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Abstract

Avrtificial Intelligence (Al) has become a powerful tool in medical imaging, improving diagnostic accuracy and
reducing human errors. X-ray images are widely used to diagnose bone fractures caused by accidents, aging, and
osteoporosis; however, manual interpretation is often time-consuming and prone to inaccuracies, especially in
subtle fracture cases. This study proposes an intelligent machine learning—based system for automated bone
fracture detection from X-ray images. A descriptive-analytical methodology was adopted, and the system was
designed using the Waterfall Model. The system uses Python, Jupyter, and Google Colab. Two classification
algorithms, Support Vector Machine (SVM) and K-Nearest Neighbors (KNN), were trained using a dataset
containing fractured and non-fractured bone images after applying image preprocessing and feature extraction
techniques. Experimental results showed that the SVYM model outperformed the KNN model, achieving an
accuracy of 83.36% compared to 82.86%. Additionally, the SYM model reached an accuracy of 96% when
evaluated on a balanced test dataset, compared to 52% for the KNN model. These results demonstrate the
effectiveness of the proposed system in improving classification and highlight the efficiency of artificial intelligence
in supporting bone fracture diagnosis, thus improving the quality of healthcare and reducing the burden on

radiologists.

Keywords: Flectronic System, X-ray, Bone fractures, Machine learning, Artificial intelligence (Al).
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lia & .(Wang et al,, 2017) cadiaddl dloe Jiaudd 8y94ally Lo ASY ailnll NENES PR
A Sl Al @ s
o= 2485 Al Canny Edge Detectorduaj;lgs alasiuwl L |ybeiul 03 :dlgoll 80 -
(Towards Al, 2020) 8 yg4all 8 Aalisell FblLl (39!
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Al JISCaY Lo aisy ¢l (Hough Transform aluseiwls Ladgases @:Jli_flel Sja -
. (Bhalla, 2024) Jlslly Loglasell St
9 Baleedl Ll suxy gl (Harris Corner Detector plasiuwly Ll yiiwl @3:bl 93l 87 -
adpad bl sda e 2l 8ygue JST dubid] leoud slica] @i LeS 859401l (5 Lulg!
BTN YNEST)
ST g bl 7 sl aay 55l laat adpwll da a¥1 5540 (8) JSCal) pussn
U g o sk el L 2ot By50m )

aguaus#@iwpm.gds.z aswts;.pcn,im,}.«smm.a
o Lalieiwldl ULl e KNNSSVM Gunislgd iy @3 ez dgaid | cuyds idan] Il als (LI
s Any Las «(0.3) dagall e (test_size) juate s 0 Eom il el Al
sl s 05 LeS (%30) Ay Hlis | de gazmag (%70) sy oyl e gazma J) Ll
Sl gleat UL cwas 51,85 e (e Josud! 529 (42) Laall e (random _state)
dolae Lo @5 Loy (linear) 8lg—dl 93 u s © 5 SVM 7 3g—eid dauddly ey sl il
3kl lags s gs (10) JSad! «(K=9)aauad) e olied) 8T cyaiead KNN 7z 3503
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svm_model = SwC(kernel-="1 r', probability-=True)
svm model.fit(x train, y train)

knn_model = KNeighborsClassifier(n neighbors=9)
knn_model.fit(x train, y_train)

GSLQ.L" bsn 10 i

¢107 oeds @I KNN g SVM (33505 ccanyls Ao oo e L¥l ay gl ] ourdis sdana il Al L
slaze¥ly g cupunll bl 45,0 pe ¥l mamsal) 5dall e Laydd (o 3azmill caz 350l
I o z3Leidl ol s o3 g oyl Bles (3 putieiad @ HLas¥l ol Ao gezme e
ke Lyt z3Laall 8568 Luliad eIy isiimall 4,359 (ROC aming (d8ull g Ll e
osenll
&) mmaall Sladiadd A dlenyl Al olial 481 lus @3 :(Accuracy) 48001 -
caiiiatll Aage el § zigaidl 5elaS e ale e (29 cliall sue Jloz
Slall o el e 73501 8ya8 upat) ROC (aomie plaiiwl @3 LS ROC gmie =
Sl Cagiianll IS Gulio Goleall 1da dad dus Badaie Agte b ic Xalixll
oty gl caiatll 5,85 alusiul @5 :(Classification  Report) cagimtll yuya5 =
Z3seill e15¥ Snas ASTRuas La5: Les A2 JSTFT Az § Lo siacdly 81 sl
z3503 JS 3a> > (KNNSVM (Guaiylgs olal (§ s 592y umdi]] mlis oy la]
a4l Aadylosdd! Hlaas ) Aeal 5 Los Uasdl ¥ iang 48001 e glate ibigine
Asazeiad! bl

assldly éL’LL" 4

La3liss Lpsya5 o3 (&5 K-NN 5 SVM 31 latl) 2 3Lei it | wilis Adblios Julows 3 e 30 1o 3

B paye @3 LS BysusSe pl ol BysusSe allaal Lasimty dubudl Aot oo Juli (15,4]
Bl 3 2l3g (K-NNSSVM) 31 elall 2 3Les e ezl 5prul Casions allas ol dudss

el sy doay ke Jgmamed) 05 A1 il 2 ling Atiblin 5,240 sia oy

sl s (i) pasbias 20 7 sl allaallda 2¥1 550 e KNN3 SVM (g2 3903
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Lebelmsy Al A ¥ 5540 po Jolasdl (3 Juand¥1 5L Lilg3llg  JISCY! (8ol dppnls
%82.20 cily 485 3z @3« ygall o Lilg3ll Aol 71wl (olsdl 39S iais aies
Ot 3eaill A8 S|z gs (11) JSidlg KNN 735028 %81.21 iy 4859 SVM 7 3gaid
Ll Slily Ao game (o Llgsll B3 g lmauls

Aegaza ygio (o Blomdl ols 7 lhmiuly (az3gardd 2811 Jlex ! G (12) ST L]
dan9 %81.79 e K-NN 73503 Juog Loty %81.87 ialy 485 SVM 3a> > oL bl
SVM z 353 485 cilimg Allall sguall (o JIKEN 8310 of Aol 7 hseiuly (oliel) 59SI1 dyais
(13) JSCadly oS 339 (K-NN 7 39010 %80.96 e g %81.29 Lic

sSvm_accuracy svm_model .score(x_test, y test)
knn_accuracy knn_model.score(x_test, y test)

print(- VM Accure : {svm_accuracy 100: .2F}%")
print(- IN Ire : {knn_accuracy 2F } %"

SVM Accuracy: 82.20%
KNN Accuracy: 81.21%

s Sl Ao gazma oo bl 931 B0 il (a2 3gaill 501 Jleal 11 Sk

sSvm_accuracy svm_model.score(x_test, y test)
knn_accuracy knn_model.score(x _test, y test)
print(f”"svM Accuracy: {svm_accuracy 100: .2F}%")
print(f"KNN Accuracy: {knn_accuracy 2F}%")

SVM Accuracy: 81.87%
KNN Accuracy: 81.79%

LY il Ae gazme (o CBlgadl S0 |yt caz dgaill B0 Jlan! 12 JS4

svm_accuracy svm_model.score(x_test, y test)
knn_accuracy knn_model. s e(x_test, y test)
print(f"sSvM Ac iCy: {svm_accuracy 1 2F1%™)

print(f"KnNN Accuracy: {knn_accuracy

SVM Accuracy: 81.29%
KNN Accuracy: 80.96%

SN bl Ae gazma cra JISEY) B 7l pieianls oz 3gaild 801 ez 13 US4
elal Ladl K 3aya1e il plasiwl e (o 3geidl (o Lple Jhazill milud) 45)laay
caly J81 380 Bkl sda caas (Jylall Llosll Bie plasiuly %82.20 caily 180 SVM 7 3904
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e 2Ly sguall Cadias 3 Allad 8T GISKNN 73505 0 ] ada 1dag KNN 7 3503 ae %81.21
ais Ol z3gaild elol Juadl oof wzms KNN z 3508 gl J) SLaslliy . SVM 7 3.t 455lae Llg3dl 8500
Sl sda (8 Luwd Adeld 58T (8 o %81.79 dads il coo dlam] dols alasil
e naby) U - dgaidl A8 oof Lot (Ll (JISAY bl gdl) A bl as i cn
2151 34> SVM z 303 oof bl oy bl JLatlig KNN 7 350 %82.86 9 SVM 7 350 %83.36
g IS (14) Sl misge 9o LeS ey jpuall caidias 5,85 KNN 73908 (o Juindl
o> e (F-Score . Recall:Precision) alusiwly (e 3gaid] Cagiiadll @il asla (15) JSCa!

RUAPA SV ES

svm_accuracy svm_model x_test, y test)
knn_accuracy knn_model x_test, y - test)
print(f"svm Accuracy: {svm accuracy 100: . 21

print(f"KnNN Accuracy: {knn_accuracy

SVM Accuracy: 83.36%
KNN Accuracy: 82.86%

)Lu.‘»)“ u_’bLu ujmua\.@.'»b:u.wb u‘;\l‘ &a.b..\.uu\:-é}m.u 4.l JLA—"" 14J§.‘u

print (" "KNN E
print(classification_report(y_ test, knn_pred))

SVM Classification Report:
precision recall fi1-score support

e.24 291
2.9 1007
accuracy .82 1288
macro avg = c .57 1288
weighted avg = - -79 1208

KNMN Classification Report:
precision recall fi1-score support

a a.323 2.0
1 8.82 1.9

-1 281
= 1007

(%]
e

accuracy .83 1288
macro avg s = .46 1z2es
weighted avg = - .76 1208

Sl olily 4c gozae o KAPAY] o a0 Uy T XTOC | - | &‘aU.\QazJA'lSds.ﬁa

Bygusll allaall joim sute (IS s Ll 3 03195 3929 pue it (15) STl e
Z 3908 i Ui A yds 1007 Lasare iy (1 20a0) 855wl a2 allaall y9i0 Loy <201 (0 22all)
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%95 9 Precision %85 (ye JSI (1 41all) 8y5uuSe s 130 4SYI Aall Cayiias § rasys 2151SVM
e laS ) iy b Ampmsall ligall ¢ Lol e 2le 308 ,LsTg (F1-score 0.90 % Recall
J8Y dall Caiuas 9 z gl slol paagsl (LlEL § . blad) @ Buslad! bla¥l e 8yaall

pde Jl elU3 g3aig (F1-score  %0.24 9 Recall %17 g Precision %42 ;o JSJ (0 4all) Mudas
éﬁﬁ>‘a{ﬂﬁlgj.LA£3‘Lkinl”;L‘Saﬁjj‘bk4bj3LJ1Cé34ﬁJ‘d*&gd;y>‘CJUL*Q‘aJﬂyagAtgjbﬁ
2o Fl-score %0.92 caly g (1218) BygSe e 28 § gl (3 At yo il KNN z 3903
@ Laguzme ] sda Les (Fl-score %0.01 ol Eo 855w (0) 8 § Lol (3 Logmela (a8
La)lss Aalu ol lia (uSiay el ULl 03155 puat apb 4l 1dag @l lia
Sletes J5Y1 cliall Jales ) gohe Lo «0iletll pae @l § als (lile! asx) 2dladl KNN
bl 43lg0 ade e KNN (8102 adgio puds |ia

Ciiad e 45508 oo e G315 ASTSVM 73508 0 zaty c o3l ¢l &5)lae wic
o iyl g e pSYI Al oo Briily liomsil bl gl (KNNz 390 Llia cpazall IS
axdlad oo iy Mites J5Y @iall Cagiims 3 alol Cames o1 ¥ cdadsye Aole 2500 KNN Gudns
Aegama 3l aue A de e clially A8 il pves C3LAS| (il A clandadll 3
(993) 8y5weSLl sute (By9im 1985 (30 LisSe jlye liles pe cylomall aiia Bole) cuas Ll
‘%j‘}h QULH ZLC‘}A.ZA e W;,M_U

{"SWVM Classification Report:™)
(Elaesrifresitnem momertie test, o et 0
("KNN Classification Report:™)
CeTlme= Tt et nT_ e (o ftEeit, [armmmed

SVM Accuracy: @.96

KMNN Accuracy: 8.52

SVWM Classification Report:
precision recall

(=] e.97 e .
a 2.96 a.

accuracy
macro avg

e.9 e .
- 2.9

weighted awvg

KMMN Classification Report:

precision recall
=] a_51
a a.96
accuracy

macro awg
weighted avg

Ll o T po 3l g0 lily e ozl (a3 il ol Bl pakle 16 JS<
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Z 9wk 45yl50 SVM 7 350 By Bgas cnm39aidl sLias | milis ylas (16) JSall lady
O 589 Wijlate HLas| Aegazme e %96 il Caimi A8y SVM zisal Ga> o> KNN
oniiall MST 0.96 —ealy F1-score g Recally Precision po JS3 dadsye Layd Sy «3yg40 1985
S o9uSl ae 59Tl 9o (o saeddl (3 Adle e LS e o Las BygusSLl jaeg 8y9wsSd|
o e a8 %52 IS dads coaly S L La s 21T KNN 23505 - dal ¢ JoLaLl
o1 ¥) ¢ (0) &l 8y5wuSLI 8)54all %100 ciily d2a5,e Recall dad daizs wéyg HLasy) dcgaze
<0.09 ] Fl-score dayd cndsily (%05 ¢ L Aud| Layd 9loets @f G |0 Ladiein oIS oslol
Mo (e iy JLidly seusdl el e Byadll e 7350l 508 aue ] ada Les
Al Al clagdanll § alasezdl

Lgjse e il ae (ROC) (aming plasiuly 7 3Laidl olal uuas o3 U3 J) 28U
KNN 2 45)lae Juadl elol e Jug Les <0.69 wie AUC SVM 7 3903 3> «(17) JSAJL sl
20 (ROC) aming ol aseianly 7 3laidl o1a1 (18) JSadl o e olall (§ .0.55 dady AUC 3a> (5.1l
I (e Mates JBYI Lall Cagiimt 3 2ols ccnm 39l IS elal fyains Egm (9390 il
plail Lol gudatld 2aedle ;8T SVM ol ludl sda uS35 . craal] 53l ge lily plasiul
zAall

ROC Curve

1.0 1 — SVM (AUC = 0.69)
—— KNN (AUC = 0.55)

0.8 q

o
-]

e
.
-

True Positive Rate
1
S

0.2

0.0

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

a3l gie e lily e goma opo bl fees Gb.éabd o (KNN) ¢ (SVM) Cé}a.d ROC s=ie .17 JS&
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ROC Curve
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g —— SVM (AUC = 0.99)
0.0 “ —— KNN (AUC = 0.55)
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Wjlgie Sbile & gema (0 DIkl prer 7 1iiul o (KNN) 5 (SVM) 739010 ROC (e .18 S

ALl ! Sl yuds Al dlyudl slis &55La0 1.4
i 2ols (KNN z 35t 8laa sty JSia SVM g 3503 3oa3 Alladl dalyll il oy Lo
e %96 oily Caiias A8y el SVM 7 3gad 3> s &3lgte Uil e gama plusiul
&9 H9uS) (wiiall ST F1-score s Recall g Precision ¢pe JSI dadiya oud ae ¢ Las¥| A game
485 KNN z 3503 3a> el (8. oniall o O3leall st (e Adle A0S ) ada Les ((H9uS
S Lagazme ] b Les gl b g Lol (3 bgle canis a0 9652 iy Ui dindsein
Bled! 1

Szl A Slalyudl pany of Lasdl Aalad) clalyudls Sl lia gl 4)lae wie
O 79156 Lisudy 485 ciai> (NN U-Nets VGG-16 5 AlexNet o (Aaeall elazll z3les e
plasiwly %911 4y 485 Aroras Wani dwlys cdds> (JUL) Juw lad %96.68 9 %89.8
48> cliog (> (3 VGG-16 aluseiwls %93.3 485 09,319 Ureten 2ulys s Loiw (AlexNet
o319 Goel &ulys §%96.68 (] 45521l CNN z dlas

z 3903 (o (%0.68) s> Julay el 485 cai> Guandl latdl z3las (o oof 0 ,0L9
I3l e Bals g8y Audlin dad 2l iladl T W) et i e (3 pusiuldl SVM
iaadl Lupaall S8k o Yob Llas JT elad clegyles e dezel Jldl dend) o sLael
Lol (rauzetl) (G309 . Jobol csyid (pa39 «Aades lilig (aulle dplus 3150 Bole callazs &l
iy ol ¢ yagall Allad Ha e U pa e slaze¥ J| cmdl 1ia (3 SVM z3gaiclal (3
Lo iluaiylgs due alusei wly 48085 4 waia Sl 7 st wly cliledl aodaty (ol
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29SO Ao Ul Aall & piadl cileglaald uadl Juied § eyl Los VGG-16

aelee SVM 7z 350id Asulie cDhalae slisl cuile ) comal) o obiled! Gils o0 LS
Ulad H 40 Aallae o pezddl of Gl siia ydad cdgley A81 Jleg 1ot e olol 3udms 3
adatll Jlas ae el Gudatll AL18g 28,85 il 3ass o (Sles 1S3 I elad Sliaiylssg
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s e tling youSIl (aik 43 485 (1o 33 Les (%83.36 L8) Ljlste yue DLl pliseiul

) ol izl gal e old gl
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Al DY) sy Judos s (0 allaall 35S o il slida oY (€3I
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Ll e Support Vector Machine—psl il 4xill A dusjplas e dotis (2020) dame «cugd
J[https://aiinarabic.com/introduction-to-support-vector-machine/]
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