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ABSTRACT:

Brain Computer Interface— Motor Imagery (BCI-MI) systems have the attention from a lot
of researchers recently, especially systems based on EEG (Electroencephalography), where
EEG brain signals are recorded while imagining a specific movement as an imagine moving
the right hand, and recognizing it using a classifier. The preprocessing techniques and
classifiers used in this recognition process have varied, but to this day they have not been
sufficiently accurate to implement them in practical systems, as the accuracy of the available
systems changes when tested on different data sets, in addition to the large error ratio. In
this paper, we propose a hybrid recognition system for motor imagery using EEG signals,
and based on a Hybrid stacking classifiers, each of it consisting of several sub—classifiers,
with the use of the FBCSP (Filter Bank Common Spatial Pattern). in the signal
preprocessing, where recognition ratio of 83.03%, 88.70%, 89.37% were reached on the

IV2b, IV2a, AlexMI datasets, respectively.

Key words: Brain Computer Interface (BCI), Motor Imagery (M), Electroencephalography
(EEG), Filter Bank Common Spatial Pattern (FBCSP), Stacking Classifier, Voting Classifier.
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86.56 | 97.5 100 | 58.75 | 78.75 | 96.25 | 88.75 | 82.5 90 Classifier B
84.06 | 96.25| 100 67.5 | 77.5 | 87.5 | 81.25 85 77.5 | Classifier C
89.37 1 96.25| 100 65 88.75 | 97.5 | 92.5 90 85 Classifier D
88.59 | 100 100 | 71.25 90 95 95 81.25 | 76.25 | Classifier E
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90
88
86
3 84
< 82
10
1 76
74
72
70
IV2a IV2b AlexMm
B SVM 86.64 81.56 85.87
= KNN 85.89 77.42 83.67
®RF 87.32 80.49 85.15
= (R 88.51 82.55 84.84
m XGBoost 85.04 79.21 83.67
= Classifier A 887 82.73 85.62
= Classifier B 88.67 83.03 86.56
= Classifier C 87.87 82.97 84.06
Classifier D 88.03 82.69 89.37
= Classifier E 88.66 8175 88.59
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126



Journal of Hama University — vol.6 -No.13-2023 2023 Jée GG aaal) = ualad) dlaal) — Slaa daals dlaa

il sl Jans gla
88
87 86.69
85.4 85.68 86.08 86.33
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85
84
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SVM KNN RF LR XGBoost Classifier Classifier Classifier Classifier Classifier
B Gl s o i
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(ol CtaS adhadind vie (all jguailly Lalsll EEG )l Catatl Ciean ol o (8)JSal) (e gitinss
On oD Gyl daaay Lol liadll 4 e lsine 86.69% iy duwy Classifier D GuaSill Ciias s
4.37% ns 1.29%

s IV2a cllil) e gene b RSl cyguaill o oyl Caian Juail o8 525000 UL e ganal Al
desane (b LSl Clgail) o Capill Ciian Jeaily (88.70% iy duwy Classifier A fuagll Ciiadl
O AlexMI bl de gaadd Lol W ¢83.03% ijes duucy Classifier B (pagll caiadll s IV2b ol
.89.37% iy dawy Classifier D sa Civan Juail
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(ol ddee (0
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Lallaall e e Aanlil Aulual) 22SN ) J8lia) byt CiliaY) dae g Jeedll QUaE a3 g analIS cdaniicadl)
syl Sluhall (e desana ae el pUail &35le (5) dsaad) C dae @l iliaall 2ac s 305V

127



Journal of Hama University — vol.6 -No.13-2023 2023 Jés AN aaadl — alud) Alaall — lea dzala dlas

daaapal) cladyal) aa 43slia 1(5) Al Jgaad

i) A Ciiaall g Aallaall | clibud) e gana aupa
94.83% Ensemble ROF+KNN DWT+CSP BCI competition IlI- [2]
IVa
89.57% Ensemble 5 Classifiers CC Local [3]
91.5%£4.4% Ensemble CSP+PSD IV2a 4]
83.716.3% KMM-+adaboost IV2b
69.98+12.15% Ensemble CNN+AE CSP IV2a [5]
88.70% Hybrid FBCSP IV2a sl
83.03% IV2b sl
89.37% AlexMI
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