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Abstract

Currently there are several research studies solving classification with
Backpropagation Neural Network (BPNN) due to its high capability to learn complex
data. However, the drawback of this method is that if the learning data sets contain
imbalanced data, the BPNN will learn more from the class that has more data than
the class that has few data; as a result, it will always predict the class that has
more data. Thus, the overall classification accuracy is low. This research aims to
solve the imbalanced data problem by presenting the Backpropagation Neural

Network with Adaptive Learning Rate (BPNN-ALR) which is improved over the
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traditional BPNN. To test the efficiency of the proposed method, the researchers
used two imbalanced medical data sets. The results showed that the accuracy of
the traditional BPNN on Breast Tissue data set is 47.62%, while that of BPNN-ALR
is 77.14%. On Vertebral Column data set, the accuracy of the traditional BPNN is
48.39%, while that of BPNN-ALR is 60.97%. In summary, the preliminary test
results showed that the proposed algorithm is more accurate than the traditional
BPNN.

Keywords: Classification, Neural Network, Adaptive Learning Rate, Backpropagation

Learning Algorithm, Imbalanced Data
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udpiliinme auUs: “nBamsasdaneiiniiin ualaslddeyanienns
wnndlunmame e 2 70 Iﬂﬂ’ﬁagaﬁy’a 2 qmﬁtﬂuﬂ”agaﬁﬁmm\m waiuApudne 9 Ag
‘Igﬂ‘i”laﬁa Breast Tissue (Jossinet, 1996; Silva, Marques de St, & Jossinet, 2000) LAY
qm%’aga Vertebral Column (Berthonnaud, Dimnet, Roussouly, & Labelle, 2005; Rocha
Neto & Barreto, 2009; Rocha Neto, Sousa, Barreto, & Cardoso, 2011) Fadu
qwﬁagammgwuﬁlﬂmﬂu 15190UT Immﬁ‘uagiu UCI Machine Learning Repository
(Dua & Graff, 2019) 5’1&1@&5&1@%@@%@@7‘?@ avazlénanisludanirdaly

#ndoya Breast Tissue ugadaysiildannstadianusiumulniioes
ﬁaashm:lfaLﬁaﬁgﬂﬁﬂaaﬂﬁmLm"ﬂummnf\juﬁ’mtmﬁhmu 106 318 IaByANINT289 INEB-
Instituto de Engenharia Biomedica uazléilawmaiiiu 1ssnuslull a.a. 2010 Tosdoya
106 %’agaﬁmmwmumaamﬂu 4 ngufe mju'ﬁ 1 imferila Carcinoma (Car)
U 21 doya mjuﬁ 2 \finifaniin Fibroadenoma (Fad), #1lm Mastopathy (Mas),
wazalla Glandular (Gla) ¥71uIu 48 Ty ﬂéjuﬁ 3 lofeniln Connective (Con)
91U 15 doya waznguil 4 (aidanila Adipose (Adi) $1uau 22 doya TwaziBun
2897adaya Breast Tissue azu Adlifomnai 1 uaz 2
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A9 1 ﬂ%mmﬂ”agﬂuma:ﬂm 097Adaya Breast Tissue

AR 5’m’m¢i'ia§a 051 U

1 (Car) 21 19.81%

2 (Fad, Mas, Gla) 48 45.28%

3 (Con) 15 14.15%

4 (Adi) 22 20.75%

EetY 106 100.00%

3197 2 rﬁl’mammaa"qmﬁaga Breast Tissue
10 PA500 HFS AREA A/DA MAXIP DR P Class

52471 0187448 0.032114 228.8002 6843.598 29.9108 60.20488 220.7372 556.8283 1
330 0226893 026529 121.1542 3163.239 26.1092 69.71736 99.08496 400.2258 1
211 0.053931 0.094248 30.75344 151.0846 4.942034 1426837 27.24312 2171307 2
196.8567 0.020071 0.090757 2859313 82.05889 2.869882 7.968783 27.66152 200.7493 2
172409  0.052709 0.020944 404.1262 3053.967 7.556963 71.42759 399.1942 1480.387 3
1385.6655 0.0923288 0.089361 20248 8785.029 43.38713 143.0922 143.2578 1524.609 3
2100  0.061959 0.045379 390.4825 16640.72 42.6158 1259004 380.6447 2073.029 4
1800  0.034208 0.042586 301.0604 4406.154 14.63545 67.62533 293.3669 1742.376 4

#adoya Vertebral Column lifiusiusananngusege 310 au uvaiu
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60 au uazaufitheidulsanszgn “undoaian (SL) 150 Au  feseazidoalunsned
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A159N 3 U%mmﬁaga‘[uuﬁimﬂm e9nadiaya Vertebral Column

A\ fs’l‘u’lul‘iﬂﬂﬂ%ﬂ AR5 M
1 (NO) 100 32.26%
2 (DH) 60 19.35%
3 (SL) 150 48.39%
573 310 100.00%

A5 4 ﬁaaamwamﬂﬁaqﬂa Vertebral Column

Pelvic | Pelvic tilt Lumbar Sacral slope | Pelvic Grade of Class
incidence lordosis angle radius | spondylolisthesis
38.51 16.96 35.11 2154 127.63 799 1
54.92 18.97 516 35.95 125.85 2 1
63.03 22.55 39.61 40.48 98.67 -0.25 2
39.06 10.06 25.02 29 114.41 456 2
74.38 32.05 78.77 42.32 143.56 56.13 3
89.68 32.7 83.13 56.98 129.96 92.03 3

Tunmeassifiana ause “ninnaaedanasfinlunissuundszian Q’?é’ﬂléﬁ
wusgedoyaeanidu 2 ngu Ao nguiililunsiseuiuaznguildlunsme sy e
TWnsme sufiananindefied3deiadontd3s K-fold Cross Validation (Geisser, 1975)
Tunmsusgadoys Taoduannsudsgadeyasonidu K u doyalundas uazwan
fulududoyana oy Tupneiidn 4 ufimdognidifiudeya wiumasous dafu
mMana ouszdasviiionan K e Tasusasadoesiideyailélunisisousuacdoyaiils
A auLANsiuaanly Miugadaya Breast Tissue 3eimuad1 K = 5 WAz
wiugadeya Vertebral Column azimiuad K = 10 fane1gaaensdl 5-fold Cross
Validation léignu aal3Tunmii 2
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donaLsuus - JpNann ay
U U U

AN 2 192193 5-fold cross validation

A9 5 Uaz 6 umsefsuifisusanugnéies mmmgnﬁaama"ﬂ LAY
i udsawusnasgiulunssuunyszinnzesyadeya Breast Tissue uarzadoys
Vertebral Column lasld8ana3fin BPNN-ALR uazlasetneyss mifissuuuuns
foundu 1nwamamaasslui svmIenuindana3fin BPNN-ALR fFAugniae
i ”andﬁa”ana%ﬁuiﬂso*’ﬂwﬂi: AMTENLUULNS S UNFULDURIHN 2952% wSU
#adoya Breast Tissue Uardansifin BPNN-ALR ﬁmmmgnﬁamaﬁ'ﬂ”andﬁ
Sanesfulaseanedsy mifpnuuuuwIFaunduLULAIAN 12.58% miugadoya
Vertebral Column laglasetneyss miflesuvuunsdounduuundaduneinsal
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A1519N 5 mmgnﬁaﬂuaﬁLLuﬂﬂ‘szqum"}iaga Breast Tissue 28989ann3fn BPNN-
ALR ttaz BPNN

ANNYNHDY (%)
BPNN BPNN-ALR
asaft 1 47.62% 71.43%
Aot 2 47.62% 80.95%
Asaft 3 47.62% 80.95%
asaft 4 47.62% 76.19%
asaii 5 47.62% 76.19%
Mean 47.62% 77.14%
S.D 0% 3.98%
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A1519N 6 mwgnﬁaﬂué’ﬂLLuﬂUizmmWﬁaga Vertebral Column 2a99ana3fiy
BPNN-ALR ttaz BPNN

AMNGNFBY (%)
BPNN BPNN-ALR
st 1 48.39% 54.84%
st 2 48.39% 58.06%
st 3 48.39% 58.06%
st 4 48.39% 61.29%
st 5 48.39% 61.29%
il 6 48.39% 61.29%
At 7 48.39% 67.74%
i 8 48.39% 61.29%
st 9 48.39% 64.52%
asaft 10 48.39% 61.29%
Mean 48.39% 60.97%
S.D. 0% 3.55%
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