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An Ensemble Multiview learning method for visual object
decoding from fMRI brain data

Osama Hourani, Nasrollah Moghadam Charkari* & Saeed Jalili
Department of Computer Engineering, Tarbiat Modares University, Tehran, Iran

Abstract

In the past two decades, the applications of computational neuroscience have been increasingly growing.
Breaking the neural code is a crucial open problem in computational neuroscience. Various research
groups attempt to provide an efficient method to decode human brain activity using fMRI data. The
output of these methods is a computational model that can assign brain signals to an external stimulus;
in this study, visual object recognition has been investigated. The brain decoders are used in many
applications, such as the brain-computer interface or detecting specific mental illnesses. In general,
brain fMRI data have a high spatial and temporal resolution that increases the number of features of
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the problem. Proper feature extraction from brain images is a challenging and time-consuming process.
Consequently, the convergence of learning algorithms takes a long time to create an appropriate model.
So, breaking down the feature space is highly recommended. We proposed new multi-view learning to
solve the brain decoding problem. This approach splits the feature space based on mutual information
and finds an appropriate ensemble classification model that detects the related visual object to neural
activities in the brain.

The proposed method clusters the feature space based on mutual information and splits it into
coherent sub-spaces, views. For each feature view, a support vector machine model is learned in
parallel; the used SVM version can generate a vector of probabilities for each class. At the test phase,
the feature space of test data is divided similarly to the training data, and each model generates a
probabilistic vector for the test instances. Then, these vectors are combined in the decision profile
matrix. The decision fusion is employed by the ordered weighted averaging (OWA) approach. The
proposed multi-view learning methods achieved higher accuracy rates than the single view model. The
main advantage of the MV model is that it can run in parallel, making it counterproductive to deal with
the high-dimensional problems based on the divide and conquer strategy. The optimization phase to
detect the most acceptable parameters for each model is obtained using the simulated annealing, SA,
algorithm. We have employed three real fMRI datasets of the human brain to assess the proposed
method, obtained from the Openneuro website. Also, the leave-one-run-out cross-validation approach
has been carried out to evaluate the proposed method in the intra-subject scenario. Criteria such as
accuracy rate and confusion matrix have been undertaken to analyze the results. The single feature view
obtains an accuracy rate of more than 50%. While in the ensemble model, the accuracy rate in most
subjects is more than 90%.

Keywords: Brain Decoding, Decision Fusion, Ensemble learning, fMRI, Mutual Information
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(Figure 1): General steps of the proposed method
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(Sodly e B () alal)) 955n dslmo (oS35
Cazolil 9wl casoas byloy 5l cax e ok
aolol jo al wales eolatwl Sy sleazg gunyisu
ly sd oo Slam ' Shgaiws glaceS 5 0 bl
Sade Cuia  Shg 2 sl DS105 coloacgozs jo Jle
o2 b lade e pl 0gd o Al ilae Sleds!
S oS e Mie Sledll lyzed, 5 o
Sledbl acwle i ,oSl Glamz logad Ldigd co o0l
dolo 5l G el 0als eols Lias (@) S o blae
olpedlils gondiss 3B blae Sldbl olis

1 Feature Label Combinations

b oy blite Sledlbl L ile (glalan slows

Alie ol Glagygiw slos 5 9990 Gz dloss
ol wsls (US) @l cwend) el b Sy b
oS cel ol i slabg, ;500 b oleitiay oS!
95 (83959 yubb Glyred) ailiwl Jlaie G)b S
SIS ez 3 Sb 5l 5 Jleel b S5
sl gl Wed has (29990 Ojgets U Wigd o
g Slosloee S p 3 45 39800 Dgaite o i (Lo
SledMbl glalais o abay 5 Jliol adgi gals
ot e S 035 o 53 ot 25 Bl
09> glminl )3 Sualid pae falS Sy e slre
o blae Sldbl ogd o ocolatll Sy slad

5 Bz 1) (29995 )l 95 2 o (goleidan p ;5] 9:‘9‘"

fFA ol Vo, Ve JLlu


http://dx.doi.org/10.52547/jsdp.18.3.109
http://jsdp.rcisp.ac.ir/article-1-1022-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-14 ]

[ DOI: 10.52547/jsdp.18.3.109 ]

SRy AZy . gy, &5 ab bl ) plaay by
o aads 5000 leds Wigh oo 0ol ijeel ailSlas
oyl bandins S0 4 Cad (g <o Ll
QT 9y Sl oolaiuls g Joo Lol sla S
yolie ol il SYlis! o SO Ojgod Sl
Hlie 53 4 (chalejl diges 35 Slie Jols Jloy o]
0\))..) )Lf:u C.»L..’ GMJPM 4.1.‘>).a )J )L)J.v w‘ w‘
(F) IS5 0 (g saix 650k (IS sled 05 e

Sl 00 00l UL“"’

s S

(o slenss

.

6 30 FMRI GB35 51 (591333 Ll (LIS IS S (A9 529 545 3L Yy

I
(("/\‘\ I } I
N |
Y as N~ .
N — |7 | -
| ~
| LN
I I
~ | |
|
. 7 5
_ ‘ !
I I
I I
|
! 1
TN N } |
I
N
; L
I by
| )N
! I
I I

Dgh o iy yal (63959 (lsiear Jlite ledbl polie
oSy Sl laatws jpotr ganadss (295
I O Cond) 095 dalez Glaie dxg o 4 a5 dlius
Sodes alie a5 Slo g 0gd g0 el I8 ol (F
Ao axg S o plite Sledbl yulsl 5 wsiws
5o Shy sazy o (Seed g 8,5 )8

S5 s

GOk Y-

Oilejl Byyme 6 Fob Joo wiz csolering 0,505, 50
Crisle dnatws (om0 slagioleyl 4 azg b oS

S’
)/ o)

w4 /[
> (et e ﬁ

i =
G\

XTI (B9y5 5 pSOb syl sleds (P )
(Figure-6): Scheme of the multi-view ensemble learning process
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,.U:JJ 2 DP: Decision Profile Matrix
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(Table-3) The details of the studied fMRI datasets in this paper
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(Table-4): comparison of accuracy rate in multiview and
single view learning methods in dataset DS105
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(Figure-8): accumulative confusion matrix of the proposed method for dataset DS105
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(Figure-9): accuracy results of the proposed method for each subject in dataset DS107

3
b]
3
2
3
% 2
ol
~d
%3
5%
B £ytciel
Bas Gludls
5 DS107 solode gozxo (5l y (goleiuion (559 (St yo 30 (s Lo 1 (Vo= JSb)
; (Figure-10): accumulative confusion matrix of the proposed method in DS107 dataset

A 2l Vo kel 1Fer Lo


http://dx.doi.org/10.52547/jsdp.18.3.109
http://jsdp.rcisp.ac.ir/article-1-1022-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-14 ]

[ DOI: 10.52547/jsdp.18.3.109 ]

o8 opls

&l lewdtS

o ple

yoBopls
Soa glpwdls
DS116 osloas gozes (sl ol (95 (S s 53 (i 5lo :(N)- JS2)
(Figure-11): accumulative confusion matrix of the proposed method in DS116 dataset.
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