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TOM TAT: Ngi dung bai viét trinh bay viéc tng dung ky thudt dinh vi RSSI vi sai (Differential Received Signal Strength Indication -
DRSSI) dé dinh vi nguén phat song vo tuyén khong biét cong sudt phat dya vdo thong so cuong do song nhdn dwoc RSSI. Trong
phwong phdp ndy, mot so luong thich hop cdc tram thu-phat song vo tuyen duoe sit dung dé thu thip théng sé RSSI ciia tin hiéu
phat ra tir nguon phdt séng vé tuyén can xdc dinh (myc tiéu). Cdc théng sé ndy la ngd vdo ciia mt thudt toan c6 kha nang wdc
Zuong toa do 2D cua muc fiéu. DY chinh xdc cua thudt todn wdc lwong ndy phu thugc vao 56 luong tram thu-phdt séng vé tuyén lip
dat va chat liwong ciia thong s6 RSSI nhdn dwoc. Tdc gid da dé xudt mot | phuong phdp tinh todn givp cai thién do chinh xdc cua giai
thudt wéc lwong cho truong hop si dung 4 tram thu-phdt séng vo tuyén. Thuee nghiém kiém chimg cho thdy phwong phdp cdi tién
cho phép giam sai s6 cuwe dai con duwdi 10%.

Tir khéa: CC1120, Cuong dg song vé tuyén, DRSSI, Pinh vi nguén phat séng, MSP430, RSSI.

I. GIOI THIEU

Dinh vi ngudn phét song vo tuyén Ia mot chi d& nghién ciru ¢6 nhiéu tng dung quan trong trong cac linh vuc
radar, mang cam bién khong day va hé thong vién thong. Trong mang cam bién khong day, dit liéu thu nhan tir ndt cam
bién s& khong c6 ¥ nghia néu thiéu thong tin vé vi tri caa cam bién. Tuy nhién, viéc trang bi bo dinh vi GPS cho cac
cam bién s& lam tang chi phi va khéng kha thi khi cac cam bién hoat dong ¢ méi truong trong nha hoac rirng cay noi
tin hiéu vé tinh bi suy giam manh. Dya trén cac yéu cau vé do chinh xac va tinh hiéu qua, nhiéu phuong phap dinh vi
da duoc d& xuat nhu thoi gian dén cua tin hiéu (Time-of-Arrival, ToA) [1], chénh léch thoi gian dén cua tin hiéu
(Time-Difference-of-Arrival, TDoA) [2], cuong dé tin hiéu nhdn dwoc (Received Signal Strength Indication, RSSI)
[3]-[6] va géc dén cua tin hiéu (Angle-of-Arrival, AoA) [7]. Hé thng dinh vi sir dung phuong phap ToA va TDoA doi
hoi sy ddng bo cao vé thoi gian gitra cac ndt cam bién, hé thong dinh vi bang phuong phap AoA co yéu cau cao vé
phan cing 1an phan mém do yéu cau sir dung ang-ten mang pha. Phuong phéap dinh vi dua trén cudng do tin hiéu nhan
dugc RSSI thuong dwoc chon sir dung do ¢6 chi phi phan cing va mire d6 phuc tap thap.

Trong phuong phép RSSI, bang cach do cudng d9 tin hiéu nhan duoc tai it nhat 3 tram giam sat (anchor node),
vi tri cua mot nguon tin hiéu c6 thé dugc xéc dinh bang phép do tam giac (trilateration). Mo hinh dinh vi theo RSSI can
thdng tin vé cong suat phét ciia ngudn tin hiéu. Do dé, cac tram giam sat s& khong thé xac dinh vi tri cia mot tram muc
tiéu néu khong biét trudc cong suat phét cua tram nay. Trong thuc té, viéc biét truge cong suat phat cua ngudn tin hiéu
Ia khdng kha thi do cong suat phét phu thudc nhiéu yéu té chang han nhu ngudn cap dién va do loi cua ang-ten, trong
khi cac yéu td nay co thé thay doi theo thoi gian va do cao lp dat cam bién. Mot giai phap cho van dé nay 1a phuong
phap dinh vi RSSI vi sai (Differential Received Signal Strength Indication, DRSSI), trong d6, su sai biét vé cuong do
tin hiéu nhan dugc gitra 2 tram giam sat va phép toan ude lugng phi hop duoc sir dung nham loai bo sy phu thudc vao
thong s6 cong suét phat cua nguon tin hiéu [6].

Trong bai viét nay, tac gia gigi thiéu phuong phap dinh vi DRSSI va trinh bay két qua thi nghiém kiém chimng
thuat toén dinh vi cho moi trudng ngoai troi st dung 4 tram giam sat. Mot phuong phép tinh todn giup cai thién do
chinh xac cua giai thuat udc lugng vi tri nguon tin hiéu cling dwoc dé xuat trong nghién ciru nay.

Phan con lai cua bai viét dugc trinh bay nhu sau: phan dau tién gigi thiéu phuong phép dinh vi DRSSI va két
qua thuc nghiém kiém chung; Phan ti€p theo trinh bay phuong phap DRSSI cdi tien véi thuat toan hiéu chinh toa d6
muc tiéu va ket qua so sanh gitra phuong phap DRSSI tiéu chuan va phuong phap cai tién; Phan cudi clng la Két luan.

II. PHUONG PHAP DINH VI DRSSI
A. Nguyén ly hoat dgng va ciu tao cia hé théng

Phuong phap dinh vi ngudn phét séng vo tuyén dua trén RSSI sir dung 4 tram thu/phét giam sat (anchor node)
dit & 4 géc caa mot hinh chir nhat dé c6 thé xac dinh vi tri cia mot ngudn phaét tin hiéu muc tiéu (target) di chuyén
trong pham vi gigi han bai 4 tram nay. O Hinh 1, cac tram A, B, C, D déng vai tro tram giam sét va tram X 1a muc tiéu
can xac dinh vi tri. Trong qua trinh hoat dong, cac tram giam sat thu séng vo tuyén phat ra tir tram muc tiéu va ghi
nhan gié tri RSSI cua tin hiéu nay. Cac gia tri RSSI sau d6 dugc cac tram giam sat giri vé tram cha dé truyén vé may
tinh xtr ly, tinh ton toa do cua tram muc tiéu.

Gia str, d la khoang cach gitra tram X va mét tram giam sat. Khoang cach nay c6 thé duoc xac dinh dua vao
cuong do tin hiéu RSSI nhan dugc tai tram giam sat, cu thé:
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(RSSI—A)
d =10\ -10n (1)
Trong do,

A: gi& tri cuong do tin hiéu nhan duoce, do & khoang céch 1 m.

n: hé s6 ton hao ciia moi truong truyén song.
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Hinh 1. So db nguyén ly phuong phap dinh vi bing cuong d6 séng RSSI.

B. Giai thuat dinh vi DRSSI

Trong nghién ciru ndy, tac gia st dung giai thuat dinh vi DRSSI dugc dé xuat bai [6]. Theo do, toa do cua tram
muc tiéu dugc xac dinh dya trén thuit toan gom cac budc sau:

e Tinh P/,
P;; =0.1*log(P; — P1) )
Trong do,
+ Pi la gi& tri RSSI thu dugc tai tram giam sat thur i.
+ P1 12 gi tri RSSI thu dwoc tai tram gidm sat thir nhét.
+ P, la phuong sai do léch cudong d6 RSSI thu dwoc giita tram thi i va tram thi nhat.
e Tinhri;

2,7

2pr _ 2 32 422
ril —en i1 nz(}-t +)‘1)

V6ii=23..n @)
Trong do,

+ n 1a hé s6 ton hao ctia moi trudng truyén séng

+ A duoc tinh theo cong thire: 4 = 0.01*[In(10)]%6? véi o 1a bién ngiu nhién.

e TinhA B,A Y, C,

2 Tinh ma tran A:

2xy — 211Xy 2y, —2131Y1 T21—1 4
A=|2x3 —2r31xy 2y3—2r31y; T31—1 “)
2xy — 2T41X1 2Y4 —2741Y1 T41—1

Trong do, cacgiétri x; vay; duoc khai baoban dduva 7,, duogctinh nhu & trén.
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Tinhmatran Bva A :

x5 yi—rpi(xf+y%)

5
B=|x} y}-r3.(xf+yD) ©)
x; ¥i-ra(xi+yD)
[er%(l%ﬂ%) -1 er%ﬁ -1 er%ﬁ -1 |
A= e,;iz}“% -1 e%(l§+l§) -1 e,;izl% -1 (6)
e%l% -1 e%ﬁ -1 er;iz(l‘z'”%) -1
Trong do, n va 4 di duoc xac dinh trudce do.
2 Tinh "
"=diag (rz1, 31, I
> g (r21, 31, f41) @

I2.1, F31, F4114 Cac gid tri da dugc xac dinh trude do.
Diag: tao ma tran duong chéo va rut ra duong chéo ciia ma tran
Cu phap:

_ Diag(v,k), trong do6 v Ia mot vector n phan tir thi két qua Ia mot ma tran vuong bac N+|k| cac phan tir cia
v nam trén duong chéo tha k.

Diag(X) tra vé& vector duong chéo chinh ciia ma tran.

CW:ZAZQZIAZ' (8)
e Tinh 8, 6 =(A"C,,’A*A'C, b )
Véi 0 = [X R va X(xy) ; C,~(A'C,/A)" (10)

o U'c lugng vi tri

Gz=h+q (11)

1 0 1 " N N P Ay ~ AT
A J o= [0 101,]  h=[10F 19% 191,]
(X —[0F | [(x—[01)(x+[6)) | [2x(x~[6],)
q=|y* -[0]; |=| (y-[01,)(y +[61,) |~| 2y(y - [6],) (12)
_R—[é]3 R_[é]e, R_[é]s
Cq= cov(q) = diag(2x,2y,1) C, diag(2x,2y,1) (13)
Cq = diag(2[0],, 2[0],,1) C, diag (2[4}, 2[6],,1) (14)
2= (G'C;'G)'G" C;'h (15)
&, =[ son@@l[Ekson @)\, | ~

e Tinh sai sé

RMSE()?) = \/[65]1,1 + [C§]2,2 (17)
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I1l. THUC NGHIEM KIEM CHUNG

Dé danh gia do chinh xé4c cua giai thuat xac dinh toa do ciia muc tiéu, mot hé théng dinh vi dwoc bé tri trén mot
khu vuc ngoai troi c6 kich thuée 80 m x 80 m (Hinh 2). Cac tram gidm sat, tram muc tiéu va tram chu st dung trong thi
nghiém 13 module thu/phat séng vo tuyén CC1120 — 169 MHz do hang Texas Instruments san xuét [8]. Hoat dong cua
module thu/phat séng CC1120 dwoc thuc hién boi bo vi diéu khién MSP430G2553 [9]. Hinh 3 trinh bay cac bo
thu/phat séng vo tuyén CC1120 — 169 MHz duoc thiét ké va sir dung dé do dac thdng s6 RSSI trong thi nghiém.

Hinh 3. Module thu/phat séng v6 tuyén CC1120 — 169 MHz st dung trong thi nghiém.

Dbi véi cac tram giam sat, vi mach MSP430G2553 sé& diéu khién viéc thu nhan tin hiéu phat ra tir tram muc tiéu
va gui thong tin RSSI vé tram chi. Gia tri RSSI thu nhan duoc tai cac vi tri khac nhau cua tram muc tiéu dwoc tinh
toan theo giai thuat dinh vi & trén. Trong thi nghiém nay, hé s6 tén hao cua méi trudng truyén séng n dwoc xac dinh
bing thuc nghiém va cé gié tri bang 2.06. Két qua tinh toan ciing vai sai s6 dugc liét ké & Bang 1.

Bang 1. Két qua tinh toan toa d¢ tram muc tiéu theo phuong phap DRSSI

Muc tidu Toa d¢ thue té Toa dp tinh todn Sai sb
: Hoanh dj (m) | Tung dé (m) Hoanh dj (m) | Tung dé (m)
X1 50 30 49.9 30.1 0.2%
X2 30 55 30.4 53.1 2.4%
X3 25 25 25.1 25.1 0.2%
X4 50 45 49.4 45.1 0.8%
X5 40 40 41.1 41.1 1.9%
X6 80 60 60 50.1 27.9%
X7 80 20 60.6 26.3 25.5%
X8 35 80 36.8 61.7 23.0%
X9 75 15 60 20 19.8%
X10 0 55 16.33 49.9 21.4%
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Nhan xét: Két qua cho thay, ddi véi nhitng vi tri nam gan trung tdm ciia khu vyc thi nghiém (X1, X2, X3, X4,
X5), giai thuat tinh toan cho do chinh xac rat cao, véi sai s6 16n nhat 1a 2.4%. Tuy nhién, khi di chuyén ra xa trung tam
khu vuc dinh vi, hoic khoang céch tir muc tiéu dén céc tram giam sat c6 d6 chénh léch 16n thi do chinh xac giam dan.
Dbi vai nhitng muc tiéu ndm trén canh caa khu vue dinh vi (X6, X6, X7, X8, X9, X10), sai s tinh toan la rat cao, 1én
dén khoang 28%.

IV. PHUONG PHAP PINH VI RSSI CAI TIEN

Két qua thuc nghiém cua phwong phap dinh vi DRSSI cho thiy do chinh Xac cua giai thuat phuc thugc vao vi tri
ctia muc tiéu trong khu vue dinh vi. C4c vj tri cang gan véi duong bién thi sai sb dinh vi cang lén. Do vay, dé cai thién
d6 chinh xé4c cua giai thuat udc lugng toa d6 muc tiéu, tac gia dé xuat mot thuat toan hiéu chinh dé giam thiéu sai sb.
Theo d6, khu vuc dinh vi dugc chia thanh 4 viang nhu trén Hinh 4. Céac gia tri RSSI; + RSSI,, RSSI, + RSSl3, RSSI; +
RSSI, va RSSI, + RSSI; dugc so sanh véi nhau, gia tri nao 16n nhat thi muyc tiéu sé nam trong cac khu vye tuong wng 1,
2, 3va 4. Nhirng vi tri nam trong khu vuc 2 va 4 s& c6 hoanh d6 bi u6c lugng sai léch. Véi nhitng vi tri muc tiéu thuc
khu vyce 1 va 3, tung d6 ctia muc tiéu sé bi udc lugng sai léch.

D

A B

Hinh 4. Phan chia khu vuc hiéu chinh toa do muc tiéu

Cong thirc hiéu chinh hoanh d6 muc tiéu thudc khu vuc 2 va 4 sau hiéu chinh dugc xac dinh nhu sau:

2p2_ o2
Xy = vabg_f voi N3b? —y* > 0vaNi—1>0 18)
2p2_ 2
Xy = "’;I’%_ly voi N3b? —y* > 0vaN:—1>0 (19)
Trong do:
. y: Tung d6 muc tiéu.
. b=L-y.

o N2 = dz/dg néu RSSIg > RSSlz, N2 = d3/d2 néu RSSIZ > RSS|3
e N, =dy/d, néu RSSI,> RSSly, Ny = dy/d; néu RSSI; > RSS,.

Tuong ty, cong thirc hiéu chinh tung do muc tiéu thudc khu vyc 1 va 3 sau hiéu chinh dugce xac dinh nhu sau:

2,2_p2

V1= Nivx:zl—lb VGi N%xz _b220VéN§—1>0 (20)
NZ 2_p2 L. Y

Yy = 7\,"%_1 v6i N3x? —b*> 20vaN;—1>0 (21)

Trong do:
. x: Hoanh ¢ muc tiéu.
e b=L-x
e N;=dy/ds néuRSSI, > RSSly, N; = dy/d; néu RSSI; > RSSI,.
e Nj3=dy/ds néu RSSI, > RSSI3, N3 = dy/d; néu RSSI; > RSSI,.
Trong cac cong thac trén, gia tri cta dy, d, ds, ds va b duge dinh nghia & Hinh 5. Theo d9,

di=/x2 + y? (22)
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do= /(L — %)% + ¥? (23)
ds= /(L — 0)% + (L — y)? (24)
ds=+/x%2+ (L—y)? (25)
c
d4 L-y (IJ
X
d;
B
x L-x
Hinh 5. M& hinh tinh toan toa d¢ (x,y) ctia muc tiéu X.
Gia tri cia Ny, N, N3 va N, duge xac dinh bang cong thuc (26):
d; RSSI; — RSS.
G=10"n ) vii,j=1,2,34 (26)

V. KET QUA TINH TOAN KIEM CHUNG

Bang 2 trinh bay so sanh két qua tinh todn toa d6 muc tiéu st dung thuat toan DRSSI tiéu chuan va DRSSI cai
tién. Két qua cho thdy, sau qua trinh hiéu chinh, sai sb cua toa d6 cac muc tiéu thudc cac khu vuc gin duong bién cua
viing dinh vi duoc cai thién dang ké véi sai sé cuc dai cua giai thuat dinh vi nhé hon 10%. Phuong phap dinh vi nay c6
thé dugc ang dung trong cong tac quan 1y tan s6 dé dinh vi cac thiét bi phéat song vo tuyén khong ding ky hodc xéc

dinh vi tri cia cac nat cam bién trong mang cam bién khong day.

Bang 2. So sanh két qua tinh toan gitra 2 giai thuat DRSSI va DRSS cai tién.

Toa d thuec té Giai thuat DRSSI .z G,l.a 1.Athuat DRSSI Sai sb

Muc Sai so | cditién DRSS|
tiéu Hoanh | Tung Hoanh Tung do | DRSSI | Hoanh Tung do | ...z

dg (m) | do (m) | dg (m) | (m) dg (m) | (m) cat fen

X1 50 30 49.9 30.1 0.2% 51.4 30.3 1.8%
X2 30 55 30.4 53.1 2.4% 30.5 57.5 3.2%
X3 25 25 25.1 25.1 0.2% 23.8 254 1.6%
X4 50 45 49.4 45.1 0.8% 50.2 44.9 0.3%
X5 40 40 41.1 41.1 1.9% 41 41 1.8%
X6 80 60 60 50.1 27.9% 78 60 2.5%
X7 80 20 60.6 26.3 25.5% 78 20 2.5%
X8 35 80 36.8 61.7 23.0% 35 77 3.8%
X9 75 15 60 20 19.8% 78 15.5 3.8%
X10 0 55 16.33 49.9 21.43% 1.37 50.02 6.46%

VI. KET LUAN

Noi dung bai viét nay da trinh bay viéc nghién ciru phuong phap dinh vi DRSSI cung véi thi nghiém kiém
chang véi mot hé thong dinh vi gom c6 4 tram giam séat, mot tram chu va mot tram muc tiéu trong khu vuc ngoai troi
¢6 kich thudc 80 m x 80 m. Hé thdng c6 kha ning xac dinh vi tri cia tram muc tiéu khi khdng biét cong suat phat sir
dung thdng s cuong d6 séng RSSI. TAc gia da dé xuit mot phuong phap tinh toan gitip cai thién do chinh xac cua giai
thuat udc lugng toa do muc tiéu. Thuc nghigm kiém ching cho théy phwong phap cai tién cho phép giam sai s cuc dai
con dudi 10%. Trong thoi gian téi, nhém tac gia sé tiép tuc nghién ciru giai thuat loc hiéu qua hon dé loai bo nhiéu khi
do dac céc gia tri RSSI va phuong phap pht hop dé dinh vi muc tiéu trong méi truong truyén séng ¢ hién tuong

fading.
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LOCALIZATION OF AN RF SOURCE USING AN IMPROVED
DRSSI METHOD

Le Hai Toan, Nguyen Thanh Binh, Luong Vinh Quoc Danh and Nguyen Thi Tram

ABSTRACT: This paper presents the application of the DRSSI — based localization method (Differential Received Signal Strength
Indicator) to localize an RF source with unknown transmitted power based on the received signal strength RSSI. In this approach,
an appropriate number of RF transceiver nodes are used to collect the RSSI parameters of the signals emitted by the RF source
(target). These parameters are the input of an algorithm capable of estimating 2D coordinates of the target. The accuracy of this
estimation algorithm depends on the number of RF transceiver nodes installed and the quality of the received RSSI parameters. The
authors have proposed a computational method that improves the accuracy of the estimation algorithm for the use of four
transceiver nodes. Experimental results show that the improved method can keep the maximum error below 10%.

Keywords: CC1120, DRSSI, MSP430, RF signal strength, RSSI, Source localization.



