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Abstract Objective: To evaluate the most effective method and principle of human movement function in clinical
medicine and rehabilitation engineering et al. Method: Based on Fitts Law and a characteristic index of movement
performance-DOF (Dimensions Of Performance), an evaluation method w as proposed. As an exampla the point-touching
movement of upper limb performed by five healthy subjects, were expermentally investigated. All movements were
recorded using a Vicon motion analysis system. A set of indices were used to evaluate the human upper limb movement
function quantitatively. Result and Condusion: The movements of human upper limb were high redundant systematic
movements performed by muscles, bones and nerve system. It is practical to chose the macroscopical characters w hich
based on big system capability theory, as the indices for the evaluation of human upper limb movement function. As the
complexity of human limb structure and the variety of human movement, it is almost impossible to entirely describe a
movement function in one or a few indices. Hence, in an evaluation practice we may focus on some indices and other
indices may be ignored.

Author s address Dept. of Precision Instuments Tsinghua University, Beijing, 100084

Key words movement function evaluation; point-touching movement of upper limb; index of difficulty; index of

performance
b
b b °
- 31, Fischer  Kondraske
, . DOP (dimensions of performance ),
3 :@D  Johnson ,
~ ; o
@  Ghika .
.® :
»  Fitts
. . * (39930070)
Fitts  (Fitts' law),
(index of performance) 4, ) ) . 100084
2

: 2001— 09— 15



Fitts

337
FittS DOP9 [} ’
b b 9 3 b
, . @ 0, 0,
(standard activity !, =1/l Che—hi)/ Lo, (o ;@
) (activities of daily (G )
living, ADL) a N ;® ,
5 s 3
.1 10
1 ) 1
, 1
0,C%) 0,(") QBN
50 17 0.33
2 50 21 0.30
. P, . P 50 27 0.27
) P[ﬂ' ) 6[
, 0, 1.2
4
> - T . 1.2.1 . Fitts 1954 Shannon
/—\T R L Lol | o £
BE \ ,
AR Fitts . Fitts
e L4 (index of difficulty) I
. (index of performance), 4,
A v
1 Lo=—log (W/24)  I=— ~log (W
24)
A ] W ? tm
1994 , Kondraske Fiits

(9

04

s Im

Fitts

b

L= —log2(0y/20,)  I)= *tLIOgZ(eW/ZeA )

96W



338 , 2001, 16 , 6
1 Max (v ). T
I=—loga(Pw/204) 1,°= —~loga (Pw/ 20
m
= loga (0 /20,) 1= log, (0,720
li—= logz( w/204) I, = p logz( w/204) 1.2.3 : Er
m
P 0 0 Mip=Max(Ek) .
Idy la ’ I}.;s IP v
9 0 1.2.4 : (smoothness)
, P4y Ua s Ow, Uy (6]
( 3)stm . ’ :
1
S=1-Ta7- T
FARARNA
j 3 .
S S . MS
Max(S).,
2
2 3
. 3
43
” [13 2
b
3 ( 4 ) R [43 ”»
(5 ) . 4
1.2.2
b 6 b MV
2 .
0 o 0 0 v M, N M, Er M,
la Ly la ly T s (mmes 1 (mm=s " (>mm™ (%> mm™3 (N°m) (N°m)
4.9321 4.5178 4.4594 4.0848 1.0917 483. 1098 1410 25.5924 34. 8620 25.905 0. 99399
4.5926 4.5548 4.2730 4.2378 1.0083 467. 7477 1357.3 47.7170 76. 4332 22.962  0.92109
4.0753 4.4057 3.9386 4.2579 0.9250 471. 3628 1122. 1 35. 1571 50. 3752 18. 178  0.62954
3
o v M S M E M;
4 { 0 0 v v s T p
fa I la Ty T (s) (mm°s " (mm°s ") (s> mm™ > mm 3 (N°m) (N°m)
4.5926 3.9086 4.2730 3.6366 1.1750 455. 6532 1018.2 23.2624 51.2654 24. 325 0.51839
4.5926 4.2068 4.2730 3.9141 1.0917 462.3314 1263. 4 37. 6527 57.4565 23.554  0.79809
4.5926 4.5548 4.2730 4.2378 1.0083 467. 7477 1357.3 47.7170 76.4332 22.962  0.92109
4
0 v M N M E M,
4 f 0 0 v v s T i
Ia I, 1q L TS Gumes D (Gmmes D (2mm D (% mm D (Nem)  (N-m)
4.5926 4.5548 4.2730 4.2378 1.0083 467. 7477 1357.3 47.7170 76.4332 22.962  0.92109
4.5926 4.0524 4.2730 3.7704 1.1333 448. 5646 1025.3 45. 4456 69. 2455 23.464  0.52561
3 ) .
3 ,
. 2 ,
b b 3 b
0
o ’ Ip ’



Fitts

339

M,

D=

(3

[4]

(8]

[M]. : , 1990.

Johmon LM, Randall MJ, et al. Development of a clinical
assessment of quality of movement for unilateral upper — limb
function[ J] . Dev. Med. &Child Neu., 1994, 36. 965—973.
Ghika J, Wiegner AW, et al. Portable system for quantifying
motor abnomalities in Parkinson’ s disease [ J] . IEEE Trans.
Biomed. Eng. , 1993, 40(3). 276— 283.

Fitts PM. The information capacity of the human motor system in
controlling the amplitude of movement[ J] . J. Exp Psychol.,
1954, 47. 381—391.

. . .. (1.

» 2000, 4(5): 656— 658.
Fischer CA, Kondraske GV. A new approach to human motion
quality measurement [ J]. Proceedings — 19th International
Conference — IEEE/EMBS, 1997. 1701—1704.
Anglin C; Wyss UP. Review of arm motion analyses[ J] . Proc
Instn Mech Engrs Part H, 2000, 214: 541—555.

Romilly DP, Anglin C, Gosine RG, Hershler C, et al. A
functional task analysis and motion simuhtion for the development
of a pow ered upper— limb orthosiq J]. IEEE Trans. On Rehabi.
Engng, 19%, 2(3).119— 128.

Kondraske GV. Angulr motion Fitts' law for human performance
modeling and prediction| J] . Proceedings -16th International
Conference - IEEE/ EM BS, 1994: 307— 308.



