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Improvement of rapid upper limb assessment ( RULA) based on fuzzy logic

ZHAO Chuan, YU Suihuai, CHU Jianjie, LI Wenhua

(Shaanxi Engineering Lahoratory for Industrial Design ( Northwestern Polytechnical University), Xi‘an 710072, China)

Abstract; Abstract: To prevent ergonomic injuries, proper assessment of ergonomic risk is a key to identify risk
factors and modify work practice in a timely manner, and a fuzzy logical approach to posture-based ergonomic
evaluation tools is proposed. Rapid Upper Limb Assessment (RULA) is selected as a case study to describe the
fuzzy logic modelling of RULA scoring systems. The trapezoidal functions are used to represent the angle ranges of
the inputs as well as the force and muscle use imposed on the worker, and the triangular functions are used for
intermediate variables which represent the RULA intermediate scores and the final RULA total score. The results of
validation reveal that the proposed system produces high correlation coefficients with RULA (0.937, p < 0.01) and
OWAS (0.725, p < 0.01). By taking the control console of a enterprise as a case, two participants completed six
separate operation tasks, the model was used to analyze 12 tasks. The result indicated that the model had high
reliability and could help to minimize human errors in observation for reliable on-site ergonomic assessment.
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Tab.1 Example of posture-based assessment tools

PG 7% BAAE  AENUE WABUREE
i -90°180° 5
i 0°180° 3
RULAL) ki -90°90° 4
i -45°90° 4
KT 60°120° 4
Uik 0~10 kg 3
A -45°90° 3
e 60°120° 5
iR 0°180° 3
REBA'® i -90°180° 5
i 0°180° 3
iR -90°90° 3
1 0~10 kg 3
B BT 4
T B 3
OowAslo-1 J5R S Gl 10
i BhEZER 3
B FfEA 5
i 0°60° 3
Ji 0°120° 3
LUBA['? JATE 0°150° 4
B 0°45° 3
HHb 0°60° 4
AFEFRE 0mm 635 mm 17
EHFRH 0 mm 1778 mm 16
NIOSH 26 77253 B A% 0 mm 1778 mm 13
e A 12 0°135° 10
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Tab.2 RULA scores for three sets of inputs
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-20°§ 20° 20° 45°W 45° <90°
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- | |
201 | | 100 52
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FRRIRAE-200 +20° Fll+45°/t. 2 B EI BT A G X intermediate results of arm and wrist score
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Fig.4 Structure of the Fuzzy RULA expert system
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Tab.3 Neck, trunk, and leg score table and example of an if-

then rule
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gty ! 2 > ! 3 o
WIS S5 S5 S5 S5 S
1 2 1 2 1 2 1 2 1 2 1 2

1 1 3 2 3 3 4 5 6 6 6 7 1
2 2 3 2 3 4 5 5 6 6 7 7 1
3 33 3 4 4 5 6 6 6 7 7 1
4 5 5 5 6 6 7 7 7 7 7 8 8
5 7 7 17 7 7 8 & 8 8 8 8 8
6 § 8 8 8 8 8 8 9 9 9 9 9
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Fig.6 The upper arm and forearm joint angle affect the score of
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Tab.4 The results of correlation analysis
AL 5 1 T w2 BRI B4 BHS e BT /2R Y29 LIPS e
FTEOMZ IR RULA - 6.20 4.45 2.22 4.21 6.73 5.96 6.12 3.20
~~~~~~ 0.937 (p < 0.01)
RULA 7 3 2 4 7 7 5 2
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Tab.5 The results of correlation analysis
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7. B HABSRAEAE 55 0 5CT F 243 % A 21 RULA il
FETROMIZ IR RULA PPAG 72 3 8] 5 29
5, W3R 6. PP J5 % ) Spearman AH JC 1 2 £k
r= 0.817, i i 7 1]  Spearman %4 ¢ 2 K ils P E
FOU CURFEARK n = 12, MRS > 0.727 0,
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Tab.6 The evaluation result of instance verifies

Pl ARSI E O aiE BEE MR S KT BEER fAAF JLRAMEA RULA 1343 BOW) RULA
E4 1 1245°  17.6°  20.6°  6.2° 5.1°  14.5° 2 1 0 4 4.55
1155 2 61° 92.5°  16.1°  2.5°  10.3°  15.14° 2 0 0 3 4.19

. 11453 120.6° 23.4°  18.9° 0° 3.6°  12.5° 2 1 0 3 4.32
1144 39.2°  624°  52° 0° 18.6°  9.7° 2 0 0 3 4.4
455  134.1°  18.4°  185°  4.2° 3.2°  13.4° 2 1 0 4 4.53
f£%6  52.3°  85.5° 2.6° 3.4° 19.5°  12.2° 2 1 0 3 4.48
£4 1 137.3°  12.3°  247°  10.7° 6.3° 23.8° 2 1 0 5 6
f£452 445 92.3°  182°  5.1°  16.2°  12.2° 0 0 3 4.48

— f£43  133.6° 20.5°  15.1° 0° 2.7° 21.2° 2 1 0 5 5.5
f£%4  61.2° 19° 2.4° 0° 28.2°  15.4° 2 0 0 3 4.46
1% 5 139° 10.1°  20.1°  6.5° 7.6°  25.6° 2 1 0 5 6.48
£46  42.6° 23.2°  13.2° 3.2° 18.5°  10.8° 2 1 0 3 4.8
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