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Design Optimization of UMPC Keypad Using Human Finger
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Abstract

As the mobile electronic product is getting slimmer and smaller, the necessity of keypad is being increased.
But the possibility of mis-typing keypad is increased rapidly due to the integrated keypad in the small mobile
product. The business division has not considered the methodology of keypad design essentially. In this paper,
analysis method and design evaluation standard to reduce the mis-typing of UMPC(Ultra Mobile Personal
Computer) is suggested. First, the finite element analysis model and the biomechanical human body model are
implemented in order to simulate the exact contact characteristic between finger and keypad. The reliability of
analysis model is guaranteed by the comparison of the contact pressure between analysis result and
experiment result of the pressure sensor. The design optimization of key shape and layout is derived through
the response surface method. The prototype model is produced with the optimized design of keypad, and then
it verified the advanced function with user mis-typing detection test. The optimized keypad design reduced
the mis-typing ratio from 35% of existing model to 75 of proposed model. If this paper is widely applied to
not only UMPC but also the other electronic products, the emotional quality of all products could be improved

considerably.
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Fig. 2 Finite element model of a fingertip

Table 1 Proper material model

Constitutive Equation

Skin Hyperelastic model |4th order Ogden
Subcutaneous | Hyperelastic model |4th order Ogden

Nail Elastic model

Bone Elastic model
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(a) side-view
Fig. 5 Non-linear spring fitting

(b) front-view
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(a) sensor test

Fig. 7 Keypad analysis model

(b) analysis result

Table 2 Contact pressure comparison
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Table 3 Active Force and mis-typing ratio

No. 4 Key | No.5Key |No. 6 Key

Active force (N) 0.050 N 0.746 N 0.261 N

Mis-typing ratio | 6.8 % 100% | 34.9%

Analysis

Test

Error rate

Maximum Contact

Pressure (MPa) 0.04529

0.04039

12.1%

Fig. 8 Analysis of mis-typing ratio
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Table 4 Mis-typing ratio of response surface method

Kriging - Kriging —
Existing model Fletcher - PQRSM
Reeves model model

No.4 | No.6 | No.4 |No.6 [No.4 |No.6

Mis-
typing
ratio

6.8% [349% [74% (7.2% 7.2% |6.1%

Optimal Design 2
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Fig. 11 Mis-typing ratio of optimal design
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