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Evaluation of motor function based on self-correction analytical hierarchy process
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In the evaluation of clinical rehabilitation functions, different experts will have different views. In order to be able to
consider the expert opinions, in this paper the contents and methods of upper limb motor function evaluation were
studied, and the evaluation index system was established. Quantitative evaluation of the evaluation index of motor
function was carried out, and different evaluation criteria were provided for different evaluation indexes. The method of
SFAHP (Self-correction Fuzzy Analytical Hierarchy Process) based on elemental classification was used to evaluate the
rehabilitation process of hemiplegia upper limbs. The hierarchical model and evaluation system of evaluation index
were established, and the evaluation model of hemiplegia upper limb motor function was established. Systematic
analysis method was used to evaluate the feasibility and effectiveness of SFAHP method in the evaluation of upper limb
rehabilitation. The evaluation results were consistent with the results of clinical motor function evaluation.
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INTRODUCTION

The clinical results show that the motor function
is the main index to reflect the effectiness of
rehabilitation [1, 2]. Therefore, the motor function
is important for the hemiplegic treatment and is also
crucial for rehabilitation evaluation. In the
rehabilitation of the stroke, the training of motor
function will be influenced by the personal factors
of different therapists and the treatment effect
mainly depends on physicians’ experience and
qualifications [3-5]. Moreover, the rehabilitation
level is mainly judged by physicians’ clinical
experience. Currently, no rehabilitation system can
completely replace the therapists in evaluating the
rehabilitation level.

This paper reviews and compares all aspects
(physical activities and daily activities, etc.)
involved in the dyskinesia of hemiplegic upper-
limb patients, as well as the current status and
potentials of the motor function. Given the
differences of experts’ evaluation towards
rehabilitation, this paper first combines the
analytical hierarchy process (frequently used in the
decision-making analysis) with the fuzzy analysis
method. Then this paper proposed a systematic
evaluation method, which is qualitative-and-
quantitative and is used for SFAHP (Self-correction
Fuzzy Analytical Hierarchy Process) based on
element demarcation.

In this paper, an upper-limb rehabilitation robot
system was used to determine the index system of
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the motor function evaluation and formulate the
evaluation standards of all evaluation indexes.
Finally, this paper establishes a comprehensive
model for evaluating the motor functions of the
hemiplegic upper-limbs to test and evaluate the
rehabilitation effects of the affected limbs and the
grades of the motor functions.

SFAHP-BASED EVALUATION OF THE
HEMIPLEGIC UPPER-LIMB MOTOR
FUNCTIONS

Main contents in the evaluation of clinical motor
function

The dyskinesia is the typical external
pathological sign in the stroke. After stroke the
dyskinesia symptoms of the hemiplegic patients are
mainly dystonia, coordination disorders between
muscle groups, and abnormal reflex activities,
namely, the motion forms of associated movement,
associative reaction and spinal level of tonus reflex
[6-7]. The goal of the motor function rehabilitation
is to change the abnormal motor patterns of
patients, reduce cramp symptoms and guide patients
in improving the muscular tension and effectively
controlling the movement. In the clinical treatment,
four aspects are mainly used to evaluate the motor
functions: muscle strength, joint motion degree,
equilibrium function, and coordination function [8-
11].

Upper-limb rehabilitation robot

The upper-limb rehabilitation robot (Figure (1),
Rehabilitation robot structure) has a mechanical
arm, an arm holder, and a base. As an executing
agency, the robot receives and performs the tasks
and guides patient's affected limbs in conducting
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the training practices of different modes or different
intensity. According to the evaluation results of the
hemiplegic patients or their affected limbs, the
rehabilitation training mode is selected for the
following stage to remodel the brain functions and
accelerate the rehabilitation.

Fig. 1. Rehabilitation robot structure.

SFAHP (Self-correction Fuzzy Analytical
Hierarchy Process)

In this process, the testing functions of the
upper-limb rehabilitation robot system can be used
to measure the muscle strength and the ranges of
joint motions. First, the test motions are set up, and
then, the equilibrium function is evaluated in two
aspects: the time and the direction for patients to
complete the specified test actions. Regarding the
coordination function, the same procedures are
conducted to test the trajectory smoothness and
consistency. The relationships between indexes
used for evaluating the motor functions of
hemiplegic upper-limbs are shown in Figure (2).
SFAHP combines the quantitativeness and

objectivity of AHP with the inclusiveness of the
fuzzy comprehensive evaluation method [15-16].
Also, self-correction and circular comparison are
adopted in the evaluation to remove extreme values
and opinions of expert grading and revise the
element scale of the judgment matrix. In this way,
personal errors can be reduced in the evaluation.

EVALUATION MODEL OF THE MOTOR
FUNCTIONS

Hierarchical structure of evaluation indexes

Layered decomposition and tree ordering are
used to process the evaluation indexes of the motor
functions and determine the factor set U of the
rehabilitation evaluation index system:

U={u1, u, » u3}

where, u; is the evaluation of muscle strength
and joint motion range inu, ={u,.u,}, U1 is the level
of muscle strength, and us is joint motion range.

U, is the equilibrium function evaluation
iNu,={u,.u,}, u, iS motion degree in the correct
direction, wu, is specified motion time; u, is
coordination function evaluation inu, ={u,.u,}, u,is
smoothness of the motion trajectory, and u,, is the
consistency of the motion trajectory. The
hierarchical structure of the index system for
evaluating the hemiplegic upper-limb motor
functions is shown in Figure 3.

Index evaluation standards [17]

Different from the methods used for evaluating
clinical motor functions, this method uses the data
collection of the upper-limb rehabilitation robot,
guantifies the evaluation method of the hemiplegic
upper-limb motor function indices, and provides the
standards of all evaluation indices. The evaluation
standards of all indices are as given in ref. [17].
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Fig. 2. Diagram of upper limb rehabilitation robot rehabilitation evaluation index.
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comprehensive evaluation for the motor functions of the
upper-limb rehabilitation robot
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Fig. 3. Hierarchical structure of the motor function index for the upper-limb rehabilitation robot

Construct the commented system

Five comments are established to evaluate the
motor function of the hemiplegic upper limbs:
excellent, good, moderate, acceptable, and poor.
These comments are used to represent the
rehabilitation effects of the hemiplegic upper-limb
motor functions and the comment set of the motor
function evaluation is

Vo= {VyV,0V,,Y, V)

Among these comments, v, is excellent with
scores between 90 and 100; v,is good with scores
between 80 and 89; v, is moderate with scores
between 70 and 79; v, is pass with scores between
60 and 69; v, is pass with scores between 50 and 59.

Determination of the weight coefficient

Scale evaluation: Three clinical rehabilitation
physicians were invited to form the expert group
and then all layers of elements were through the
scale evaluation in the form of questionnaires,
designed on the basis of AHP. The importance of
influence factors was pairwise compared and the
measurement scales were divided into five grades:
important , very important, fairly important, slightly
important, and equally important,  which
respectively correspond to the values of 9, 7, 5, 3,
and 1. The measurement scale near the left means
that the factors in the left column are more
important than those in the right column, while the
measurement scale near the left means that the
factors in the right column are more important than
those in the left column.

Establishing the subordinating degree function

Suppose the comment set v has five grades:
v, means excellent with scores ranging from 90 to

100; v, means good with scores ranging from 80 to
89; v, means moderate with scores ranging from 70
to 79; v, means pass with scores ranging from 60 to
69; v, means pass with scores ranging from 50 to

59. This helps to determine the subordinating
degree function for evaluating the motor functions

of the upper-limb rehabilitation robot. In the
equations i=123, j=12.
1 u; =90
u; —80
wa(uy)= ( n ) 80 <u; <90 (D
0 u; <80
(4 -70) 70<u, <80
10 i
90 —-u;
1y, (Uy ) = ( o 1) go<u, <90 (2

0 u; <70,0r,u; 290

“ 17060) 60<u, <70
wa ()= Sol_ou”) 70<u, <80 (3)

0 u; <60,0r,u; >80

(1, ~50) 50<u; <60
10 !
o (1) = (701‘0““) 60<u, <70 (4)

0 u; <50,0r,u; 270
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0 U, > 60
e (Uy)= (601_()u‘j) 50<u, <60 (5)
1 u, <50

Establishing the model of comprehensive evaluation

According to the subordinating degree function
listed above, all factors of the data are quantified.
Through evaluating single factors, the single factor
evaluation vector was established to construct the
vague evaluation matrix.

The fuzzy comprehensive evaluation matrix of
the motor functions for the upper-limb
rehabilitation robot is

R =(B, B, B,) =(W,°R, W,oR, W,oR,)

Uy U u.

o ey Ny Ny B ( 6)
= I:rij :'3x5 Sl T Ty Ty B
fn T Ty Ty Ty

In the equations,
satisfied:

= v (W, A sy (uy)] (1=223;1=12,345)

=

the following condition is

ALGORITHM VERIFICATION

The upper-limb rehabilitation robot was used to
evaluate the motor functions of three patients with
hemiplegic upper-limbs. In the evaluation, these
patients wear mechanical arms and the body
electrode patches of the surface electro-myogram
signal collector are attached to different parts of the
muscles. To ensure the accuracy of the evaluation,
the patient performs three tests and the testing
results are shown in Table 1.

In terms of muscle strength, the scores of the
patient were 85, 85, and 83 in the three tests,
respectively. According to equations (9)-(14), the
following is obtained.

Mo () =[ 11 (85) + 1,y (85) + 1,1 (83) [ /3=0.43

Moo (Uy) = [ 1, (85) + 1, (85) + 1, (83) ] /3=057

Hyz (uu) = [“vs (85) Ty (85) +Hys (83)]/3 =0

My (Uyy) = [“wt (85) + 1,4 (85) + 1,4 (83)]/3 =0

Hus () =[ 15 (85) + s (85) + 11,5 (83) ] /3=0

The following equation can be obtained from
equation (6)

043 057 0 0 0
B, =W, °R, =(0.5000,0.5000)

033 067 0 0 O
=(0.43,0.5,0,0,0)

Similarly, B, =w, R, =(0.23,0.75,0,0,0)
B, =W, °R, =(0.1,0.75,0,0,0)
The comprehensive evaluation result of the
patient’s motor functions is:

043 05 0 0 0
B, =W, R, =(0.1429,0.4286,0.4286)( 0.23 0.75 0 0 0
01 075 0 0 0

=(0.23,0.43,0,0,0)

The equation can be
normalization.

obtained through

B, =(0.35,0.65,0,0,0)

CONCLUSION

From this, the overall evaluation result from the
upper-limb rehabilitation robot can be obtained for
judging the motor functions of hemiplegic patients.
According to the principle of the maximum
subordination degree, the patient is in good state of
motor functions. Thus, it can be understood that the
affected limbs of the patient have approximated the
normal level. It can be seen that the curve for the
SFAHP-based evaluation result of the motor
functions is consistent with that of the clinical
rehabilitation. It means that the evaluation result is
correct and the method can be applied to evaluate
the motor functions of hemiplegic upper-limb
rehabilitation.

Table 1.  Basic physical properties of high liquid limit soil.
. . Motion degree in Motion time Motion Motion
Muscle strength Joint motion . . .
the correct of prescript trajectory trajectory
level range S : :
direction actions smoothness consistency

15 test 85 84 83 80 81 80

2" test 85 82 82 81 82 80

31 test 83 84 82 80 80 81
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