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Abstract

Introduction: Evaluation of the electroencephalogram of schizophrenic patients has been the
subject of many recent studies. However, accurate diagnosis of schizophrenia using the
electroencephalogram is still a challenging issue.

Aim: This paper was aimed to investigate the information discrepancy between one brain
channel and other electrodes in two groups of schizophrenic patients and healthy individuals.
Furthermore, the capability of the extracted features in the problem of classification of the two
groups was investigated.

Method: In the present analytic observational study, 19 channels of the electroencephalogram of
14 patients with schizophrenia (7 males with an average age of 27.9 £ 3.3 years and 7 females
with a mean age of 28.3 + 4.1 years), who were hospitalized at the Institute of Psychiatry and
Neurologists in Warsaw, Poland, were used. In addition, data from 14 healthy individuals (7
males and 7 females with an average age of 26.8 + 2.9 and 28.7 + 3.4 years, respectively) were
analyzed as a control group. Cross information potential and Cauchy-Schwartz mutual
information between each electroencephalogram electrode and all the other electrodes were
calculated. Using two strategies, the performance of the support vector machine was evaluated:
(1) the mutual information of an electroencephalogram channel with other channels, and (2) the
combination of the mutual information of all brain channels.

Results: The results showed that using mutual information between electroencephalogram
channels, the diagnosis accuracy increases up to 100%. For both indices, the mutual information
between O2 and the other channels provided the highest classification performance.

Conclusion: These results nominated the proposed system as a superior one compared to the
state-of-the-art electroencephalogram schizophrenia diagnosis tools.
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L. Linear discriminant analysis (LDA)

2. AdaBoost

®. A boosted version of direct linear discriminant analysis (LDA)
4. Multifractal Analysis

®- Random Forest Classifier

6 Empirical Mode Decomposition

"- Kruskal Wallis Test

®_ Ensemble Bagged Tree

°- Forward Selection Algorithm

'0_ Generalized Regression Neural Network

V-0 OFs ‘n,u‘rmdu‘@ué.z}g\,,,@umxdqu



‘5.\;‘43,1,m&i:@,;,}_gwt,zrlﬁ)w,ﬂtéw,ﬁum;mww@wm_ua Y

O e 0303 aliili 3 S O sls 5 i AL
NN Sl x5 Syl 55T (slaesls
35 b Sl e calw g g s Lol ol oslazal (Y2 VY
o 3> sl 35T claesls O e 03ls aliili BN
ol pals e phel Oy ysb 4 0 sls osls Ll 3
Gl Gl OB ST S5 b andllas 45,8 a3 e
ol Jt Lol dlie 08wy Law g 0T 08 sls &
s Glike o5 b s s oal slaesls il
Lo adlllon opl 53 5 Conl oki 3 A8 51 2ol 5o

Cﬂw\ ol rl}u\ ‘5&)‘3}{ LSLQ)K

References

Akar SA, Kara S, Latfoglu F, Bilgic V. (2016).
Analysis of the Complexity Measures in the
EEG of Schizophrenia Patients. Intemational
Joumal of Neural Systerns, 26(2), 1650008.

Akbari H, Ghofrani S, Zakalvand P, Sadiq MT. (2021).
Schizophrenia recognition based on the phase
space dynamic of EEG signals and graphical
features. Biomedical Signal Processing and
Control, 69, 102917. (In Persian)

Baradits M, Bitter 1, Czobor P. (2020). Multivariate
pattems of EEG microstate parameters and
their role in the discrimination of patients with
schizophrenia  from  healthy  controk.
Psychiatry Research, 288, 112938.

Boostani R, Sadatnezhad K, Sabeti M. (2009). An
efficient classifier to diagnose of schizophrenia
based on the EEG signals. Expert Systems
with  Applications, 36(3), 6492-6499. (In
Persian)

Czamecki WM, Tabor J. (2017). Extreme entropy
machines:  robust  informetion  theoretic
Classification.  Patem  Analysis  and
Applications, 20, 383-400.

Femandez A, Gomez C, Homero R, Lopez-lbor JJ.
(2013). Complexity and schizophrenia.
Progress in Neuro-psychopharmacology &
Biological Psychiatry, 45, 267-276.

5 o duslie (ol jadeie ¥ Jgde 51 4S5 5b Oles
azm\SM:@QWQMﬁbgd:%uﬁjj
JB b 4 Llg o e LS Llaze Sledbl

'M’%‘)&)Lﬁfﬁﬁwﬁj

& 5 domS

Jeily oS il S S (S5 5k
NP PR W SRSl Ohles S
4 Jlime DMl gla S5y 5l & 2 SIS
Sl S nSl Ohlen (ilulde s 53 oS
2l 0be 5102 JUS™ S35 035 55 e coll
tuaih S =5 VL S ) R sladll
Er oAV cgiaib o b S5y el dlesl b oy
S flae Sledbl 1 skl b guuail S
R BT

Y el S lgtiy e b4 S
e S35 )lsl 5 a5l 4 b L s ol
2 OT S eslizal 5 ol YU r“wij‘ o) Olwlowe
Sl 38 Do piee Dde GV B 00
AT Hleis 0T Cans bl 5 Ll go o8 Sl SiSin
g Al ey S YL oo s b sl
CS 5 5 Gagdome BT aeew ol 45 Sl
OT T8 e (5l vl oz b3 OB S
s 358 obsl 4 sed (6 R SRS el T s b
NS K 4 b e g5 ol S ity S esls el
b oeT 3 g (Lbl) GhssSel I el
Calites o 5 L NS Guuail )3 0t ST,

-”; wr oo

S il

\EAES AT-WAL I ‘VOJM‘&»J@‘&L;;@}?;I,),@L&;I”@



NE 0L 5 51528 Sle

Gardony AL, Eddy MD, Brunye TT, Taylor HA.
(2017). Cognitive strategies in the mental
rotation task revealed by EEG spectral powver.
Brainand Cognition, 118, 1-18.

Goshvarpour A, Abbasi A, Goshvarpour A. (2016).
Combination of SLORETA and Nonlinear
Coupling for Emotional EEG Source

Localization. Nonlinear Dynamics,
Psychology, and Life Sciences, 20(3), 353
368. (In Persian)

Goshvarpour A, Goshvarpour A. (2018). Automatic
EEG classification during rapid serial visual
presentation task by a novel method based on
duaHtree complex wavelet transform and
Poincare plot indices. Biomedical Physics &
Engineering BExpress, 4(6), 065022. (In
Persian)

Goshvarpour A, Goshvarpour A. (2019). EEG spectral
powers and source localization in depressing,
sad, and fun music videos focusing on gender
differences. Cognitive Neurodynamics, 13(2),
161-173. (In Persian)

Goshvarpour A, Goshvarpour A. (2020). A Nowel
Approach for EEG Electrode Selection in
Automated Emotion Recognition Based on
Lagged Poincare’s Indices and sLORETA.
Cognitive Computation, 12, 602-618. (In
Persian)

Goshvarpour A, Goshvarpour A. (2020). Diagnosis of
epileptic EEG using a lagged Poincare plot in
combination with the autocorrelation. Signal,
Image and Video Processing, 14, 1309-1317.
(In Persian)

Goshvarpour A, Goshvarpour A (2020).
Schizophrenia  diagnosis using  innovative
EEG  feature-level  fusion  schemes.
Australasian Physical & Engineering Sciences
in Medicine, 10.1007/s13246-019-00839-1.

Advance Online Publication.
https://doi.org/10.1007/s13246-019-00839-1.
(In Persian)

Goshvarpour A, Rahati S, Goshvarpour A, Saadatian
V. (2012). Estimeting the depth of meditation
using electroencephalogram and heart rate
signals. Jourmal of Advances in Medical and

Biomedical Research, 20(79), 44-54. (In
Persian)

Hoffmann RE, Buchsbaum MS, Jensen RV, Guich
SM, Tsai K, Nuechterlein KH. (1996).
Dimensional complexity of EEG waveforms
in neuroleptic-free schizophrenic patients and
normal control subjects. The Joumal of
Neuropsychiatry and Clinical Neurosciences,
8(4), 436-441.

Hormero R, Abiésolo D, Jimeno N, Sanchez Cl, Poza ],
Aboy M. (2006). Variability, regularity, and
complexity of time series generated by
schizophrenic patients and control subjects.
IEEE  Transactions on  Bio-medical
Engineering, 53(2), 210-218.

Ibanez-Molina AJ, Lozano V, Soriano MF, Aznarte JI,
Gomez-Ariza CJ, Bajo MT. (2018). EEG
Multiscale Complexity in Schizophrenia
During Picture Naming. Frontiers in
Physiology, 9, 1213.

Kang J, Chen H, Li X, Li X. (2019). EEG entropy
analysis in autistic children. Journal of Clinical
Neuroscience:  Official Jourmal of the
Neurosurgical Society of Australasia, 62, 199
206.

Karimui RY, Azadi S, Keshavarzi P. (2019). The
ADHD effect on the high-dimensional phase
space trajectories of EEG signals. Chaos
Solitons & Fractals, 121, 39-49. (In Persian)

Krishnan PT, Raj ANJ, Balasubramanian P, Chen .
(2020).  Schizophrenia  detection  using
Multivariate Empirical Mode Decomposition
and entropy measures from multichanrel
EEG signal. Biocybernetics and Biomedical
Engineering, 4(3), 1124-1139.

Lee YJ, Zhu YS, Xu YH, Shen MF, Zhang HX,
Thakor NV. (2001). Detection of non-linearity
in the EEG of schizophrenic patients. Clinical
Neurophysiology. Official Joumal of the
International ~ Federation  of  Clinical
Neurophysiology, 112(7), 1288-1294.

LiY, Tong S, LiuD, Gai Y, Wang X, Wang J, Qiu Y,
Zhu'Y. (2008). Abnormal EEG complexity in
patients with schizophrenia and depression.
Clinical Neurophysiology: Official Joumal of

\EAES AT-WAL I ‘vo,u;‘wdu‘&uézﬁt,,,wuw@



‘5.\;‘43,1,m&i:@,;,}_gwt,zrl,?)w,ﬂtdw,,&um;mww@3\;4\4“_\;,, 110

the Intemational Federation of Clinical
Neurophysiology, 119(6), 1232-1241.

Oljarczyk E, Jemejczyk W. (2017). EEG in
schizophrenia. RepOD.
http://dx.doi.org/10.18150/repod 0107441

Olejarczyk E, Jemajczyk W. (2017). Graph-based
analysis of brain connectivity in schizophrenia.
PloS One, 12(11), €0188629.

Principe JC, Xu D, Zhao Q, Fisher 111 JW. (2000).
Leaming from Examples with Information
Theoretic Criteria. The Journal of VVLSI Signal
Processing-Systems for Signal, Image, and
Video Technology, 26, 61-77.

Principe JC. (2010). Information Theoretic Leaming:
Renyi's Entropy and Kemel Perspectives.
Information Science and Statistics. New York:
Springer-Verlag.

Racz FS, Stylianou O, Mukli P, Eke A (2020).
Multifractal and Entropy-Based Analysis of
Delta Band Neural Activity Reveals Altered
Functional  Conrectivity Dynamics  in
Schizophrenia.  Frontiers  in - Systems
Neuroscience, 14, 49.

Roschke J, Aldenhoff JB. (1993). Estimation of the
dimensionality of sleepEEG daa in
schizophrenics.  European  Archives  of
Psychiatry and Clinical Neuroscience, 242(4),
191-196.

Sabeti M, Katebi S, Boostani R. (2009). Entropy and
complexity measures for EEG signal
classification of schizophrenic and control
participants. Artificial Intelligence in Medicine,
47(3), 263-274. (In Persian)

Sabeti M, Katebi SD, Boostani R, Price GW. (2011). A
new approach for EEG signal classification of
schizophrenic and control participants. Expert
Systemns with Applications, 38(3): 2063-2071.
(In Persian)

Seth S, Principe JC. (2009). On speeding up
computation in informeation theoretic leaming.
International Joint Conference on  Neural
Networks (IJCNN). 14-19 June 2009; Atlanta,
GA, USA, 2883-7.

Shim M, Hwang HJ, Kim DW, Lee SH, Im CH.
(2016). Machine-leaming-based diagnosis of
schizophrenia using combined sensor-level

and source-level EEG features. Schizophrenia
Research, 176(2-3), 314-319.

Siuly S, Khare SK; Bajgj VV, Wang H, Zhang Y. (2020).
A Computerized Method for Automeatic
Detection of Schizophrenia Using EEG
Signals. IEEE transactions on neural systems
and rehabilitation engineering: a publication of
the IEEE Engineering in Medicine and
Biology Society, 28(11), 2390-2400.

Tschacher W, Giersch A, Fiston K (2017).
Embodiment and Schizophrenia: A Review
of Implicaions and  Applications.
Schizophrenia Bulletin, 43(4), 745-753.

World Health Organization. (2004). International
Statistical Classification of Diseases and
Related Health Problems, 10th Revision, 2nd
ed. World Health Organization, Geneva.

\EAES AT-WAL I ‘vo,u;‘wdu‘&uézﬁt,,,wuw@


http://dx.doi.org/10.18150/repod.0107441

