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MO DAU
1.Tong quan tinh hinh nghién ctru ciia dé tai

Hién nay, hé théng dinh vi toan cau (Global Positioning System - GPS) c6 thé
xac dinh vi tri cua mQt ngudi/vat thé gén nhu trén toan bd bé mat Trai DAt vai sai sb
chi tr 3-5 m. Tuy nhién, hé théng GPS khong thé x4c dinh dugc mot cach chinh xac vi
tri cia nguoi dung trong moi trudng kin, vi du nhu céc tda nha, si€u thi, bénh vién, v.v.
Céc birc tuong, tran nha, dd dac trong nha 13 cac yéu to gay ra cac hiéu ing da duong,
phan xa, tan xa, va lam suy yéu tin hiéu truyén tir vé tinh [1]. Chinh vi vay, viéc nghién
ctru va phat trién cac hé thong dinh vi trong méi truong kin (Indoor Positioning System
- IPS) nhu trong nha, bénh vién, trudong hoc, v.v. 1a thuc su can thiét.

Nhiéu két qua nghién ciru trong va ngoai nude di duoc cong bd lién quan dén IPS. Cac
ky thuét dinh vi dién hinh dua trén thong tin cuong do tin hi¢u nhan dugc (RSSI), thot
gian dén (ToA), chénh 1éch thdi gian dén (TDoA), goc dén (AoA) va thong tin trang
thai kénh (CSI) da dugc dé xuét bang cach s dung nhiéu cong nghé truy cap khéc
nhau nhu WiFi, Bluetooth, bang tan cuc rong (UWB), va thé nhan dang tan sd vo tuyén
(RFID) dé dinh vi trong nha. Hau hét cac k¥ thuat dinh vi déu yéu cau it nhat ba nut
neo da biét dé tinh toan vi tri ctia muc tiéu chua biét. Mot sb ky thuat khong can dinh vi
nhu phuong phap Centroid va ky thuat DV hop ciling dugc nghién ctru trong tai li€u.
Tat ca cac phuong phap ndy déu gip phai vo s6 van dé nhu d6 chinh xac kém, do phic
tap cao va khong dang tin cdy trong khi hau hét cac thiét bi dinh vi déu thiéu kha ning
xu Iy manh [2].

Ky thuat WiFi Fingerprinting 12 mot trong cac k¥ thuat pho bién khi str dung cong
nghé WiFi phuc vu cho viéc dinh vi trong méi trudong kin. Ky thuat nay bao gom hai
giai doan chinh 13 giai doan ngoai tuyén (offline phase) va giai doan truc tuyén (online
phase). O giai doan ngoai tuyén, cac gia tri RSS tir nhing AP khac nhau s& duoc thu
thap tai mdi diém tham chiéu RP trong khu vuc can dinh vi. Cac diém RP duoc thiét
1ap v&i cac toa do dugc biét trude. Cac toa do nay co thé duge chon theo cach phan bd
déu, tirc 14 khoang cach giita hai diém RP lién tiép 1a bang nhau, hodc chon ngau nhién
cac vi tri khac nhau. Tt ca cac gia tr1 RSS va toa do tai tung RP s& duogc luu trir thanh
mot bd ditr li€u ngoai tuyén. o) giai doan truc tuyén, vi tri chua xac dinh cua nguoi
dung (hay diém thuc nghi¢ém TP) s& dugc tinh todn dya trén viéc so sanh tap gia tri
RSS cua ting RP trong bo dit li€u véi cac gia tri RSS tai vi tri ma thiét bi di dong cua
nguoi dung thu thap dugc. Qua trinh so sanh trén co thé duoc thuc hién bé“mg cach su



dung nhiing thuét toan dinh vi khac nhau nhu thuat toan tat dinh, thuat toan xac suit va
thuat toan hoc may.

Wang va cic cong su [1] dé xudt mot phuong phap dinh vi trong nha két hop gitra
autoencoder xép chong (Stacked autoencoder - SAE) va mang than kinh tich chap
CNN. SAE dugc sir dung dé trich xuét cac dic trung quan trong tir dir liéu RSS. Pong
thoi, mot phuong phap ma hoa nhiét dic biét dugc ap dung dé lién két toa nha voi cac
téng. Dt li¢u sau d6 dugc dua vao mang CNN dé huan luyén. HE théng duoc dé xuat
da duogc danh gia trén b dir licu UJIIndoorLoc (mdt bo dir 1iéu ma nguén mé danh cho
dinh vi trong nha) va hiéu ning ciia n6 di dugc so sanh voi mot s phuong phép truyén
théng. Két qua cho théy hé théng dé xuét dat duge do chinh xé4c tot & ca cép do xac
dinh toa nha va cép do xac dinh tﬁng vo1 do chinh xac 96,73‘% danh cho du doan tﬁng,
d6 chinh x4c cho toa nha 13 100%, va sai s6 dinh vi MSE 1a 11.56 m.

Trong nghién ctru [2], Duong-Bao va cac cong sy da tién hanh thyuc hién qué trinh thu
thap dir liéu, trién khai, va danh gia hai thuat toan dinh vi pho bién 1a KNN va WKNN
trén bd dit licu thu thap tai phong lam viéc trong 4 thang. Nhom tac gia nghién ctru anh
hudng cua diéu kién moi truong dén do chinh x4c dinh vi, bao gém mat do nguoi, thiét
bi, nhiét d6, chiéu cao thiét bi, huéng thu thap, va thoi gian thu thap. Bo dit liéu c6 205
vi tri thu thap, sap xép theo ludi véi khoang cach 0.5 m giita cac diém, mdi vi tri thu
thap 100 lan tir ndm AP cd dinh, téng cong 20,500 mau cho giai doan ngoai tuyén va
410 mAu cho giai doan truc tuyén cho hai truong hop kiém tra khac nhau. Nhom tac gia
ap dung thir nghiém hai thuat toan KNN va WKNN voi cac gia tri K thay doi nham
chon ra gia tri K t6i wu. Két qua cho thiy WKNN c6 két qua tot hon KNN. Két qua sai
sO tai K=3 1a thdp nhét véi sai s6 trung binh ¢ truong hop 1 1a KNN = 1.22 m, WKNN
= 1.17 m va truong hop 2 1a KNN = 1.32 m, WKNN = 1.26 m. Nhom tac gia két luan
rang k¥ thuat WiFi Fingerprinting mic du cho két qua dinh vi twong dbi tét, tuy nhién
hiéu ning cua k¥ thuat bi anh huong bai sy thay d6i moi truong khién gia tri RSS dao
dong va do chinh xac dinh vi giam.

Trong nghién ctru [3], Moghtadaiee va cac cong sy da thuc nghi€ém dinh vi trén b dir
lidu v6i s lwong AP khac nhau va két qua cho thiy chi can nam gia tri RSS thu duoc
tir nim AP di du cho viée dinh vi. Két qua nay cho thiy khong phai tat ca cac RSS thu
duge tir cac AP déu can thiét cho viée dinh vi. Vi vay, nhiéu nhém nghién cuu [4-5] da
dé xuét cac giai phap chon AP dua trén gia tri cia RSS, nham tang chat luong dinh vi.
Tuy nhién, tac dong ctia hiéu Gmg da duong va suy giam tin hiéu c6 thé 1am cho gia tri
RSS cua ciing mot AP ¢ cting mot vi tri tai cac thoi diém khac nhau khong giéng nhau.



Ngo va cac cong su [6] st dung bd dit li¢u UJlIndoorLoc, von 1a mot tap dir licu 16n,
dé tién hanh xtr 1y dir liéu nham giam thoi gian tinh toan va ting chat luong. Cac tac
gia chi ra rang bai toan phan 16p gia tri giita cac diém cang chénh léch 16n thi cang dé
phan 16p, chang han nhu toa nha dugce phan 16p tot hon néu cac dic trung co nhiéu
thong tin cua toa nha, tr do tién hanh viéc loai bo cac dic trung c6 su khac biét thép,
tring nhau. Qué trinh tién xur 1y dit liéu dugc 4p dung cho pha kiém thir ciia moé hinh
phan 16p. Pong thoi, nhom tac gia dé xuat mot phuong phap xay dung mé hinh hai giai
doan bang cach cho dir liéu RSS di qua phuong phap WKNN. Sau d6, cac du doan cua
WKNN duoc chuyén ddi thanh céc vec-to gdp vao bo dir li¢u ban dau ro6i m&i huin
luyén mé hinh CNN. Két qua cho thay rang mé hinh trén dat ty 18 phan 16p vuot troi so
véi két qua cua cac mo hinh dung cac thuat toan doc lap khac trén cung bd dir li¢u
UlJlIndoorLoc.

2. Ly do chon dé tai

Trong bdi canh nhu cau st dung cong nghé dé cai thién trai nghiém di chuyén
ngady cang cao, viéc phat trién cac img dung chi dudng tré nén can thiét. Dé tai "Xay
dung trng dung chi duong st dung tin hi¢u Wi-Fi" dugc hinh thanh v41 myc ti€u cung
cAp mot giai phap hién dai va tién ich cho ngudi dung trong viéc tim duong va xac dinh
vi tri chinh xac.

Ung dung nay st dung tin hi¢u Wi-Fi dé xac dinh vi trf cua nguoi dung va tinh toan 10
trinh di chuyén, thay vi phu thudc vao cac phuong phap truyén théng nhu GPS. Bing
cach tan dung mang WiFi san c6, hé théng s& giup ngudi dung d& dang tim kiém dia
diém, vé& duong di, va nhan chi dan mot cach nhanh chong va chinh xéc.

Ngoai tinh ning chi dudng, ing dung con hd trg ngudi ding theo ddi cac diém quan
tam, nhu khu vuc tir hoc, cira ra vao hay phong tap chi gan d6. Hé théng duoc thiét ké
linh hoat, dé str dung va c6 kha ning mo rong trong tuong lai.
3. Muc tidu dé tai

Cung cép mot giao dién tryc quan va tién 191 cho ngudi dung, giup ho co thé
nam bat dugc cau tric, thong tin dia diém va duong di trong thu vién. Ung dung di
dong nay s€ ho trg cho viéc tim kiém duong di va thong tin dia diém tai tang 1 cua toa
nha thu vién Truong Pai hoc Da Lat.

4. Phwong phap nghién ctru

Nghién ctru tham khao: Tién hanh nghién ciru tham khao vé cac tng dung web
tuong tu da duoc phat trién trong linh vuc quan 1y di san vin hoéa hodc cac linh vuc



tuong dong. Viéc nay gitp hiéu rod cac ti€u chuan, cic tinh nang pho bién va tiém nang
cua ing dung trong linh vuc nay.

Phan tich yéu cau: Sau khi c6 kién thirc co ban tr nghién ctru tham khao, tién
hanh phéan tich yéu cau cho ting dung chi duong. Di€u nay bao gom tim hiéu va ghi
nhén cac yéu cau cu thé tir nguoi st dung va cac bén lién quan nhu.

Thiét ké giao dién nguoi dung: Tiép theo, tién hanh thiét ké giao dién nguoi dung cho
ung dung web. Qua trinh nay s€ tao ra mot giao dién tryc quan, dé su dung va tuong
thich trén nhiéu thiét bi khac nhau. Thiét ké giao dién s& dua trén yéu cau va phan hoi
tir nguoi st dung dé dam bao sy hai 10ng va twong tac thuan tién.

Xay dung co s¢ dit liéu: Xac dinh va xay dung co so dit lidu dé luu trir thong tin vé cac
dia diém dic biét. Cac thong tin nay bao gém tén dia diém, thong tin dia diém, toa do
dia ly va cac tai liéu lién quan. Co sé dit li¢u s€ dugc thiét ké dé hd trg cac chuc nang
quan ly va tra ctru hi€éu qua cua tng dung.

Phat trién tmg dung di dong: Tiép theo, thuc hién qua trinh phat trién ing dung web
theo thiét ké da dugc xac dinh. Qua trinh nay bao gdm viéc xay dung giao dién nguoi
dung, két nbi va tuong tac voi co sé dir lidu, xir Iy dir liéu va trién khai cac tinh ning
hién thi dia diém, v& duong di va phat ra am thanh din duong.

Kiém thir va danh gia: Cubi cung, s& tién hanh kiém thir va danh gia Gng dung di dong.
Viéc nay bao gdm kiém tra tinh ning, do tin cy, hiéu suat cua ung dung. Chung ta s&
st dung cac phuong phéap kiém thir phut hop dé dam bao Gmg dung hoat dong mét cach
6n dinh va dap tng yéu cau cia ngudi str dung.

ba1 véi viee xay dung mot ing dung chi duong, chiing ta c6 rat nhi€u sy lya chon vé
ngon ngir 1ap trinh, server — may chu API, Database, ... Doi v61 nhitng van dé nay, em
da thong nhat chon nhitng phan mém va cong cu st dung nhu sau:

Hé QTCSDL: MongoDB
Server: FastAPI

Giao dién: Dart
Framework: Flutter

Céac cong cu hd trg: Git



5. P6i twong nghién ciru
- Nghién ctru vé dinh vi trong nha (Indoor Position System-IPS)
- Nghién ctru va xay dung bg dir liéu cho dinh vi trong nha

- Nghién ctru va xay dung tng dung chi duong.



CHUONG 1: COSO LY THUYET
1.1 Hé thong dinh vi trong nha

1.1.1 Khai niém

Trong nghién ctru [2], Duong-Bao va céc cong su dinh vi trong nha 1a qua trinh
xéac dinh vi tri cta thiét bi hodc nguoi ding trong méi trudng trong nha nhu trong cin
ho, truong hoc, trung tdm thuong mai, bénh vién,... Hé théng dinh vi toan cau GPS
(Global Positioning System) va hé thong dinh vi trong nha IPS (Indoor Positioning
System) 1a hai ngudn cung cap thong tin vi tri dé xay dung nén cac dich vu dua trén vi
tri.

Hé¢ théng GPS hién nay c6 thé dinh vi cac ddi tuong trén bé mit Trai Dat, nhung
khong thé dinh vi mot cach chinh xac cac ddi twong & mdi truong trong nha. Thém vao
do, viéc xéac dinh vi tri trén bé mat Trai Dat véi khoang cach 16n sé dan t4i do chinh
Xac thép, c6 thé sai 1éch tir vai chuc mét 1én dén vai chuc kilomét so véi vi tri thuc, ma
ddi v&i moi truong trong nha, di¢n tich nhé hon rat nhiéu thi viéc xac dinh vi tri béng
hé théng GPS 1a khong thé chip nhan voi do sai 1éch 16n nhu vay.

Thém vao d6, moi truong trong nha phtic tap hon moi trudng ngodi troi rat
nhiéu, véi nhiéu yéu t6 lién quan tic dong tryc tiép hodc gian tiép dén két qua dinh vi.
Chéng han, moéi truong trong nha c6 dién tich nho, nhiéu vat can, nhiéu db vat, dbi
tugng cung xuat hién trong mot khong gian nho, v.v.

Cac hé théng dinh vi trong nha hay IPS da duoc nghién ciru trong vai thap ky
gan ddy. Cac nghién ctru tip trung chu yéu trong cong nghiép lién quan dén mang ludi
cam bién va cong ngh¢ r6-bét. Su phat trién manh mé& cta cac thiét bi dién thoai di
dong thong minh va céac thiét bi giao tiép khong diy da tao ra tién dé dé xay dung IPS

va cac ung dung lién quan dén vi tri ngudi dung.
1.1.2 Ung dung

Ung dung diéu huwéng (Navigation)



Diéu huéng 1a chic ning co ban va quan trong nhéit cia mot hé théng IPS. Piéu
huéng tic 14 dua ra cac chi dan dé nguoi dung c6 thé dén noi ho mong mudn. Khéc véi
GPS, tap trung vao diéu hudng cho cic phuong tién giao thong nhu xe mé 6, 6 t0, may
bay, v.v. thi IPS tip trung diéu hudéng cho nguoi di bo trong pham vi tdoa nha, khu trién
1am, v.v. Vi du, khi t6 chtrc cac su kién tai khu vuc “Hoi truong thu vién”néu chua lam
quen dugc voi cau tric thu vién ngudi , IPS ¢6 chirc ning diéu hudng s& dua ra chi dan
duong di tir vi tri hién tai ctia ngudi d6 dén khan phong mot cach tién loi va nhanh

chong thong qua ing dung trén dién thoai thong minh cua nguoi do.

Mot chic nang khac ¢6 thé duoc tich hop vao tng dung diéu hudng 1a cap nhat
thong tin vé thay ddi cAu tric cta toa nha. Chéng han, mot 16i di dang stra chira sé dugc
thong bao thong qua tng dung dién thoai dé tranh moi ngudi di vao trong, dong thoi

huéng din moi nguoi di chuyén bang 16i di khac.

Ngoai ra, dya trén thong tin vi tri ma IPS cung cap, c6 thé tao ra ung dung chi
dan cho nguoi lao dong dén dung vi tri khu vuc duoc phan cong. Diéu nay ap dung vao
nhitng khu vyc 16n nhu cong truong, khu vui choi, trung tdim thuong mai, v.v. noi

nguoi lao dong dugc phan cong vi tri lam viéc theo ca cua ho.
Ung dung theo déi (Tracking)

Ngoai viéc diéu hudng nguoi dung, IPS can phai theo ddi lién tuc vi tri cia
ngudi ding trong qua trinh di chuyén dé co thé diéu chinh 16i di. Viéc theo ddi ngudi
dung nham cung cip thong tin vi tri nhu ngudi d6 dang dimg & phong nao, gan nhing

khu vuc nao, v.v.

Cac LBS sé khai thac nhimng thong tin theo ddi vi tri nguoi ding dé cung cap
dich vu gan d6. Cac nha hang c6 thé quang cao thong tin vé thuc don, gia ca cho ngudi
dung khi ho dtng gan d6 hay cira hang thoi trang c6 thé théng bao dén nguoi dung vé

chuong trinh khuyén mai, v.v.

Mot s6 IPS dugc sir dung trong viéc quan 1y va giam sat nhiing tai san quy gia.

Vi dy, céc thiét bi, mady moc trong bénh vién rat dat tién, nhi€u trong s6 chung cé kich



thude nho va dé dang bi 14y cip. Cac hé thong IPS c6 nhiém vy theo ddi, giam sat vi tri
va c6 thé bao dong néu nhu cac thiét bi ndy nam ngoai vung theo ddi ctia hé théng.
Hon nira, viéc st dung IPS dé theo ddi vi tri cac tai san co thé hd tro trong viéc quan ly
mot cach sb hoa nhitng tai san nay. Chang han, ngudi dung c6 thé kiém tra sé lugng
ctia moi loai tai san thong qua tmg dung trén dién thoai di dong dya trén thong tin vé vi
tri cua tai san do.

Ung dung bdo vé (Security)

Viéc theo ddi vi tri ¢6 thé ngan chin nhitng su xam nhap trai phép vao cac khu
vuc cAm. Cac khu quén su, phong thi nghiém 14 nhimg noi nguy hiém va c6 nhiéu khu
vuc han ché xam nhap. Cac IPS dé dang xac dinh dugc vi tri clia dbi tuong va canh bao
néu doi tugng xam nhap vao cac khu vuc cim. Thong thuong, cac IPS dua trén thi giac
may tinh s& phu hgp véi viéc nay hoac céd thé trang bi cho doi tuong cac thiét bi theo

ddi vi tri, mac du c6 thé khong hiéu qua néu dbi twong thao bo thiét bi.
Ung dung giam sdt an toan (Monitoring for Safety)

Ngoai kha nang xac dinh vi tri, cac IPS con c6 thé theo doi mdt s6 chuyén dong
cua co theé nguoi thong qua cac cam bién gia tdc, cdm bién goc, v.v. tich hop trén thiét

bi di dong thong minh nhu dién thoai, ddng hd, may tinh bang, v.v.

Nhitng nguoi lao dong lam viéc trong moi truong nguy hiém, cé rii ro tai nan
cao can c6 nhimng cong cu bao vé nghiém ngit. Mot sd IPS c6 kha ning phat hién céac
tinh hudng truot chan va ngd ciia ngudi lao dong. Vi du, cac cong nhan xay dung phai
lam viéc trong moi trudong rat nguy hiém va thuong & d6 cao rat 16n. Viéc phat hién

tinh hudng trugt chan va ngi clia nguoi lao dong kip thoi sé giam di ton that vé ngudi.

Ngoai ra, ngudi cao tudi va nhitng nguoi khong co kha ning ty chim séc ban
than 1a nhirng dbi tuong can dugc theo ddi. Phat hién kip thoi cac tinh huéng tai nan sé

gitip nhitng ngudi nay dugc trg gitip y té mot cach nhanh chong.

Ung dung civu hé khén cdp (Emergency)



Céc sy ¢d tai nan 13 diéu khong mong mudn va ciing khong thé tranh khoi. Viéc
giai ctru nan nhan va giam thiéu thiét hai 13 huéng giai quyét can thiét khi xay ra tai
nan. IPS c6 thé hd trg trong viéc xac dinh vi tri cia nan nhan dé gilp cac nhan vién ctru
ho nhanh chéng gidi ciru. Vi dy, mgt toa nha cao téng xdy ra hda hoan, nhiéu nguoi s€

bi méc ket mot s6 vi tri kho doan, IPS sé giai quyét van dé xac dinh vi tri nan nhan.
1.2. Cac phuwong phap dinh vi trong nha

1.2.1 Phwong phap hoc may

Hoc may (Machine Learning) 1a mot nhanh cua tri tu¢ nhan tao (AI), cho phép
hé théng hoc hoi tir dit liéu va cai thién hiéu suat ma khong can phai 1ap trinh chi tiét
cho tung tac vu cu thé. Hoc may co thé chia thanh ba loai chinh: hoc c6 giam sat, hoc
khong gidm sat va hoc ban gidm sat. Trong hoc c6 giam sat, mo hinh hoc tur dir li¢u da
duoc gan nhan dé du doan két qua cho dir liéu méi. Hoc khong giam sat khong yéu cau
dir liéu c6 nhin va giup phan nhom hodc tim ra cac mau trong dit liéu. Hoc ban giam
sat 1a su két hop cuia hai phuong phap trén, sir dung mot lugng nho dir liéu c6 nhin va
nhiéu dir liéu khong nhan dé huan luyén mé hinh. Hoc may duoc tng dung rong rai
trong céac linh vuc nhu nhén dang hinh anh, phan tich ngdn nglr tu nhién, du doan tai

chinh va nhiéu tmg dung khac.

Theo Hang va cac cong sy [3] thuat toan k lang giéng gan nhat 1a mot thuat toan
hoc méy va phan 16p c6 giam sat co ban nhét. Thuat toan nay sir dung két qua do murc
d6 twong dong dé du doan gia tri cua cac diém dir liéu méi. Pidu nay co nghia 13, diém
dir liéu méi s€ dugc phan loai vao mdt 16p doi tuong dua trén muc dJ tuong déng cua
n6 voi cac diém trong tap huan luyén. Mirc do twong dong giita dir liéu mai va dir liéu
huén luyén cé thé dugc tinh toan bang cach khoang cach Euclide, Manhattan hoic
Hamming. Trong d6, khoang cach d6 1a Euclide duoc st dung phd bién nhat. Hinh 1
biéu dién khoang cach giita hai diém trong khong gian 2 chiéu va cong thirc tinh

khoang cach Euclid dugc biéu dién theo cong thire (1).
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P, (x.y,)

Hinh 1. Khodng cdch giita hai diém trong khéng gian 2 chiéu. [3]

Theo Xuesheng Peng va cic cong sy [10] weighted k-Nearest Neighbor
(WKNN) 12 mot phién ban cai tién cua thudt. toan k-Nearest Neighbor (KNN) — mot
thuat toan hoc cé giam sat trong may hoc, cé thé dugc sir dung cho ca bai toan phan
loai va hdi quy. KNN gia dinh rang dit liéu trong cing mot cum (cluster) 1a giéng nhau

va c6 cung dac diém.

Figure I: k-Nearest Meighbor

Hinh 2. k-Nearest Neightbor [3]

Trong nghién ctru [6] cua Haizhao Lu va cong su, khac vdi thuat toan KNN
truyén théng — von gan trong sd nhu nhau cho tat ca cac diém 1an can gan nhat — thuat
toan WKNN nang cao kha ning dong gop cuc bd gitta cac diém 14n can bang cach gan
trong s6 khac nhau cho cac mau dua trén khoang céch, tir d6 co thé cai thién d6 chinh

xac.
1.2.2 Phwong phap hoc sau

Hoc sau (Deep Learning) 1a mot nhanh con cia hoc may va tri tu¢ nhan tao, su
dung mang no-ron nhan tao nhiéu l6p dé mé phong cach thirc hoc hoi ciia ndo bg con

nguodi. Mang no-ron trong hoc sadu c6 nhiéu 16p an, giip md hinh hoc dugc cac dac
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trung phuc tap va triru twong tir dir liéu ma khong cin sy can thiép cua con nguoi trong
qua trinh trich xuat dic trung. Hoc sdu yéu cau mot luong dir liéu 16n va tai nguyén

tinh toan manh mé&, dic biét 1a GPU dé xur 1y cac phép toan phirc tap.

Céac phuong phap truyén thong nhu xéac suét, ring ngau nhién (random forest),
may vector hd trg (support vector machine - SVM) , va k-1an can gan nhat (KNN) gip

phai van dé do phirc tap tinh toan cao.

Trong khi d6, cac phuong phap hoc sau dya trén mang no-ron tich chap (CNN)

c6 thé cai thién do chinh xac dinh vi va don gian hoa qua trinh tinh toan.

Céc phuong phap loc va ndi suy (interpolation) giup xtr ly dao dong tin hi€u va
lam phong phu tap dit liéu.Trong nghién ctru [7], dé xuat mot hé théng dinh vi trong

nha dya trén dau van tay WiFi sir dung mang no-ron tich chap (CNN).

M5 hinh dugc dé xuit co6 mot hé théng khung hoan chinh nhu minh hoa trong
Hinh 1, bao g6m giai doan huin luyén dit li¢u ngoai tuyén va giai doan dinh vi tryc

tuyén trong qua trinh dinh vi.

B e e s o Y B e b -: H udsin fuyén
Thu thip diF 1iéy tal ; bang hac may
cac digm tham chiéu Xur ly H i
1 I —— e di lléu ;E"', i Py =
[ $85 Thpgldtrl __ cspu chira j
i 4 '. EEE R33 - cii gid tr [ cs0L H
. R pet FingerPrinting | |
i ] 7 Thiétb i
L thu thilp diF fiéu :
: M5 hinh hudin luyén
Pha Huan luyén
= —
2 ok Pha Kiem tra
Cac AP Thu.thiﬁw I|éu_hi
diém can dy bao
F— == Tép gid tri RSS S
i -— §7 | eothiri gian e 10 W L
thire o
-~ T
| Thigt bj théng minh Wi tri dyr bao

trén thidt bi théng minh

Hinh 3. M6 hinh dinh vi trong nha co ban dya trén hoc may.[2]
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Trong giai doan ngoai tuyén, m6 hinh st dung tap dir liéu ma nguon md

UlJIIndoorLoc, bao gdm tap huan luyén va tap kiém tra.

Mot phan tu mau dau van tay tir tap hudn luyén dugc chon ngiu nhién lam tap
kiém tht.

Sau khi loai bd cac mau khong phat hién dugc cuong do tin hi¢u RSSI, dir licu

s& dugc chuan hoa dé thu duge tap huan luyén va tap kiém thr.

Hién tai, mo hinh thwe hién dinh vi vi tri cia mdi yéu cau bang cach so khép dir
liéu ddu van tay nhan duogc va tra vé két qua dinh vi cho nguo1 yéu cau.
1.3 Cac thwr vién hd tro xdy dung ing dung dinh vi va chi dudng trong nha

1.3.1 Dart

Dart, 1a mdt ngoén ngir 1ap trinh manh mé va hi€u qua. dugc phat trién boi

Google dugc thiét ké vo1 muc tiéu don gidn, tién ich va dé st dung, nhung van dam

bao hiéu suat cao va kha nang mo rong.

Uu diém Nhuoe diém

e Hé sinh thai: C6 thu vién cbt 151 it phd bién: So véi JavaScript, Python thi
va hé sinh thai gdm nhiéu package | Dart chua pho bién rong réi.

e Hiéu suit: Cung cip t6i wu hoa Backend: C¢6 cac framework tuy nhién
viéc bién dich gitp dy doan hiéu | chua duoc tdi wu bang voi NodelS, Java
suét cao, khoi dong nhanh trén cic | hay Python trong viéc xay dung REST
thiét bi. API, WebSocker.

e C phap: D& gan, co thé tiép can
nhanh chéng nh¢ vao cu phép va
dinh hudng ddi tugng.

e Nén tang: C6 thé ap dung trén

nhiéu nén tang nhu thiét b di




13

dong Android va ca 10S, website
chuyén ma tir Dart sang

JavaScript.

Cu phap Dart 10 rang va stc tich, cong cu don gian nhung manh m&. Dart hd trg viéc
viét Reactive thong qua viéc cung cap Reactive Dart, @& quan 1y cac phuong thuc,
chang han nhu cac Widget UI, bang viéc phan b6 phuong thirc nhanh va GC. Dart con
hd trg cho viée xay dung bang phuong thirc khong dong bo va ddi tugng Futter, Stream

thong qua API.

1.3.2 Flutter

Flutter 1a mot b cong cu phat trién ung dung da nén tang, dugc gidi thi€u boi
Google, str dung ngdn ngir Dart dé 1ap trinh. Cac ung dung duoc xay dung véi Flutter

c6 thé chay trén cac nén tang phd bién nhu Android, i0S, Raspberry Pi,...

Uu diém Nhuoe diém

e Hot reload — Céc thay d6i dugc Gidi han chi danh cho thiét bi di dong —
stra d6i trén ung dung duoc hién Flutter hién tai van chi hd trg chu yéu
thi ngay lap tirc gitp cho cho cac | cho thiét bi di dong, viéc xay dung tng
nha phat trién chinh sira giao dién | dung trén web van chua duoc t6i wu.
tién loi va nhanh chong. Tuy Rét it thu vién — Flutter khong c6 thu
nhién, nhitng stra ddi can thoi gian | vién. Mot s6 thu vién hitu ich van chua
dé duoc hién thi. duoc tich hop vao, chi c¢6 nhitng thu vién
e Phat trién da nén tang — Flutter hd | phd bién 1a dugc Google quyét dinh thém
trg cho viéc phat trién ing dung vao.
da nén tang. Trong trudng hop
nay, ing dung co thé dugc lap

trinh sau d6 mot du an co thé trién
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khai trén nhiéu nén tang khac.
e Widgets — HO trg cho viée xay
dung Ul nhanh chéng, tién loi va

it ton thoi gian

Flutter gitp viéc phat trién Gmg dung cho da nén tang ma chi can viét mot ma
nguon duy nhat, tiét kiém thoi gian va cong stc. Thi hai, Flutter dé dang tich hop véi
cac dich vu bén ngoai, ch'fmg han nhu xac dinh vi tri qua Wi-Fi va tinh toan duong di.

Flutter ciling c6 hi¢u suét tot nhor vao kha nang bién dich tryc tiép thanh ma may,
gitp ung dung hoat dong muot ma. Giao dién cua Flutter rat linh hoat va dep, giap
nguoi dung dé dang sir dung. Hon nita, v6i cong dong 16n va nhiéu tai lidu hd trg, viée
phat trién tmg dung tré nén dé dang hon.

Cubi cung, Flutter cho phép tich hop cac dich vu ban d6 nhu Google Maps, gitp
hién thi dudng di va cac diém quan tim trong (mg dung. V&i tit ca nhitng vu diém nay,

Flutter 1a mot Iya chon tuyét voi cho ing dung chi dudng st dung tin hi¢u Wi-Fi.

1.3.3. FastAPI

Theo Tiangolo.(n.d.). FastAPI-tiangolo.FastAPI. FastAPI 1a mgt web framework
hién dai, hiéu suat cao gitp thiét ké web APIs véi tiéu chuan Python type hints thong

qua ngon ngtr 1ap trinh Python.
Mot s6 tinh nang chinh cta FastAPI bao gdm:

e Nhanh chong: Hi¢u suét cao so voi NodelS va Go 1a mot framework Python

nhanh nhat.
e Toc do phat trién: Code tinh nang nhanh chéng.
e HO tro t6t hon: Cac trinh soan thao hd tro tét hon. Han ché thoi gian g& 15i.

e Ti¢n l01: Giam bot thot gian doc tai li¢u, co thé hoc cach sir dung nhanh chong.
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e Tinh ning: Tinh ning duoc tich hop khi thiét 1ap tham sd, han ché 13i va tring

1ap code.

e Tang tde: Co duge san phém cung vai tai licu (dugc tu dong tao) co thé tuong

tac.

Céc tham s sau khi duoc khai bao 1a tham sb cua ham st dung theo kiéu dix
liéu cua Python, khong phai st dung cu phap mai, phuong thirc hay class ciia mt thu

vién nao ma chi sir dung theo dit li¢u cua chuan Python.

Pugc danh 1a mot trong nhitng Python framework nhanh nhat, chi dung sau
Starletter va Uvicorn (dugc st dung trong FastAPI), Independent TechEmpower

benchmarks chi ra rang khi sir dung FastAPI chay dudi Uvicorn 1a hiéu qua nht.

1.3.4. Google Colab

Google Colab 1a ung dung cho phép ngudi ding cé thé viét va chia sé ma
Python d& dang ma khong can cai dit hay thiét 1ap cdu hinh dém phirc tap trén may
tinh. Hiéu don gian, thi 12 moi thir trén Colab déu co6 thé chay va trién khai trén trinh
duyét web, dir liéu cling s¢ dugc cap nhat tu dong va luu trit trén nén tang ddm may,

dam bao su thuan tién va linh hoat.

Vé co ban, thi giao dién cta Colab ciing kha giéng véi Jupyter Notebook, cho
phép ngudi dung co thé thuc thi cac cau 1énh Python mét cach tryc quan va dé dang
theo sat két qua. Ngoai ra, Colab con dugc tich hop thém kha ning tinh toan “manh
mé&” trén tién ich ddm may cia Google, cung véi do 1a kho dir li¢u va céc thu vién hoc
may c6 san, gitp tao ra mot moi trudng lap trinh linh hoat va hd trg tt nhat cho trai

nghiém nguoi dung.
Mot sb tinh ning chinh ciia Google Colab bao gom:
e Tao so tay ghi chép true tuyén

Google Colab cho phép ngudi dung co thé tao va chay cac so6 tay ghi chép truc

tuyén ma khong can phai cai dat phan mém. Cung véi do 1a cac dich vu st dung tai
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nguyén tinh todn mién phi trén nén tdng ddm may, ho trg nguoi dung lam viéc hiéu qua

moi luc, moi noi, va trén bat ky thiét bi nao c6 két ndi Internet.
e GPU va TPU ting toc xir ly

Hb tro GPU va TPU ting toc “mién phi” ciing 1a mot diém cong ciia Colab.
Theo d6, v6i phién ban mién phi, Colab cho phép ngudi dung c6 thé truy cap “free”
vao thoi gian chay GPU va TPU trong toi da 12h dé tang toc xir Iy dir liéu va téi wu

thoi gian tot nhat.
e Két ndi voi Google Drive

Véi Colab, ngudi ding ciing c6 thé dé dang luu trit cac tép tai liéu trong qua
trinh 13p trinh 1én Drive, va nguoc lai, cling rat thuan tién khi tai tép tu Drive 1én
Colaboratory. Piéu nay gitp viéc luu trit va quan 1y cac tép, du an lap trinh lién quan

tro nén dé dang va linh hoat hon bao gio hét.

Colab cung cap cac thu vién tai nguyén dugc cai dit san, chang han nhu NumPy,
Matplotlib, Pandas, PyTorch, Keras, TensorFlow, dé hd tro nguoi dung hi¢u qua trong
viéc viét ma va thr nghiém. Khong nhiing vay, tng dung con cho phép ngudi ding cai
dat cac thu vién khong phai Colab nhu MySQL, GCP, SQL, AWS S3, nham tao ra mot

moi treong thuan lgi va to1 vu nhat cho viée 1ap trinh va nghién ctu.

Ngoai thu vién tai nguyén hoc mdy co6 sin, Colab con cung cAp mién phi cho
ngudi ding tinh ning truy cip dén GPU va TPU, gitp cho viéc ting toc xur 1y dit liéu
va huén luyén moé hinh trd nén hiéu qua va toi wu thoi gian hon so véi viée str dung
CPU thong thudng. Theo d6, day c6 thé xem nhu giai phap hoan hao cho cac tac vu

tinh phtrc tap vé mit s6 hoc trong linh vuc hoc méy va deep learning.

1.3.5. MongoDB Atlas

MongoDB (Mongo Database) 13 mot co s¢ dit liéu opensouce (ma nguén ma)

thuoc NoSQL hd tro cho nhiéu framework 1ap trinh va gitp cho viéc 1ap trinh theo



17

huéng ddi twong. Nhitng bang dir liéu trong Mongo Database (cac Collection) thiét ké

vo1 muc dich 1a dir liéu dugc sao luu ma khong phén phai theo dinh dang cAu tric nao.
Mot sb tinh ning chinh ciia MongoDB Atlas bao gom:

HOb tro luu trir cac tép dir liéu
Mongo Database sit dung h¢ théng tép thong qua vi¢c luu trir t€p dir licu hd tro

viéc sao chép dir li¢u.
Tai sao Ira chon st dung cong nghé nay:

e Thong qua viéc su dung dir licu dudi dang JSON nén mdi Collection c6 thiét ké
kich thudc va duoc luu trit trong nhidu document riéng biét. Khi ngudi ding
mudn thém nhiéu dir liéu khac chi can insert viéc d6 giup cho qua trinh luu trix

linh hoat hon.

e V&1 myc dich NOSQL, dir liéu khong bi rang budc voi nhau, khong can khoa
chinh, khoa phu nén khi thém. stra, x6a dit li¢u s€ don gian hon so mdi viée

kiém tra moi quan hé gitta cac bang.
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CHUONG 2: PHAN TiCH VA THIET KE HE THONG

2.1 Phan tich chirc ning ing dung

Thong tin
STT Chirc nang Mo ta
1 Hién thi cac vi tri tai tﬁng 1 thu | Hién thi toan b cac dia diém.
vién trén ban d6 Ngudi dung c6 thé xem cac thong tin ngan

gon, hinh anh vé cac dia diém,

2 Tim kiém cac diém theo loai Loc cac loai cua dia diém lam noé1 bat cac
dia diém lién quan giap nguoi dung dé

dang tim thiy trén ban dd

3 Dinh vi vi tri hién tai cua nguoi Hién thi vi tri nguoi dung trén so do tﬁng 1

dung thu vién

4 | Chi din dudng di t6i cac diém | Hién thi chi duong nguoi dung dén vi tri

tai téng 1 thu vién duogc chon

5 | Thong tin dia diém Hién thi chi tiét, hinh anh thong tin dia

diém trong thu vién,

2.2. So do Use-case

Use case User

_’

User

Hinh 4. So do Use-case

Tac nhan: Nguoi dung
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M0 ta use case: Cho phép nguoi dung thuc hién dugce cac chirc nang.
Piéu kién truge: Khong co

Dong su kién chinh:

Nguoi dung c6 thé thuc hién cac chirc ning sau trén website:

e Xem so do hién thi danh sach cac dia diém t?mg 1 thu vién truong Pai hoc ba
Lat

e Xem thong tin cc dia diém

e Xem bai viét chi tiét vé cac dia diém

e Dinh vi vi tri hién tai cua ban than

e Duong di dén cac dia diém

e Tim kiém dia diém thong qua loai.

e Dan duong phat ra 4m thanh
Mo ta:
Hé théng ng dung chi dudng gom ba chitc ning chinh: Pinh vi vi tri, dn
duong giira nguoi dung va dia diém dugc danh dau trén ban d6, xem thong tin dia diém.

Dinh vi vi tri cung cép chtrc nang gitp nguoi dung co thé dinh vi dugc hién tai

minh dang & diém nao trén ban do.

Dan duong dén dia diém gitp cho ngudi dung co thé thay duoc duong di dén
dia diém minh mong muén, tng dung s& phat ra am thanh chi dan phuong huéng dong

thoi khoang cach dén diém do.

Xem thong tin dia diém khi ngudi dung chon vao dia diém do6, thong tin bao

gom tén dia diém, mo ta dia diém va hinh anh cua dia diém do.
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2.3. Kién triic ving dung

Ung dung chi duong bang tin hiéu wifi sir dung mé hinh Client-Server:

Front-end Back-end cLhT(ro
Model
((‘E}) Chuan héa dir liéu ] Trddir doan
Tra thong tin
() —y
4 ' N
Thu dir lidu Wifi « Lay dirligu c
({H}) Back-end
A Lay thong tin Truy van Database
dia diém
Database

Hinh 5. Kién triic hé thong

Web server c6 nhiém vu két ndi v6i database va noi chira cac phuong thic xir 1y
vo1 dir liéu nhu léy dir liéu, nhan dir liéu va tra dir liéu voi mo hinh nhan dién.

Pé giai quyét bai toan luu trir file hoan toan trén database, dy 4n da quyét dinh
sir dung két hop MongoDB Atlas v6i Fast APL. Trong d6, MongoDB Atlas 14 database
chinh, ¢6 nhiém vu luu trit cac thong tin cua doi tuong dé chuong trinh co thé st dung
va hién thi trén giao dién. Cac thong tin nay bao gom: tén file, thong tin dic diém cia
cac dia diém (RSSID, Name, Coordinare, ...). Web server chi dugc str dung dé luu trix
cac file ma ngudi ding upload 1én hé théng nhu file mo hinh, file giao thic, file

chuyén hoa geojson thanh package json.

Fast API cung cap mot tap hop cac phuong thic va giao thirc chuan dé Client va
Server giao tiép. Client str dung phuong thirc API dé guri yéu cau tdi Server, vi du nhu
yéu cau lay dir lidu, tao m&i tai nguyén. Server s& nhan cac yéu cau nay thong qua API,

xtr 1y chung va tra lai két qua cho Client.



21

API duoc xdy dung theo kién traic RESTful API (Representational State
Transfer) st dung giao thirc HTTP dé truyén tai dir liéu va cho phép tuong tic gitra
Client va Server thong qua cac phuong thirc chuan nhu GET, POST, PUT va DELETE.
Duéi day 1a mot s6 diém chi tiét vé RESTful API:

Pinh dang dir liéu: RESTful API stt dung cac dinh dang dit li¢u nhu JSON
(JavaScript Object Notation) hoic XML (eXtensible Markup Language) dé truyén tai
thong tin gitra Client va Server. JSON la dinh dang pho bién dé sir dung va day 1a dinh
dang dugc su dung trong API nay.

Trang thai HTTP (HTTP Status): RESTful API stir dung cac ma trang thai HTTP
dé chi dinh két qua cua mot yéu cau. Cac ma pho bién bao gém 200 (OK), 201
(Created), 400 (Bad Request), 404 (Not Found), 500 (Internal Server Error), v.v. Ma

trang thai gitip Client hiéu két qua ctia yéu cau va thuc hién cac hanh dong phu hop.

Cach goi API: RESTful API dugc goi bang cach st dung URL (Uniform
Resource Locator) dai dién cho tai nguyén va str dung cac phuong thirc HTTP. Vi du,
dé l1ay danh sach nguoi dung, Client ¢6 thé giri mot yéu cau GET t6i URL: /user, dé lay
danh sach di san, Client c6 thé giri mot yéu cau GET téi URL: /heritage va két qua tra
vé s& c6 dang JSON.
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CHUONG 3. PHUONG PHAP DE XUAT

3.1. H¢ thong dinh vi thong qua Wifi
H¢ théng dinh vi thong qua tin hi€éu WiFi 1a mot phén quan trong trong viéc tu
dong hoa qua trinh dinh vi nguot dung tai khu vuc thu vién téng 1. Dudi day la phén

bado cdo mo ta cu thé vé cach hoat dong cia hé thong:

Hé théng dugc thiét ké dé tu dong nhan dir liéu RSS thu dugc tu thiét bi trong
thuc té va tra két qua dau ra 1a vi tri du doan duoc dudi dang file Json dé Frontend hién

thi 1én trén ban d6. Qua trinh nay bao gom cac budc sau:

Hinh 6. Hé thong dinh vi théng qua WiFi
Buwdc 1: Dit liéu RSS dudi dang file Json sau khi dugc Backend gidi ma s€ duogc

hé théng Backend luu lai dudi dang mang.

Budre 2: Dit liéu RSS sau khi duge dua vé dang mang s€ dugc h¢ théng xem sd
luong phan tir trong mang c6 dap tng du sb luong dé 1am dir liéu ddu vao cho mé hinh
khong, sau d6 chuan hoa mang vé dudi dang chuan héa [0 1] nham dam bao dir liu

dau vao phu hop v6i mo hinh phan 16p.

Buwdc 3: M6 hinh phan 16p sau khi nhan dugc mang dir liéu dau vao s& dua vao
RSS, hé théng s& do khép véi cac vecto dic trung va tra vé cho backend ID RP dia

diém du doan duoc.

Buée 4: Sau khi mo hinh dy doan duoc dia diém, server s& tham chiéu ID RP
v6i co s dir lidu duge luu trong MongoDB Atlas va tra vé cho Frontend théng tin dia

diém vdi file Json bao gff)m cac thuoc tinh nhu ID RP, tén cua RP, vi tri toa do cua RP.
3.2. Mo ta tap dir liéu
Tai téng 1 cua thu vién truong Pai hoc Pa Lat $6 lugng AP co thé phat hién

duoc tai 1 vi tri c6 thé tir 3AP trd 1én. Dé dam bao chat luong cta qua trinh dinh vi,

hién tuong da ludng ting khi sé luong va mat do AP ting. Trong [7] tic gia Ngb Vin
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Binh trich lyc tir bai bao cua [9] Vadieh Moghtadaiee va cac cong sy da thir nghiém
trén bo dir liéu vé6i sb luong AP khac nhau va két qua cho thay chi can 5 RSS thu duoc

tir 5 AP da du cho viéc dinh vi.

Tir két qua nay, cho thay khong phai tat ca cac RSS thu duge tir cic AP déu can
thiét cho viéc dinh vi. Vi vay, trong [5-6] nhiéu nhém nghién ciru di dé xut cac giai
phap chon AP dua trén gia tri cua RSS, nham tang chét luong dinh vi. Tuy nhién, tac
dong ciia hiéu ung da luong va suy giam tin hiéu c6 thé 1am cho gia tri RSS cia clng

mot AP & cung mot vi tri tai cac thoi diém khéc nhau khong giéng nhau.

Dua trén cac nghién ctru trén chung t61 thuc hién viéc thu thap dir licu RSS &
cac thoi diém tai cac vi tri khac nhau trong thoi diém khac nhau bao gom khi dong
nguoi, khi ving nguoi. Cac gia tri RSSI dugc thu thap & 40 vi tri khac nhau tai cling
mot téng tai toa nha thu vién, khoang céch trung binh gitra hai vi tri tham chiéu 14an can
1a 7 mét. Dit liéu thuc hién 80 lan do theo 4 huéng 0°, 90°, 180° va 270°, twong Ung
20 mau tai mot huéng tai mdi vi tri vao cac thoi diém khac nhau trong ngay. Tong s6
AP xuét hién trong tap dir liéu thu thap dugc 1a 3 dén 40 AP. Nhu vay, tap dir li¢u bao
g6m 3200 vecto dai dién cho 3200 phép do sir dung cho ca qué trinh huan luyén ngoai
tuyén va thir nghiém truc tuyén. Khi thuc hién mé phong, tép dit liéu traininng cho giai
doan offline twong g véi 3200 mau va tép dir lidu testting cho giai doan online twong
ung voi 160 mau dugce danh cho giai doan tht nghiém. D@ liéu dugc thu trén 4 thiét bi

android khac nhau, mdi chu ky dé co thé cap nhat dugc dir liéu méi 1a 30 gidy.

Mdi mau gdm 13 thong tin, gia tri RSS nam trong khoang tir -15dB dén -96dB,
gia tr1 RSS=-100 duogc dat mac dinh véi cac AP khong phat hién dugc khi léy mau.
Pic trung con lai 13 cac nhan gom thoi gian 14y dit lidu, s6 luot 1ay dir liéu, thi ty WiFi
quét duoc, tong s6 lugng WiFi thu thap duoc, Wifi SSID, WiFi BSSID, WiFi RSSI
(dBm),kinh d6 (Longitude), vi d (Latitude), ma nguoi thu thap dir liu (ID), ma dién
thoai thu thap dir liéu (PhonelD),...

B6 dit liéu mau thu duoc tai toa nha thu vién tom gon nhu sau:
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Time 2025:01:24:07:46:22
WiFi Fingerpriting serial 1

WiFi AP serial number 1,... 20
Total number of AP scanned 34

WiFi SSID DLU-Teacher
WiFi BSSID 88:dc:H Hk Hx: of
WiFi RSSI (dBm) -57

GPS Longitude (°) 108.4452251
GPS Latitude (°) 11.957152
Phone Model SM-S908E
Student ID 2212343
Reference Point ID RPO1

Bang 1. Théng ké cot dir liéu mau
3.2. Tién xir Iy dir liéu
Dua theo [7], dit liéu can tién xur 1y dit liéu nhu sau:

Th nhat, s6 lugng cac AP nhan duoc tai mgt RP nho nhat 13 5, 16n nhét 1a 40
va trung binh 1a x4p xi 15, trong khi bai toan dinh vi trong nha chi can xdp xi 3 AP 1a
c6 thé xac dinh duoc vi tri va theo thong ké thi sé RP c6 AP nhé hon 6 (bao gom ca
cac RP khong c6 AP nao) 1a 0, do d6 du an nay quyét dinh loai bo cac RP ¢6 nho hon ,

diéu nay hau nhu khong anh huong dén chat luong dinh nhung lai ting toc do tinh toan.
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Thir hai, tai mot RP ¢6 thé nhan duoc gia tri RSS tir AP cta cac thiét bi khac,
cac AP nay khong c6 tdc dung cho dinh vi tham chi lam gidm chét luong, do do6 tép dir

liéu cling loai bd cac AP nay.

Trong [2] nhém tac gia Ngb Binh Van, st dung bo dit liéu UJlIndoorLoc 1a mot
tap dir liéu 16n nén tac gia tién hanh xu 1y dir liéu nham giam thoi gian tinh todn va
tang chat luong. Téac gia chi ra rang bai toan phan 16p gia tri gitta cac diém cang chénh
léch 16n thi cang dé phéan 16p, chang han nhu toa nha duoc phan 16p tot hon néu céac
dac trung co nhiéu thong tin ctia toa nha. Tién hanh viéc loai bé céac dic trung co su
khac biét thap, trung nhau. Tién xt 1y dir liéu duoc ap dung cho pha kiém thir ciia mo

hinh phan 16p.

Trudce khi dua vao huan luyén, dir liéu RSS dugc tién xir 1y bang cach loai bo
cic AP co sb 1an xuit hién thép trong cac 1an thu thap dir li€u, vi du nhu gia tri RSS thu
duoc tir cac thiét bi di dong dong vai trd nhu Hotspot tam thoi. Pong thoi, dir liéu RSS
duoc chuin hoa vé khoang [0, 1] bang phuong phap Min-Max Scaling nham 1am ting
két qua dinh vi nhu thé hién trong Bang 2 khi so sanh két qua dinh vi cua mot s6 thuat

toan khi thyc hién chuan hoa va khong chuan hoa dir licu.

Do chinh xic (%) | Random Forest | WKNN | KNN

Khéng chuan hoa 88.76 73.91 78.52

Chuan hoa 97.16 88.70 | 89.50
Bang 2. So sanh ket qua dinh vi trudc va sau chudn héa

Sau khi loai bo cac dic trung co6 d6 chénh léch thip bang phuong phap di ap

dung, tién hanh g0p cac mang lai dé tao thanh tap dir liéu dau vao c6 37 dic trung.

ID_RP X Y WiFi BSSID 1 WiFi BSSID 34

1 -16 0 -57 -50

1 -16 0 -78 -46
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40 29 52 -98 -58

40 29 52 -65 -73

Bang 3. Tép dit liéu dau vao ¢ 37 dic trung

Cong doan nay giup viéc hoc va du doan ciia mé hinh hiéu qua hon dang ké.
Nhom ciing da tién hanh thyc hién huan luyén va danh gia thuc nghiém diéu nay, két
qua thu dugc 1a do chinh xac cua viéc tién xur 1y dir 1iéu RSS co chuan hoa cao hon khi

chua chuan hoa.

3.3. Ban @6 dinh vi va chi s6 quy doi

Mat bﬁng thuc nghi¢m tao thanh mot ludi cach déu nhu hinh.
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Hinh 7. So do chi s6 quy doi
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Tat ca cac thir nghiém dugc nhom thyc hién trén thiét bj la Samsung Galaxy
Tab S6lite. Do tinh chat cta dién thoai c6 man hinh d6 phan giai khac nhau nhu

sau: ,nén nhom thiét ké anh ban do duva trén ban dd thuc té, muc dich la:

e D@ dang thay d6i ban d6 chi duong

e HOo tro hién thi nhi€u loai thiét bi c6 man hinh khac nhau néu mo rong.

Sau khi do dac va chia ti 18 ban d6 theo hé truc toa do cuc bd (X,Y), gia tri dung dé quy

dbi theo:
Vi tri thu thap Ma tran (X,Y) Vi tri thu thap Ma tran (X,Y)
(RP) (RP)
i (-16, 0), (0.0, 0.0), ] ]
01-03 (16, 0.0) 20-21 (-22, 34), (22, 34)
(-30, 10),(-8,10),(8,10), (-43, 35),(-36, 35),
04-07 (30, 0) 22-25 (36. 35), (43, 35)
08-09 (-30, 14), (30, 14) 26-27 (3.0,4.5); (7.0, 4.5)
10-11 (-15, 18), (0, 18) 28 (0, 41)
(-26, 22), (-13, 22), (-22, 45), (-13, 45),
12-15 (13, 22), (26, 22) 29-32 (13, 45), (22, 45)
(-30, 52), (-23, 52),
) ) i (-15, 52),(0, 52),
16-17 (-42, 24), (42, 27) 33-40 (9.52).(14, 52).
(22,52), (29, 52)
18-19 (-13, 33), (00, 33)

Badng 4. Thong ké diém thu thdp dit liéu theo ma trdn
Dua trén ti 1€ quy doi, sai léch gitra vi tri dg doan va vi tri thuc té s& dugc tinh béng
don vi mét (m). Cu thé, goi (X train), (Y train) 14 toa do vi tri thuc té, (X predict) va (Y

predict) 1a toa do vi tri dugc dinh vi bdi hé théng. Sai 1éch vi tri dinh vi dugc tinh bé‘mg
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m tir toa d6 vi tri [(X train), (Y train)] dén [(X predict), (Y predict)] theo [3] cong thic
tinh 131 tuyét ddi trung binh MAE (Mean Absolute Error) :

=25 _y| - B

3.4. Tién hanh huan luyén mé hinh

3.4.1. Thuit toan dinh vi tat dinh

Trong nghién ctru nay, chung t61 thuc hién viéc thr nghiém hai thuat toan tat
dinh (deterministic) duoc sir dung rong ri trong viéc dinh vi 1a KNN va WKNN. Y
tudng cua thuat toan KNN 1a chon ra K diém tham chiéu RP ¢6 khoang cach Euclidean
gilra vec-to RSS thu thap tai vi tri can tim va cac vec-to RSS trong bd dir li¢u ngoai
tuyén 12 nho nhat. Vi tri diém can tim 1a toa do trung binh tinh tir toa d6 cua K diém RP
duogc chon. Khac voi KNN, WKNN tinh thém trong s6 cho cac diém RP thong qua
khoang cach Euclidean. Y tuong 1a mot diém RP c¢6 khoang cach RSS giira n6 va diém
can tim cang nho thi ¢o trong sd cang 16n, tirc 1a RP d6 duge xem nhu ndm gan vi tri
can tim hon cac RP khac.

Gia tri K s& dugc chon tir phuong phép thir-sai nham xac dinh thuat toan va siéu
tham s6 K tdi uu nhat. Thyc nghiém cho thdy WKNN cho két qua sai s dinh vi thap
hon va 6n dinh hon KNN. Do d6, phuong phap WKNN dugc chon 1am nén tang cho hé
théng dinh vi, sau két hop v&i mo hinh hoc sau trong phﬁn tiép theo nhim cai thién do
chinh xac tong thé.

Pit K 1a s6 lugng lang giéng gan nhat (sé RP) can xét trong thuat toan WKNN,
A _train la ma tran dir li¢u RSS huan luyén co kich thudc (sé mau huin luyén, s6 dic
trung), A_test 12 ma tran dir liéu RSS kiém tra c6 kich thudc (s6 mau kiém tra, s6 dic
trung), y train 1a nhin tuwong Gng (ID cua AP) véi cac miu hudn luyén, va
num_classes 13 tong s6 10p can phan loai (ID cua RP). Pau ra (output) preds prob la
ma trin xac suit du doan c6 kich thude (sé mau kiém tra, sd 16p). Mbi hang 1a mdt
vec-to x4c suat phan bd trén tit ca cac 16p, biéu thi kha ning mdi mau kiém tra thudc
vé timg 16p tuong tng. Thuat toan KNN va WKNN dugc mé ta chi tiét nhu dudi day.

Thuit toan KNN: Tao ra cic vec-to theo xac sut

1: function GET KNN PREDICTIONS(K, A train, A test, y train, num_classes)
2: preds class «
3: foreach RSS test A testdo
4: distances «<— Euclidean distance between
RSS test and all samples in A _train
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5: nearest 1dx «— indices of K smallest distances

6: classes «— y train[nearest idx]

7: class_count «— zero vector of length num_classes
8: for each label in classes do

9: class count[label] «— class count[label] + 1
10: end for

11: predicted class «— argmax(class_count)

12: Append predicted class to preds_class

13:  end for

14: return preds_class
15: end function

Thuit toAn WKNN: Tao ra cic vec-to theo xdc suat

l:  function GET WKNN PROBABILITIES(K, A train, A test, y train,
num_classes)
2: ¢« 0.01 //small constant to avoid division by zero
3: preds_prob «
4: for each RSS test A testdo
5: distances «— Euclidean distance between
RSS test and all samples in A_train

6: nearest_idx «— indices of K smallest distances
7: weights «— 1/ (distances[nearest_idx] + c)
8: classes «— y train[nearest idx]
9: class_weight sum <« zero vector of length
num_classes
10: for each (label, w) in (classes, weights) do
11: class weight sum[label] «
class_weight sum[label] + w
12: end for
13: class prob « class weight sum /

sum(class_weight sum)
14: Append class_prob to preds_prob
15: end for
16: return preds_prob
17: end function

3.4.2. M6 hinh hgc siau

Sau khi chuan bi ddy du tép dir liéu dau vao, ta tién hanh qué trinh thuc hién céac
phuong phdp dinh vi trong nha st dung k¥ thuat Wifi Fingerpriting: KNN, WKNN,
Random Forest va mo6 hinh phéan 16p CNN.
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KNN K=3 K=5 K=7

WKNN K=3 K=5 K=7

n_estimators=100, | n_estimators=200, | n_estimators=500,
Random Forest
random_state =42 | random_state =42 | random_state =42

Bdng 5. Thong ké tham s6 ciia thudt todn dp dung
Dua theo [7] J. -W. Jang, and S. -N. Hong mo6 hinh phan 16p dugc xay dung méi
mang noron quen thudc bao gdm céac 16p ma hoa ty dong, 16p fully connected hidden

hay con goi 14 16p dense va cudi cung 14 16p phan 16p dugc thé hién qua hinh sau:

Irupit - 5200
Orutpart: 1 28

Input 128
Ot 5 Busldamg:3

Input:33
Feature: 64 Ot 3

Inpull SAE Laver) Output Layer

Hinh 8.So0 d6 mé hinh theo bai béo [6]

Trong bai bao nay, ching t6i d& xuit va so sanh cac mo hinh hoc sau khac nhau
dé so sanh hiéu nang dinh vi cda ting mo hinh, tir d6 chon ra mo hinh dat do chinh xac
dinh vi cao nhét khi thuc nghiém trén cung mot by dir liéu WiFi Fingerprinting. Mo
hinh co ban dugc xay dung két hop gitra két qua dinh vi tir thuat toan dinh vi tat dinh
phd bién va hiéu qua WKNN va mang than kinh tich chap mét chiéu CNN hodc mang
bd nhé dai ngan han LSTM (Long Short-Term Memory) nham muyc tiéu tinh toan vi tri
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ctia ngudi dung dya trén dir liéu RSS thu thap tir cac diém tham chiéu RP, thé hién tai

Hinh 1.

Input WKNN Output
Hinh 9.S0 @6 hé thong chung ciia mé hinh

CAu tric ciia md hinh bao gém cac 16p chinh nhu sau:

. Lop ConvID voi 64 b6 loc ¢6 nhi¢m vu trich xuét cac dic trung cuc bd
tlr chudi tin hi¢u RSSI dau vao.

. L6p Pooling1D ¢6 chtc ning giam chiéu dir liéu va giit lai nhing dic
trung quan trong nht.

. L6p Dense v6i 64 no-ron duoc sir dung dé két ndi va tong hop cac dic
trung da hoc dugc tur cac 16p trude.

. Pé tang cuong kha ning khai quat héa ctia mo hinh va han ché hién

tuong qué khop (overfitting), hai 16p Dropout dugc thém vao: mdt 16p véi ty 1€
dropout 1a 0.3 dugc chen sau khdi CNN/LSTM, hodc mét 16p khéc voi ty 1€ dropout 1a
0.5 dugc thém sau khéi CNN/LSTM.

. Lép dau ra ciia mo hinh 1a mét 16p Dense gom 2 no-ron, twong Umg voi

toa do (x, y), dai dién cho vi tri can tim cua d6i tuong trong khong gian hai chiéu.

Nhim tim ra mo6 hinh mé hinh hai giai doan c6 do chinh xac dinh vi cao nhat,
bai bao xdy dung cac mo hinh hoc sau va hoc sau két hop khac nhau, bao gom: md
hinh phan 16p CNN co ban va mo hinh hai giai doan WKNN-CNN, WKNN-LSTM,
WKNN-LSTM Regression thé hién trong hinh 10 dén 13.

Thong qua mod hinh phan 16p trén du 4n xay dung md hinh co ban cta bai toan
dinh vi trong nha bang fingerprinting dung song Wifi dya trén hoc may duoc thé hién

trong [1]
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CNN (filter:3,64)  Pooling1D

CNN (filter:3,64)  pogling1D
A De 64
Dropout(0.3) —

Dropout(0.3)

Dropout(0.3)

Hinh 10. So d6 md hinh xdy dyng

Input CNN Pooling1D CNN Pooling1D Dense (64) Output
(filter:3,64) (Dropout(0.3)  (filter:5,64)  (Dropout(0.3)

Hinh 11. So d6 mé hinh WKNN - CNN

Input LSTM (64) Dropout(0.3)  LSTM (32) Dropout(0.3)  Dense (64) Output

Hinh 12. So' d6 mé hinh WKNN - LSTM

Input LSTM (54) Dropout{0.3)  LSTM(32) Dropout{0.3)  Dense (64) Cutput

Hinh 13. So' d6 mé hinh WKNN - LSTM Regression

3.5. Két qua danh gia va so sinh cic md hinh

Trong phan nay, bai bao cung cap cac két qua thuc nghiém thé hién d6 chinh xac dinh

vi cua cac mod hinh hoc sau dugce dé xuat. Cac mo hinh cling ndy dugc so sanh vdi cac
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thuat toan dinh vi phd bién khac. Cuy thé, bai bao so sanh két qua dinh vi khi sir dung
hai thuat toan tat dinh pho bién 1a KNN va WKNN, K=3. Ngoai ra, thuit toan Random
Forest cling dugc cai dat do thuat toan nay da dugc ching minh la dat d6 chinh xac cao
trong mot nghién ciru trude day [9]. Két qua dinh vi ctia cic phuong phap thé hién
trong Hinh 10. Két qua cho thiy hai thuat toan tat dinh cho két qua dinh vi chinh xé4c
thép nhat. Tuy nhién, diém manh cua céac thuat toan tit dinh 1a don gian va dé cai
dit,co kha ning 4p dung dé dang trong cac ung dung thuc té. Két qua phan 16p cua
WEKNN-CNN 1 cao nhat v6i kha ning phan 16p chinh xac t6i 98.75%.

Tiép theo, dé danh gia hiéu qua cia mo hinh trong viéc du doan 16i khoang cach giira
vi tri thuc va vi tri udc tinh, bai bao st dung cong thirc tinh 16i tuyét doi trung binh
MAE (Mean Absolute Error). Két qua sai s6 dinh vi MAE ctia cic m6 hinh duoc thé
hién trong Hinh 11. M6 hinh hoc sau hai pha dugc dé xudt WKNN-CNN cho két qua
sai s6 thap nhét véi chi 2.8 m. Trong khi d6, KNN va WKNN cho két qua sai s6 cao
nhat v6i sai s6 déu tir 8 m tré 1én. Cac sai sb dinh vi tang dan tiép theo dugc sip xép
theo thtr ty tt WKNN-LSTM, WKNN-LSTM Regression, CNN, va Random Forest,

voi sai 86 1an luot 14 3.02 m, 4.02 m, 5 m, va 6.02 m.
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Hinh 14. Két qua mé hinh phén 16p

'WKNN-CNN Model Loss Over Epochs

WKNN-CNN Model Accuracy Over Epochs
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Hinh 15. Két qua mé hinh phan 16p WKNN - CNN
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LSTM Model Loss Over Epochs
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Hinh 16. Két qud mé hinh phdn 16p WKNN - LSTM
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Hinh 17. Két qua mé hinh phdn 16p WKNN — LSTM Regression

Cac két qua cua cac thuat toan doc 1ap duogc téng hop trong bang.

97,16 97.21

& &
&
&

B8 chinh xc %

Hinh 18. Biéu d6 thé hién dé chinh xdc ciia phwong phdp va mé hinh
Pé danh gia hiéu qua ctia md hinh trong viéc du doan 16i khoang cach gitra vi tri
thuc va vi tri udc lugng, du an s€ s dung cong thic tinh 16i tuyét doi trung binh MAE

(Mean Absolute Error)



36

Dua vao [1-8], du an thuc hién tién hanh giai doan Online phase, model CNN,
tuy nhién trong qua trinh thir nghiém thuc té, trén thiét bi Galaxy Tab S6 lite, model c6
su nham 1an véi khoang cach MSE la tur 0 dén 8m tai thoi diém dong nguoi tai khu vuc
tang 1 va c6 sy giao dong ctia nhiéu RSSI. Cac phuong phap dat duoc két qua phan 16p

tot cac diém RP véi MSE nhu sau:

10

MAE (m)

& «\@‘\ S & &
*s“\ Sl i
& & &

o
#@

Hinh 19.Théng ké dg sai khodng cdch trong thuc té
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CHUONG 4:XAY DUNG UNG DUNG

4.1. CAu tric thu muc

4.1.1. Frontend
v IPS_APP BEBELZI

~ android
2 .gradle
e Eapp
> src
& build.gradle
~ gradle' wrapper
B gradle-wrapper,jar
& gradle-wrapper.properties
€ .gitignore
& build.gradle

®» flutter_application_1_android.iml

v IPS.APP GRLS
7 ips
vib S
© local.properties

? controller & settings.gradle
> models v assets
Y services geojson
> ultils icon

N accountdart

>

>

> images

™ home.dart > model
i : & avt_st,

N information.dart _stjpg

) i canteen.jpg
Y Hagaton A B combined data sorted.csv
¥ maindart 2 info_desk.jpg
N POISelectionScreen.dart i = LibDLU.jpg
™ tutorial overlay.dart i magazine_room.jpg
™ welcome_screen dart ' main_entrance.jpg

Hinh 20. Cau tric thu muc FrontEnd
CAu trac chuong trinh ¢6 thu myc nhu sau:
.Android: Pay la thu muc tuy chon, dugc sir dung dé luu trit cau hinh lién quan
dén trinh bién dich va cong vu hd tro cho mdi truong phat trién Visual Studio Code.
Thu muyc nay cé thé chta cac tép tin cu hinh nhu build.gradle hodc céc package lién

quan dén Flutter.
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.assets: Thu muc “assets” chira cac tép tin tinh khong thay doi cua tmg dung nhu

hinh anh, tép tin khic duoc truy cap truc tiép tir tng dung.

Jib: Thu muc “lib” chira mi ngudn chinh ciia tmg dung Flutter. Pay 1a noi
chung ta s& lam viéc chu yéu dé xdy dung tng dung cia ching ta. Thu muc “lib”

thudng c6 cau tric tuong ty nhu sau:
Céc page chinh:

e controller: Thu muc “controller” chira cac tép tin dé xir Iy cac yéu cau quyén
cap quyén va kiém tra quyén

e models: Thu muc “models” chira cac tép tin lién quan dén danh muc, thong tin
chung ctia nguoi dung, xu 1y di liéu va logic lién quan dén ban do.

e ultils: Thu myc “ultils” chira cac tép tin lién quan dén cac ham tién ich quyén
truy cap, quét wifi, thong tin lién quan dén nguoi dung.

e services: Thu muc “services” chira cac tép tin lién quan dén cac dich vu ngoai vi

nhu API, xr Iy giao tiép v6i may chu, hodc xur 1y dir liéu tir cac ngudn bén ngoai.

4.2.2 Backend

“ BACKEND BELA
> _pycache_
v model
modelflite
model2 tflite

> node_modules

> veny

G env

B backend.zip

@ convertcsv_to_json value.py
example,json
package-lockjson
package.json

requirements.xt

Hinh 21. Céu tric thuw muc BackEnd

Thu muc model chira cac mo6 hinh dugc huan luyén.
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L env requirements.txt X

req uirements. ot

1 fastapi

y uvicorn|standard]
= tensortlow

a numpy

5 motor

Hinh 22. Tép tin requirement.txt

Tép tin requirement.txt: chira cac thu vién ma dy &n can cai dat dé hoat dong

2 env 2 mainpy X
% mainpy 2 ..
1 # -*- coding: utf-8 -*-
2 from fastapi import FastAPI, HTTPException
3 from fastapi.responses import JSONResponse
4 from pydantic import BaseModel
5  from motor.motor_asyncio import AsyncIOMotorClient
6  import numpy as np
7  import tensorflow as tf
8  from fastapi.middleware.cors import CORSMiddleware
9
16  app = FastAPI()
11 app.add_middleware(
12 CORSMiddleware,
13 allow_origins=["*"],
14 allow credentials=True,
15 allow_methods=["*"],
16 allow_headers=["*"],
17 )
18
19  MONGO_URI = "mongodb+srv://DLU:DLU123@poi.lotd2ze.mongodb.net/?retryirites=truedw=majority&apphame=POI"
20 client = AsyncIOMotorClient(MONGO_URI)
21 db = client["Map"]

Tép tin main.py: chtta cac cac doan ma lién quan dén cau hinh, khoi tao, route

va khai chay server. Dudi day 1a doan ma lién quan dén viéc load model dé phan 16p

Hinh 23. Ma gia tép tin main.py

va chuan hoa lai dir liéu dau vao trudc khi dua vao model du doan diém RP.
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o
i e
g

r{model_path="model/model2. tflite")

ed_shape[1]:
expects {expected_shape[1]} features, but got {len{rssi_values)}")

es, dtype=np.float32)

async def
45 try:

46 input_data
interpreter.s

if not poi:

56

57

58 {}).get("Name", "Unknown"},

55 ", {}).get("coordinates”, [8, @]),
]

61

62

63 t lueError 3

Hinh 24. Ma gid xi Iy giao tiép BackEnd & Model
Dt liéu RSSI trudce khi duge dua vao model s€ duge dinh dang lai thanh dang
mang dudi dang file Json. Tiép theo dit liéu s& dugc chuan hoa lai vé dang $6 thap
phan, xtr 1y dir liéu vé dang chuan hoéa [0 1], Min-Max Scaling dé dam bao dugc do

nhat quéan cia dit lidu dau vao.
4.2. Xay dung API

Hé thong cung cip cac endpoint (diém cudi) dé truy cip vao dir liéu va chuc
nang cia né. Piéu nay cho phép cung cip cac dich vu thong qua giao thiuc HTTP va

nhan dit liéu thong qua JSON. Bang mo ta chi tiét cac API Endpoint (xem phu luc)
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default AN

/predict Predict Rssi N

GET /geojson/POI Get Poi Geojson N

= /geojson/Doors Get Doors Geojson -l
/geojson/Halluays Get Hallways Geojson v
/geojson/Paths Get Paths Geojson N
/geojson/Room Get Room Geojson ~
/geojson/Stair Get Stair Geojson N

Hinh 25. Thong ké API ciia dw dn

4.3. Lua chon thuit toan din duong

4.3.1 Thuat toan Dijkstra
Thuat toan Dijkstra c6 tic dung chinh 13 thay thé viéc tim dudng dén dich ngin
nhat, vi du thuc t& c6 thé ké dén 1a Google Map cuia My hay Baidu Map cua Trung

Qudc cling st dung thuat toan Dijkstra.

Thuat toan Dijkstra giai quyét bai toan duong dén dich ngan nhéat dong thoi
cling don gian héa duong di bang cach xét cac canh va so sanh 2 dudng di sin ¢ véi

duong qua ca 3 dinh.

Qua trinh tinh toan nhu sau: Cho tit ca cac dinh va canh déu 1a duong di ngan
nhat. Qua viéc tinh toan so sanh,tir d6 rit ra duge dudng di ndo 1a ti wu nhat thong qua

viéc chon dinh, cac bude duoce thuc hién cho dén khi tat ca dinh déu duge chon.
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RP 18 1 1 RP 16

5 RP 23 5

i@
2
—‘

RP 29 RP 23

RP 35 2 RP 34 1 RP 33

Hinh 26. Thudt toan Dijkstra
4.3.2 Thuat toan A*
Thuat toan A* 13 mot trong nhitng cong cu manh mé& va phd bién nhat dé giai
quyét cac bai toan t6i vu hoa va tim kiém. Puoc phat trién vao dau nhitng nam 1960,
thuat toan A* di ching minh kha nang vuot trdi trong viéc tim kiém duong di toi uu
trong cac bai toan do thi.
Thuat todn A* bit dau bang viéc dua diém bat dau vao danh sach mé (open list).

Moi diém trong danh sach nay sé& chira cac thong tin vé chi phi g(n), ham heuristic h(n)

va tong chi phi f(n).

bicu khién thuat todn A* tré nén hiéu qua va manh mé chinh la viéc st dung

ham heuristic h(n). Néu ham nay duoc thiét ké hop 1y, thut toan A* s& c6 thé tim ra



43

duong di téi wu trong thoi gian rat ngin. Pic biét, néu ham heuristic 1a “thuc té
(admissible)”, tirc 14 khong bao gid wéc luong chi phi qua cao so véi gia tri thuc té,

thuat todn A* s& ludn tim ra duoc giai phap tdi vu.

5 RP 23 5

RP 30 RP 29 RP 23
- A
1 1 1
RP 35 2 RP 34 1 RP 33

START

Hinh 27. Thuat toan A*
4.3.3 Thuat toan A*

Nhém thuc hién so sanh va danh gia hai thuat toan dan dudng duoc st dung rong
rdi trong viéc xay dung Gmg dung 1a thuat toan Dijkstra va A*. D¢ tai quyét dinh thuat
todn A* vi A* sit dung ham heuristic dé ude lugng khoang cach con lai dén dich, tir d6
gitip viéc mo rong cac node, tap trung vao tim duong toi diém dén tao ra duong di truc
quan khi biéu dién. Quing dudng di duoc thé hién & hinh 22 nhu sau:
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Ban do thu vién o
Tim kiém dia diém ... 4 Q

@ Ké sach B2 Khu vyc doc &% Phong vé sin

Tong khoang céch: 18.43 mét

Trang chu Ban do Thong tin

Hinh 22. Khoang cach va chi dan duodng di
4.4. Két qua dat dugc
Dudéi day 1a mot s6 hinh anh vé cac chirc ning cua tng dung chi duong tai khu
vuc thu vién tﬁng 1 truong Pai hoc Pa Lat.
4.4.1. Welcome Screen

Phén gi6i thiéu Thu vién Truong Pai hoc Da Lat
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"
Wy,
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Ly

Thu vién Trudgng Pai hoc Pa Lat
kinh chao

Thu vién la noi cung cdp tai ligu hoc tap

va nghién ciru chid yéu cho can b va
sinh vién tai truéng Bal Hoc Ba Lat

Hinh 28. Welcome Page
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4.4.2. Giao dién chinh

Chao mirng dén vdi

Thu vién DLU

Hom nay: 25/4/2025

Phong may tinh TV3 va Cira ra vao thu vién gé
TV4 vdi hé thong trang 2 clfa la cira chinh o
thiét... trudc...

Pugc goi ¥y gan day >

mof @

Trang chd Ban do Thang tin

Hinh 29. Giao dién chinh
Thanh BottomNavbar hién thi cic trang ma ngudi dung c6 thé truy cap. Khi bAm vao,
g dung s& chuyén hudng nguoi dung dén cac trang twong tmg.
O gobc trén dung cua header, ngudi ding c6 thé chuyén hudng dén trang gitip nguoi

dung c6 thé chon diém bat dau va chi duong dén cac diém minh mong mudn. Bén dudi
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la cac nut khi nguoi dung chon sé danh dau noi bat cac diém coé loai dia di€ém mong

muon.

4.4.3. Giao dién Map

Ban do thu vién 0
Tim kiém dia diém ... & Q

@l Késach Khu vuc doc =» Phong ve sin

Hai truomg thu

0y

Trang chi Ban do Thang tin

Hinh 30. Giao dién Map

Giao dién chinh cua tng dung bao gém viéc hién thi thanh tim kiém dia diém.
cac nit thong ké loai dia diém va giao dién ban do so d6 tang 1 thur vién.
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4.4.4. Thong tin dia diém

Khu vuc tu hoc >4

Khu vuc cé day da ban ghé, 6 cam dién, khéng gian yén
tinh.

Hinh 31. Thong tin POI khi twong tac trén Map
Khi ngudi dung chon vao mét dia diém trén ban do s& hién thi Popup thong tin dia
diém, bao gém tén dia diém, mo ta dia diém va cac nht chuc nang “Bat dau”, “Tim

9% ¢

duong”, “Thong tin”.
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4.4.5. Chi dudng
Ban d6 thu vién o
Tim kiém dja diém ... 4 Q
B Ké sach BE Khuvuc doc ax Phong veé sin

Tang khoang cach: 18.43 mét

Trang chu Ban do Thang tin

Hinh 32. Hinh anh chirc nang nut "Chi duong"
Khi nguoi dung chon nut “Chi duong” hé thong sé chi dudng ngudi dung tir vi tri ban
than dén dia diém mong mudn duoc thé hién bang cac lam ndi bat “User” bang icon

mau do va diém dugc chon bang mau xanh véi dudng di bang cac chdm tron mau xanh.
Véi nat “Bat dau” hé thong van s& chi dudng cho ngudi dung nhu “Chi duong” tuy
nhién hé thng s& phat ra 4m thanh chi din huéng, khoang cach dén diém duogc lya

chon.
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4.4.5. Loai dia diém

Ban do thu vién 1]
Tim kiém dia diém ... 4y Q

i Kesach Khu vuc doc =» Phong ve sin

Tong khodng cach: 18.43 mét

@

Trang chu Ban do Thong tin

Hinh 33. Hinh anh chuc nang "Loai dia diéem"
Khi nguoi dung nhan nut “Khu vuc doc” ¢ phan dudi thanh tim kiém. HE thong s€ 1am
ndi bat cac dia diém cung véi tén loai dugc the hién bang cach lam ndi bat tén dia diém

v6i mau xanh duong.



4.4.6. Tim duwong di tu chon

< Chon dia diém

9 Khu vuc tu hoc 5,
o Khu vure ty hoc -

BAN DO

Tong khodng cach: 18.97 mét

5

Cu thang tang 2

Phong tap ct
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1:360 & 4l

Ban d6 thu vién o
Tim kiém dia diém ... & Q

@ Késach EE Khu vuc doc == Phong ve sin

AU Hel truemg thu
Tong khodng cach: 18.97 mét i

i)

Trang chii Ban do Théng tin

Hinh 34. Hinh anh chirc nang " Tim kiém dia diém"

Nguoi dung khi nhan vao “Tim kiém dia diém” ¢ phan Header c6 thé lya chon dia

diém minh bat dau va két thuc theo mong mudn bang cach dung DropDown, hé thong

s& tra vé dudng di tir diém bat dau va két thic o trang chi.

Heé thdng s& hién thi hai dia diém bang cach lam ndi bat dia diém bang mau xanh 14 ciy

va duong di nhu hinh trén.
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4.4.7. Giéi thi¢u dia diém
Nguoi dung khi nhan vao nat “Thong tin” s& duoc din dén bai viét gi6i thiéu vé thong
tin cua dia diém

11379 & T4l

Théng tin thw vién ®

Phong may tinh TV3 va TV4 v&i hé
théng trang thiét bi hién dai, phong
hoc duoc trang bi cac bd may tinh
duoc két néi Internet chat lwong cao.
Phong hoc dap rng duoc cac nhu cau
vé hoc tap va lam viéc mét cach én
dinh va muot ma.

Phang may tinh TV3 va TV4 véi hé théng trang thiét
bi hién dai, phong hoc dugc trang bj cac bg may t...

Xem thém >

Clra ra vao thw vién gém 2 cira la clra
chinh & truéc thu vién va clra sau
dan ra bai do xe cong sau, thuan tién

@ i 0

Trang chu Ban do Thoeng tin

Hinh 35. Hinh anh trang thong tin
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KET LUAN
Pé tai da tim hiéu va s dung thém nhiing k¥ thuat va phuong phap dinh vi sir dung
WiFi cho website nhu k§ thuat WiFi Fingerprinting, si dung FastAPI d¢ lap trinh
backend qua cach thirc hoat dong ciia mé hinh client-server dé xay dung mot Gmg dung

chi duong c6 cac chlrc nang chinh nhu sau:

Nguoi dung c6 thé xem duogc cac dia diém c6 trong tang 1 thu vién truong Dai
hoc Da Lat, duong di dén céc dia diém co6 trong téng, phan loai céc dia diém theo loai,

xem thong tin dia diém cua cac dia diém.

Toém lai, irng dung chi dudng nay cling dong vai trd quan trong trong viéc gitp
nguoi dung cé thé tim kiém céc dia diém, d& dang phé bién cAu trac thu vién. Dy an ap
dung duoc cac k¥ thuat dinh vi trong nha st dung k¥ thuat WiFi fingerprinting dong
thoi d6 tao duge mot bo di liéu 3200 mau vé 40 dia diém trong téng 1 toa nha thu vién
truong Pai hoc Pa Lat, mé hinh CNN dat két qua la 92% véi do 1éch chuan MSE la

trung binh tir 0Om dén 8m khi vao giai doan kiém thir trong thuc té.

Ung dung da thuc hién dugc cac chirc nang chinh bao gff)m nhu dinh vi nguoi
dung, chi dan dudng di tuy nhién van gip mot s6 han ché trong viéc load ban d6 hién
thi van con cham, mot s6 diém chua duoc dinh vi chinh xac vi su anh huong véi RSS

trong qua trinh dinh vi tai mot s6 vi tri trung tam cua thu vién nhu RP 20,RP11,..

Ung dung chi duong van con mot s diém han ché can phai khic phuc va kho
khin gip phai nhu tai liéu hudng din khong chi tiét didu ndy budc nhom phai tw tim
hiéu va hoc héi tir kinh nghiém tir cac thdy, ¢6. Vi vy, nén néu c6 thém thoi gian em
s& huéng dén cac muyc tiéu sau dé hoan thién tmg dung ciia minh nhu thém trang web
quan 1y thong tin dja diém cho admin, ding nhap tai khoan d6i voi phan hé admin, xay
dung ban d6 3D tang toc d6 load cia Gmg dung thay vi dung ban d6 thyuc té tir nguén

khac, phat trién chirc ning theo ddi vi tri ngudi dung. khi di chuyén.
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LOI CAM ON
Bai bao duoc hd trg boi Dé tai nghién ciru khoa hoc sinh vién 2025 (Quyét dinh s6
64/QD-DHPL), Dé tai nghién ciru khoa hoc cdp trudng trong diém nim 2024 cia
truong Pai hoc Pa Lat (Quyét dinh sé 1518/QD-DHPL), va Pé tai nghién ciru khoa
hoc cdp B Gido Duc nam 2024 (M3 sé B2024-DLA-04).
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