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THU NGHIEM MQT HE THONG PINH VI TRONG NHA
SU DUNG WI-FI VA THUAT TOAN K-LANG GIENG GAN NHAT
Lé Dinh Phii Cwong'
Pham Héng Xudn®
TOM TAT

Nghién ciru nay dé cdp dén dinh vi trong nha sir dung chudn khéng day IEEE
802.11 (Wi-Fi) dua trén thudt toan may hoc k-NN (k-Nearest Neighbours) dap ung
giam chi phi so voi cac cong nghé khong ddy trong nha khac. Muc dich cua nghién
cuu nay la kiém tra mét sé van dé viéc dinh vi vi tri trong nha dva trén dau vét vi tri
anh huwong dén dé chinh xac dinh vi dat dwoc tai khu vuee thi nghiém. Cac tac dong
ciia hanh vi cia con nguoi doi véi phan bé RSSII duge khdo sat va phdn tich. Hé

thong co thé phat trién trong nha cho dich vu bi ddu xe thong minh trong tuwong lai.
Tir khoa: Wi-Fi, RSSI, k-NN (k-Nearest Neighbours), back-end, NoSQL, Redis,

Postman, JSON, Chanalyzer 4

1. Gidi thiéu

Cong nghé dinh vi trong nha 1a mdt
trong cac cong trinh nghién ctru quan
trong trong thoi dai cach mang cong
nghiép 4.0. Trong doi sdng xa hoi ngay
nay, viéc st dung dién thoai thong minh
va cac dich vu dua trén vi tri da va dang
g6p phan thuc day sy phat trién cua cac
hé thong dinh vi. Trudc day, cac tin
hiéu GPS (Global Positioning System)
bi han ché bdi cac vat liéu bé tong xdy
dung tao nén két qua anh huong khong
kha thi cho viéc xac dinh vi tri trong
nha. Ngay nay, xac dinh vi tri trong nha
bang cach s dung Wireless Ethernet
IEEE 802.11 (Wi-Fi) duoc b tri theo
nhiéu mé hinh twong dbi bao phu toan
bd trong nha va duoc sir dung phd bién
¢ moi noi trong khu vyc cong cong.
Wi-Fi dap tmg dé thay thé nhirng han
ché cuia hé thong dinh vi toan cau (GPS)
& trung tim thanh phd hodc trong méi
truong trong toa nha cd di¢n tich 16n
hodac nho. Tin hi¢u Wi-Fi dugc dung
cho viéc trién khai ha tﬁng it ton kém vé
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mit chi phi va ca vé mat thoi gian. Pac
biét, vi tri trong nha dya trén dau vét vi
tri chi lién quan dén dic diém cuong do
tin hi€u nhan dugc (RSSI). Quan trong
hon, so d6 dinh vi vi tri dya trén Wi-Fi
khong ¢ yéu cau vé dau tu thém phan
cing chuyén dung.

Céc hé thong Wi-Fi duoc phat trién
v6i pham vi tin hiéu, kha ning truyén
thong va tdc do dit litu co thé duoge tao
ra trong nhiéu mo hinh lan truyén song
v6 tuyén. Hon nita, mdi quan hé giira
cac gia tri RSSI tir nhiéu Wi-Fi duoc
phan biét 1d rang. Pé hiéu va mé hinh
hiéu suat cia cac hé thong dinh vi trong
nha dua trén dau vét vi tri, bai nghién
ctru nay thu thap cac gia tri RSSI, do
léch tiéu chuén, sy bién ddi theo thoi
gian cua ching va su doc lap cua RSSI
tir nhiéu diém truy cdp Wi-Fi. Noi
chung, viéc phan phdi RSSI duoc phan
bd boi cong sudt phat song (don vi dugce
tinh theo dBm) qua nghién ctru trong thi
nghi¢m nay.
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Qua4 trinh truyén dan tin hiéu trong
nha rat kho khan vi anh hudng ciia moi
truong da kénh va cac hi¢u ung lan
truyén nhu phan xa, nhiéu xa va tan xa.

Bén canh cong nghé thong tin di
dong va cong nghé Wi-Fi, cic cong
nghé tan sd song vo tuyén tao ra k¥
thuat 14y dau vét RSSI cho dinh vi vi tri
c6 thé so sanh véi cac cong nghé khac
bao gom:

> Bluetooth: mic du ¢6 yéu cau vé
két cAu ha tang thip so v6i Wi-Fi, no c6 thé
dat duogc d6 chinh x4c trong pham vi Im.

> Radio ciing c¢6 thé duoc sir dung
cho dinh vi. Tuy nhién, yéu cdu cua
phan cting chuyén dung va thuc té 1a
cac thiét bi co thé duoc dat tai trong
vung ngoai 0.

2. Méi trwong phit trién hé thong

Mo6i trudng phéat trién hé thong
duoc trinh bay nhu sau: Khao sat nhu
cau nghién ctru thuc tién qua viéc danh
gid so sanh cong nghé hoac cac wng
dung Khéc néu trén cia cac cong ty thiét
ké hé thong thiét bi va tich hop sir dung
phén mém quan ly tuy dong bai dau xe
st duyng mi ngudn doéng. Bén canh,

JAVA
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System

Stack

execution

engine

native method

interface

chon lya ra dugc ngon nglr 1ap trinh
ngudn mo: Java dé 1am cong cu thiét ké
phin mém nhu 13 mot ngdn ngit lap
trinh hudng d6i twong (OOP-Object
Oriented Programming) [1].

JAVA 12 mdt ngdn ngir 1ap trinh va
la mdt Platform [2], [3]. Java la mdt
ngon ngit 1ap trinh c6 tinh bao mat cao,
hudng ddi tugng, bac cao va manh mé¢.
Platform: bt ¢t moi trudng phan cing
hodc phian mém nao ma trong d6 mot
chuong trinh chay thi duoc biét dén
nhu mot Platform. V&1 moi truong
runtime riéng cho minh JRE va API,
Java duoc goi 1a Platform.

IVM (viét tat cia Java Virtual
Machine) 1a mot thiét bi trudng tuu (do)
c6 thé giup may tinh chay cic chuong
trinh trinh Java [3]. N6 cung cip moi
trwong runtime ma trong do Java
Bytecode ¢ thé dugc thuc thi. JVM la
c6 sin cho nhiéu nén tang (Windows,
Linux,...). JVM, JRE va JDK la phu
thudc nén tang, bai vi cau hinh ctia mdi
OS (hé diéu hanh) 14 khac nhau. Nhung,
Java 1a doc 1ap nén tang. Cau tric JVM
theo hinh 1.
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Hinh 1: Cdu triic JVM
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2.1. Cai dat trinh bién dich va soan
thdo md Iénh (viét code)

a) Tdi va cai dat trinh trinh bién
dich, thong dich

bo 1a Java SE Development Kit 8
(JDK), déy 1a bd cong cu phat trién Gng

trinh (trinh bién dich, thong dich...).
Truy cap trang Web:
http://www.oracle.com/technetwork/jav
a/javase/downloads/jdk8-downloads-

2133151.html, tiép theo tai va cai dat

JDK 8 trén nén Windows x64 jdk-8u77-

dung bang ngdn ngit 1ap trinh Java.
Trong JDK chtra cac cong cu va chuong

windows-x64.exe  (187.31MB), theo
hinh 2 nhu sau:

Oracle Techn

Java SE Overview || Downloads || Documentation || Community || Technolegies || Training L et
e | | Il Il Il | - _
Java ME Java EE and Glassfish

Java SE Development Kit 8 Downloads

Thank you for downloading this release of the Java™ Platform, Standard Edition Development Kit
{JDK™). The JDK is a development environment for building applications, applets, and
components using the Java programming language

Java SE Support
Java SE Advanced & Suite

Java ME
Java Card
Java Embedded NetBeans IDE
Java DB The JDK includes tools useful for developing and testing programs written in the Java
programming language and running on the Java platform

Java Mission Control

"
Web Tier Java Resources
lava Card Seealso

- Java Developer Mewslettsr: From your Oracle account, select Subscriptions, expand # Java APls
Java Tv Technology, and subscribe to Java

Technical Articles
Demos and Videos

New to Java

Java Developer Day hands-on workshops (free) and other events

Community

Java Magazine Forums
Java Magazine
JDK 8u77 Checksum Java Magazine

Java net

Java SE Development Kit 8u77

You must accept the Oracle Binary Code License Agreement for Java SE to download this Developer Training

LN

Tutorials
O Accept License Agreement ® Decline License Agreement Java com
Product | File Description File Size Download -
Linux ARM 32 Soft Float ABI 77T MB Jdk-Bu77-linux-arm32-vip-hfit tar gz
Linux ARM 64 Soft Float ABI 7468 MB Jdk-BuT77-linux-arm&4-vip-hfit tar gz
Linux x86 154.74 MB JdK-BU7 7-linux-iS86.rpm
Linux x86 17492 MB  jdk-8u7 7-linux-i586.tar gz
Linux x64 15276 MB Jdk-Bu77-linux-x64.rpm
Linux x64 172.96 MB Jdk-Bu77-linux-x64 tar gz
Mac OS5 X 227.27 MB jdk-8u77-macosx-x64.dmg
Solaris SPARC 64-bit (SVR4 package) 13977 MB jdk-Bu77-solaris-sparcvd tar?
Solaris SPARC 64-bit 9906 MB jdk-Bu77-solaris-sparcvl tar gz
Solaris x54 (SVR4 package) 140.01 MB  jdk-Bu77-solaris-x64.tar.Z
Solaris x64 9618 MB jdk-Bu77-solaris-x64 tar gz

Windows x86
Windows xG64

182.01 MB jdk-Bu77-windows-i586 exe
187.31 MB jdk-8u77-windows-x64.exe

Hinh 2: Cai dat trinh bién dich
b) Tdi trinh bién dich Netbean [4]

) NetBeans IDE Download X 4 = x

El| ¢ Q Search wEa 9 ¥ @

€ (D @ https;//netbeans.org/downloads,

& page language P

R .

NetBeans neseans 0g | netseans Piatiorm | Plugi 8 ommunity

HOME / Download

NetBeans IDE 8.2 Download 8.1
Emalladgress optonal [ ] o quage: [English 7] Pistorm: [Windows 5

Subscribe to newsletters: ontny  Clweeky

2| Development | Archive

Note: are not supported for this platiorm.
NeiBeans can contact me at this address

Supported technologies * Java SE JavaEE  HTMLS/lavaScript PHP C/C++ Al
) NetBeans Platform SDK . .

Java SE .
Java FX .
Java EE

HTMLS/JavaScript . . .

O PHP . .

C/C++ .
@ Groovy

@ JavacCard™ 3

Connected

Bundled servers

@ GlassFish Server Open
Source Edition 4.1.1

@ Apache Tomeat 8.0.27 . .

.
.
.
.
Java ME .
.
.
.
.

_ (_Downicad x86 ) ( Download x86 ) ( Download x86 ) v

Hinh 3: Chuong trinh soan thao ma lénh
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) Viét chwong trinh
0

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

public class AdminTest {

private static final Logger logger = Logger.getloge
private static Boolean getINFO(HashMap<String, Acce
Workbook wh = ExcelService.getlnstance() .getWor
try {
Sheet sheet = ExcelService.gestInstance().ge
Iterator<Row> rowlterator = sheet.iterator|
AccessPoint ap;
while (rowlIterator.hasNext()) {
Row row = rowlterator.nexti):
if {(row.getRowNum() > 0) {

1}’_‘1 E [E LdJ <default config> v U . D[Er [E'} |> L1 L] U} L]
Projects X ‘ Files |Semoes | - @AdminTest.java X|
‘@ petition A || Source | History | -5 -
= conf 30
4---{_:_} <default package > -
@] development. config.ini
@] development.log4.ini 3%
i data 3 0
=} b _S_ource Packages -
-1 backup B
[ AdminTest java z;
__-@ ExcelTest.java 5
+{::} com.project. pettion. canfig -
+l:f| com.project. pettion. controller m
+l:f| com,project.pettion.care -
+l:f| com,project. pettion.main 2
+l:f| com.project. pettion. model -
T ramm Arminct mnebhan norien L*)

if (ExcelService.getInstancs().isRc

Hinh 4: Céng cu Netbean viét chwong trinh

2.2. Ung dung nghién citu dwoc
phit trién back-end

Phat trién back-end 1a viéc xu 1y
moi logic nghiép vu phuc tap ¢ an &
phia sau, giup cho hé théng hoat dong
tron tru. Dt li¢u cia nguoi dung, thuat
toan phan tich déu nam & back-end [5].
(Vi du: trén trang face, khi ban post 1
status, dé status ?iy duoc luu trir thi can
back-end, dé status ay hién thi cho ban
bé cua ban xem thi cling can back-end,
dé status ay luu nhirng react: love, phan
no,... ciing can back-end).

a) Ky nang back-end: Dé tré thanh
phat trién back-end thi can biét ngon
ngit phia Server ciing nhu biét thao tac
v6i co so dit liéu. Ung dung trong
nghién ctru nay thuc hién bdi ngdn ngi
server-side dé viét back-end: Java.

b) Co so dir liéu: Trong bai bao
nay, Server duoc viét bang ngdn ngit

126

Java trao d6i dir liéu théng qua hé quan
tri co s dit liéu mang hinh thirc NoSQL
qua viéc xtr 1y dit liéu boi Cache Redis
str dung key-value luu gitr dir liéu. Viéc
luu trit dir liéu trén RAM mang lai kha
nang truy cap dir liéu véi toc do cao,
cap nhat va loai bé dir liéu nhanh
choéng. Sau khi tuong va xur 1y dir liu,
Server tra vé APl theo chuan Java
Servlet APl dudi dang JSON cho Client
xtr ly trén giao dién. Hién tai rng dung
dimg lai ¢ viéc lay két qua cua Server
sau khi xu 1y, va su dung coéng cu
Postman dé thuc hién viéc goi API tir
Server va kiém tra (testing) tra vé két
qua trén giao di¢n Postman.

e NOSQL 1a m6t khai niém chi vé
mot 16p cac hé co so dir li¢u khong st
dung m6 hinh quan hé (RDBMS) [6].
RDBMS vén ton tai kha nhiéu nhuoc
diém nhu c6 hiéu ning khéng tét néu
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két ndi dir liu nhiéu bang lai hay khi
dir liéu trong mot bang la rat 1on. Co
cac loai NoSQL co ban: Key—value data
stores (Redis, Dynomite, MemcacheDB),
Document-based (Apache CouchDB,
MongoDB), Graph-based data-stores
(Neo4j, InfiniteGraph, DEX). NoSQL c6
cac dic diém sau:

o NoSQL luu trit dir li¢u cia minh
theo dang cdp gid tri “key—value”. St
dung s6 lwong 16n cac node dé luu trix
thong tin.

o Chép nhan dir liéu bi tring lap
do mot s6 node s& luu cung thong tin
gidng nhau.

o Phi quan hé - khong c6 rang
budc nao cho viéc nhat quan dir li¢u.

o CO hiéu suat cao (high
performance) va tinh sin sang cao (high
availability).

e Redis 13 mot hé thong luwu triv
key-value rdt manh mé va phé bién hién
nay [7]. Redis n6i bat boi viéc hd trg
nhiéu cdu trac dir liéu co ban (hash, list,
set, sorted set, string) gitp viéc thao tac
v6i dit liéu tot hon cac hé thong cii nhu
memcached rt nhiéu. Bén canh luu trit
key-value trén RAM gitp toi wu hiéu
suét, redis con co co chét sao luu dir
liéu trén dia cting cho phép phuc hoi dir
liéu khi gap su cb.

v Redis 12 mot lya chon khi can
dén mot server luu trit dix lidu doi hoi
tinh mé rong cao (scaleable) va chia sé
boi nhiéu tién trinh, nhiéu tng dung va
nhiéu server khac nhau. Chi riéng co
ché tuong tac giita cac tién trinh da kho
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khin. Do 46, viéc co thé tuong tac
cross-platform, cross-server, va Cross-
application da lam Redis tr¢ thanh mot
lua chon cho thuc hién nhiéu cong vige
khac nhau. Téc dd cuc cao cia Redis
ciing co thé dé lam caching layer.

Postman 1a mdt App Extensions,
cho phép 1am viéc vé6i cac API, nhat 1a

REST, giup hinh rat nhiéu cho viéc
testing [8]. HO tro tit ca cac phuong
thac HTTP (GET, POST, PUT...).
Postman cho phép luu lai cac lan sir
dung. St dung no kha don gia, chi can
dién URL cua API, chon phuong thtc,
thém tham sb can thiét va nhan Send.

JSON (JavaScript ~ Object
Noattion) 1a mdt dinh dang hoan vi dir
liéu nhanh [8]. Chung dé dang cho
chung ta doc va viét. D& dang cho thiét

bi phan tich va phat sinh. Co sé dua
trén tap hop cua ngdn nglr 1dp trinh
JavaScript, tiéu chuin ECMA-262.
JSON 1a mét dinh dang kiéu text ma
hoan toan doc lap voi cac ngdn nglr
hoan chinh, thuoc ho hang véi cac ho
hang C, gém c6 C, C++, C#, Java,
JavaScript... Nhitng dac tinh do da tao
nén JSON mot ngdn ngit hoan vi dir li¢u
Iy tudng. JSON dugc xay dung trén 2
ciu tric:

v Tap hop cua cac cap tén va gia
tri name-value. Trong nhirng ngdn ngi
khac nhau, diy duoc nhan thiy nhu 13 1
dbi tugng (object), su ghi (record), cau
trac (struct), tir dién (dictionary), bang
bam (hash table), danh sach khoa
(keyed list), hay mang lién hop.
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v' Tap hop cac gia tri dd duoc sip
xép. Trong hiu hét cac ngdn ngit, this
duoc nhan théy nhu & mdt mang,
vector, tap hop hay 1a 1 day sequence.

3. Ung dung

3.1. Location fingerprinting

Mo hinh hé thong dinh vi dya trén
dau vét vi tri thuong c6 2 giai doan: giai
doan ngoai tuyén (offline) va giai doan
tryc tuyén (online) hay con goi 1a giai
doan dinh vi.

> Bude 1: Thiét bi may tinh xach
tay (Laptop) sir dung dé do cac gia tri
RSSI (don vi dBm) va twong ung vi tri
phan bd cua no, sau d6 duge st dung
trong giai doan ngoai tuyén. Dir li¢u
nay dugc thu thap tir 3 diém truy cip
khong day (4P, viét tat Access Point)
duoc bd tri trong nha tai cac vi tri can
quan tam, day 1a khu vuc thi nghiém dé
thu thap dir li€u tur cac AP.

Céch thtrc thu nhéan théng s6 RSSI:
sit dung cong cu “Chanalyzer 4” dé
scan cac vi tri thu thap RSSI, chuyén
thanh co s& dit liéu qua Microsoft
Office Excel.

» Bude 2: Qua trinh dinh vi, thiét
bi Laptop do luong gid tri RSSI & mot
sd vi tri khong xac dinh trong thoi gian
tic thoi trong giai doan truc tuyén. Ung
dung cta nguodi dung thiét bi (User)
dugc ap dung mot thuat toan k-NN dua
ra gia tri RSSI va vi tri twong tmg dé
udc tinh vi tri hién tai bﬁng cach so
sanh st dung dir liéu RSSI phan b da
thu thap tai budc 1 dé dua ra mot dir
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liéu RSSI duy nhét va vi tri so voi dir
liéu trudc do.

Céch thirc thu nhan thong sé RSSI:
sit dung coéng cu “Chanalyzer 4” dé
scan cac vi tri thu thap RSSI, sau do
gui cac thong s6 RSSI ghi nhan duoc
1én Server dé luu trir hodc ghi ra tap tin
theo céu trc dinh sin (Microsoft
Office Excel).

3.2.  Thuat
Neighbours

k-Nearest Neighbours (k-NN) 1a mét
trong nhiing thuat toan hoc khong gidm
sat (Supervised-Learning) don gian nhat
trong hoc may. Khi huén luyén, thuat

toan k-Nearest

toan nay khong hoc bt ky diéu gi tir dir
liéu hudn luyén, moi tinh toan dugc thuc
hién khi n6 can du doan két qua cua dir
liéu méi. k-NN c6 thé ap dung vao ca hai
loai cua bai toan hoc khong giam sat la
phan loai (Classification) va hoi quy
(Regression) [9].

Vé nguyén tic, co hai budc thuc
hién k-lang giéng gan nhat (k-NN) [9]:

> Budc 1: chi sb k trén ban do tin
., Iy cuariy, ri, ...
1a nhitng diém gan nhat duoc tinh toan
bai khoang cach Euclid, tai thi nghiém
viéc do la khong xac dinh la:

)

> Bud6c 2: Lay gia tri trung binh
cua k lang giéng gan nhit c6 khoang
cach Euclid t6i thiéu theo hinh 5.

hiéu c6 cac iy, Iy, .. » Tk

n
(RSS;;, - RSS,.)?

k=1

d;
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Projects X | Files |5enrioes | - @] KNNService.java X|
>|@ development, config.ini Al Source | History ‘ .
@] development.log4j.ini Fy) Teturn 3
b Source Packages 4 L -
E'IEE{ backup m
,@ AdminTest.java 5
__@ ExcelTest. java " try |
-BH com,project pettion.canfia 47
- com,project. pettion.controller I
~EH com.project.pettion.core 149
~EH com.project. pettion.main 50
- com,project. pettion.model 51
—Hj com, project.pettion.service 52
>@ AccessPaintRedisService java 53
>|§] ExcelService java 51
>@ KNMService. java 55
L[] RssIRedisservice java vl g
getEucldeanDistance - Navigator X -| 5
Members || <empty> ﬁ 58
/ﬁ. KNNService ?g
- () dokNN(HashMap <5iring, List<Double> > datas fD
- () getEudideanDistance(List<Double » data, List fl
() getinstance() : KNNService fz
- () getl1Distance(List <Double > datal, List<Doublg fa
% sortByValue(HashMap<String, Double = unsortM fq
&) LocK: Lock “5 ’
Q[] _instance : KNNService fs retumn o
@] logger : Logaer &

-

nstan

1nstan

public Doukble getEuclideanDistance (List<Double> datal, List<Double> datal)

if (datal == null || dataZ == null)

RETELRPER

=

{

{

return null;

if (datal.size() '= dataZ.size())

{

return null;

if (datal.isEmpty() && data2.isEmpty()) {

return Double.valueQf(0);

Double distance = Double,valusCf(0);
for (int i = 0; i ¢ datal.size(); i++) {

distance += Math.pow(datal.get (i) - data2.get(i), 2);

} catch (Exception e)
logger.error ("Exception getEuclideanDistance:

ull;

return Math.sgrt(distance);

{

Fucli. Distance: " + e.getMessage(), e);

Hinh 5: Khod;ag cach Euclid dp dung trong thiét ké img dung

3.3. Ung dung

Trong ung dung nghién clru nay,
mo hinh cta hé théng dinh vi trong nha
hoat dong trén thiét bi ngudi dung va dix
liéu dugc cap nhat trong mot may chu
localhost theo phét trién hinh thic
back-end dé thuc hién céac thi nghiém.

Vé nguyén tic, tmg dung hoat dong
& hai giai doan lay mau tir xa, bao gom
giai doan ngoai tuyén (offline phase) va
giai doan truc tuyén (online phase).

Trong giai doan ngoai tuyén (offline
phase), do va thu thap diém truy cap
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Wi-Fi boi gia tri RSSI ¢ cac vi tri khac
nhau trong nha tai khu vyc thi nghiém.
Trong mdi diém RSSI cua tat ca cac AP
hién c6 dugc thu thap trong mot khoang
thoi gian x4c dinh va sau d6 gid tri
trung binh dugc ghi nhan va luu trir vao
tap tin bang tinh DATAXIsx (tdp tin
bang tinh nay phdi bdt budc theo thiét
ké mdu trong bai nghién ciru nday) cua
phan mém vin phong Microsoft Office
Excel 2010 theo hinh 6 va hinh 7 thé
hién doan viét chuong trinh dé thiét ké

tap tin bang tinh.
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‘1 =l = - - = DATAxlsx - Microsoft Excel — ] =
e 3 File Home Insert Page Layout Formulas Data Review View Add-Ins Load Test Team =2 @ = B ER
This PC 6 - )

A B C D =
ﬁ‘\ 1 POS AP3:CN3:3.0-11:DD:EE | AP1:CN1:1.0-01:DD:EE | AP2:CIN2:2.0-00:DAEE

- 2 1.1 -50.5 -40.1 -82.1
Network 8 12 e == =i
| 1.3 -60.4 -50.6 -60.2
E: .| 1.4 -58.9 -62.8 77.2
Recycle Bin [ 1.5 -71.4 -42.5 -79.6 1

- 1.6 -65.8 -39.6 -57.7 1
5? s 1.7 -57.9 452 -63.2
T | - 1.8 -63.7 -68.4 -79.4
w0 1.9 -61.2 -65.1 -63.4
1| 2.1 -55.6 -60.2 -62.3
2| 2.2 -60.7 -58.6 -62.6
de
ompileria... [N 2.3 -62.8 -64.7 -61.4
. T -58.9 -62.9 -60.2
el . 25 -70.2 -68.2 -72.3
hanalyzer 4 -
- — 2 A -T2 72 =TA A -TA R
4 4 » M| INFO | DATA %0 [i]« > [
Ready | | 1003 (=} [} (+)

Hinh 6: Tdp tin bang tinh DATA.xlsx

Projects X‘Files Services ‘ =
] shestaomlres A
5 DATA s
- oo R
@ development ogdi.ini 3?
B Source Packages i
8 b !
© i AdminTest java :
(&) EcelTest java ¥
+}:} com.project, pettion.confia L
+};; com,project,pettion controller i;
f"‘LJ com,project, pettion.core
+[:} com.project, pettion.main =
+};; com,project, pettion model ::
f"‘LJ com.project, pettion,service i
+[:} com.project, pettion,utiities &
i\ g Libraries v qz
getRSSI- Navigator | | 4
Members v || <empty E 50
ﬁ, AdminTest il
>% getINFO(HashMap<String, AccessPaint> hmf | 52

Sau d6 tap tin nay s€ dugc luu trir
1én trén may chu Back-end (back-end

Source  History ‘ & v

|6} AdinTest java X |

ReFEL/Pe/aylen|e

private static Boolean getINFO(HashMap<String, AccessPoint> hmData) {
Workbook wh = ExcelService,getInstance().getWorkbook (Configuration, DATA
try {
Iterator<Row> rowlterator = sheet,iterator();
LccessPoint ap;
while (rowIterator.hasNext()) {
Row row = rowlterator.next();
if (row.getRowNum(} > 0} {
if (ExcelService.getInstance().isRowEmpty(row)) {

logger.info("===Load ACCESSPCINT

==11);

'

ger.info ("ACC T: " 4 hmData.toString()):

ger.info("done");

IEtuIn TIUE;
}oelse {
ap = new AccessPoint();
Iterator<Cell> celllterator = row,celllterator();
while (celllterator.hasWNext()) {
Cell cell = celllterator.next();

Hinh 7: Thiét ké tdp tin bang tinh DATA xlsx

qua cong cu hd trg xir ly dir liéu Redis
Desktop Mangerment theo hinh 8.

Server) dé dung cho giai doan Online
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@ root A
v 11 db0 (12/12)
v [ PET (12) ]
v [ APRSSI(4)
Js FET:APRSSL Connection ~ SSL SSHTunnel  Advanced Settings
v apL(Y)
v el
v 1001 (1) .
v on(l) Name lrunt ‘
Jo PET:APRSSI:AP1:CN1:1.0-01:DD:EE
v AR
v )
v 000 (1)
v DA (1)
o PET:APRSSI:APZ:CN2:2.0-00:DAEE
AP (1) Port: 6379 :
v [ CONFEG (2)
J» PET:CONFIG:
2+ PET:CONFIG: ListPosition

v NAEMNN (7Y

Host: |127.040.1 |

Auth: 12345600 |

Hinh 8: Cong cu Redis Desktop Mangerment xu Iy dir liéu
Tiép theo trong giai doan tryc tuyén va qua trinh nay duoc lay tir may chu
(online phase), thoi diém nay Gng dung back-end qua cong cu nguén mo
xéac dinh vi tri va gia tri RSSI thuc t&.  Postman theo hinh 9 va hinh 10.
Gi4 tri RSSI cuia tat ca cac AP dugc do

@ Postman
File Edit View Collection Histo Help

Import Runner

hitepi/f127.
Collections
GET hittp://127.0.0.1:8135/admin/re
All
PETITIOM API Pretty JSON =
7 requests
1~ f
http:/f127.0.0.1:8134/ service/getMNear... 2 terr®: 1,
3 "message™: "Thanh céng™,
GET  hitp://127.0.0.1:8135/admin/resource... e "data": { _
5 "AP3:CN3: 3 8-11:DD:EE™: {
et 13T e e P 6~ "RSSI™: {
GE htrp://127.0.0.1:8135/admin/accesspo... - 131,,: _sa.s,
8 "1,2": -55.2
SET  hoope/f127.0.0.1:8135/adminfaccesspo... g ..133... —;8 4’
E 3™ .4,
10 "1,4": -58.9,
SET  hoopa//127.0.0.1:8135/adminf/accesspo... 11 "1,5": -71.4,
12 "1,6": -55.8,
SET  hoopa//127.0.0.1:8135/adminf/accesspo... 13 "1,7": -57.9,
14 "1,8": -83.7
htrp/i127.0.0.1:8135/adminfresource... 15 ¥
16 ~ "Positiom™: {
. 17 KT 2,
Postman Echo 18 B
37 requests 19 ¥

Hinh 9: Phuong thirc GET cua Postman
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ile Edit W“Wiew Collection Help

Histo

Collections

PETITION API

GET hetp 127.0.0.1:8135
Body =
Pretoy IS0
2 st 1
3 message™: "Thanh <éng"™,
a - data: {
s - SRSST™:
& "1,1": -5@.5
7 "1,2": -55.2
8 1,3 6@ .4
= 1,4 58 .9
1 1,5 -F1.a
1 1,6 -65.8
12 1,7 -57.9
13 1,8 -63.7
14 X
15 - “PositionT: {
16 M 2,
17 Wt 5
18 X
19 ‘Channe -

Hinh 10: Phuong thirc GET cua Postman

Sau d6, két qua tra vé cho nguoi
dung 1a 2 gid tri dugc su dung thuéat
toan k-NN muc dich so sanh véi cac gia
tri RSSI da Iuu trén may chu back-end:
gia tri RSSI va gia tri vi tri (X,Y) tuong
ung theo thuit toan k-NN mo ta. Cu
thé: Cong cu xuat két qua Postman qua
phuong thuc Post xuit két qua ngudi
dungco gia tri vi tri(X=1,Y=4) theo
hinh 11.

Thuat toan k-NN mé ta:

Str dung KNN 4p dung cong thuc
“khoang cach Euclid” dé xac dinh diém
c6 chi s6 1SSI tot nhat.

- Pau vao (Input): 1 danh sach
cac chi s6 ISSI c¢6 sin (Inputl). Mot
danh sach cac chi s6 1SSI thu nhan duoc
(Input2).

- Pau ra (Output):

Pseudocode:
listResult

Return false
ELSE
FOR tin Inputl DO

Push tmp to listReult
END FOR

SORT listResult DESC

ENDIF

Return first item of listResult

Output: a POINT has greatest ISSI (p)

IF length(Inputl) !'= length(Input2)

Tmp = SQRT(InputL[t]*+ Input2[t]®)
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5 PEOEEBOEE

»
2
El
3
_'
]

Awuthorization (1) -

Hinh 11: Céng cu Postman xudt két qua

4. Két qua

Bai nghién ctru da phat trién mot
ung dung dinh vi khong day trong nha
cho may tinh xach tay (Laptop). Bén
canh da cai dat cac AP danh riéng cho
khu vucdinh vi thi nghiém tai céc vi tri
cu thé dé cai thién do chinh xéac cua vi
tri. Pinh vi bang tin hiéu Wi-Fi rat d&
thuc hién va doi hoi chi phi thdp hon
so v6i cac hé thong dinh vi khac. Bai
nghién ctru 4p dung mdt thuat toan
may hoc don gian nhét nhung dat hi¢u
qua dé loc tin hiéu 16i va tim vi tri cua
thiét bi truy cap dung tai vi tri bat ky.
Hé théng nay co thé duogc chinh sira
pht hop dé ap dung cho cac bai dau xe
trong nha.

Ngoai ra, vé& mit chuyén nganh
cong nghé thong tin noi riéng thi bai
bao da khai quét qua st dung ngén ngtr
lap trinh Java dé lam cong cu thiét ké
phin mém nhu 13 moét ngdén ngir lap
trinh huéng ddi twong (Object Oriented
Programming) theo hinh thtrc phat trién
Back-end dugc phéat trién manh mé
trong thoi gian gan day. Bén canh d6
cling gioi thi€u dugc co so dir liéu logic
(NoSQLDatabase) méi khic phuc duoc
nhiéu nhugc diém hé co s¢ dir liu
trudc day qua viée xu ly dir liéu boi
Cache Redis str dung key-value, chuong
trinh Build boi Postman dé kiém tra
(testing) tra vé két qua trong thoi gian
ngin trén giao dién Postman.
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TESTING AN INDOOR NAVIGATION SYSTEM USING WI-FI AND
THE K-NEAREST NEIGHBOURS ALGORITHM
ABSTRACT

This study deals with indoor positioning using the Wireless Ethernet IEEE
802.11 (Wi-Fi) standard based on the k-NN machine learning algorithm that has a
distinct advantage of low cost over other indoor wireless technologies. The aim of
this study is to examine several aspects of location fingerprinting based indoor
positioning that affect positioning accuracy achieved in the performed experiments.
The impacts of human behavior on RSSI distribution are explored and analyzed. The
system can develop indoor for further intelligent parking services.

Keywords: Wireless Ethernet, RSSI, k-NN (k-Nearest Neighbours), back-end,
NoSQL, Redis, Postman, JSON,Chanalyzer 4
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