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Abstract: This paper presents the design and implementation of a localization system using the
Ring-Overlapping based on Comparison of Received Signal Strength Indicator (ROC-RSSI). The
designed systems, consisting of 5 RF transceiver modules playing roles as 4 Reference nodes and one
Target node, can be used to locating position of a moving object within a pre-defined area basing on
the received signal strength RSSI. The RSSI values obtained by the Reference nodes are processed
using the ROC-RSSI algorithm to determine relative position of the targeted object. In this work, the
authors have utilized 6 Texas Instruments CC1120 RF - 169 MHz modules to build the prototype
system. Tested results have shown that the system can offer accuracy of up to 80% to 85% within an

area of 30m x 30m.
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1. Giéi thi¢u

Trong nhitng ndm gin day, hé thong dinh vi dugc
phat trién ngdy cang manh mé va cang ngay cang
dat dén do chinh xac cao. Hé thong dinh vi toan cu
GPS (Global Positioning System) 1a mot hé thong
dinh vi dua trén vé tinh dugc phat trién bai B6 Qudc
phong My vao dau nam 1970. Tuy nhién, d6i véi moi
truong c6 nhiéu vat can nhu & cac thanh phd c6 nhiéu
toa nha cao tang hoac moi truong trong nha (indoor)
noi khong thé thu duoc tin hiéu tir cac vé tinh GPS,
k¥ thuat dinh vi dua trén hé¢ théng GPS bi han ché
rat nhiéu. Khi d6, cac phuong phap dinh vi nhu TOA
(Time of Arrival), DOA (Direction of Arrival) va
RSSI (Received Signal Strength Indicator) la cac
giai phap thay thé hiéu qua.

Trong cac phuong phap dinh vi trong méi truong
indoor ndi trén, phuong phép dinh vi dua trén cuong
d6 séng vo tuyén nhan duge RSSI duoc st dung phd
bién do co giai thuét tinh toan kha don gian va chi
phi phin cting hé théng thap hon cac phuorng phap
TOA va DOA. Pi c6 nhiéu nghién ctru trién khai tmg
dung phuong phap dinh vi dua trén thuat toan RSSI
dugc cong b trong thoi gian vai nam gan day [1-5].
Trong da s6 cac nghién ctru dung phuong phap dinh
vi RSSI, séng vo tuyén tan sé 2.4 GHz duoc chon
sit dung do tinh phd bién cua cac mé-dun thu/phat
song RF hoat dong & dai tin nay. Tuy nhién, déi voi
cac umg dung trong nha (indooor), song vo tuyen o
dai tan s6 2.4 GHz co muc d6 suy hao duong truyén
cao hon song & dai tin s6 thip nhu VHF va UHF nén
lam han ché pham vi hoat dong cua cac mo-dun thu/

phét RF ciing nhu kha nang dinh vi ctia hé thong [6].
Trong bai viét ndy, tac gia trinh bay viéc thiét
ké va thu nghiém mdt mo hinh xac dinh vi tri dua
trén cuong do song vo tuyén hoat dong & tan sb6 169
MHz. Hé¢ théng, bao gém 4 tram thu/phat tin hiéu
tham khao va 01 tram phat Ia ddi tuong can dinh
vi, c6 kha nang xac dinh toa d 2D cua dbi tuong
(ngudi, vat) di chuyén trong mot pham vi dugc xac
dinh trudc dyua trén muc cuong do tin hi¢u song dién
tir RSSI thu duoc. Gia tri cuong d6 song RSSI do
cac tram tham khao nhan dugc tir tram muc tiéu di
dong dugc xur 1y bang thuat toan ROC-RSSI (Ring
Overlapping Circle RSSI) dé xac dinh vi tri twong
ddi cua d6i tuong muc ti€u so véi tram tham khao.
Giai thuat tinh toan dugc kiém ching thuc té thong
qua viéc xay dung hé théng dinh vi stt dung 6 mo-
dun thu/phat RF CC1120 - 169 MHz cia hang Texas
Instruments.
2. H¢ thong dinh vi dya trén cudng df  song RSSI
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Hinh 2.1: Cdu triic tong quat ciia hé thong dinh vi.
Cau truc tong quat cua hé thong dinh vi trong
nghién cru nay duogc trinh bay ¢ Hinh 1. H¢ thong
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bao gdm 4 tram thu/phat song RF tham khao (RN)
dat ¢b dinh & cac vi tri A, B, C va D. Tram muc tiéu
X 1a 01 mo-dun thu/phat RF dugc gin trén vat thé
¢b dinh hodc di chuyén trong pham vi gidi han boi 4
tram tham khao (RN). Mot tram géc (GN) st dung
cho viéc nhan dir liéu tir cac tram tham khao (RN)
sau d6 dua 1én may tinh dé tinh toan vi tri cua ddi
tugng quan tam. Vi tri cia myc tiéu s€ dugc hién thi
trén may tinh théng qua giao dién phan mém dugc
tao bang ngdn ngir Matlab.

CAu tao cua mdi tram bao gém 01 mo6-dun thu/
phat RF CC1120 — 169 MHz duoc diéu khién boi bo
vi xu ly MSP430G2553 do hang Texas Instruments
san xuat [7]. Hinh anh thuc té cua bo thu/phat song
RF tan s6 169 MHz duoc trinh bay ¢ Hinh 2.

Hinh 2.2: M6-dun thu/phat RF tan s6 169 MHz sit
dung trong nghién ciru.
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Hinh 2.3: Luu do truyén/ nhan dir liéu

Hoat dong truyén/nhan di li€u gitta cac tram
dwoc mb ta theo nhu lvu d6 ¢ Hinh 3.

Tram muc tiéu X phat tin hiéu RF dén bdn
tram tham khao A,B,C va D. Tai cac tram nﬁy nhéan
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duoc cac gia tri RSSIX A, RSSIX B, RSSIX C
va RSSIX_D. Sau d6 tram A sé& tiép tuc truyén dir
liéu dén tram C va tram B s& truyén tiép dir liéu
dén tram D.Cudi cung dit liéu tong hgp RSSIX C,
RSSIX A,n AC; RSSIX D,RSSIX-B,n BD  s¢
truyén dén tram gdc M va truyén 1én may tinh ta c6
duoc toa do diém muc tiéu X.

3.Quan h¢ giira cwong d¢ tin hiéu va khoang cach

RSSI dugc dinh nghia 1a cuong do cua tin hi¢u
nhén duoc tai may thu, don vi thuong dugc st dung
la dBm. Gia tri RSSI ti 1¢ nghich v6i binh phuong
khoang cach giita may phat va may thu. Dya vao mdi
quan h¢ trén, ta c6 thé tinh toan duoc khoang cach
tuong d6i giita 2 thiét bi phat - thu. Trong thuc té,
do anh hudng cia hién tugng fading, gia tri RSSI
nhén dugc khong on dinh, va phu thudc rat 16n vao
diéu kién méi trudng. Theo phuong trinh truyén song
Friis, chung ta co mbi quan h¢ sau:

Trong d6, A (tinh bang don vi dBm) la cong
suat tin hi¢u thu dugc & khoang cach 1 mét, RSSI 1a
cuong do tin hi€u nhén tai may thu ¢ khoang cach d,
n 1a hé sb truyén song dac trung ciia moi truong. Véi
diéu kién truyen song tam nhin thing (line of s1ght)
n c6 gia tri bang 2. Nhu vay, Tir cong thirc trén, néu
2 tham sd A va n duoc biét, véi gia tri RSSI thu duoc,
chung ta co thé tim ra khoang cach d giita 2 thiét bi
truyén-nhan.
4.Thuit toan xac dinh vi tri dwa trén cuwong do
song vo tuyén RSSI

Pé xac dinh vi tri cua muc tiéu, chung ta can
biét khoang cach tir tram muc tiéu dén it nhit 3
tram tham khdo. Céc giai thudt xac dinh vi tri dya
trén cuong do song RSSI duoc st dung phd bién 1a
Trilateration, MinMax va ROCRSSI. Trong nghién
cliru nay, tac gia chon st dung giai thuat ROCRSSI
(Ring Overlapping Circle RSSI) dé tinh vi tri ciia
muc tiéu [8].

Trén Hinh 4, cac tram tham khao A, B va C c6 vi
tri dugc xac dinh trude va nhan tin hiéu tir tram muc
tiéu S. Phuong phap ROCRSSI cho phép xéc dinh vi
tri cua tram muc ti€u S dua vao phén dién tich chéng
chéo cua cac duong tron c6 tam tai vi tri tram tham
khao dé thu hep pham vi xac dinh. Gia sir A phét ra
tin hi€u cho B, C, S. Khi do, cac gia tri RSSI nhan
dugc sé 1a RSSIAB > RSSIAS > RSSIAC. Tir két
qué nay, S ¢6 thé nam trong ving t6 dam khi S, B, C
nam cung hudng vai A.

Phuong phap ROCRSSI khong cb ging dé anh xa
cuong do tin hi¢u nhan dugc RSSI vao khoang cach
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tuyét d6i diém-diém ma chi so sanh mdi quan hé vé
cuong d6 tin hi¢u RSSI va khong 1€ thudc vao gia
tri tuyét dbi RSSI. Mtrc d6 chinh xac cia ROCRSSI
dugc dya trén gia dinh ré'lng trong mot pham vi dinh
hudng nhét dinh, véi sy gia ting khoang cach giita
ngudn phat va ngudn thu, cuong do tin hiéu nhan
dugc s& giam dan mot cach don diéu. Gia tri RSSI
ctia mdi tram tham khao con duoc xac dinh bdi cac
tram tham khao l4an c4n. Bang cach nay, mdi tram
tham khao s& c6 thé thu thap du thong tin dé tao ra
mot loat cac duong tron giao nhau.

Hinh 3.1: Nguyén ly gidi thudt ROCRSSI

Gidi thuat dinh vi ROCRSSI ¢6 thé dugc thuc
hién theo trinh tu nhu sau:

Budc 1: Xac dinh viung giao nhau cé chira tram S

+ Tram thu A s€ do gia tri RSSI ctia cac tram thu
con lai va so sanh voi gia tri RSSI cua tram S guri ve.

+ Nhiing gia tri nay s€ chia thanh 2 tdp hop N va
F:

- N: tap hop nhiing gia tri RSSI 16n hon gia tri
RSSI tir S téi A.

- F: tap hop nhiing gia tri RSSI nho hon gia tri
RSSI tr S téi A.

+ LAy gié tri 16n nhat trong tap hop F va tinh ra
khoang cach la d1, d1 la ban kinh cua duong tron véi
tam la A.

+ Ly gi4 tri nho nhét trong tap hop N va tinh
dugc khoang cach d2, véi d2 1a ban kinh cia duong
tron voi tam la A.

Thuc hién tuong tu véi cac tram tham khao con
lai dé xac dinh dwoc ving giao nhau ciia cac dudng
tron ¢6 chira tram muc tiéu S.

Budce 2: Xac dinh toa do tai cac diém giao nhau
cuia cac vong tron ¢6 chira tram S.

Dua vao ban kinh cua cac duong tron dugc tao
ra & Budge 1, ta c6 thé xac dinh toa d6 cac diém giao
nhau bang cach cho tit ca cac phwong trinh cua
cac duong tron d6 bang nhau, gia tri tim ra duoc tir
phuong trinh nay chinh 1a toa d6 cta cac diém giao
nhau.

Budc 3: Xac dinh toa do cua tram muc ti€u S.
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Hinh 3.2: Minh hoa cdch xdac dinh vi tri cua S tai
vung giao nhau cua cdc duong tron.

Goi x, y la gia tri toa do cua cac diém trong phan
giao nhau, phan giao nhau nay s& dugc chtra trong
hinh chit nhat c6 cac goc dugce xac dinh nhu sau:

+ Phan goc trén bén trai P1: ( gia tri nho nhat cua
X, gid tri nho nhét cua Y).

+ Phan goc trén bén phai P2: ( gia tri 1on nhat ctia
X, gia tri nho nhét cua Y).

+ Phan goc dudi bén phai P3: ( gia tri 16n nhit cia
X, gi4 tri 16n nhét cta Y).

+ Phan goc dudi bén trai P4: ( gi4 tri nho nhat ciia
X, gia tri 16n nhét cia Y).

+ Phan tdm cta hinh chit nhat chinh 1a vi tri uéc
tinh cua S:

x = 0.5(Gia tri 16n nhit cua X — Gia tri nho nhat
ctia X) + Gia tri nho nhét cia X

y = 0.5(Gi4 tri 16n nhét ciia Y — Gid tri nh6 nhat
cuaY) + Gia tri nho nhat cua Y

Toa dd cua tram S dugc xac dinh bai:

XS = (XP1 + XP3)/2 hoac XS = (XP2 + XP4)/2

YS =(YP1+YP3)/2 hoac YS =(YP2 +YP4)/2

Viéc st dung phuong phap ROCRSSI gédp phai
mdt han ché 1a ving giao nhau cua cac dudng tron
qua 16n. Vi thé, viéc xac dinh toa do cua tram muc
tiéu S c6 thé dan dén sai s6 16n. Giai phap khic phuc
nhuoc diém nay 1a ap dung mot cai tién & budc 3.
Sau khi da xac dinh dugc vung giao nhau cua cac
vong tron c¢6 chira tram S, chung ta thyc hién tinh
toan khoang cach tur tram S t6i cac tram A, B, C va D
dua trén gid tri RSSI nhan dugc tor S. Nhiing khoang
cach nay dugc ding dé lam ban kinh cho cic cac
duong tron c6 tdm 1a A, B, C va D (Hinh 6). Tu cac
budc 2 va 3, chung ta tinh dugc toa dd cia tram muc
tiéu S.

( Xem tiép trang 38)
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cao dong déu ning lyc khai thac thong tin va dit liéu
cta hoc vién trén internet. Ngoai ra, viéc ting kha
nang khai thac ngudn internet s& 1am ting chat lugng
thong tin kién thirc chuyén mon.

Chiéu nguoc lai, giang vién phai thich nghi nhanh
nhét voi sy thay doi tir trong ban chét ctia viéc giang
day va nhét 1a trong viéc kiém tra dénh gid. Giang
vién phai n6 lyc 1am méi kién thirc cia minh va phat
trién kha nang thich nghi trong méi truong sb toan
cau.

Vé tam quan 1y vi mo, nha trudng ciing can tlep
can va trang bi cho giang vién cac cong cu can thiét
cho viéc kiém soat san pham hoc thuat. Khi khong
theo kip hoc vién trong viéc khai thac cac cong cu
s6 thi giang vién s& co nguy co danh mat chat luong
giang day va nhat Ia kha ning kiém tra, danh gia sinh
vién.

Tuy nhién, véi sy phét trién nhanh cta cong nghé
méi, doi khi gidng vién khong thé ndm bat hét nhimg
kha nang tmg dyng cong ngh¢ cua sinh vién. Dé bao
dam an toan chat luong cua qua trinh kiém tra danh
gia, giang vién c6 thé uu tién cho cac hinh thirc danh
gi4 k¥ ning truc tiép dé tranh cac dang sao chép tinh
vi khong bi phat hién. Véi cach danh gia ky nang truc
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tiép thi nhiing trinh bay ciia sinh vién 1a san phim
dang tin cay cta qua trinh hoc tép va dao tao.
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Thiet ke hé thﬁng dinh Vi s dung....(tiép theo trang 6)

Két qua do dac, cho thay trong méi truong indoor,
két qua udc luong toa dd ctuia tram muc tiéu st dung
tham s6 RSSI ¢6 sai s6 16n hon gia tri khao sat trong
moi truong outdoor. Nguyén nhan 1a do tin hi¢u vo
tuyén bi anh huéng manh bédi hién tugng fading. B
1éch nho nhat so & vi tri thuc té 14 3.6m (vi tri 2), d6
léch 16n nhat ghi nhan 14 7.8m khi muc tiéu dat tai
trung tam khu vuc khao sat (vi tri 5). V&i pham vi
khao sat 1a 30m x 30m, mirc sai sé trung binh ghi
nhan duoc 1a 5.2m (17%).

5. Két luan

Tac gia da trinh bay viéc thiét ké 01 hé thong
dinh vi dya trén cuong do song vo tuyén su dung giai
thuat ROCRSSI. Két qua do dac thyc nghiém duoc
thuc hién cho méi truong ngoai troi va trong nha
cho thay hé thdng c6 kha ning xéac dinh vi tri 2D cta
mot ddi tuong ¢d dinh trong pham vi 30m x 30m va
hién thi két qua thong qua phan mém mé phong trén
may tinh, voi d§ chinh xac 80-85%. D§ chinh xac
cua giai thuat d6i voi moi trudng trong nha thip hon
moi trudng ngoai troi do anh hudng cua hién tugng
fading. Trong thoi gian t6i, viéc tim hiéu cac giai

38

thuat tot hon dé cai thién do chinh xac, phuong phép
lam giam anh huong cta hién tugng fading, viéc cai
thién do tré trong tinh toan 19 trinh ciia muc tiéu di
chuyén 1a cac huéng nghién ctru tiép theo cua dé tai.
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