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Berg Balance Scale Score Classification Study Using Inertial Sensor
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51.8%, 85.1%% 7 A& =l

ABSTRACT

In this paper, we present the score classification accuracy of BBS(Berg Balance Scale) which is the most
commonly used balance evaluation tool using machine learning. Data acquisition was performed using the
Noraxon system and an inertial sensor of Noraxon system was attached to the body in 8 locations (left and right
ankle, left and right upper buttocks, left and right wrists, back, forehead). Based on the 3-axis accelerometer of
the inertial sensor, the feature vector STFT(Short Time Fourier Transform) and SAM(Signal Area Magnitude) were
extracted. Then, the items of the BBS were divided into static movement and dynamic movement depending on
the operation characteristics, and the feature vectors were selected according to the sensor attachment positions
which affect the score for each item of the BBS. Feature vectors selected for each item of BBS were classified
using GMM(Gaussian Mixture Model). As a result of the accuracy calculation for 40 subjects, 55.5%, 72.2%,
87.5%, 50%, 35.1%, 62.5%, 43.3%, 58.6%, 60.7%, 33.3%, 44.8%, 89.2%, 51.8%, 85.1%, respectively.
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Fig 3. 3-axis inertial sensor
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Fig 5. BBS index distinction based on movement characteristics
# 1L BBS @+ 44l #4 549
Table 1. Static movement feature vector of Berg Balance Scale
A &2 (static movement) N=25
SAML(rtivity STFTH” STFTH!/ STFTHZ STFTB'
STFTBU STFTBz STFTHGLI STFTHaLy STFTHaLz
STFTHL’L_, STFTHZ’LH STFTHiLZ STFTAL_, STFTALH
STFTAL: STFTHGRI STFTHMRy STFTH(]R: STFTHL‘RI
STFTHmy STFTHiRZ STFTAET STFTARy STFTARZ
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E 2. BBS 35 1¥ SA9H
Table 2. Feature vector of Berg Balance Scale Number 1

L2 A A Pl N=13
SAMZCtmy STFT,, STFT, STFT,, STFT,
STFT, STFT,, STFT,,, — STFT,,  STFT,,
STFTyp  STFTy,  STFTy,

3 3. BBS ¥+ 491 544H

Table 3. Feature vector of Berg Balance Scale Number 4
4. 2 Al A 27 N=13
SAM, 0, STFT, STFT, STFT, STFT,
STFT, STFT, STFT,,  STFT,,  STFT,,
STFTy,  STFTy,  STFTy,

3 4. BBS &+ 591 549

Table 4. Feature vector of Berg Balance Scale Number 5
5. YAl A A= o] 537 N=19
SAMpp,  STFT, STFT, STFT, STFT,
STFT, STFT, STFT,,,  STFT,,  STFT,,
STFTyy — STFTy, — STFT,,  STFT,, —  STFT,,
STFT,, STFT,,  STFT,, STFT,,

3 5. BBS &5 8 54w

Table 5. Feature vector of Berg Balance Scale Number 8
8. A AMel A oz & WA Y7 N=13
SA%(iivity STFT, STFTH STFTH STFTB
STFT, STFT, STFTy, — STFT,, — STFTy,
STFTy STFTy,, STFT,, ,

¥ 6. BBS &5 991 549E

Table 6. Feature vector of Berg Balance Scale Number 9
0. uheel St =ae o] &) N-10
SA]WaCmﬁy STFT, STFT, STFT, STFTHGL
STFTHaL, STFT,, , STFTy, STFTHa&/ STFT,, »




¥ 7. BBS 35 109 549l
Table 7. Feature vector of Berg Balance Scale Number 10

10. &3 &% 0T HEolHY| N=13
SAM,p,  STFTy STFT,, STFT, STFT,
STFT, STFT,, STFTy, — STFTy,, — STFTy,
STFTyy  STFTy,  STFTy,
3 8 BBS @& 11¥ 5S4
Table 8. Feature vector of Berg Balance Scale Number 11
11. A Aol A 360° & 73}7] N-19
SAM, 0, STFT, STFT, STFT, STFT,
STFT, STFT, STFT,, STFTy, STFT,,
STFT,, ~ SIFT,, ~ STFT,,  STFT,,  STFT,,
STFTyy  STFT,,  STFT,,  STFT,,
# 9. BBS &+ 1291 S49H
Table 9. Feature vector of Berg Balance Scale Number 12
12. dAT Folo] I3 9o &§ wgE ¥7] N=16
SAM,pp,  STFT, STFT,, STFT, STFT,,
STFTy, — STFT,, — STFT,, STFT,, STFT,,
STFT STFTp STFT STFT,,, STFT,,
STFT,,
E 10, AFvidAte) Qa5
Table 10. The general characteristics of the study subjects
Ak =y i (%)
oA 22(55%)
3
o] =} 18(45%)
5041 ~ 594 11(27.5%)
604 ~69A] 7(17.5%)
A 704 ~79A 10(25%)
8041 ~89A 7(17.5%)
71 et 5(12.5%)

59
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