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DANH GIA CAC GIAI THUAT KHOP MAU CHO PINH VI
TRONG NHA BANG WLAN

EVALUATION OF PATTERN MATCHING ALGORITHMS FOR INDOOR
LOCALIZATION VIA WLAN
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Toém tét - Nghién clru nay da thiét ké mot phan mém cé thé thu
thap div liéu WLAN ttr cac AP (Access Point). Sau dé st dung cac
bd dir lieu nay d& wéc lwong vi tri cdia ngwdi dung théng qua cac
giai thuat khép mau. Cé 3 giai thuat dwoc danh gia trong bai viét
nay: k-nearest Neighbors (k-NN), nk-NN va Artificial Neural
Network (ANN). Nghién ctru dwcyc khao sat trén hai khu vie: khu
vire v6i dién tich nho véi it vat the anh hucyng va mot khu virc cod
dién tich gap 14 1an v&i nhidu yéu té c6 thé anh hwéng den cuong
d6 tin hiéu WLAN thu duoc. Anh hwéng cua cac théng sb nhu so
lwong mau, hé sb k, s6 perceptron trong 16p an ctia ANN, sé lwong
AP, s6 1an quét tai méi didm va kich thuée cia khu vwe dwoc khao
sat sé dwoc danh gia. T& dé c6 thé chon ra cac thong sb tdi wu
cho phan mém dinh vi.

Tir khéa - hé théng dinh vi trong nha; ANN; k-nearest neighbors;
WLAN; MANET (mobile ad-hoc network)

1. Giéi thi¢u

Dinh vi trong nha 1 mot trong nhimg nhu cau cia ngudi
sir dung thiét bi di dong boi vi GPS gap phai kha nhiéu sai
s6 trong moi trudng bén trong cac toa nha. Nguoi ding
khong thé biét duoc minh dang & trong tang nao va phong
nao. Vi ky thuat dinh vi trong nha, cac cong ty phan mém
c6 thé phat trién cac ung dung gitp xac dinh dugc vi tri cua
nguoi dung thiét bj di dong hodc vi tri cia ngudi khac, dan
duong bén trong mot toa nha 16n nhu trung tim mua sim,
san bay, thu vién,.. ., hd tro cac tinh huéng khén cép,. .. Co
rat nhiéu k¥ thuét dugc str dung cho dinh vi trong nha: k¥
thuat GPS trong nha, dinh vi dya trén UWB, dinh vi dua
trén WLAN,... Trong sb d6, dinh vi dwa trén WLAN 1a mot
ky thuat ndi troi boi vi chi phi thip, d& trién khai, khong
can thiét bi chuyén dung. Nguoi ding véi cac thiét bi nhu
smart phone, tablet, laptop co thé cai dat mot phé“m mém dé
xac dinh vi tri ma khong can thém bat ky mot thiét b
chuyén dung nao. Vé co ban quy trinh dinh vi dugc chia
lam 2 giai doan: Giai doan 1 (offline) s€ thu thap bd dir li¢u
bao gém cac "fingerprint" hay c6 thé goi 1a mau va vi tri
twong Ung tai timg diém khao sat, Giai doan 2 (real time)
s€ thu thap mdt "fingerprint" thoi gian thuc sau do6 dung
cac giai thuat khép mau két hop vé6i bo dir lidu giai doan 1
dé udc luong ra vi tri hién tai. M&i "fingerprint" c6 dang
nhu sau: (RSS;=-20, RSS,=-30, RSS3=-55,...,x=15,y=20)
trong do RSSi la cuong do do duoc cuia AP tai toa do (x,y).

Tuy nhién, ky thudt nay bi anh huéng cia nhleu da
duong dén d6 chinh xac do d6 cac nha nghlen clru can tim
ra cac phuong phap dé cai tién cach dinh vi nay. Nhiéu
cbng trinh nghién ctru [1],[2],[3],[4],[5].[6] d& dugc dua ra
dé dat dugc muc tiéu nay:

e Tim mét phuong phap khép miu dé cai tién do chinh xac.

Abstract - This study develops a software tool that can collect
WLAN database from APs (Access Points) and use this database
for estimating the location of user via pattern matching algorithms.
There are 3 major pattern matching algorithms in this study: k-
nearest Neighbors (k-NN), nk-NN and Artificial Neural Network
(ANN). Practical experiments use 2 test beds: test bed 1 has small
area and not a noisy environment, test bed 2 has an area 14 times
bigger than test bedl and the environment is impacted by many
noise sources for WLAN signal. The impact of factors like the
number of samples, k, the number of perceptrons in the hidden
layer of ANN and the size of testing environment are evaluated.
Thereby, we can choose the best value for parameters to achieve
the best accuracy.

Key words - indoor location system; artificial neural network; k-
nearest neighbors; wireless LAN; MANET (mobile ad-hoc network)

e Tim phuong phap lai tao glua cac phuong phép khop mau.

e D& xuit cac mo hinh truyén séng dé xac dinh mot ham
cua cuong do tin hi¢u theo khoang céach.

e Loc cac dir liéu mau dé lam giam anh huong cua nhiéu.
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Nghién ciru nay tap trung vao viéc phat trién mot phan
mém mau trén hé didu hanh Window dung cho dinh vi trong
nha voi k¥ thuét dinh dya trén WLAN. Ba giai thuat khop
mau da duoc sir dung: k-nearest neighbors (k-NN), nk-
nearest neighbors (nk-NN) va Multi-Layer-Perceptron
(MLP) ANN. ANN s& duoc phén tich bang cong cu tri tué
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nhén tao ctia Matlab. Dya trén dir liéu thyc té ciia moi truong
dugc khao sat, bai viét s€ danh gia anh huong cua cac nhan
t0: s6 lan quét trén moi mau, hé s k, so luong perceptrons
trong 16p an va kich thudc cta ving khao sat 1én do chinh
xac cuia udc lugng. Bai viet s€ cung cap cac dé xuat ve cac
s0 li€u toi uu cho phan mém trong viéc dinh vi.
2. Céc cdng trinh lién quan

Hau hét tat ca cac nghién ciru cho viée dinh vi trong nha

gan day déu tap trung vao viéc tim ra giai thuat khop mau
t6i wu. Dudi day 1a cac giai thuat da duoc dé xuat:

« Centroid [8]: Mot phuong phép rat co ban cho dinh vi.
Trong giai doan offline, vi tri cac AP s€ dugc udc lugng
bang trung binh cong cia cac vi tri dugce khao sat cd
thong tin vé AP nay. B co s¢ dir liéu cudi cung chi luu
vi tri cia cac AP. Trong giai doan real-time, vi tri ciia
ngudi dung duoc ude lwong bang trung binh cong vi tri
cua cac AP quét dugc. Phuong phép nay khong dugc
sir dung bai nghién ctru cia ching t6i. Vi mot sb
phuong phap khac toa dd AP 1a khong can thiét.

RADAR [1]: Phuong phap nay dua trén cuong do cua
cac AP trong mang WLAN. Nghién ciru nay su dung
giai thuat khép miu dé udc lugng vi tri nearest
neighbors (NN) pattern matching algorithm. Bai viét
nay da danh gia anh huéng cia sé lwong mau trong bo
dir liéu, hé s6 k, hudng cua thiét bi khao sat. Do chinh
xac trung binh dugc dua ra trong phuong phap nay
khoang tur 2-3m.

Ekahau [9]: Phuong phap nay ciing c6 2 giai doan. P6
la: huin luyén va dinh vi. Mot phan mém dugc trién
khai st dung giai thuat chuyén dung da dugc cip bang
sang ché dé wéc luong vi tri. Phuong phap nay dugc
cho 1a c¢6 kha nang dat d§ chinh xac tir 1-2m dudi cac
diéu kién tdi uu.

B0 loc Kalman filter va multiple observers [6]: Bai bao
nay dé xuat 2 phuong Jphap. Phuong phap dau tién sir
dung b loc Kalman dé loai bé nhiéu cho RSS (Cudng
do tin hiéu thu dugc), con phuong phap thir hai khong
chi str dung RSS thu dugc tir cac thiét bi di dong ma
con str dung RSS thu dugc cia AP. Ca 2 phuong phap
déu cai tién duge do chinh x4c tir 2.5m trén 80% sd mau
dén @6 chinh xac 2.5m trén 90% sb mau. Tuy nhién,
phuong phéap bo loc Kalman ¢é wu diém hon bai vi viée
trién khai dé dang hon.

nk-Nearest Neighbor Algorithm (nk -NN) [2]: Phuong
phap nay dua trén giai thuat k-NN va chuan héa di liéu.
Céc dit liéu mau bao gdbm RSS va thong sé chit luong
tin hiéu dwoc chuan hoa. Phuong phép nay chi tap trung
vao viéc xac dinh vi tri phong thay vi toa dg cua ngudi
dung. Phuong phap nay cho thay mot két qua kha quan
trong viéc udc lugng vi tri voi d cai tién 12.82% so
v6i phuong phap k-NN.

Artificial neural network-ANN [3, 5]: Nhiing nghién
clru nay da st dung ANN to uéc lugng vi tri nguoi dung
tir cac thong sd RSS ciia cac AP. Nghién ctru dau tién
[5] da st dung MLP ANN véi 18 neuron an, 3
perceptron ngd vao, 2 perceptron ngo ra. Két qua da chi
ra rang d0 chinh x4c trung binh c6 thé dat 1.79m.

Nghién ctru thir 2 ciing st dung md hinh MLP cho 3

perceptron ngd vao nhung c6 thém cai tién trong viée

loc san bang cic RSS, st dung giai thudt huan luyén

Levenberg-Marquardt va chi st dung mot perceptron

ngd ra. Uu di€ém cua viéc sit dung ANN la giam duoc

thoi gian cho viée udc lugng vi tri cua ngudi dung boi

vi n6 khong doi hoi phai so sanh véi tat ca cac mau

trong b co s dir liéu va no ciing khong doi hoi phan

meém ngudi dung phai luu mot b dir liu lon.
e ANN-Kalman filter [4]: Nghién ctru nay st dung

Generalized Regression Neural Network (GRNN) thay

Vi MLP. Ngoai ra, bd loc Kalman dugc ap dung cho

ngd ra cua mang neuron dé giam 1oi. Két qua cho thay

rang GRNN to6t hon MLP va k-NN. Sai so trung binh
khoang 2.68m.

Ngoai ra con ¢ nhiéu phuong phap khac dugc sir dung
nhu bd loc Bayesian, Particle filtering, Self-Organizing
Map - Artificial Neural Network (SOM-ANN).

3. Céc giai thuit khép miu ding cho wéc lwgng vi tri
3.1. Gidi thudt K-Nearest Neighbors

Giai thuat K-NN dugc mé ta nhu bén dudi:

Budc 1: Po mot mau cac RSS & thoi gian thyc cua cac
AP (RSS;,RSS,, ..., RSS))) tai vi tri ta can udc lugng toa do.

Budc 2: Lya chon cac mau twong dong trong co so dit
liéu c6 cung cac AP ton tai RSS. Tinh toan khoang cach
Euclid cia cac mau nay v6i mau thu duge trong bude 1.
(Trong truong hop khong tim duge mau nao trong bd du
liéu trang khop vé cac AP ton tai RSS, loai bo thong tin
RSS cua AP c6 cuong d6 thap nhat r6i 1ap lai viéc tim mau
tuong dong).

Khoang cach Euclid gitta mau thoi gian thuc va cac
mau trong co s¢ dit li¢u dugce tinh nhu sau:

d = /YL, (RSS; —RSS)? (1)

Trong d6 RSS; 1a RSS cua AP thu i trong mau thoi gian
thyc va RSS;{ 1a RSS cua AP tha i trong mau tuong ddng
cua co s& du lidu. n 1a s6 AP thu dwoc cua cic mau nay.

Budc 3: Lya chon tdi da k mau trong co so dur liéu co
khoang cach Euclid bé nhét. (SO lwong mau tim duge co
thé nhd hon k).

Budc 4: Toa dd cfia nguoi dung dugc tinh béng trung
binh toa d¢ ctia cac mau trong budc 3.

3.2. yk-Nearest Neighbors [2]

Giai thuat nay dua trén k:NN. Khac biét chinh 13 mau
dir li€u thu dugc s€ dugc chuan hoa. Cach chuan héa dugc
tinh nhu sau:

Ch0~R331(X), RSS2(x)...
trong mau.

RSSh(x) 1a RSS cua cac APs

Budc 1: Tinh toan trung binh
Yiz1 RSS;(%))
n

RSS(x) = 2)

Trong d6 x; 1a mau thir j cua bd mau, x; c6 dang
(RSS1=-20, RSS,=-30, RSS3=-55,...,x=15,y=20), RSS(x;)
1a trung binh cua cu(mg do clia mau Xj, RSS;(x;) 1a RSS
ctia AP thir i trong mau Xj.
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Budc 2: Tinh toan do léch chuén

S (RSS;(xj)—-RSS(x))?
o) = PSS TSSGs) 3)
Trong d6 O‘(X]-) 1a do 1éch chuén cua Xj.
Buéc 3: Tinh toan dit liéu chuin hoa
RSS;(xj)—RSS(xj)
n(@i(x) = —2—> 4)

o(xj)

Trong d6 n((a;(x;)) 14 dit liéu RSS dugc chuan héa cia
AP thtt i trong mau Xj.
3.3. MLP Feed-forward ANN

Ciu trac cia MLP feed-forward ANN dugc sir dung
trong bai viét ndy nhu sau: L6p ngd vao bao gobm RSS cuan
AP dugc lua chon, mot 16p an véi nhfmg perceptron st dung
ham kich hoat tansig, ngd ra bao gom c6 2 perceptron cling
st dung ham kich hoat tansig cho vjéc tinh todn toa do x,y
cua thiét bi di dong. Hinh 3 chi rd cau trac ctia ANN nay.

Hidden

Input layer

layer

Output
layer

Hinh 3. MLP ANN

4. Mdi truomg kiém tra
4.1. Phan mém quy hoach va dinh vi
Nghién ctru ndy thu thap dir liéu tir 2 khu vye nghién ctru.
Nhitng thong s6 thong dung cta 2 ving khao sat (Hinh 6,7):
e Hai bo dir liéu cho 2 viing khéq sat: Mot cho giai doan
thoi gian thyc va mét bo dung dé danh gia do chinh xéac.
o Moi diém~ trong bg co s6 dir liéu bao gém 20 mau. Gia
tri cia mau dung dé~u'('rc luwong dugc tinh béng gia tri
trung binh ctia cac mau. Hinh 6,7 c6 mo ta so diém khao
sat cua tirng khu vuc khao sat.

e Hudng cta bo thu duoc giit ¢d dinh trong tit ca cac mau.
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Hinh 6. Khu vue kich thgm’c nho 6.8m x 8.1m, 3 AP,
80 lwong diém khdo sat 138

Hinh 7. Khu vue kich thgfé’c Ion 18m x 44.1m, 5 AP,
50 luong diém khdo sat 468

5. Phén tich két qua
5.1. H¢ s6 K (trong K Nearest Neighbors)

Trong thyc té, c6 mot vai miu trong co so dir liéu co
khoang cach Euclid x4p xi v&i mau do dugc trong thoi gian
thyc. D6 1a 1y do tai sao chung ta can st dung vi tri cta
nhiéu diém lan cin gan nhat thay vi chi mot diém gan nhét.
Khu vyuc khao sat 1 dwoc sir dung trong phan tich nay.
Trung binh 15i theo don vi mét duoc tinh khi k tang tir 1
dén 10. Nhu trong hinh 8, trung binh 15i giam khi k ting va
c6 gid tri nho (1-4). Khi k c6 gia tri 16n hon d¢ chinh xac
khong nhitng khong dugc cai thién ma con x4u hon.
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Average Error{m)

16
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12

1 2 3 4 5 6 7 8 ] 10
=4=nk-NN|2.5874|2.1841 |2.1567|2.1518 |2.1707 2.1982 2.1714|2.1544 |2.1417 | 2.1354
=f@=k-NN |1.5456(1.5137|1.5162|1.4808 |1.4803 1.4561 1.4583| 1461 (1.4779|1.4619

Hinh 8. Trung binh 16i wée lwong vi tri (m) theo hé s6 k
Thyc nghiém nay cho thay néu chon k qua 16n, viéc tinh
toan s& mat nhi€u thoi gian. Ching toi d€ nghi h¢ s6 k nén
chon tir 2 dén 4.
5.2. 86 lwgng quét ciia moi méu trong giai dogn thoi gian thuc
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1|2 3145 6|7 | 8|9 |10 11|12 13 14|15 16 17|18 19|20
‘—.—nk'NN 26 |2.32(2.37(2.24{2.26(2.24(2.13(2.15(2.24/2.15(2.18(2.16|2.21|2.23(2.24(2.24/2.23|2.19| 2.3 |2.27
‘-.-k-NN 1.831.74/1.73(1.63 1.6 [1.52|1.52/15 |14651.48(1451.42141|1.41[1.43]1.45|1.46(1.47|1.47(1.46

Hinh 9. Trung binh 6i wéc lwong vi tri (m) theo s6 lan quét
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S6 lugng quét clia mau trong thoi gian thuc s& anh
huong dén thoi gian quét trong tmg dung. Sau khi quét dir
liéu s€ duoc léy trung binh cong. Dir li¢u do dac va thong
ké cho thdy rang khi s mau quét ting 1én do chinh x4c s&
duogc cai thién nhung khi s6 mAu kha 16n d6 chinh xac s&
khong thay d6i nhiéu. Trong hinh 9, giai thuat k-NN chi ra
rang véi 10 1an quét do chinh xac tot hon 19.2% so véi chi
1 mdu va 17.3% tdt hon so voi nk-NN. Chiing t6i dé nghi
nén st dung khoang 10 mau la du.

5.3. 86 lugng perceptron trong l6p dn ciia ANN

Sb lwong perceptron trong 16p 4n cua ANN can duoc
lwa chon chinh xac dé dat d6 chinh xéac t6i wu trong quéa
trinh hudn luyén. Cac két qua thuc nghiém cho thay trung
binh 16i wdc lwong vi tri thay d6i ngdu nhién theo so
perceptron. Trong hinh 10 va 11, sé lwong perceptron chi
can tir 4-14 dé dat duoc trung binh 18i dinh vi t6i wu. Qué
trinh huén luyén co thé khong dat dugc do hoi tu nhur mong
mubn trong mot s6 truong hop va qua trinh nay s& tu dong
bi dimg lai boi quy tic "dung sém" trong b cong cu tri tué
nhan tao. Trong qua trinh huan luyén cua phin mém, ching
t6i dé xudt nén can nhic dé thu tat ca sb perceptron 16p an
c6 thé tir 1 dén 14 dé tim gia tr tot nhit. S6 perceptron nén
dugc lya chon cang nho cang tot dé giam khoi luong tinh
toan cho giai thuat tri tué nhan tao cang nhiéu cang tot.

AL Afect o e of perceptun
T T T

—&—Real emr

Numbe of pecsptrons

Hinh 10. Trung binh 16i wore lwong vi tri theo s6 perceptron
16p an trong khu vuc 1 voi 3 AP

50
Nambes of parcegtrons

Hinh 11. Trung binh 16i wore lwong vi tri theo s6 perceptron
I6p an trong khu v 2 voi 3 AP

5.4.856 AP

Phan nay tap trung vao anh huéng cta sé AP. Bén canh
d6, ba giai thuat dugc dua ra so sanh dé tim ra giai phap t6t
nhét. Chung to61 da kiém tra trén ca 2 khu vuc, véi k=4 va
10 1an quét. Két qua trong hinh 12 va 13 cho thiy ring
trung binh 15i dinh vi giam khi s6 AP ting. Chung t6i dé
nghi str dung cang nhiéu s6 AP cang t6t. Khi s6 AP ting tir
3 dén 5, nhiing cai tién trong dinh vi khong ting nhiéu.

Trong 3 giai thuat dugc sir dung, chiing t6i quan sat
thiy rang nk-NN c¢6 do chinh xac thap nhat. Nhu trong [2],
tac gia chi ra rang phuong phap nk-NN 1a t6t cho viéc xac

dinh vi tri phong cua nguoi dung nhung trong khao sat cua
ching t6i, két qua khong nhu mong doi khi dinh vi toa d
chinh xé4c. C6 thé phuong phap nay chi thich hop cho viée
xac dinh vi tri phong thay vi toa d§. Ngoai ra khao sat cua
chung t6i ciing khong dé cap dén thong s chét lwong cua
tin hiéu. Nhimg 1y do nay dd anh huong dén do chinh xac
ctia phan tich nay.
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g NN 2.15 165 148
== nk-NN 444 436 215
ANN(LM) 195 163 148

Hinh 12. Trung binh 16i wée heong vi tri theo s6 AP
trong khu vuc 1

16.00
14.00 =
12.00 \
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800 \\ — |
600 \
4.00 — —_— ¢
200
0.00
1 2 3 4 s
—4— k-NN 9.23 447 4.09 3.80 3.79
—8— nkNN 14.18 11.01 7.26 6.50 642
ANN(LM) 7.67 4.33 4.16 3.95 3.98

Hinh 13. Trung binh 16i wée heong vi tri theo s6 AP
trong khu vuc 2

Hinh 12 va 13 chi ra ring ANN va k-NN c6 d6 chinh
xac xap xi nhau. Tuy nhién, ANN cho két qua wdc lugng
tdt hon. Hon nita, néu sir dung ANN, phan mém xac dinh
vi tri trong thoi gian thuc khong can phai luu trit mot luong
16n co s6 dir lidu ciia nhiéu tng va nhidu toa nha. Déi véi
ngudi dung, sb lugng tinh toan cho ANN nho hon k-NN
boi vi n6 khong doi héi viéc so sanh vdi cac mau co san
trong co' s¢ dir liéu. Médc du ANN doi hoi qua trinh huén
luyén kha phure tap tuy nhién qua trinh huén luyén dé tim
ra cac h¢ s6 cua perceptron da dugce tinh toan trudce bang
phan mém chuyén dung lic quy hoach. Phan mém nguoi
dung chi can lru hé s6 ma thoi. Uu diém nay gitp giam
thoi lugng tinh toan cho ngudi dung.

Khu vuc 2 vo6i kich thuée 16n hon nhung cé d6 chinh
Xac thép hon khu vyc 1. Khu vuc 2 dugc thyc hién trong
mét khu vuc ¢6 nhiéu nhan vién dang lam viéc, ctra dugc
déng ma lién tyc, may tinh/man hinh/may chu va cac AP
tir cac tang khac 1a nhimg ngudn nhidu 16n anh huéng dén
d6 chinh xac udc lugng trong khu vyc 2.

6. Két luan

Bai viét trinh bay anh hudng cua cac thong sb cia cac
giai thuat (k-NN, nk-NN, ANN) dbi véi d6 chinh xac ctia
hé thong dinh vi. Ching t6i dé nghi nén lya chon céc thong
s0  nhu sau: k neareast neighbor tur 2 dén 4, s6 lan quet cho
moi mau khoang 10 lan, can thu tat ca cac perceptron 4n co
thé tir 1 dén 14 dé tim ra gi4 tri tot nhat, lwa chon cang nhiéu
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AP cang tot.

Kich thudc khu vire can khao sat va cic ngudn nhiéu anh
huéng 16n dén do chinh xac woc lugng. Ching t6i quan sat
thay voi khu vuce (1) nho, d chinh xéc t6i da dat dugc kha
cao 1.48m véi k-NN. Véi khu vuc (2) 16n, ching toi thay
rang d6 chinh xéac tot nhit co thé dat dugc 1a 3.79m véi k-
NN va 3.98m véi ANN. Bé giam thiéu duoc nhimng sai s6
nay, chiing ta can phai tim ra mot giai phap dé lam giam anh
hudng ciia nhiéu, vi du nhu sir dung bo loc Kalman.

Bai nghién ctru nay con so sanh dg chinh xac udc lugng
giita ba giai thuat khop mau. Két qua cho thdy rang nk-NN
cho két qua chinh xac thap nhat. ANN va k-NN ¢6 d6 chinh
xac x4p xi nhu nhau nhung ANN khong doi hoi phai luu
trir mot bo dir lidu 1on dé so sanh do d6 s& giam thiéu rat
16n khdi lugng tinh toan va bd nhé. Trong viéc phat trién
phan mém, nguoi ta ludn hudng dén nhiing giai phap doi
héi it bd nhé va khdi lugng tinh todn it vi vay giai thudt
ANN 12 Iya chon tét nhét trong truong hop nay.
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