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Analysis of the Motion Pattern and the Learning Mechanism
for Manipulating Objects by Human Fingers

Hirotake TAGUCHI, Kazunori HASE and Takashi MAENO™

*4 Department of Mechanical Enginering, Keio University,
3-14-1 Hiyoshi, Kouhoku-ku, Yokohama-shi, Kanagawa, 223-8522, Japan

It is important to clarify the motion pattern and learning mechanisms for manipulating objects by
human fingers in order to develop a hardware of multi-fingered robot hand and a redundant-multi-
DOF learning control system. We measured the trajectory of five fingertips of human hand. The task
was to rotate a circular cylinder as a simple example. Then, we analyzed the trajectory. The analyzing
methods were based on statistics analysis, first Fourier transformation, spectrum analysis and chaos
analysis. As a result, coordinated movement pattern of five fingers were measured. It is found that
thumb and forefinger stick whereas other fingers slip during contact period. It is also found that the
movement changes to a specific pattern when the task is learned. We imply that the motion control
method changes from feedback control to feedforward control after learning.

Key Words: Measurement, Learning, Human Engineering, Pattern Recognition,
Soectrum Analvsis. Chaos
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Fig. 2 Trgectory of fivefingertips
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Tablel Andyzed dataof fivefingers (part 1)

M max CVTax T Cvt
beforelearning after learning  beforelearning after learning  beforelearning after learning  before learning  after learning
thumb 54.0522 55.3935 7.5164 6.9645 0.4321 0.2743 38.0236 23.5691
forefinger 53.9480 54.6454 10.6250 8.7744 0.3973 0.2599 45.9602 19.8384
A middlefinger] 63.5036 58.2576 10.4745 9.6024 0.4157 0.2694 29.2278 17.0230
ring finger 54.0157 51.7064 9.9827 8.7380 0.4041 0.2414 47.2903 42,5021
little finger 52.9915 57.6264 11.1076 7.9755 0.3269 0.2765 45.4267 24.7089
thumb 60.7200 55.7534 10.2589 5.4515 0.3589 0.2274 43.0482 31.7282
forefinger 62.5540 54.0353 12.0352 6.2839 0.2705 0.2268 33.0166 34.2945
B middlefinger]  64.4460 54.2787 10.4307 6.8196 0.3012 0.2204 19.5651 22.4501
ring finger 52.2811 52.0182 7.0701 5.0190 0.2602 0.2358 51.4988 37.5912
little finger 51.5087 47.7954 9.4330 10.4774 0.2808 0.3420 36.6809 33.8889
thumb 50.2616 55.5996 7.9363 45135 0.4917 0.3681 53.5896 30.2092
forefinger 59.2452 56.7944 10.4846 8.5292 0.5535 0.2960 53.1346 33.7838
C middlefinger 56.8813 56.8484 8.3449 7.7622 0.6934 0.3301 45.2408 27.9430
ring finger 54.8257 51.9886 8.5527 4.3962 0.6709 0.3194 34.8040 34.1265
little finger 50.8892 50.4155 10.4020 8.0061 0.4016 0.3069 47.6096 33.2030
thumb 54.2826 47.9367 5.9223 4.7164 0.6370 0.4437 32.8100 41.3342
forefinger 67.5976 63.0565 13.8864 9.3055 0.7187 0.6754 25.8661 37.8146
D middlefinger 56.7149 56.6244 9.7719 6.6906 0.3904 0.3296 48.1045 27.3908
ring finger 56.0200 53.6950 9.6526 6.8952 0.5566 0.4720 53.3058 37.6695
little finger 54.5681 47.8012 12.8674 9.0945 0.6003 0.5052 36.3318 36.2233
thumb 56.9774 52.0075 5.9248 4.7061 0.5593 0.2909 43.6260 41.9732
forefinger 56.4255 51.5309 9.3718 10.1972 0.3265 0.2595 31.5161 31.8189
E middle finger 60.4723 53.9397 10.1690 10.2828 0.3884 0.2415 33.4449 30.4389
ring finger 53.8912 51.1096 7.3973 6.6449 0.4231 0.2215 41.7159 23.0293
little finger 56.6472 50.1060 13.0361 7.9468 0.5202 0.2250 37.3318 28.6578
thumb 48.5839 48.6134 6.2685 2.0692 0.5660 0.3204 459187 51.1860
forefinger 59.0845 53.0876 9.2892 8.6574 0.6968 0.5400 29.4346 33.1296
F middlefinger 51.0139 49.3934 7.3896 3.7523 0.4475 0.4885 43.5531 28.0860
ring finger 49.7124 45.9484 9.1148 4.1684 0.4628 0.3768 48.1417 46.9480
little finger 47.6528 47.4833 5.9105 5.3846 0.3576 0.4027 49.6924 39.3842
thumb 52.7283 55.5330 47125 4.5425 0.4087 0.3534 46.6846 38.7946
forefinger 53.7102 51.0897 7.4196 6.4649 0.4523 0.3959 37.8289 13.8646
G middlefinger] 53.2983 52.2282 5.9576 5.6856 0.3442 0.2169 32.1615 27.5012
ring finger 51.0910 49.2803 3.0238 24722 0.4490 0.3536 48.6192 26.0238
little finger 53.0478 44.6810 8.4876 4.6736 0.4822 0.2341 32.2273 39.5557
Table2 Andyzed dataof fivefingers (pat 2)
w 6, o
beforelearning after learning  beforelearning  after learning  beforelearning  after learning

A 0.6647 0.7448 1.1085 1.2992 0.1103 0.1151

B 1.5924 1.3392 1.0843 1.1183 0.0843 0.06238

C 0.5608 0.5887 1.184 1.1832 0.07996 0.08794

D 0.8556 0.8937 1.0655 1.128 0.08288 0.06895

E 1.279 0.7306 1.1106 1.1972 0.08755 0.0918

F 0.8141 1.1886 1.1076 1.3522 0.06419 0.1149

G 0.9042 2.067 0.9441 1.1033 0.04758 0.07911
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Fig. 3 Changein distance between fingers and cylinder
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