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Tém tat: Trong nghién ctu ndy, ching tdi dé xuit md hinh hoc tich hgp nhiéu mo hinh hoc mdy theo hai pha. Pha
thi nhit két hop t6 hop cdc mo hinh phan 16p k-Nearest Neighbor (KNN), Logistic Regression (LR) , Support Vector
Machines (SVM) dugc t8 hgp dif liéu mdi. Pha thd hai sit dung mot bd phan 16p trén 6 hop di liéu mdi. Mo hinh nay
dugc dp dung trong giai doan huin luyén mo hinh. Trong giai doan kiém tht, dit liéu thu ti thiét bi dién thoai dudc tién
xt 1y, sau d6 dit liéu dudc dua vao mo hinh du bdo dé udc tinh mot vi tri toa-ting cu thé trong tdoa nha. Dé xuit dugc cai
dit va danh gia trén tap di liéu UJlIndoorLoc dat két qua du bao chinh xdc 98.73%. Két qua nay cao hon két qui cla
cdc mo hinh st dung tiing thuat todn thanh phin va ciing cao hon két qua clia cac nghién ciu khac ding cung thuat todn

va trén cung tap du liéu.

Tix khéa: ddu vét WiFi, cuong do tin hiéu thu-RSS, hé thong dinh vi trong nha, hoc mdy.

Title:
Abstract:

An Efficient WiFi Indoor Positioning Technique using Combined Machine Learning
In this study, we propose a learning model that integrates many machine learning models in two phases. The first phase

combines the combination of k-Nearest Neighbor (KNN), Logistic Regression (LR) and Support Vector Machines
(SVM) classification models to combine new data. The second phase uses a classifier on the new dataset. This model
is applied during the model training phase. During the testing phase, the data collected from the mobile device is
preprocessed, then the data is fed into a predictive model to estimate a specific floor location in the building. The
proposal is installed and evaluated on the UJIIndoorLoc dataset with accurate prediction results of 98.73%. This result
is higher than the results of models using each component algorithm and also higher than the results of other studies
using the same algorithm and on the same dataset.
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I. PAT VAN DE

Hé thong dinh vi trong nha (IPS) rét hitu ich trong thuc
té. Trong céc toa nha, IPS ngoai viéc trg gitp diéu huéng
trong ctiu hd, khin cip né con hitu ich trong cic mdi trudng
nhu bao tang, bénh vién, mega mall. Do do, IPS da trd thanh
mot linh vyc nghién cdu rong rai trong hon 20 ndm qua.

Céc phuong phap dinh vi trong nha dugc gidi thiéu trong
tai liéu [1]. Trong d6, phuong phap dua trén cudng do tin
hiéu (Received Signal Strength - RSS) cuia séng radio dugc
phdt ra tif cdc diém truy cip (Access point - AP) va thu
dugc tir cac diém tham chiéu (Reference Point-RP) dudc
st dung nhiéu nhit va phd bién trong cic hé thdng dinh
vi trong nha. C6 rit nhiéu ky thuat dinh vi trong nha dua
trén gid tri RSS, trong s6 d6 fingerPrinting 13 k¥ thuat dugc
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dung hét siic phé bién [2, 3].

C6 hai giai doan trong fingerprinting: giai doan huin
luyén va giai doan kiém thii. Giai doan huin luyén: thuc
hién do céc chi s6 RSS ctia cic AP tir cac RP da biét dé xay
dung co s& dit liéu fingerprinting. Giai doan kiém tht, gid
tri RSS dugc ldy mau theo thdi gian thuc tai vi tri chua biét,
gid tri nay dudc so sanh vé6i co sd dit liéu fingerprinting dé&
tim ra vi tri dinh vi phit hgp nhét.

IPS dung fingerPrinting d6i mit v6i hai vin dé chinh.
Thi nhéit, ciac vector RSS thu dugc cé gid tri bién doi
bat thuong, khong 6n dinh din dén sb luong di liéu
16n nhung khong chét lugng [4]. DE khic phuc vin dé
nay mot sd phuong phap loc va giam kich thuéc di liéu
nhu phuong phdp phan tich thanh phan chinh (Principal
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Component Analysis-PCA) [5] va phan tich biét thiic tuyén
tinh (Linear Discriminant Analysis-LDA) [6] da dugdc ap
dung nhim ting chit lugng tap dif liéu. Thich thic thit hai
1a cht lugng dinh vi can c6 do chinh xédc va hiéu qua cao.
Nhiéu thuit toan hoc mdy nhu KNN, SVM, LR, Decision
Tree(DT), Random Forest (RF), Light Gradient Boosting
Machine (LGBM), Convolutions Neural Network (CNN),
Deep Neural Networks (DNN), Recurrent Neural Network
(RNN), ... da dugc thit nghiém nhim ning cao chét lugng
dinh vi va da dat dudc nhiéu két qua dang ké, tuy nhién
cho dén hién tai chua cé thuét todn nao dudgc cho 1a c6 thé
ap dung cho nhiéu méi trudng [7, 8].

Trong nghién ctu nay ching to6i dé xuit phuong phap
giam kich thudc dit liéu va phuong phdp dinh vi bing mo
hinh mdi, trong d6 chiing tdi tich hgp cac thuit toan hoc
may KNN [9, 10], SVM [11], LR [12] d€ du bdo toa-ting
bing bai todn phan 16p, cic md hinh dudc thuc nghiém trén
tap dit liéu UJIIndoorLoc'[13]. Cu thé nhiing déng gép clia
bai bdo nhu sau:

o Tién xt ly dif liéu trong giai doan kiém thi

« Dé xuét phuong phdp gidm kich thudc dit liéu cho bai
toan phan 16p udc lugng vi tri tdoa nha va tang

« Dé xuit mod hinh két hop céc thuit todn hoc mdy phan
16p ap dung vao bai todn wdc lugng vi tri ting bang
t& hop cac thuit toan phan 16p LR, KNN, SVM

Bai bdo c6 cu tric nhu sau: Phan I dit van dé, Phan IT vé
cédc nghién ctiu lién quan, Phan III m6 hinh dé xuit. Phan
IV thuc nghiém va két qua mdi, Phan V két luan.

II. CAC NGHIEN CUU LIEN QUAN

Cac phuong phdp hoc mdy truyén théng dudc dp dung
trong bai toan dinh vi trong nha dung RSS cta song WiFi
dugc st dung rat nhiéu. C6 thé coi KNN la thuat todn hoc
mdy dudc st dung diu tién va mé ra thdi ky dp dung hoc
mady vao bai todn dinh vi trong nha. Nam 2000 nhom nghién
cdu ctia Microsoft Research da st dung KNN dé€ phat trién
hé théng dinh vi c6 tén RADAR [9], két qua KNN t6t hon
rit nhidu thuat todn fingerprinting. Trong [14] céc tic gia
da st dung KNN két hop véi thong tin vi tri ngusi dung
trong qua khit. Két qua cho thiy phuong phap méi dat hiéu
suit dinh vi cao hon 45% so véi KNN. Cac tic gia cia
nghién ctu [15] két hop DNN va KNN. Két qua do sai sd
trung binh tor 1,39 dén 1,5m tuy vao gia tri K va so sanh
v6i cac phuong phap DT, KNN, DNN, SVM, va RF thi mo6
hinh két hop c6 két qua tot hon.

Giai phap dva trén thuit toan phan 16p SVM da dudc
dé xuit trong[16, 17]. Két qua cla cac phuong phap déu
cho thly SVM cho d6 chinh xdc cao hon thudt todn

Uhttps://archive.ics.uci.edu/ml/datasets/ujiindoorloc
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fingerPrinting. P chinh xac 1a 2m trong 77% va 98,75%
trong 93,75% cac trudng hgp kiém thi.

LR dudc cic tic gia st dung trong [12] sau khi tbi uu
dit liéu, két qua do chinh xic dat 95.83%. Chenlu Xiang
va cdc cong su diung LR két hop véi tdi uu dif liéu & moi
truong phong thi nghiém tiéu chun trong [18, 19] déu cho
két qua sai s dinh vi dat 92cm.

Cic nghién ciu st dung tap dir liéu UJIIndoorLoc.
Trong [20] céc tac gia dung KNN phan cum du bdo vi tri
tdoa nha va KNN hdi quy dé du bdo toa do va RF dé du bdo
tda-tang. Sau khi loai bé cac AP chi xuit hién dudi 2 lan,
két qua cho thiy RF du doan vi tri tda nha ding 100%, du
dodn tang bing RF dat két qua lan lugt 97.95%, 90.87%
and 95.86% cho ba tda nha, két qua du doan kinh do vi do
& ba tda nha c6 gid tri (RMSE) trong khoang 7.1 dén 12.8,
Mean Absolute Error (MAE) trong khoang 5 dén 9.
Trong [21] st dung cach két hop hé théng COSELM
(Constraint Online Sequential Extreme Learning Machine)
v6i KNN thanh hé thong c6 tén AFARLS. Két qua AFARLS
c6 hiéu suat du dodn tang 95.41%, sai s6 vi tri 6.4m, trong
khi KNN du doan ting dat 89.92%. Trong [22], cic tic
gia da bién d6i tap dit liéu huén luyén theo cich riéng cia
minh va tao ra tdp dit liéu thir nghiém mdi tu tap dit liéu da
bién déi, trong d6 520 dic trung chi con lai 60 dic trung.
Thit nghiém dugc thuc thi béi 6 thuét toan, trong dé thuit
toan KNN nhén dién tang dat 97%.

Ap dung lugng tit héa truée khi ap dung KNN, SVM,
RF trong [23], két qua nghién ciu c6 do chinh x4c vi tri
tuong tng véi cac thuat toan KNN, SVM, RF la 67.49%,
62,71% va 68.5%, thuat toan RF dung dé€ wéc luong vi tri
tang dat do chinh xdc 97%.

Nhu viy cic thuit toan KNN, SVM, LR da dudc nhiéu
nhém nghién ciu st dung bing nhidu cich khach nhau.
Theo kién thic tot nhit ma ching toi c6, hién tai trén tap
dit liéu UJTIndoorLoc chua c6 nghién ctiu nao két hop gitta
cdc thuat toan nhu md hinh ching t6i dé xuét. Do d6 trong
bai b4o nay chiing t6i tién hanh xiy dung mo hinh két hop
t6 hop cic thuat toan KNN, SVM, LR cho phan huén luyén
mo hinh & giai doan huin luyén va thuc nghiém trén bo dit
liéu UJlIndoorLoc nham ning cao hiéu suét dinh vi.

III. PE XUAT MO HINH DINH VI
1. Mo ta tap du liéu

Tap di liéu UJlIndoorLoc[13] dudc nhiéu nghién ciu
stt dung [8], UJlIndoorLoc c6 sb lugng RP la 933, cac
RP thudc 3 toa nha cao 4 hoic 5 ting véi tong dién tich
108703m?. UllIndoorLoc ¢6 21049 mAu, trong d6 19938
mau ding cho huin luyén va 1111 mau dung cho kiém
thir. M6i mau gdm 529 dic trung, 520 dic trung diu tién
la gia tri RSS thu dudc tif 520 AP, gi4 tri RSS nidm trong



khoang tli -104dB dén 0dB, gia tri RSS=100 dugc dit mic
dinh v6i ciac AP khong phat hién dugc khi 14y mau. Chin
dic trung con lai 12 cdc nhan gom kinh do (Longitude), vi
do (Latitude), s6 hiéu toa nha (BuildingID), tang trong tda
nha (Floor), sb hiéu ving 14y mau (SpacelD), vi tri tuong
quan xic dinh ving ldy méu 1a trong hay ngoai cic phong
(Relative Position), ma ngudi thu thap di liéu (Userld), ma
dién thoai thu thap di li€u (Phoneld) va thoi gian thu thap
(Timestamp).

2. Pé xuit kj thuat giam kich thuéce dit liéu cho bai
toan phan lép

Tap dit liéu UJlIndoorLoc nhu md ta bén trén la tap di
lidu 16n, do d6 can tién hanh xi 1y dif liéu nham giam thoi
gian tinh toan va ting chét luong dinh vi.

Trong UJlIndoorLoc, mdi toa nha 1a mot 16p bao gdm
nhidu dong dif liéu, mot dong dit liéu gbc cé dang
[RSS1,RSSy, -, RSSIsyp, buildingID], trong d6 520 gia
tri du tién 1a cic gia tri RSS do dugc tir 520 AP, gia tri
cudi cling 1a s6 hiéu ba toa nha, cic toa nha dudc danh
s6 tir 0 dén 2. V6i mdi toa nha chiing toi iy gid tri RSS
trung binh ctia mdi AP, két qué thu dugc 520 gia tri trung
binh. Két qua thu dudc tap dif liéu méi dugc thé hién trong
Phuong trinh (1) v6i 520 dif liéu dau 1a gia tri méi ctia cac
dic trung va cubi cung 12 sd hiéu tdoa nha.

RSS), RSS;, ---, RSSIs, O
RSSi, RSS», ---, RSSIs, 1 |(1)
RSS|, RSS>, ---, RSSIsp, 2

Bai todn phan 16p gia tri gitia cdc diém cang chénh léch 16n
thi cang dé phan 16p, chiang han nhu toa nha dugc phan 16p
tdt hon néu cic dic trung cé nhiéu thong tin clia toda nha.
Do d6, chiing toi tim su khéc biét tuyét dbi giita cac cip toa
nha 0-1, 0-2 va 1-2 bing cach ghép chéo cic cip tuong ung
trong tap dir liu (1), ching t6i thu dugc ba mang tuong
ting v6i cic cip toa nha. Sip xép ba mang thu dugc theo
thi ty gidm dan cdc dic trung va loai bd cic dic trung cé
su khéc biét thap, truing nhau. Két qua mdi méang con lai N
dic trung c6 su khac biét cao nhét. Hop nhit ba mang lai
thanh mot tap hgp déc trung c6 N*3 gia tri cho mo6 hinh
phén 16p toa nha. Phuong phap giam kich thude dit liéu toa
nha thé hién trong Thuit todn 1.

Tap dit liu dung phan 16p ting dudc chiing toi xi ly
tuong tu nhu tda nha. Mot dong dif lieu géc c6 dang
[RSS1,RSS,, -+, RSSIsy, floor], trong d6 520 gia tri dau
tién 12 cac gid tri RSS do dudc tir 520 AP, gia tri cudi ciing
12 sb hiéu cic tﬁng, cac tﬁng dugc danh sb tir 0 dén 4, két
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Thuét toan 1: Thuit toan giam kich thudce dac
trung

Dir liéu vao:

By «:cac dong dit liéu cia buildingID=0;

B «—:cac dong di liéu cua buildingID=1;

B, «:cac dong dit liéu cta buildingID=2;

Dir liéu ra: B: Tip hgp cic dic trung da rit gon.

begin

Budc 1:

1.1. BAy « Tap gia tri RSS trung binh cia By;

1.2. BA| « Tap gia tri RSS trung binh cia B;;

1.3. BA, « Tap gia tri RSS trung binh cua B;;

Budc 2:

2.1. By & BAGUBAy;

2.2. Byy «— BAGUBA,;

2.3. By &« BA|UBA,;

Buéc 3: Sap xép By1, Box va By, theo thit tu giam
dan;

Budc 4: Loai b cic dic trung c6 su khac biét thp,
trung nhau;

Budc 5: B «— By UBpUB»;

D=IN-IEEN B Y

T =
N B W N =S

=
N

17

18 end

qué thé hién theo Phuong trinh (2).

RSS|, RSS>, ---, RSSIsy, 0
RSS], RSSQ, T, RSSISZO’ 1
RSSi, RSS», ---, RSSIs, 2 [(2)
RSS\, RSS», ---, RSSIsy, 3
RSS|, RSS», ---, RSSIsy, 4

Bai toan phan 16p ting tim cdc dic trung nhiéu thong tin
tuong tu, di liéu phan 16p tang dudc xi ly tuong tu nhu dit
liéu toa nha. Chiing tdi két hop cdc cip tang 0-1, 0-2, 0-3,
0-4, 1-2, 1-3, 1-4, 2-3, 2-4, 3-4 tao thanh 10 mang. Sau khi
loai bo céc dic trung c6 do chénh léch thip bang phuong
phap da 4p dung cho tda nha, ching t6i gdp cac mang lai
d€ tao thanh tap dif lieu dau vao c6 10*N dic trung cho
md hinh phan 16p tang.

Cudi cung, gop céac tap dif liéu lai véi nhau, ching toi
thu dugc 13 16p cho cic ting clia cdc tda nha. Gid tri N
dudc tinh theo phuong phap heuristically né anh hudng truc
tiép dén hiéu suit cda thuit todn.

3. M6 hinh dé xuét

Mo hinh co ban clia bai todn dinh vi trong nha bing
fingerprinting dung séng WiFi dua trén hoc mdy dudc thé
hién trong Hinh 1. Trong md hinh, thuat todn hoc mdy s€
dudc 4p dung trén tdp di li€u fingerPrinting (tdp di liéu
huén luyén) d€ dua ra mo6 hinh huén luyén tai giai doan
huén luyén. (o} giai doan kiém thd, tAp RSS thoi gian thuc
duge dua vao mo hinh dy bdo dé tim ra vi tri uéc luong
theo mo6 hinh huén luyén.

Trong bai bdo nay ching toi d& xuit mo hinh hoc may
mdi, md hinh nay dung cdc thuit toan phan 16p nham wéc



Cic céng trinh nghién cifu, phdt trién va iing dung CNTT va Truyén thong

Thu thap dir ligu tai
cac diém tham chiéu
cacgia tri

I—

'

[ e

RSS

|7 Thiétbi )
thu thap dir liéu

Tapgidtri| | csplLchira |,

RSS

Huan luyén
béang hoc may

Mb hinh huén luyén

Pha Huén luyén

o+

ATV Pha Kiém tra
Cic AP Thg‘thaedwlleu,tal ‘
| ) diém can dw bao
 — °C " TapgiatriRSS M i du |
i — ‘ theo thoi gian  je— AL S
...... thye bao

y A . -0
| Thiét bi théng minh

Vi,tri dw bao
trén thiét bi théng minh

Hinh 1. M0 hinh dinh vi trong nha co ban dya trén hoc may

lugng vi tri theo tda-tang. Khac v6i mo hinh co ban, mo
hinh ctia ching t6i tich hgp nhiéu thuat toan va chia lam
hai pha nhu Hinh 2. Pha dau tién, tip dit liéu fingerprinting
dugc huén luyén bing t& hop cac thuit todn phan 16p LR,
KNN va SV. Pha mot tao ra 8 hop di liéu méi, t6 hop dit
liéu nay 1a dau vao cho thuat toan huin luyén LR & pha
thd hai. Nhu vdy, m6 hinh ctia chiing t6i huin luyén tap dit
liéu theo hai pha lién tiép thay vi mot pha nhu md hinh co
ban. Hinh 3 mo ta chi tiét hoat dong ctia t& hop thuit toan
theo hai pha. Trong dé ¥; ¥> va ¥ la két qua huén luyén
cua ba thudt toan trong pha mdt, ?f 1a két qua ctda pha hai
va cling 12 md hinh huin luyén cudi.

IV. THUC NGHIEM VA PANH GIA KET QUA
1. Tién xt Iy dix liéu

Chung t6i phan tich dir liéu UllIndoorLoc va ching toi
nhén thiy can tién xi 1y dif liéu nhu sau: thd nhét s6 luong
cdc AP nhan dudc tai mot RP nhd nhét 12 0, 16n nhét 1a 51
va trung binh 12 x4p xi 18 AP, trong khi bai toan dinh vi
trong nha chi can t6i thi€u 3 AP 1a c6 thé xdc dinh dudc
vi tri va theo théng ké thi s6 RP c¢6 AP nhd hon 6 (bao
gdm ci cdc RP khong c6 AP nao) 1a 389, do d6 chiing
t6i quyét dinh loai bé cac RP c6 AP nho hon 6, diéu nay
hau nhu khong anh hudng dén chit lugng dinh vi nhung lai
ting toc do tinh toan. Thi hai tai mot RP c6 thé nhan dudc
gia tri RSS tir AP cla toa nha khac, cac AP nay khong c6
tac dung cho dinh vi thim chi 1am gidm chét lugng, do dé
chiing t6i ciing loai bd cac AP nay. Tién xi ly dif liéu dudc
dp dung cho pha kiém thit ciia md hinh phén 16p.
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2. Cac chi s6 danh gia

Bai to4n phan 16p c6 céc chi sb danh gid dua trén ma
tran nham 1an (confusion matrix) d&€ dém dudc sé luong
céc gia tri gdm True Positive (TP): s6 luong diém ctia 16p
positive dugc phan loai ding la positive; True Negative
(TN): s6 lugng di€ém cta 16p negative dugc phan loai ding
12 negative; False Positive (FP): s6 luong diém cda 16p
negative bi phan loai nham thanh positive va False Negative
(FN): s lugng di€ém ctda 16p positive bi phan loai nhim
thanh negativ. Goi T 1a tdng sb cdc diém ctia ca hai 16p khi
d6 cac chi s6 danh gia phan 16p bao gom:

o Accuracy: DBg chinh xac Accuracy =
« Precision:ti 1& sd diém true positive trong sd nhiing

TP+TN
T

diém du’gc ph/én lf>ai 1a positive. Precisi/on = %
« Recall: ti 1€ s0 diém true positive trong s6 nhitng diém
N .. _ TP
thye sy 1a positive. ReCall = 75

o F1-Score: trung binh diéu hoa (harmonic mean) cta
cac tiéu chi Precision va Recall, F1-Score danh gia

khach quan kha nang thyc thi cia mo6 hinh hoc may.
Fi =2 Precision.Recall
I = “Precision+Recall

3. Két qua thuc nghiém

Trong phan nay ching toi cung cip cdc két qua thuc
nghiém thé hién hiéu qui cta cic thuat toan doc 1ap va
phuong phéap két hop ma ching toi dé xuét, két qua cho
thiy khi tich hop cic thuat toan két qua t6t hon khi st dung
tung thuét toan doc lap

Mb hinh két hop du doan toa-tang dugc chiing tdi thuc
hién theo hai budc, dau tién ching toi thi nghiém cic mo
hinh duing thuat toan phan 16p doc 1ap nhiam lya chon cdc
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Hinh 3. Mb hinh hoat déng t& hgp thuit todn phan loai tda-ting

thuat todn t6t nhit. Cac thuit toan ching toi thit nghiém
bao g6m KNN, SVM, LR, Naive Bayes (NB), cay phan loai
va hdi quy (Classification and Regression Tree-CART) va
Linear Discriminant Analysis (LDA).

Céc két qua clia cc thuat toan doc 1ap dudc tdng hop
trong Bang I, gia tri cic chi s& dudc so sanh & bidu dd
trong Hinh 4 va hinh 4dnh cta Hinh 5. Bang I va cac hinh
cho théy tt ca cac chi sd cda cdc thuat toan LR, KNN,
SVM déu cho két qua t6t hon cac thuat todn con lai. Luu
y, chi s6 cia LR va CART rat gan nhau, véi bai toan phan
16p ching tdi chi chon mot, chi s6 ctia Recall cda thuat
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toan LR thip hon cla thuat toin CART, tuy nhién chi s
F1-Score ctia LR lai t6t hon CART, cho thiy m6 hinh cla
LR t6t hon nén chiing t6i chon LR. Duing céc két qua nay,
ching t6i chon 3 thuét toan c6 két qua tot nhat LR, KNN
va SVM vao trong md hinh két hop.

Budc hai, chiing toi thit nghiém mo hinh két hop cic
thuat todn di dudc chon. Trong Bang II 1a két qua tong
hop cia céc chi s6 Precision, Recall, F1-score va Accuracy
ctia mo hinh két hop Két qua ctia mo hinh két hop so véi
cac md hinh sif dung cdc thuét todn ddc 1ap dugc thé hién
& biéu dd trong Hinh 6 cho thiy tt ci cic chi s6 ctia mod
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) Bang I )
TONG HOP KET QUA CAC CHI SO
CUA CAC THUAT TOAN POC LAP

SVM KNN LR CART LDA NB

Precision 98.43 97.71 96.62 96.50 94.42 63.70

Recall 98.47 97.98 96.69 96.71 94.26 55.37

Fl-score 98.45 97.83 96.65 96.60 94.33 47.42

Accuracy 98.57 97.93 96.86 96.76 94.66 49.09

Time (s) 7.95 0.04 3.19 0.47 1.21 0.67
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Precision Recall Fl-score Accuracy
ESVM mKNN ®LR wCART mLDA mNB

Hinh 4. Biéu dd so sanh gia tri téng hop céc chi sé cidc md hinh
phan 16p doc lap

= =

0.9

0.8

0.7

0.6

0.5

=

LR LDA KNN CART SVM

Hinh 5. Biéu dd so sanh dd chinh xic ciia cdc mo hinh phan 16p
doc lap

hinh két hop c6 két qua tot hon két qua cia tit ca cac thuat
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) Bang II
KET QUA UGC LUGNG TOA-TANG CUA MO HINH KET HOP
Pre- Re- F1- Accu- | Time
cision call Score racy (s)
Mo hinh
Két hop 98.71 | 98.61 | 98.66 | 98.73 | 99.31

toan LR, KNN va SVM.

Nhu vdy, mo hinh két hop cdc thuat toan ctia ching toi
dé xuét dat hiéu suit va két qua tot hon khi ding cac thuat

toan doc lap.

precision

99.00%
98.50%
98.00%
97.50%
’ 97.00%
96.50%
96.00%

95.50%

recall f1-score accuracy

WLR WKNN ®SVM m M6 hinh tich hop

Hinh 6. So sanh céc chi s6 phan 16p giita mo hinh két hgp va cic
md hinh doc lap

4. So sanh két qua véi cic nghién citu khic trén cung
tap du liéu UJIIndoorLoc

Hinh 7 thé hién két qua du doén toa-tang ctia mo hinh
két hop ma ching toi dé xuit v6i cic nghién ciu khic,
trong d6 cac nghién citu khac dugc thé hién bing tén thuat
toan hodc tén do nhém nghién ctu dit cing v6i s6 tham
chiéu ctia nghién cttu. Vi nghién citu clia ching toi, nhiéu
don vi do dugc st dung d€ danh gid két hiéu sudt mo hinh
cling nhu do chinh xdc, tuy nhién, cac nghién ctu khéc
thong thuong chi cong bd do chinh xic, do dé, trong so
sanh ching t6i dung chi s6 d6 chinh xdc (Accuracy) dé so
sanh, ngoai ra v6i cic cong bd khong st dung két qua trung
binh, chiing t6i st dung két qua cao nhit ma nhém cong
bd (ghi chii max). Két qua cho thdy mo hinh ctia ching t6i
du doén t6t hon cidc mé hinh khic sif dung cling cic thuat
toan.

V. KET LUAN

Trong bai bdo nay, phuong phap giam kich thudc dit liéu
dugc dé xuét bang cach phan tich theo cip giita cic toa
nha, gilfa cc tAng da mang lai két qua rét t6t cho cic md
hinh phan 16p doc 1ap va két hop. Két quaz md hinh phéan
16p két hgp c6 do chinh xdc cao 98.73% va cao hon so véi
két qua clia cic md hinh dung céc thuit toan doc 1ap. Gia
tri cdia cdc chi sé Precision, Recall rat cao thé hién hiéu



So sanh két qua dw doan ting theo dé chinh xac

(Accuracy)
98.73%
i
RF[20] AFARLS[21] KNN[22] RF[23] M0 hinh as
(max) xuat

Hinh 7. So sanh két qua dy dodn toa-ting theo dd chinh xdic
(Accuracy) cua md hinh két hgp véi cac nghién ciru khac

suat cao ctia mo hinh, gid tri F1-Score cao khang dinh do
on dinh ctia hé théng, cic két qua nay cho thly mo hinh
clia chiing t6i da thanh cong va cho két qui tt. So sanh
két qua vdi cac nghién ciiu khéc trén cung tap di liéu, mod
hinh ciing cho két qua t6t hon. Tuy nhién, md hinh vén c6
nhugc diém 1a thdi gian chay cao do tich hgp nhiéu thuat
to4n, tuy nhién mo hinh dudc dp dung & pha huin luyén
mo hinh nén thoi gian chay lau khong phai 1a vAn dé 16n.

Mo hinh két hop c6 rat nhiéu hida hen 4p dung cho cic
bai toan khac va ching t6i c6 thé nang cip dudc mod hinh
khi thay thé bang cic thuit toan hoc siu.
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