by
ergonomics literature, even though workers use ergonomic
workstations [2]. Although office work leads to static and
prolonged work positions, office work also has a very
minimal variety of work movements. The job of sitting in the
office includes work that requires little muscle movement.
However, this muscle contraction can cause pain if lived for
a long time because the muscles will feel tense [3].

Incorrect work positions often cause musculoskeletal
disorders (MSD). According to Generosi et al. [4], improper
posture can give rise to an accumulated critical disorder called
Musculoskeletal disorder, commonly experienced by workers
when doing manual labour. Then it is necessary to evaluate
and calculate the value of the existing risk to minimize
musculoskeletal disorders. Some practical ways to eliminate
the hazards of MSD in the workplace are to develop wellness
programs to raise workers' awareness of workstation
ergonomics and advocate for healthy lifestyle behaviours and
work organization [5]. The working posture could also
support using a human supervisor and semi-automatic
apparatus. One of the consequences of MSD is low back pain
(LBP). The pain from LBP is quite severe and can limit
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everyday activities for more than a day. LBP is a pain in the
back of the body, from the lower edge of the 12" rib to the
gluteal fold [6]. Data analysis by [5] also revealed that the
factors determining the risk of MSD in workers aged 40-45
years are mainly related to working conditions and computer
ergonomics.

RULA (Rapid Upper Limb Assessment) is a method used
to assess the upper limb's posture, force, and movement. The
use of RULA for ergonomic risk assessment is commonly
found in working procedures for dentists and dental assistants
[71, [8] and office working [3]. Moreover, package or material
handling [9], Petrol Pump Workers [10], and many others.
The RULA procedure is described neatly and clearly in the
famous paper "RULA: a survey method for investigating
work-related upper limb disorders" [11]. However, RULA
evaluation is generally still done manually, namely through
an expert analysis of an image of a worker [12]. Nevertheless,
this method takes a lot of money and time, especially in
finding an ergonomist. So it is necessary to have a new idea
to facilitate the analysis of posture risks that are accurate,
effective, efficient, and the minimum possible operational
costs.

Using RGB cameras to detect posture requires image
processing techniques and more considerable computer
resources because postures recognition utilizes deep learning
[13], [14]. As one alternative, depth cameras on Kinect are
often used to detect postures based on human skeletons.
According to Ul Ain et al.[15], using Kinect also provides
therapeutic benefits for upper limb rehabilitation compared to
conventional therapy in stroke patients. Furthermore, Kinect
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is also used as a sensor to detect Alzheimer's disease [16]. On
the other side, such researchers also evaluate the use of Kinect
for observing upper limb functional tasks [17]-[19].

Workers often neglect good and correct sitting posture.
The presence of an ergonomist is not always on the site.
Manual RULA assessment is less efficient, so a semi-
automatic system is needed to monitor and evaluate a person's
work posture as done [13], [20], [21]. In the description
above, many studies use Kinect, but we found no evaluation
of the office work posture in the sitting position using Kinect
specifically. We found the following research gaps: 1) In the
study [18] about twelve static posture recognition using the
dynamic time warping method from a distance between joints,
but in the study, there was no RULA assessment for certain
types of work (body work posture); 2) In the study [19] about
looking for an upper-limb joint trajectory with two Kinects,
but in the study aimed to eliminate occlusion, there was no
assessment for bodywork posture at all; 3) In research [21] on
using Kinect v2 to explore risk factors in the workplace and
reduce musculoskeletal disorders, there are two types of
evaluation, namely with motion capture systems and RULA
experts; in that study, 15 postures were tried but did not focus
on office work, primarily work such as typing and writing. So
this study hopes to contribute to using a depth camera on
Kinect to evaluate body posture when users do office work.

This study aims to develop a posture assessment
application and provide suggestions for posture improvement
for sitting work within tasks: writing, typing, writing while
sometimes looking at a cheat paper besides, and typing while
sometimes looking at a cheat paper beside the Subject. Room
brightness, seat height, and types of tasks become
independent variables.

2. Method

This section describes the developed method using an
empirical approach to compute the skeleton data for RULA
calculation. This study uses room brightness, chair height, and
types of tasks as independent variables. The experiment aims
to test the difference between the results of RULA estimation
from the proposed application and RULA calculated by an
ergonomist as a reference. We named the proposed
application KV2RULA.

There are two types of experiments: the room brightness
experiment's effect and the seat height and types of tasks
experiment's impact on KV2RULA. The first experiment used
one Subject; the Subject in this test had body anthropometry:
height 170 cm, weight 65 kg and aged 21 years. The Subject
was asked to demonstrate a predetermined static posture and
held for a few seconds to be analyzed by KV2RULA.

The effect of the chair height and types of tasks
experiment (second experiment) was assisted by eight
volunteer subjects: three women and five men. The average
height of the subjects was 168 cm, the average body weight
was 60 kg, and the average age was 21 years. In this second
experiment, an analysis was carried out on the estimated value
given by KV2RULA. The value was calculated manually
through observation and a RULA Worksheet; both carried out
by ergonomists. The worksheet was adopted [11] and
downloaded via the Cornell University Ergonomics Web [22].
In this second experiment, two null hypotheses (HO) were
tested, namely:
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¢ First null hypothesis: There is no difference between
the estimated value of KV2RULA and the calculation
by ergonomists at each seat height tested.

Second null hypothesis: There is no difference
between the estimated value of KV2RULA and the
calculation by ergonomists on the type of task

tested.

The experimental procedure is explained in the section
below.

RULA assessment

RULA assessment using Ergonomic Assessment Works
Sheet (EAWS) form 1.3.5 based on [11]. In this study, we
used a systematically simplified table based on [23] illustrated
in Fig.1.

The sequence of RULA assessments is illustrated in Fig.2.
The line of work is divided into two groups, namely group A,
which consists of the upper arm, lower arm, wrist, and wrist
twist, and group B, which includes the neck, trunk, and leg.
Groups A and B are written as Table A and Table B in the
single-page worksheet of RULA, respectively. Group A and
B assessments are performed using Kinect except for Wrist
Twist, which cannot be assessed with Kinect and is filled in
manually in the program. Meanwhile, Muscle and Force/Load
are filled in manually through the results of consultation with
our ergonomist in the application before the application is run.
Finally, Table C is used to determine the final RULA score.
In our application, the final score has a range of values of 1-7
levels indicating the necessary action, including:

1-2: the risk is negligible, the posture is still acceptable,

3-4: Low risk, needs further investigation,

5-6: Moderate risk. It is necessary to carry out further
investigation and immediate change of posture, and

7: High risk, have to make a change of posture now.

The experimental procedure on room brightness as a
variable.

The indoor experiment was carried out with two levels of
lighting using 8 watts and 4 watts of LED room lamps, with
an intensity of 60 lux and 32 lux, respectively. The illustration
of Kinect placement and Subject position is described in
Fig.3; Kinect has placed 2m away from the Subject and 100
cm from the ground. One Subject attempted four postures,
1.e., standing upright, standing above head, sitting upright,
and sitting above head, taken from EAWS form 1.3.5. These
are postures 1, 2, 7, and 9 in EAWS form [24]. These postures
are illustrated in Fig.4. RULA results from the application are
compared with RULA calculation results from an ergonomist.

The experimental procedure on chair height and types of
tasks as variables.

There are three levels of chair heights, i.e., 50cm, 45cm, and
40cm. Each Subject performed four tasks: 1)writing,
2)typing, 3)writing while sometimes looking at a cheat paper
besides, and 4)typing while sometimes looking at a cheat
paper besides. The number of trials is three for each task. The
administering of experiment conditions is within subjects.
The experiment was designed using a Latin-square level
sequence. Fig. 5 illustrates the four levels of tasks and the
height of the seats on each task.
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RULA Employee Assessment Worksheet

A. Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

L ':D. ‘ 2 ﬁzo‘aa‘ " i s o0+
Step 1a: Adjust...
If shoulder is raised: +1
If upper arm is abducted: +1
If arm is supported or person is leaning: -1
Step 2: Locate Lower Arm Position:

2 100

Upper Arm Score

+“ +2 e |
601100 Qoeo 3
\
\
Lower Arm Score

Step 2a: Adjust...
If either arm is working across midline or out to side of body: Add +1

Step 3: Locate Wrist Position:

+ o 7 s B B 43 5%
- r’ e | k
- /“
Step 3a: Adjust...
If wrist is bent from midline: Add +1

Step 4: Wrist Twist:

If wrist is twisted in mid-range: +1

If wrist is at or near end of range: +2
Step 5: Look-up Posture Score in Table A:
Using values from steps *4 above, locate score in
Table A

Step 6: Add Muscle Use Score
If posture mainly static (i.e. held>1 minute),
Or if action repeated occurs 4X per minute: +1

Wrist Twist Score Wrist Score

Posture Score A

Task Name:

Scores
Table A

"
Wrist
Upper tower ,

Arm ~ Arm
12
1 12
1 2 22
32 3
1 2 3
2 23 3 3
3 3 4
1 33
3 2 34
3 4 4
1 4 4
4 2 4 4
34 4
1 55
5 256
3 6 6
1 77
6 2 8 8
3 9 9
Neck,
Table C 12
112
222
3 33
Wrist/Am 4 3 3
Score 5 4 4
6 4 4
755
8 5 5

Scoring (final score from Table C)

1-2 = acceptable posture

Step 7: Add Force/Load Score

If load < .44 Ibs. (intermittent): +0

If load 4.4 to 22 Ibs. (intermittent): +1

If load 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3

Step 8: Find Row in Table C
Add values from steps 5-7 to obtain
Wrist and Arm Score. Find row in Table C.

Muscle Use Score

Force / Load Score

Wrist & Arm Score

3-4 = further investigation, change may be needed
5-6 = further investigation, change soon
7 = investigate and implement change

RULA

-

o U bW W oW w 3

Date:

Wrist Score B. Neck, Trunk and Leg Analysis

2 3
Wrist Wrist
Twist Twist

Step 9: Locate Neck Position:

+ 010 *2 1020 +3 g\ 20' +4 g notenson
& ‘ & Neck Score
| | \ ]

Step 9a: Adjust...
If neck is twisted: +1
If neck is side bending: +1

Wrist
Twist

Step 10: Locate Trunk Position:

M 0 +2 +3
‘ ‘ nvm j

Step 10a: Adjust...

If trunk is twisted: +1

If trunk is side bending: +1

Step 11: Legs:

If legs and feet are supported: +1
If not: +2

w60 14 -

Trunk Score

Leg Score

Neck Table B: Trunk Posture Score
1 2 3 4

Posture
Score
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Step 12: Look-up Posture Score in Table B:
Using values from steps 9-11 above,
locate score in Table B

Step 13: Add Muscle Use Score
If posture mainly static (i.e. held>1 minute),
Or if action repeated occurs 4X per minute: +1

Step 14: Add Force/Load Score

If load < .44 Ibs. (intermittent): +0

If load 4.4 to 22 Ibs. (intermittent): +1

If load 4.4 to 22 Ibs. (static or repeated): +2

If more than 22 Ibs. or repeated or shocks: +3

Step 15: Find Column in Table C
Add values from steps 12-14 to obtain
Neck, Trunk and Leg Score. Find Column in Table C.

Posture B Score

“"‘a‘a‘u““h‘hmglaon\lxlo\u\mb.h&bh&mwmmu_-

=~~~ o L ey
~ =~~~ o o o un

Muscle Use Score

Force / Load Score

Score Neck, Trunk, Leg Score

based on RULA: a survey method for the investigation of work-related upper limb disorders, McAtamney & Corlett, Applied Ergonomics 1993, 24(2), 91-99

Fig. 1. A single-page worksheet of RULA [23]

e Jse table A
Upper arm v
v Muscle Force/Load
Lower arm
Posture Score C
Wrist score A
Wrist twist
Use table B
Neck Muscle Force/Load
Trunk u:‘) Posture Score D
score B
Legs

\ Use table C

Grand Score

Fig. 2. The RULA scoring sheet

Fig. 3. The illustration of Kinect and subject position in room brightness

experiment
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Standing Standing Sitting Sitting
Upright Above head Upright Above head
Posture 1 Posture 2 Posture 7 Posture 9

Fig. 4. The posture used during the room brightness experiment indicated
in EAWS form 1.3.5 as posture 1,2, 7, and 9.

The apparatus

The instruments used were the Kinect V2, a desktop-based
application built using C# with WPF libraries, an Ergonomic
Assessment Worksheet v.1.3.5, and a digital lux meter Smart
Sensor AS80.
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100cm
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(a) Writing (b) Writing while sometimes looking at a cheat paper besides.
sy | \\

(c) Typing

Fig. 5. Illustration during chair height and tasks variation experiment

3. Results

The application GUI is displayed in Fig.6. The experiment
results with the variable of brightness are shown in Fig.7. It
was seen that at both light intensities (32 lux and 60 lux), there
was no difference between the results of the RULA estimation
and the ergonomist calculation results.

| UPPER ARM

NECK

6

Neck is bended: True
Neck twisted: False

TRUNK

-1

Trunk is bended: False

Trunk twiste

Leg Score: 1

Start Recording

p— ; "
‘Wrist Twist Score: 1
’ Final Score:L [ovmasess |

Low risk, change may be needed

Fig. 6. Application GUI display during room brightness effect
experiment.

0

Posture 7

IS

)

Rula Grand-score

[,

Posture 1 Posture 2 Posture 9

m Application  m Ergonomist

(d) Typing while sometimes looking at a cheat paper besides.

103

(2)

4
0

Posture 9

)

Rula Grand-score

-

Posture 1 Posture 2 Posture 7

m Application m Ergonomist

(b)
Fig. 7. Comparative results of RULA testing between application and
the ergonomist assessment for four test postures: a) at 32 lux room
lighting and b) at 60 lux room lighting

The second experiment was to determine the effect of seat
height on the RULA estimation provided by the application.
The test data is displayed in Tab.1. The first step is to test the
normality of the data using the Shapiro-Wilk Test against all
three seat heights. It was obtained that the distribution of data
was not normal (p < .05) as in Tab.2. The next step is to
perform a different test using a Friedman non-parametric
method. Friedman Test results showed no significant
difference between the application's RULA estimate and the
ergonomist's RULA result calculation (p > 0.05) as in Tab.3.
Figure 8 shows a picture of the chair height effect experiment.
While Fig.9 shows a static GUI to enter muscle and force/load
values manually.

The following statistical test we did on the data was a
different test to determine the effect of the type of work
variable based on the second null hypothesis. The first step is
to perform a data normality test using the Shapiro-Wilk Test.
The Sig value for the four jobs is p<(0.05, so it can be
concluded that the data is not normally distributed as in Tab.4.
The next step is to perform a difference test because using a
within-subject design, the Friedman Test is used. Table 5
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shows the different test results with the Friedman Test
(p<0.05), meaning a significant difference exists between the
estimated KV2RULA and the manual/expert calculation of
the four tasks tested. The second null hypothesis is rejected
because these results indicate the difference between the
proposed system and the results of ergonomist calculations.
The next step is to conduct Post-Hoc Test using Wilcoxon
Signed-Rank Test against the four tasks. There are six possible
Wilcoxon difference tests, namely: 1) The difference test
between writing and writing with a cheat sheet; 2) Writing
and typing; 3) Writing and typing with a cheat sheet; 4)
Writing with a cheat sheet and typing; 5) Writing with a cheat
sheet and typing with a cheat sheet; 6) Typing and typing with
a cheat sheet. Table 6 shows the test results with Wilcoxon
obtaining three test groups in which the Asymp value Sig(p)
was less than 0.05. These three groups include writing and
writing with a cheat sheet, writing with a cheat sheet and
typing, and writing with a cheat sheet and typing with a cheat
sheet.

Connect|  Connected
UPPER ARM

18

Abduction: True
Shoulder is Raise: False

LOWER ARM
Lower Arm Midline: True
WRIST

4

Wrist Deviation:

Wrist Twist Score: 1

’ Final Score: |

Low risk, change may be needed

Fig. 8. Application GUI display during chair height effect experiment

Table 1. Complete Data of Test Results

Body Position:

Left side

v

Arms and Wrists manual Settings

Arm and Wrist
[] Arm is supported or person is leaning
[] Wrist Deviation Right/Left

Wrist Twist:

Muscle Use:

Arm Load:

Twisted mainly in mid-t «

None

intermittent

Neck and Trunk manual Settings

Neck and Trunk
[] Leg and feet NOT supported and balanced

[] Is Neck Twisted

[ Is trunk Twisted

Muscle User:

Arm Load:

None

intermittent

Apply Setting

Fig. 9. A static GUL displa}; for manually entering muscle and
force/load values

Subject Task Trials Chair height
40 cm 45 cm 50 cm
E R S E R E R
1 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

2 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

3 Writing

Writing with a cheat paper beside

W RN — W N — W RN —[W N =W N =W N —=WIN—[WIN =W —|w [~

AN N |W W WW W WIN N NDW W WA A DR WWIWIW[AR[WIA|[RA|W[L LWL

BB AW LW WIW W WIN DN NIWWWPERE P PRWWIWIWWIWIWIW|IW[(R[S]D

N — =0 OO0 OO0 OO0 OO0 O oo o—Imo———

N | D W W WIW N W U W W WIWIW W [(W W (W[N] [ W

BB BRI P PR W LW WINDDNDNDOVUVWNIW W WIWWIWIW[W W[ L[| [W([wW]|w

il Ll (e e Rl LN e (e B X =l [=Ne o) (o] (o] [o) (o) [l () Lol Ll [} el [} fe

AW W WA D PAWWWEDDRWWWWWIWIWIWVIWLVIR|IR R[>

bl B BRPBR D PRAWWLWWOLOU VW WWWRIWIWINRIND N || (R[>

il il [ R e R el [ R el Ell o (=R =N el el (o) fal Pl Ll Ll [l [l [l ferl [an ) e
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Subject Task Trials Chair height
40 cm 45 cm 50 cm
E R S E R S R
Typing

Typing with a cheat paper beside

4 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

5 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

6 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

7 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

8 Writing

Writing with a cheat paper beside

Typing

Typing with a cheat paper beside

W RN =W =W —[W N =W =W =W =W =W =W =W —|WHN =W —WK —[WK =W =W —|WN =W =W =W —WN —
W W WW W WIN LT W W W L W WIRN DN DWW W WIW W WIW W W[W W WL L N[W W W[W W WW W WA B B[W W WIW W WIW W WW W WW W WL LN W LW W
W W WW W W b BWWWERRESEDINODODDNOIPEPDDBRWWWWWWILWWWERER D DWWWWWWIWWWEDESPBRPRDRPAWLWWIWWWW W WIW W WIW WWIWWW
SO OO OO~ RO OO|— O OO|I—— RO OO0 OO0 O— O OO0 OO0 OO0 OO — O OO0 O OO OO OO O OO
W W WL W WL W WIW W WA B B[ W WIW W WW W WL L W[W W WW W WL B BW W WIW W WW R WIW W WIW W WIW W WW W WW W WL LN W LW W
W W WW W WWLW W WA DA PDOVLWWE DR DRWWWWWWWLWWWEDSDPEDSPRWWWWWWEDSBRNPDEDSPRAPEDEPRPWLWWRREPDSPWWWRIDSE D BRWWLWW
S OO OO OO~ RO O O OO~ — RO OO OC OO~ OO0 OO0 OO PR E—m, O OO P O OO~~~ Oo oo

W W WW W N O PBRW W WIW W WW WWE WU WWWRMWLWWWINODND WA D BB D PRWWWIWWWEDESPBPEDREPAPWLWDNDWIWNDRNRDWWR|IWWWSNS AR P W
W W WW W W O A B ([WWWLWWWE DR DBRWWWWWRNRPDDDNEAEDSDRPREDRPRWWWIWWWE DS PBRPRDRDPRAWWWIWWWW W WW WWOK LN WW W W
ON OISO ~INON— — RO O O 0O~ RO OO OO 0O RN O OO0 OO COOOCO OO O C OO~ —OCO —O OO~ —m P~

Notes:

E = The application gives an estimated value.

R = Manual/ergonomist calculation analysis value.

S = [E-R| = Absolute of the difference between the application estimated value and ergonomist calculations.

105



Romy Budhi Widodo, Kevin Christian Chandra, Teguh Oktiarso, Totok Chamidy and Suhartono/
Journal of Engineering Science and Technology Review 16 (3) (2023) 100 - 108

Table 2. Test normality of data on seat height experiment
Tests of Normality

Shapiro-Wilk
Chair height Statistic df Sig.
Data 40cm .604 96 .000
45cm .658 96 .000
50cm .664 96 .000

“Lilliefors Significance Correction
Table 3. Friedman Test results on seat height

Test Statistics®

Data
N 96
Chi-Square .899
df 2
Asymp. Sig. .638

* Friedman Test

Table 4. Test normality of data on the effect of the type of
work experiment
Tests of Normality®

Shapiro-Wilk
Task types Statistic | df | Sig.
Data Writing 587 72 | .000
Writing with a cheat 751 72 | .000
paper beside
Typing 485 72 | .000
Typing with a cheat 587 72 | .000
paper beside
“Lilliefors Significance Correction
Table 5. Friedman Test results on the type of work
Test Statistics®
Data
N 72
Chi-Square 27.282
df 3
Asymp. Sig. .000
* Friedman Test
Table 6. Summary of Wilcoxon Signed-rank test
Testing Group Asymp. | Summary
Sig (p)
Writing — Writing with a | .001 Significantly
cheat paper different
Writing — Typing .083 Not significantly
different
Writing — Typing with a | .702 Not significantly
cheat paper different
Writing with a cheat paper | .000 Significantly
— Typing different
Writing with a cheat paper | .001 Significantly
— Typing with a cheat different
paper
Typing — Typing with a | .075 Not significantly
cheat paper different

4. Discussion

Educating workers about a good and correct sitting position
is essential. Considering that workers' health and welfare
costs are essential, it is necessary to implement policies to
minimize the risks included in work-related musculoskeletal
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disorders. Work-related musculoskeletal disorders include
"all forms of ill-health ranging from light, transitory disorders
to irreversible, disabling injuries" [25]. Best practices that can
be applied to prevent work-related musculoskeletal disorders
consist of the evaluation of risk factors in the workplace
concerning the ergonomic side and the rearrangement of the
workplace for improved posture while working. A direct
method that is relatively expensive, time-consuming, and less
convenient for workers is to use data from sensors attached to
the worker's body [21].

With this semi-automatic application, as in this study,
ergonomists are no longer needed in the field at every
moment. Alternatively, semi-automatic applications assist
ergonomists and improve the standardization of assessments
that are not restricted by particular geography [13], [20].
Although occlusion is the main issue of using cameras on
semi-automatic systems, applications with cameras are still
often used considering the practicality and no hassle to the
user, in the sense that there are no sensors installed on the
body as in [9], [26].

The use of this semi-automatic application is required.
The expert fills in the muscle and energy scores so it is more
efficient in posture evaluation. In the first experiment, testing
was carried out on the application using four postures, such as
in Fig. 4, against two brightness levels. The investigation was
carried out without occlusion-blocking monitoring of the
upper and lower body. The experimental results showed that
the RULA assessment from the developed application was
equal to the calculation results by ergonomists. So based on
this test, we think the results obtained follow the research
conducted by Zennaro et al. [27]. In the second experiment,
an application estimate value test was carried out with three
variations in seat height. The test results showed that,
statistically, there was no significant difference between the
application estimation and the ergonomist calculation. From
this, it can be concluded that the seat height in the 40-50cm
range does not affect the estimates made by the application.

The following experiment was to test KV2RULA by
analyzing four types of tasks. Three pairs of significantly
different tasks were obtained based on the Wilcoxon Signed-
Rank post hoc test. The three pairs of tasks are writing and
writing with a cheat sheet, writing with a cheat sheet and
typing, and writing with a cheat sheet and typing with a cheat
sheet. One variable, the writing variable with a cheat sheet,
always appears in the three existing tests. The next step is to
check the Ranks table for each Wilcoxon Test on three
significantly different pairs (as shown in Tab.7). The Mean
Rank value in the writing variable with a cheat sheet is more
remarkable than other variables, for example, writing and
typing. In this case, it can be assumed that the difference
between the estimated KV2RULA and ergonomic calculations
has a higher error in writing with cheat sheets than other
variables.

Table 7. Summary of the Rank table for task pairs that
differed significantly in Tab. 6.

Ranks
Sum
Mean | of
N | Rank | Ranks
Writing with a cheat Negative |9* |18.50 [166.50
paper - Writing Ranks
Positive  |30° |20.45 | 613.50
Ranks
Ties 33¢
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Total 72
Typing — Writing with a | Negative |37 |23.43 | 867.00
cheat paper Ranks
Positive | 8% |21.00 | 168.00
Ranks
Ties 27
Total 72
Typing with a cheat Negative |25™|15.98 |399.50
paper — Writing with a Ranks
cheat paper Positive | 6" |16.08 |96.50
Ranks
Ties 41°
Total 72

a. Writing with a cheat paper < Writing

b. Writing with a cheat paper > Writing

c. Writing with a cheat paper = Writing

j- Typing < Writing with a cheat paper

k. Typing > Writing with a cheat paper

1. Typing = Writing with a cheat paper

m. Typing with a cheat paper < Writing with a cheat paper
n. Typing with a cheat paper > Writing with a cheat paper
o. Typing with a cheat paper = Writing with a cheat paper

4.1 Limitation

Even though there is an advantage to using the Kinect for
RULA calculation, some of the significant limitations to the
experiments will be described. The limitation of this study can
be analyzed from several factors that cause discrepancies in
estimates given by KV2RULA. We analyzed the results of
calculations carried out by KV2RULA when the discrepancy
between the estimated and ergonomist results found that the
torso part was often underestimated. In addition, during the
experiment, occlusion was usually found in the torso and
palms of the hands, potentially causing discrepancies in the
RULA estimation by KV2RULA. Occlusion of the torso and
palms also often occurs in testing other tasks, so in these tests,
there are also inappropriate KV2RULA estimates even though
the number is not as much as in writing work with a cheat
sheet. In addition, we did not find any other factors that could
cause excessive statistical discrepancies. So we conclude that
occlusion in the torso and palms is a limitation of this study
that causes degraded estimation accuracy.

4.2 The Study's Implications
This study has provided an overview of depth cameras used
for semi-automatic work-posture evaluation. By minimizing

the effect of occlusion, as reported in the limitations section
of this study, the practical issue of overcoming the scarcity of
ergonomists is a feature that has been achieved through the
use of a depth camera on Kinect. The practical implication of
this study is the hope of increasing awareness of occupational
health in overcoming musculoskeletal disorders. At least this
proposed system assists workers in getting warnings for their
work posture so that they can correct if there is a wrong work
posture from the beginning.

5. Conclusion

A semi-automatic application for posture assessment of office
sitting work and providing suggestions for posture
improvement has been successfully created. Based on the
RULA assessment, the application works semi-automatic,
where manual calculation of RULA is no longer needed.
However, some parameters are entered manually by
ergonomists just once, such as Muscle and Force/Load. The
study resulted that the value of RULA estimation is robust to
changes in room brightness. The result is obtained from the
estimated value of semi-automatic applications compared to
calculations by ergonomists, showing no significant
difference. The second result was that the RULA value on
testing the 40-50cm seat height variation in the sitting position
job showed no significant difference with the calculation by
the ergonomist. The experiment of four types of office work
tasks shows that the system has difficulty estimating the
position of the palm due to occlusion, so this is a direction for
future work to find filters and methods for evaluating the part
of the palm. This research makes posture assessment easier
for sitting position and provides suggestions for posture
improvement. In addition, automation of posture assessment
using a depth camera helps provide evaluations and
recommendations for improving posture while working
sitting. However, the development of depth camera hardware
and its application program interfaces must be a concern when
creating semi-automatic applications in the near future.

This is an Open Access article distributed under the terms of
the Creative Commons Attribution License.
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