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A study of discrimination of musical harmony using

brain activity obtained by fMRI
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Abstract

A study of discrimination of musical harmony using brain

activity obtained by fMRI

Hiroki Nakamura

This study aims at discrimination of two different harmonies, that are major triad
and minor triad from humans brain activity obtained by fMRI. A harmony is the one
of three musical factors, and study of impression of harmony useful to investigation
of the human recognition of music. A harmony can be classified to some categories,
for example, major triad, minor triad, and discord. Harmonies in different categories
causes different human impressions. Therefore, the purpose of this study is estimation
of harmony to which a subject is listening. The estimation is performed using human’s
brain neural activities obtained by functional Magnetic Resonance Imaging(fMRI).

Six major triads(C, C#, D, D#, E, F) and six minor triads(Cm, C#m, Dm,
D#m, Em, Fm) are created by composing sine waves. These triads are played as audio
stimuli to subjects at random. Brain neural activities are scanned using fMRI. Sparse
scan technique is employed to avoid noise generated by fMRI. Support vector machine
is used to classify harmonies. The result shows that the accuracy is 62 percent using

sigmoid kernel and the parameters of v and C for SVM are 1.7, and 500, respectively.

key words fMRI, Harmony, Brain Decording, Support Vector Machine
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cost fH 10 0.01 10 500

#hRE 2 | gamma 8 | 0.0001 0.01 0.001 0.01
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12 12| 14 | 14 | 14 | 14 | 14 | 14 | 16 | 16 | 16 | 6
28| 24 | -38 | -36 | -34 | -32 | -30 | -28 | -36 | -34 | -32 | -38
A4 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | 44 | -44
6 | 8 | 8| 8 |10]10]10]|10] 10| 12|12 | 12
36 | -38 | -36 | -34 | -38 | -36 | -34 | -32 | -30 | -38 | -36 | -34
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-36 | -36 | -36 | -36 | -34 | -34 | -34 | -34 | -34 | -34 | -34 | -32
-58 | -58 | -56 | -56 | -56 | -56 | -56 | -54 | -54 | -54 | -54 | -56
-40 | -38 | -44 | -40 | -42 | 40 | -38 | -50 | -48 | -46 | -40 | -42
-32 | -32 [ -32 | -32 | -32 | -30 | -30 | -30 | -28 | -28 | -28 | -26
-04 | -54 | -54 | -54 | -54 | -54 | -54 | -52 | -52 | -52 | -52 | -52
-48 | -46 | -42 | -40 | -38 | -42 | -40 | -48 | -50 | -46 | -44 | -42
-18 | -16 | -16 | -16 | -16 | -16 | -14 | 18 | 18 | 20 | 20 | 20
34 | 34 | 36 | 36 | 38 | 38 | 60 | 20 | 40 | 36 | 38 | 40
-18 | -20 | -20 | -18 | -18 | -16 | -16 | -14 | -16 | -12 | -14 | -14
20 | 20 | 20 | 20 | 22 | 22 | 22 | 22 | 24 | 26 | 28 | 28
42 | 46 | 48 | 48 | 34 | 34 | 40 | 40 | 50 | 46 | 44 | 44
-14 | -18 | -20 | -18 | -16 | -12 | -16 | -14 | -22 | -28 | -30 | -28
28 | 28 | 28 | 28 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30
46 | 46 | 46 | 48 | 44 | 44 | 46 | 46 | 46 | 48 | 48 | 48
-30 | -28 | -26 | -28 | -30 | -28 | -30 | -28 | -26 | -30 | -28 | -26
30 | 32 | 32 | 32 | 32 | 32 | 32 | 32 | 32 | 32 | 32 | 32
50 | 42 | 44 | 44 | 46 | 46 | 46 | 48 | 48 | 48 | 50 | 50
-26 | -28 | -30 | -28 | -30 | -28 | -26 | -30 | -28 | -26 | -28 | -26
34 | 34 | 34 | 34 | 34| 34 | 36

46 | 46 | 48 | 48 | 50 | 50 | 50

-30 | -28 | -30 | -28 | -28 | -26 | -28
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major-test

contrast(z)

o

EINN 1 N I R

Design matrix
Statistics: pvelies adjusted for search volume
set-level cluster-level peak-lewvel
T A FATY TR P
» ° me.E'CﬂIT qFDﬁ‘GﬂI'[ E pLII'IGﬂIT me.E‘GﬂlT qFDﬁ‘COIT = uncom
0,008 13 0,000  0.000 1430 0.000 0,098 0.292 463 4.3%  0.000 18 22 -16
0.126  0.29z  &.55  &.21  0.000 0 60 -12
0.121 o.z3z 4. 53 4. z3 0.000 1o 54 -1&8
0.408  0.348 129 0.08% 0.127  0.292  4.55 4,30 0.000 12 -94 -34
0,936 0677 2.5l 2.39  0.000 24 -36 -28
0.306 0,345 1539 0.062 0.458 0.453 4.06 3.88 0.000 24 -16 -14
0.5l1E 0569 2.6 2.5 0.000 6 -4 -24
0,521  0.569  2.EE  2.54 0.000 iz - -z0
0.470  0.34F 114 0,207 0.542  0.520  3.37  3.80  0.000 66 -5¢ 18
0.EZd 0539 B.E9 .73 0.00D 50 -54 24
0.990 0.856  2.30  2.19  0.001 54 -54 20
0.373  0.803 1z 0.50% 0,762 0.552 3.7 .61 0.000 1z 6¢ 34
0.786  0.837 5T 0,245 0.79s 0,565 3.7 3.8 000D 35 10 -40
0.975  0.803 11 0.625 0,508  0.569  3.70  3.86  0.000  -45 -50 -40
0.873  0.75% 3T 0,348 0.531  0.563 3.6 3.54  0.000 1z e 20
0.854 0,803 15 0.52i 0595 0,645 3.8 348 0.000 3% 36 32
0,985 o0.a0s 1 0. 909 0,982  0.795 3.3 3.35  0.001 3z 66 20
0.382 0.0 3 0.8z 0.985  0.827  3.33%  3.23  0.00L 60 28 12
o.885  o.s0n 4 LT 0,896 0,845 332 3.4 0,001 -10 35 -15
0,985 o0.a0s 1 0. 909 0.997  0.968 320  3.11  0.001 32 -74 -46
fabie shows 3 focal mavima more fhan §.0nm apaf
Height threshald: T=3.18, p = 0.001 10,997 Degrees of freedom = [1.0, 90.0]
Estertthreshold: k = 0 voxels, p = 1.000 () 997 FultHM = 141 147 16.7 kan vaen raen; 7.0 7.3 8.0 froxels}
Expected voxels per cluster, =k= = 43 410 olume: 1758656 = 219832 voxel: = 491 6 resels
Expected nurmber of clusters, =c= = 5.93 owel size: 2.0 20 20 men m rarn; resel = 415,36 voxels)

FEp: 4.840, FDRp: Ief, FNE:: 1480, FOR:: 1480
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major

contrast(s)
20
a0
1]
a0
100
120
5 1 15w ¥ 3
Diesigh matris:
Statistics: pvelres adjusted for search volume
setlevel cluster-level peak-level
4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = puncnn
0.124 185 0.414 0.750 9z 0.0S50 0.585  0.347  4.14  3.95  0.000  -46 10 -3&
0.9s7 0.863 is 0.4049 0.85% 0. 947 .87 3.71 0.000 -30 -S54 -40
0.095 0.863 10 0.505 0.919  0.947  3.797  3.62  0.000  -32 -54 -46
1.000 0.863 2 0.73z 0.95¢  0.347  3.63  3.55  0.000  -40 -55 -40
0.598 0.863 4 0.214 0.3%6 0. 947 3.62 3.449 0.000 30 44 -23
0.0a7 0.863 8 0.555 0.999  0.947  3.35  3.25  0.001 20 36 -12
1.000 0.863 3 0.737 1.000  0.347 3.3z 3.22  0.001 20 48 -18
0.993 0.863 & 0.615 1i.000 0. 947 3.32 .21 0.001 -16 36 -15
1.000 0.863 1 0.863 1.000  0.947  3.26 3.1 0.001  -46 12 -24
1.000 0.863 1 0.863 1.000  0.347  3.25  3.15  0.001 24 50 -22
1.000 0.863 i 0.863 1i.000 0. 947 .24 3.14 0.001 22 34 -16
1.000 0.863 1 0.863 1.000  0.947  3.24  3.14  0.001  -38 -64 -34
1.000 0.863 1 0.863 1.000  0.347  3.21 3.1z 0.00L  -42 -60 -36
1.000 0.863 i 0.863 1i.000 0. 947 .21 3.4z 0.001 -14 60 -16
1.000 0.863 1 0.863 1.000  0.947  3.21  3.41  0.001 18 20 -14
fahie shows 3 focal maxima more than §.0mm apart
Height theeshald: T=3.18, p = 0.007 ¢1.000) Degrees of freedorn = [1.0, 90.0)
Extent threzhald: k = 0 waxels, p = 1.000 1.000) FitHR = 116 117128 mm rm ram; 5.8 5.8 5 4 froocels}
Expected voxels per cluster, <k= = 23,504 Yolurme: 1739608 = 216951 voxels = 934.9 resels
Expected nurmber of clusters, == = 1058 ieel gize: 20 2.0 210 par mim mim; resel = 21577 woccels)

FiliEp: 3.017, FDRp: Inf, FWEC: Inf, FDORE: Inf

XM B.2 #ERE2DR=ZAF A NIHNT B RAY ¥ —a— NEEEURF O JdIE ERAT
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minor-test

contrast(s)

5 M0 1 N 2w

Diesigh matris:
Statistics: pvelres adjusted for search volume
setlevel cluster-level peak-level
4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = uncom
0.000 16 0.005 0.007 645  0.001 0.002  0.028  5.71  5.26  0.000 36 -86 36
0.045 0.063 .57 4. 55 0.000 45 -76 26
0051 0.064  4.84  4.55  0.000 54 -5z 22
0.853 0.733 41 0.323 0.023  0.053  5.07 4.74  0.000  -48 -50 -40
0.508 0,738 50 0.276 0. 046 0. 064 4.87 4.57 0.000 &0 25 14
0.000 0.001 1096 0.000 0.069  0.064  4.74  4.47  0.000 22 16 -26
0.105  0.070  4.61 .36  0.000 10 24 -1a
0.1a9 o.0ns 4.43 4. Z6 0.000 pE) 40 -16
0.488 0.603 110 0.113 0.23%  0.101  4.33  4.41  0.000 33 14 -40
0.738 0.735 62 0.226 0.606  0.251  3.81  3.75  0.000 24 -8 -32
0_615 o.zs5z 2.490 .74 0.000 Z6 =& -40
0.958 0.8909 17 0.534 0.689  0.295  3.83  3.68  0.000 22 -g2 52
0.788 0.735 53 0.262 0.734  0.328  3.79  3.64  0.000  -16 50 -1&
0_.916 o.4ns .55 2.4z 0.000 -15 a0 -z
0.992  0.858  2.26 2.1  0.00L -3 54 -14
0.302 0.783 31 0.392 0.500  0.364  3.71  3.57  0.000 10 -3 -28
0530 0.44932 2.59 2.46 0.000 o -394 -z0
0.083 0.008 8 0.5a34 0.917  0.478  3.55  3.42  0.000 46 -E0 5B
0.995 0.0 1 0.909 0.982  0.733  3.35  3.24  0.001  -12 34 -16
0.987 0.208 & 0,731 0.98¢  0.747  3.34  3.23  0.001 2 -12 -26
0.8a5 0,08 1 0809 0.986  0.761  3.33  3.22  0.00L  -20 30 -1&
.99z 0.808 3 0.821 0.992  0.847  3.27  3.17  0.001 30 -850 -46
0.995 0.0 1 0.909 0.936  0.342  3.22  3.42  0.001 32 -82 -44
fahie shows 3 focal maxima more than §.0mm apart
Height threshold: T=3.18, p = 0.001 [.937) Degrees of freedam = [1.0, 90.0]
Extent threzhold: k = 0 voeels, p = 1.000 01.997) FiliHR = 141 14.7 16.7 men i van; 7.0 7.3 8.0 froxelsh
Expected voxels per cluster, <k= = 43,410 Yolurme: 1798656 = 219832 voxels = 4916 resels
Expected number of clusters, =e= = 5.93 ieel gize: 20 2.0 210 par mi mim; resel = 41536 woocels)
FiliEp: 4840, FORp: 5302, PEe: (45, FOR:: R4 Page 1 <
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contrast(s)

5 M0 1 N 2w

Diesigh matris:
Statistics: pvelres adjusted for search volume
setlevel cluster-level peak-level
4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = uncom
0.835 8 0.000 0.000 1926 0.000 0.005  0.013  5.64  5.21  0.000  -16 34 -20
0.01z o012 5.42 5.02 0.000 1o 25 -1z
0042 0.021  5.09  4.74  0.000 1z 22 -z
0.263 0.091 113 0.029 0.015  0.013  5.35  4.97  0.000  -28 -52 -50
0_726 0225 4. 01 .82 0.000 -28 -5& -40
0.306 0.091 110 0.034 0.550  0.144  4.17  3.98  0.000  -46 12 -38
0790 0.254  3.94 3.7 0.000  -34 20 -3
0.5&885 0.165 na 0.0&2 0.916 0.365 3.78 3.63 0.000 -40 -75 -36
0.984  0.547  2.58 2.4 0.000 -4 -£5 -2
0.939 0.863 5 0.651 0.935  0.755  3.42  3.31  0.000 2 -86 -26
1.000 0.863 i 0.863 0.933 0.755 3.40 .29 0.000 -55 24 &
1.000 0.863 3 0.737 1.000  0.793  3.32  3.22  0.001 s -4 80
1.000 0.863 1 0.863 1.000  0.990  3.13  3.09  0.00L  -38 -62 -38
fahie shows 3 focal maxima more than §.0mm apart
Height theeshald: T=3.18, p = 0.007 ¢1.000) Degrees of freedorn = [1.0, 90.0)
Extent threzhald: k = 0 waxels, p = 1.000 1.000) FitHR = 116 117128 mm rm ram; 5.8 5.8 5 4 froocels}
Expected voxels per cluster, <k= = 23,504 Yolurme: 1739608 = 216951 voxels = 934.9 resels
Expected nurmber of clusters, =c= = 1058 ieel gize: 20 2.0 210 par mim mim; resel = 21577 woccels)

FiliEp: 3.017, FDRp: 4807, FVEc: 1926, FOR:: 1926
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major-vs-minor

contrast(s)

5 M0 1 N 2w

Diesigh matris:
Statistics: pvelres adjusted for search volume
setlevel cluster-level peak-level
4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = uncom
0.000 43 0.002 0.013 783 0.000 0.083  0.633  4.63  4.42  0.000 25 -16 34
.17z o.622 4.43 4. 21 0.000 6 -20 24
0.274  0.622  4.28  4.09  0.000 2z -28 24
0.064 0.241 325 0.011 0.260  0.633  4.30  4.09  0.000  -26 -40 30
o477 o.622 403 2.86 0.000 -26 -46 25
0308 0.724  2.70 2.5  0.000  -22 -§2 28
0.252 0.570 179 0.049 0.336  0.633  4.13  4.00  0.000  -13 -15 46
0_456 o.622 405 .87 0.000 -2z -8 265
0519 0.4l  4.00  2.82  0.000  -20 -8 22
0.269 0.570 172  0.053 0.426  0.633  4.09 3.1  0.000 65 -12 -12
0.457 o.622 4. 06 2.88 0.000 &6 -2 -&
0544  0.E52  2.88  2.72  0.000 5z & -18
0.964 0.903 15 0.561 0.777  0.711  3.74  3.60  0.000 15 12 34
0.924 0.a0a 26 0.4%4 0.350% 0.734 3.71 .87 0.000 15 -24 -4
0926  0.782 2.5  2.41  0.000 14 -z0 -10
0.585 0.909 30 0.148 0.835  0.750  3.67  3.53  0.000 40 -66 -40
0.906 0.a0a 30 0.400 0. 549 0.750 3.65 .82 0.000 4 55 46
0.970  0.867 2.4l 2.20  0.000 10 54 50
0.545 0.0 42 0.317 0.873  0.750  3.62  3.48  0.000 36 =64 6
0976 0.872 2.8 2.7 0.001 40 -0 -z
0.87% 0,808 10 0.643 0.805  0.783  3.57  3.44  0.000 70 -50 0
0.995 0.0 1 0.909 0.946  0.817  3.48  3.36  0.000  -34 -45 16
0.994 0.208 2 0. 860 0.956  0.817  3.46  3.34  0.000  -14 -4 38§
fabie shows 3 focal maxima more than §.0mm apart
Height threshold: T=3.18, p = 0.001 [.937) Degrees of freedam = [1.0, 90.0]
Extent threzhold: k = 0 voeels, p = 1.000 01.997) FiliHR = 141 14.7 16.7 men i van; 7.0 7.3 8.0 froxelsh
Expected voxels per cluster, <k= = 43,410 Yolurme: 1798656 = 219832 voxels = 4916 resels
Expected number of clusters, =e= = 5.93 ieel gize: 20 2.0 210 par mi mim; resel = 41536 woocels)
FiliEp: 4840, FORp: Inf, FVEe: 783, FORe: 783 Page 1 <
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major-vs-minor

contrast(s)
=
20
a0
1]
a0
100
120
5 1 15w ¥ 3
Diesigh matris:
Statistics: pvelres adjusted for search volume
setlevel cluster-level peak-level
4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = puncnn
0.124 185 0.957 0.863 24 0.294 0.666  0.390  4.07  3.88  0.000 36 56 34
0.993 0.863 iz 0.463 0,574 0.830 3.54 .64 0.000 -60 10 24
0087 0.863 15 0.400 0.909  0.990 3.7 3.64  0.000  -42 50 26
0.991  0.863 13 0.444 0.981  0.990 3.0  3.47  0.000  -66 -45 12
0.766 0.863 50 0.136 0.as7 0.830 3.56 3.43 0.000 4 42 -2
0.999  0.990  2.28  2.27  0.00L 23 50 0
1.000 0.863 2 0.73z 0.937  0.390  3.45  3.33  0.000 42 -60 -42
0.952 0.863 25 0.285 0.933 0.830 3.41 3.30 0.000 16 64 10
0087 0.863 15 0.400 0.999  0.990  3.34  3.23  0.00L  -56 -42 16
1.000 0.863 1 0.863 1.000  0.390  3.23  3.13  0.001 32 -48 -16
1.000 0.863 2 0.7az2 1i.000 0.830 .21 .11 0.001 -14 52 -4
1.000 0.863 2 0.7a2 1.000  0.990  3.20  3.41  0.00L  -62 10 18
1.000 0.863 2 0.73z 1.000  0.390  3.20  3.11  0.001 32 -46 -10
1.000 0.863 i 0.863 1i.000 0.830 .20 3.40 0.001 24 50 -10
1.000 0.863 2 0.7a2 1.000  0.990  3.43  3.40  0.001  -56 12 18
1.000 0.863 1 0.863 1.000  0.390  3.13  3.08  0.001 42 -44 22
fahie shows 3 focal maxima more than §.0mm apart
Height theeshald: T=3.18, p = 0.007 ¢1.000) Degrees of freedorn = [1.0, 90.0)
Extent threzhald: k = 0 waxels, p = 1.000 1.000) FitHR = 116 117128 mm rm ram; 5.8 5.8 5 4 froocels}
Expected voxels per cluster, <k= = 23,504 Yolurme: 1739608 = 216951 voxels = 934.9 resels
Expected nurmber of clusters, == = 1058 ieel gize: 20 2.0 210 par mim mim; resel = 21577 woccels)

FiliEp: 3.017, FDRp: Inf, FWEC: Inf, FDORE: Inf
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minor-wvs-major

contrast(s)

SPIT, }

5 M0 1 N 2w

Diesigh matris:

Statistics: pvelres adjusted for search volume

setlevel cluster-level peak-level

4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = uncom
no suprathreshold clusters
fahie shows 3 focal maxima more than §.0mm apart

Height theezhald: T=3.18, p = 0.001 {0997 Degrees of freedorn = [1.0, 90.0)
Extent threzhald: k = [ woxels, p = 1.000 0 9497) FiiHR = 141147 161 mm e ram; 707 3810 froccels}
Expected voxels per cluster, <k= = 43,410 Yolurme: 1798656 = 219832 voxels = 4916 resels
Expected number of clusters, =e= = 5.93 ieel gize: 20 2.0 210 par mi mim; resel = 41536 woocels)

FiliEp: 4.540, FDRp: Inf, FIWEC: Inf, FDORE: Inf

B.7 #EE 1 DAY vy — 33— FEEURHZN S 5~ 1 F— 3 — FEEHUR O JiE A7
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minor-wvs-major

contrast(s)

Ty}
5 1 15w ¥ 3
Diesigh matris:
Statistics: pvelres adjusted for search volume
setlevel cluster-level peak-level
4 i pFUlE«:an qFDH«:nn E puncnn pFll\.E«:on qFDR«:on = uncom
0.981 5 0.938 0.863 0.584 0.931  0.380  3.75  3.60  0.000  -22 -48 32
0.963 0.863 21 0.327 0,974 0.8s0 3.63 .80 0.000 -25 -40 28
1000  0.980  2.29  2.17  0.00L  -24 -2& 24
1.000 0.863 1 0.863 1.000  0.380  3.25  3.15  0.001  -20 -36 38
1.000 0.863 i 0.863 1i.000 0.8s0 .24 3.14 0.001 -25 -32 32
1.000 0.863 1 0.863 1.000  0.995 3.4 3.08  0.001  -22 -42 34
fahie shows 3 focal maxima more than §.0mm apart
Height theeshald: T=3.18, p = 0.007 ¢1.000) Degrees of freedorn = [1.0, 90.0)
Extent threzhald: k = 0 waxels, p = 1.000 1.000) FitHR = 116 117128 mm rm ram; 5.8 5.8 5 4 froocels}
Expected voxels per cluster, <k= = 23,504 Yolurme: 1739608 = 216951 voxels = 934.9 resels
Expected nurmber of clusters, == = 1058 ieel gize: 20 2.0 210 par mim mim; resel = 21577 woccels)

FiliEp: 3.017, FDRp: Inf, FWEC: Inf, FDORE: Inf
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