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Abstract 

The use of anthropometry in agricultural tools and machines design is important to be 

noted. In case, inappropriate levers position of paddy combine harvester ensue operator’s 

bad working posture. The objectives of this research are to design the cabin of paddy 

combine harvester based on applied anthropometry and analyze the operator’s postures 

come along using rapid upper limb assessment (RULA). The Comparison between RULA 

score of both design is needed to evaluate the new designed cabin that used 5
th

, 50
th

, and 

95
th

 percentiles of Javanese farmer anthropometry mannequin to the initial one. The 

Initial analysis shows that RULA score of steering levers is 5 point, 3 point for header 

controlling levers, 4 point for main speed lever, 3 point for transmission lever, and 5 

point in average for header controller clutch. These mean that the initial design isn’t 

appropriate for Javanese farmer population and should be investigated further and 

changed soon. The analysis for the new design shows better condition in working 

postures in a term of improving final RULA score point for all the leavers. 
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1. INTRODUCTION 

The productivity levels of harvesting 

process can be improved by providing better 

equipment or tools, developing and 

implementing work standards or improving the 

performances of the harvesting operators 

(Aalmo 2014). The operator’s behavior could 

separately or interactively affect harvesting 

rate (Larbi 2014). The operator’s driving skill 

in easily navigated cabin will decrease the 

harvesting process takes time. Train one of the 

way to improve the operator’s skill but in order 

to navigate easily, the comfortable cabin 

design was needed to maintain the operator’s 

performance. Comfortable cabin was defined 

as a design of cabin that ergonomically applied. 

Ergonomic is a science that use the 

characteristic, skills, and limitation of human 

being to design an effective, secure, and 

comfortable working system (Sutalaksana 

2004). In designing purposes, a wide variety of 

human size especially in Java Island, the 

design of combine harvester cabin had to 

accommodate the needs of possible users. 

There were more constraints and limitations 

that had to be taken into account when 

designing the cabin especially in 

environmental and size constraints (cabin 

envelope) (Thorley 2004). The cabin should be 

designed based on operator’s body size. The 

science that measured the human body was 

called anthropometry (Wignjosoebroto 2003). 

By anthropometric applied, suitable cabin 

design with its user will be created. Suitable 

levers size and position will bring a good 

working posture that created come along with 

operator’s driving condition. The distance of 

levers from the operator will affect the 

operating posture such as forward trunk 

bending. To keeping this out, the use of human 

envelope was applicable for redesign the levers 

position. 

A good working posture could be 

identified by rapid upper limb analysis 

(RULA). According to Prawiranegara (2011), 

RULA was a method to investigate the 

biomechanical load and posture from an 

available work station. The use of 

anthropometry and RULA, will improve the 

worker’s comfort in operating a set of levers 

and pedals in order to reduce the occupational 

risk probability. From RULA grand score 

analysis, the cabin design layout could be 

changed for better cabin design layout in order 

to obtain better working postures. 
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2. MATERIALS AND METHODS 

This study was conducted with one of the 

paddy combine harvester model in market. It 

was focused on operator’s working posture 

analysis in driving condition by using RULA 

analysis. This study was divided into three 

main steps there were data collecting, analysis, 

and evaluation step. 

2.1 Data Collecting 

Based on how data were collected, there 

were the primary and secondary data used. The 

primary data was collected from measuring the 

physical dimensions of cabin such as the 

length of each levers, the high of operator’s 

seat, and etc. the purpose of this measurement 

was to drawn the virtual environment in three-

dimensional (3D) form using computer aided 

design (CAD) software. The secondary data 

was taken from anthropometric database of 

Javanese male farmer by Syuaib (2015) as 

Table 1. By using this data, the human virtual 

model or mannequin could be created. 

Table 1. Anthropometric Database of Javanese 

Male Farmer. 

No 
Anthropometric 

measures 

5
th

 

(cm) 

50
th

 

(cm) 

95
th

 

(cm) 

1 Body weight 41,0 57,1 73,2 

2 Stature 153,0 162,0 171,1 

3 Waist height 88,1 95,1 102,1 

4 Arm span 156,2 169,0 181,7 

5 Sitting height 75,4 82,7 90,1 

6 Sitting eye height 64,1 71,4 78,7 

7 
Sitting shoulder 

height 
50,9 56,4 61,9 

8 
Sitting elbow 

height 
16,5 21,8 27,2 

9 Knee height 46,7 52,0 57,3 

10 
Buttock-knee 

height 
49,4 55,3 61,1 

11 
Buttock popliteal 

length 
40,6 46,7 52,8 

12 Shoulder breadth 36,2 41,7 47,1 

13 Hip breadth 25,3 30,0 34,7 

14 Upper-arm length 29,2 31,9 34,6 

15 
Forearm hand 

length 
16,8 45,6 49,0 

16 Hand length 16,8 18,3 19,7 

17 Hand breadth 7,1 8,3 9,5 

18 Foot length 22,1 24,2 26,3 

19 Foot breadth  9,0 10,1 11,2 

Both virtual environment and mannequin 

that created in CATIA V5R20 became the main 

requirement for RULA analysis. To further 

analysis, interviewing the worker being 

evaluated to gain an understanding of the job 

tasks and demands, and observing the worker’s 

movements and postures during several work 

cycles were necessary (Middlesworth 2004). 

2.2 Data Processing and Analysis 

The mannequin will be seated on the 

cabin in default sitting position as Fig.1 with 

no seat adjustment applied (furthest and lowest 

adjustment). The distances between each levers. 

From this position will be analyzed using 

human reach envelope in human builder menu 

in CATIA. By doing this, the suitable seat 

adjustment could be determined as well for the 

best RULA result. According to Pulat (1992), 

reaching envelope was a three dimensional 

area of worker when doing his job. 

 

 
 

Figure 1. Default sitting position 

Grand score RULA is obtained from 

calculation of working posture angle based on 

standard RULA worksheet as Table 2. 

According to Middlesworth (2004), selection 

of the postures to be evaluated should be based 

on: 1) the most difficult postures and work 

tasks (based on worker interview and initial 

observation), 2) the posture sustained for the 

longest period of time, or 3) the posture where 

the highest force loads occur. The design 

recommendation will be focused on the highest 

grand score of levers operation. 

A set tools that used in analyzing RULA 

in CATIA include: 

1. Posture editor that used to conduct the 

initial sitting posture (default), 

2. Place mode that used to place a 

mannequin standing on a bench that has 

been made, 
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3. Inverse Kinematics Worker Frame Mode 

that used to place the orientation of a 

mannequin on the seat, 

4. Reach (position and orientation) that used 

to grab the object, 

5. Standard pose, is used to set the control 

limits in the formation of mannequin 

posture, 

6. IK Behaviors, is used determined 

mannequin’s posture habits after the used 

of Reach (position and orientation), 

7. Hand cylindrical posture, is used to hold a 

cylindrical object, 

8. Execute auto grasp, used to grasp an 

object automatically. 

After the virtual environment and the 

mannequin formed, the determination of the 

adjustment in accordance to the condition of 

the reach envelope to obtain the best RULA 

results. This arrangement is obtained by an 

analysis of each mannequin’s hand range 

percentiles using “computes a reach 

envelope”. The results of this analysis were 

used to determine the height and the depth of 

seats. The RULA shows the assessment of 

mannequin’s working posture (left and right) 

in value 1 – 7 of grand score RULA. 

2.3 Evaluation 

The comparison between initial grand 

score RULA for initial cabin design with the 

new one. The grand score RULA were 

compared in all operations for the levers such 

as steering, control header, main speed, 

secondary speed, and header clutch levers. 

3. RESULT 

The result of this study consists of 3D 

model for initial and recommendation cabin 

design (virtual environment), the way of 

driving the harvester, mannequin’s reaching 

envelope, and RULA grand score obtained.  

3.1 Cabin Design Operation  

The measurement of the physical 

dimension of paddy combine harvester has 

been drawn in 3D form as Fig. 2. The initial 

cabin design shows that there were four levers 

placed on dashboard, three levers on right side 

of operator, and two pedals are available. The 

fungction of each lever and pedal were 

discribed as below: 

 
 

 

 

Figure 2. The initial cabin design 

1. Steering levers that operated with both 

hands in operating intensity of >4 times 

per minute (repeated). 

2. Feeder controler lever that operated with 

right hand in operating intensity of <4 

times per minute (intermittent). 

3. Reaper controler lever that operated with 

right hand for intermittently operated. 

4. Main speed lever that operated with 

right hand for intermitently operated. 

5. Secondary speed lever that operated 

with right hand for intermitently 

operated. 

6. Header clutch lever that operated with 

right hand for intermitently operated. 

7. Acceleration pedal that operated with 

right foot. 

8. Clutch pedal that operated with left foot. 
 

 

Figure 3. The recommended cabin design 
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The new cabin was designed as Fig. 3. 

The modification of dashboard design was take 

place in the shape of the dashboard as well as 

the placement of the steering and control 

header levers. Modified dashboard had a 

curved shape by removing the panels on the 

left and right sides to provide sufficient space 

for good foot pedal operation. Steering levers 

was adjusted to the width of the shoulder 

(shoulder breadth) in the population of 50
th 

percentile to avoid arm position approaching 

the center line (midline) or excessive adduction 

shoulder. The design of the steering lever 

length was based on the high elbow on the 

bench by the 95th percentile mannequin with 

elbows form a 90° to the handle lever closer to 

the operator. 

The header control lever located on the 

side of the center which can be operated using 

the right and left hand. The second lever shape 

approximated to the operator to avoid bending 

at the trunk. The design proposals were also 

made on the grip length. The handgrip on the 

front lever had to accommodate the sitting 

height of all percentile. By adding length of the 

main speed lever, bending and twisting 

movements (twist) on the trunk while header 

clutch lever was approximated (x, y, and z) to 

the operator. The detail of the analysis 

explained in the next subchapter.  

3.2 Reach Envelope Analysis  

This analysis used “computes a reach 

envelope” with three conditions described 

using different colors regions as Table 3. The 

reach envelope were analyze for both cabin 

design. The comparison between initial and 

recommended cabin design were showed as 

Table 4. 

Table 3. Reach Envelope in Coloring 

Coloring Description 

 The ideal reach envelope 

indicates the optimal working 

area. 

 The physiologically maximal 

reach envelope indicates the 

maximum hand stretch. 

 The extended reach envelope 

indicates the maximum hand 

stretch through upper body 

(spine) movement. 

The reach envelope for 5
th
 and 50

th
 

percentile on initial design showed that the 

levers on dashboard could not be reached by 

maximum extend of upper body. Secondary 

speed lever could be reached by maximum 

hand stretching of all percentiles. The header 

clutch and main speed levers that placed lower 

and behind the operator were in outside of the 

working area of all percentiles. From the reach 

envelope analysis above, the suitable seat 

adjustment could be applied for the next 

RULA analysis. The adjustment obtained for 

the best working posture were 203 mm from 

dashboard (furthest) and 512 mm height 

(lowest). The analysis of all mannequin’s 

working area shows that the seat adjustment 

was needed so the steering lever (often) placed 

as close as possible to the ideal range without 

using its maximum range. 

The results of the analysis of the working 

area for the new cabin design recommendation, 

showed that all levers were inside the working 

area of mannequin percentile 5
th
, 50

th
, and 95

th
. 

The adjustment of back-forth and the high-low 

seat were needed to made it drawn into the 

ideal position. The 5
th
 percentile require 

seating arrangement of 69 mm forward with 

440 mm height (minimum). For the 50
th
 and 

95
th
 percentile of the population required 

seating arrangement 46 mm forward and 7.2 

mm higher than the minimum. This setting is 

also considering the depth of the bench to the 

buttock-popliteal length for each percentile. 

 

3.3 RULA Grand Score 

Placement of mannequins on adjusted 

seat position will project the levers closer to its 

ideal reach range. It will bring a better RULA 

score for the operation of all levers. By using 

“reach (position and orientation)”, wrist are 

positioned to each levers. The postures will 

create automatically based on the optimum 

RULA score by the use of “IK behavior” tool. 

Placement of mannequins on adjusted seat 

position will project the levers closer to its 

ideal reach range. From the reaching envelope 

analysis, the suitable seat adjustment were 

applied. The RULA result was presented as 

Table 5. The result were showing the score 

improvement for all leavers. 
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Table 5. RULA Result for Cabin Design Operation 

Operations 

The 

Intensity of 

Activity 

Grand Score 

Initial Design Modified Design 

Left Right Left Right 

5
th 

50
th 

95
th 

5
th 

50
th 

95
th 

5
th 

50
th 

95
th 

5
th 

50
th 

95
th 

Steering Repeated 5 5 5 5 5 5 3 3 3 3 3 3 

Header 

controlling 
Intermittent 3 3 3 3 3 3 2 2 2 3 3 3 

Main speed 

controlling 
Intermittent 4 4 4 4 4 4 3 2 2 3 3 3 

Secondary 

speed 

controlling 

Intermittent 3 3 3 3 3 4 2 2 2 3 3 2 

Header 

clutch 

controlling 

Intermittent 6 5 4 4 4 4 4 3 3 4 3 3 

 

Table 4. Reach Envelope Analysis 

 Initial Cabin Design Recommended Cabin Design 

5
th 

  

50
th 

    

95
th 
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4. DISCUSSION 

By referring to the RULA worksheet, the 

operation of steering lever by percentile 5
th
 

mannequin was raised in the angle of 45-90 ° 

and trunk bowed over 20°-60° (+3) with 

intensity >4 times per minute (+1). This is 

because the position of the lever (rubber 

handrails) too far and high. The operation 

grand score of the header clutch by 5
th
 

percentile were 6 points and 5 points for 50
th
 

percentile. It is because at the neck and trunk 

were twisted (+1) and the forearm is flexed on 

0°-50°. The twist caused by the position of the 

lower lever and located behind the backrest. 

The greatest value of the final score also found 

in the operation of the steering lever and 

header clutch so they need further review and 

refinement immediately. 

The results of the RULA analysis for 50
th
 

percentile as Fig. 4, showed that the working 

posture for steering lever located in the upper 

arm that raised in the angle of 45°-90° (+3) 

with the wrist deviates ≥15° (+3) in >4 times 

per minute action time (+1). The imposition on 

the operation of the header control lever occurs 

because the header on the left wrist twisted 

(twist) and trunk bent in the angle of 20°-60° 

(+3) by <4 times per minute (+1). They were 

necessary to be reviewed and repaired 

immediately on the both lever. 

 

 
(a)             (b)                 (c)  

 
    (d)                 (e) 

 

Figure 4. Initial RULA analysis for 50
th
 

percentile 

The RULA results at the 95
th
 percentile 

showed that the working posture of the 

steering lever controlling gave a high final 

score enough. It is because the position of the 

upper arm was at the angle of 45°-90° (+3). 

The simulations by the 95
th
 mannequin 

percentile does not deviate on the wrist that 

indicates that the height of the steering lever 

was appropriate. The 95
th
 percentile showed 

better RULA grand score than others in 

operating the header clutch especially in the 

posture B (neck, trunk, and feet). This shows 

that the header clutch lever can be reached 

quite well by the 95th percentile mannequin 

without bending at the back. 

The RULA analysis for the new design 

on 5
th
 percentile mannequin showed that there 

were an improvement in all grand score. This 

is because trunk and upper arm posture were 

repaired. Trunk bowed at 0°-20° angle and the 

position of the upper arm in maintain in 20°-

45°. The operation of the steering levers and 

header control lever by 5
th
 percentile 

mannequin improve the left upper body 

posture in grasping the handrails. It is because 

the right hand could control the lever without 

twisting on body (lateral rotation). The 

operation of the clutch header indicates that 

there was no bending at the trunk because the 

position of the lever higher than the original 

design. 

 

 
(a)            (b)                 (c)  

 
         (d)                 (e) 

 

Figure 5. Modified RULA analysis for 50
th
 

percentile 
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The final RULA score of 50
th
 percentile 

mannequin working posture as Fig. 5 appear 

on each lever such as steering levers, header 

control, main speed and secondary speed, 

showed grand RULA score improvement on 

the posture A and B. In posture A, upper arm 

gives 20°-45° angle and wrist in the angle of 

15° from the center line of the hand. The 

operation of header clutch showed an 

improvement compared with the operation by 

5
th
 percentile mannequin. 

The 95th percentile show a better 

working posture in every operation of the 

lever. Based on the RULA analysis for the 

previous percentile, there is an improvement in 

grand score on the operation of the secondary 

speed lever by the right side of the body. This 

is because the arm was in the radius of 20° 

angle (+1). The RULA analysis by all 

percentiles to the new cabin design showed 

improvement in outcomes. This is evidenced 

by the results of the final score which ranges 

from a value of 2 (the best) to 4 (worst). 

CONCLUSION 

In designing the cabin recommendation 

on a paddy combine harvester, the RULA 

analysis were applied. The final score of 

RULA affected by the suitability of the 

working area of Javanese male farmer 

population that modeled on a mannequin to the 

dimensions of the levers and pedals on existing 

cabin. The design of the initial cabin obtained 

a final score of 5 for operating the steering 

levers. By modifying the shape of the levers, 

the new design obtain the final RULA score of 

3. For the header controller, initial RULA 

score was 3. The change of this levers position 

to the midline of the dashboard, made the right 

hand of the operator could reach it easily 

without twisted on the trunk and neck. The 

RULA final score for this operation improved 

by 2 for left side. For the main speed lever, 

initial RULA score was 4. The change of this 

levers length higher than the old one, made the 

right hand of the operator could reach it easily 

without bowing on the back. For the secondary 

speed lever, initial RULA score was 3. The 

change of the seat adjustment made the new 

design RULA score become 2 for the left side. 

The final score showed that the initial 

design of combine harvester were incompatible 

to be used by Javanese male farmer. The 

design proposals of paddy combine harvester 

that has been designed is able to improve the 

value of final RULA score on the operation of 

the entire lever by all percentiles. It showed 

that the design of the cabin has been in 

accordance with Javanese male farmer 

anthropometry. 

ACKNOWLEDGEMENT 

The author acknowledges PT Bukaka 

Teknik Utama for supporting this paper. 

REFERENCES 

Aalmo, G.O., Talbot, B. 2014. Operator 

Performance Improvement through 

Training in a Controlled Cable Yarding 

Study. International Journal of Forest 

Engineering, Vol.25: Page 5–Page 13. 

Larbi, P.A., Karkee, M. 2014. Effects of 

Orchard Characteristics and Operator 

Performance on Harvesting Rate of a 

Mechanical Sweet Cherry Harvester. 

Journal on Agricultural Engineering, 

Vol.1: Page 1–Page 11. 

Mardiansyah R. 2012. Anthropometric 

Analysis in tractor cabin at four-wheel 

tractor made from Japan ‘K’ and Europe 

’N’ (in Indonesian language). Thesis. 

Bogor(ID): Bogor Agricultural 

University 

Middlesworth, M. 2004. A Step by Step Guide 

Rappid Upper Limb Assessment 

(http://www.ergo-plus.com). Accessed on 

November 30, 2015 

Prawiranegara, R.Y. 2011. Analysis sitting 

posture of Indonesian army and design 

ergonomic Armoured Personnel Carrier 

(APC) in Virtual Environment (in 

Indonesian language). Thesis. 

Jakarta(ID): University of Indonesia 

Pulat, B.M. 1992. Fundamentals of Industrial 

Ergonomics. New Jersey(US): Prentice-

Hall 

Sanders, S.M., McCormick, E.J. 1993. Human 

Factors in Engineering and Design. 

New York(US): McGraw-Hill 

Sutalaksana, I.Z., Ruhana, A., Jann, H.T. 2004. 

Mechanical Work Procedure (in 

Indonesian language). Bandung(ID): 

Departement of Industrial Engineering, 

Bandung Institute of Technology 

Syuaib, M.F. 2015. Anthropometric Study of 

Farm Workers on Java Island, Indonesia, 



 
Proceedings of AESAP 2016   13-14 December 2016, Bogor, Indonesia 
 

 65 

and Its Implications for The Design of 

Farm Tools and Equipment. Applied 

Ergonomic, Vol:51: Page 222–Page 235. 
Thorley, S., Burger, N.D.L. 2004. Applied 

Ergonomics for Operator Compartment 
Design in an EJC 88 XLP Loader. 
International Platinum Conference 
‘Platinum Adding Value’ (pp. 143–150). 
Pretoria: University of Pretoria. 

Wignjosoebroto, S. 2003. Ergonomics of 

motion and Time Study. Analysis 

Techniques to Increase Work Productivity 

(in Indonesian language). Surabaya(ID): 

Guna Widya 

Wiranata, E. 2011. Redesign of Ergonomic 

Class Chairs with Anthropometric 

Approach (in Indonesian language). 
Thesis. Surakarta(ID): Universitas 

Sebelas Maret

 

 


