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Cuc Ky thuat nghiép vu - B6 Cong an

Tém tit: Co nhiéu phuong phap (ky thuat) dinh vi thiét
bi di dong khac nhau. Trong d6, c¢6 hai k¥ thuat dugc tmg
dung rong rii 1a k¥ thuat tinh toan thoi gian dén cua tin
hiéu tir cac tram gdc phuc vu thiét bi di dong (Time of
Avrrival Positioning Technique - TOA) va ky thuét tinh
toan goc dén cua tin hiéu tir cac tram géc phuc vu thiét bi
di dong (Angle of Arrival Positioning Technique - AOA).
Hai k¥ thuat nay déu tinh toan cac tham sb lién quan giita
tram gbc (BTS/NodeB/eNodeB) va thiét bi di dong
(MS/UE/TE) dé xac dinh vi vi tri ctia thiét bi di dong. Céc
thuat toan tinh toan dé xac dinh vi tri (dinh vi) cua thiét bi
di dong dung hai k¥ thuét trén d& dugc nghién ctru, cong
bd va c6 thé tim thay trén Internet.Tuy nhién, trong qué
trinh ng dung céc thuat toan dé dé lap trinh bai toan dinh
vi, ¢6 nhiéu nguyén nhan khac nhau dan dén vi tri tinh
toan dugc trén hé toa d6 dia 1y (v6i khong gian 3 chiéu) la
kho tinh todn hodc khong chinh xac. Bén canh d6, trong
thue té, do sai sb cua cac phép do nén bai toan dinh vi cod
thé tinh toan ra nhiéu két qua, dic biét, véi moi trudng
mang di dong hdn hop 2G, 3G, 4G-LTE nhu hién nay. Do
vay, bai bdo nay trinh bay viéc nghién cutru, phén tich va
dé xudt mot thuat toan mo rong dé cai thién do chinh xac
trong ky thuat dinh vi di dong TOA va AOA.

T khod: Dinh V1 di dc}ng, TOA, AOA, hé toa do dia
1y, khong gian 3 chiéu, sai s6 cua phép do, vi tri chinh xac
cua thiét bi di dong, 4G-LTE.

|. GIOI THIEU CHUNG

Hai k¥ thuat dinh vi TOA va AOA déu léy cac tham sd
lién quan giita tram gdc va thiét bi di dong dé tinh toan vi
tri cua thiét bi di dong, trong d6, mot tham 6 co sd 1a sb
nhan dang cua cell di dong (CellID — CID). Do vay, hai
k¥ thudt nay c6 thé viét tat 1a Cell ID - Time of Arrival
(CID-TOA) va Cell ID -Angle of Arrival (CID-AQA).

Nguyén Iy ky thudt dinh vi CID-TOA:

Gia st thiét bi di dong (MS) co6 3 tram géc phuc vu va
khoang cach giita cac tram gbc va thiét bi di dong lan luot
1a d1, d2, d3 thi toa d6 cua thiét bi di dong dugc xac dinh
tai giao diém cua 3 vong tron ¢6 tdm tai Cac toa do cua
tram géc va c6 ban kinh d1, d2, d3.

Tac gia lién hé: Nguyén Hong Thuy,

Email: ferrari.nguyenthuy@gmail.com

Dén toa soan: 03/9/2022, chinh sira: 02/11/2022, chép nhan ding:
31/11/2022.
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MS Location

Hinh 1. M6 ta nguyén ly ky thudt dinh vi CID-TOA

Nguyén Iy ky thudt dinh vi CID-AOA:

Gia su thiét’ bi gli dcfn}g cO 3 tram géc phuc vu va gbc
gifra 3 tram goc qén thict bi di dong lan luot 1a al, a2, a3
thi toa d¢ cua thiét bi di dong dugc xac di,nh tai diém giao
nhau cua 3 vector c6 goc tai cac tram goc va huéng cia
ching tao véi phuong thang dirng cac gdc al, a2, a3.
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Hinh 2. M6 ta nguyén Iy ky thudt dinh vi CID-AOA

Qua nghién ciru, tham khéo, tit ca cac tai lidu vé cac
nguyén 1y ky thuat dinh vi n6i trén chi tiép can van d& co
tinh chat tu tuong giai thuat va ly thuyét, nguyén ly
chung, ma khong trinh bay chi tiét timg budc cach xac
dinh toa do cua thiét bi di dong va khong bao gio c6 mot
cong thirc chung tinh toén, xac dinh toa do cua thiét bi di
dong. Do do, khi ap dung cac nguyén ly k¥ thuat dinh vi
trén, can thiét phai nghién ciru xay dung mot thuat toan
tinh toan toa do cua thiét bi di dong. VA thuit toan d6 tinh
toan dugc toa do cua thiét bi di doéng mot cach chinh xac
thi bai toan dinh vi méi c6 y nghia.
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Il. NGHIEN CU’U XAY DUNG THUAT TOAN

Ban chit cua thuat toan dinh vi noi trén chinh 13 viée
tinh toan x4c dinh toa d6 diém cit nhau ciia cac vong tron
trong hé toa do dia ly (Geographic Coordinates), khong
gian 3 chiéu (3D). Viéc xéc dinh toa d6 cac diém cit nhau
clia cac vong tron trong khong gian 2 chiéu thi dé dang
thuc hién bang toan hoc. Nhung ¢ day, bai toan can thiét
la tinh toan trongh¢ toa d¢ dia ly voi khong gian 3 chleu
N6 s& c¢6 nhiéu khé khan va can nghién ctru, cai tién dé
tim ra thuat toan toi wu.

_Trong khong gian 3 chiéu cing nhu hé toa do dia ly,
neu cac vong tron co ban kinh bang nhau, Google da cung
cAp ham lap trinh trén JavaScrip dé xac dinh toa d6 diém
cit nhau. Tuy nhién, d6i véi truong hop cac vong tron co
béan kinh khac nhau thi ham cta Google khong ¢ két qua
va khong st dung dugc. Bai toan can xur 1y la trong
truong hop ban kinh cic vong tron khac nhau. Dé giai
quyét bai toan tim toa d6 diém cat nhau ciia cac vong tron
ma ban kinh khac nhau trong hé toa d6 dia ly, chdng toi
dd tham khao nhiéu ngudn tai liéu trén Internet, nhung
cho két qua khong chinh xéc.

Noi dung duédi day minh hoa viéc st dung mot thuat
toan cong bd trén Internet cho viée xéac dinh toa do diém
cit nhau cua cac vong tron hé toa d6 dia Iy ma ban kinh
khéc nhau da cho két qua khong chinh xac.

N§i dung thudt todn:
* Piu vao:

- Vong tron thir nhat: Tam la diém P1 = (latl/lonl), ban
kinh R1.

- Vong tron thtr hai: Tam la diém P2 = (lat2/lon2), ban
kinh R2.

Trong do latl/lonl, lat2/lon2 lan luot 1a vi do/kinh d6 cia
diém P1, P2. Cac ban kinh cua 2 vong tron R1, R2 duoc
do doc theo hinh cau, c6 don vi do 1a hai Iy (NM-nautical
mile), 14 d6 dai cung kinh tuyén tuong tng véi 1° (1/60
cua 1 d9).

* Pau ra: Toa do (vi do/kinh d6) cac diém cit nhau cia 2
duong tron trén bé mat trai dat.

* Thuit toan:

- Buée 1. Chuyén dbi vi do/kinh do (lat/lon) cua P1, P2
sang toa do dia tam (la hé toa d¢ trong do trai dat duogc
md hinh héa dudi dang hinh cau trong khong gian 3 chiéu
Xyz, truc x chi kinh tuyén gdc, truc y chi huéng 90 do
trong mat phéng xich dao, truc z chi hudng Bic cuc):

Gia st x1 = ()51 1,x12,x13) va x2 = (x21, x22, x23) la toa
dd cua cac diém P1, P2 trong h¢ toa 6 dia tam. Khi do:

x11 = cos(lonl)*cos(latl)
x12 = sin(lonl)*cos(latl)
x13 = sin (latl)
x21 = cos(lon2)*cos(lat2)
x22 = sin(lon2)*cos(lat2)
x23 = sin (lat2)
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- Bwéc 2. Bién dbi ban kinh R1, R2 (dugc do doc hinh
cau - don vi NM) sang dang cdc goc rl, 12 (duoc do doc
theo hinh cau - don vi radian).

r1 = (pi/180)*(1/60)*R1 = 0.0002908888*R1 (radian);
r2 = (pi/180)*(L1/60)*R2 = 0.0002908888*R2 (radian).

-Buée 3. Xac dinh toa do diém x0 nam trén giao tuyén
clia 2 mat phang chira 2 dudng tron ban dau, sao cho x0 1a
t6 hop tuyén tinh cta x1 va x2 (x0 = a*x1 + b*x2).

- Tinh tich v6 hudéng ctia x1 va x2: g=x11*x21 +
X12*x22 + x13*x23

- Tinh cac hé sb a, b:

a = (cos(rl) — cos(r2)*q)/(1-g2)

b = (cos(r2) — cos(r1)*q)/(1-g"2)

- Tinh x0 (c6 toa d6 dia tdm (x01, x02, x03))
X0 =a*x1 + b*x2

X0 = a*(x11, x12, x13) + b*(x21, x22, x23)
X0 = (a*x11 + b*x21, a*x12 + b*x22, a*x13 + b*x23)
Do do:

x01 = a*x11 + b*x21

x02 = a*x12 + b*x22

x03 = a*x13 + b*x23.

-Bwde 4. Xac dinh tich c6 hudng n (c6 toa do dia tam (nl,
n2, n3)) cua x1 va x2: n =x1 ~ Cross ~ x2

n = (x12*x23 — x13*x22, x13*x21 — x11*x23, x11*x22 —
x12*x21)

Do do:

nl =x12*x23 — x13*x22
n2 = x13*x21 — x11*x23
n3 = x11*x22 — x12*x21.

-Buée 5. Tim 2 diém cat nhau C1, C2 ciia 2 dudng tron
c6 dang x0 + t*n nam trén bé mat trai dat, do dai cia
chung bang 1.

C6 2 tham sé t théa man:
t1 = + sqrt ((1-x0.x0)/n.n)
t2 = - sgrt ((1-x0.x0)/n.n)

Trong d6 x0.x0 la tich vé6 huéng ctia x0 va chinh n6, n.n
la tich v6 hudng cua n va chinh né, dugc xac dinh nhu
sau:

X0.X0 = x01*x01 + x02*x02 + x03*x03
n.n = nl*nl + n2*n2 + n3*n3
Khi do:

C1 c6 toa @0 dia tam: ¢l = x0 + t1*n = (x01 + t1*n, x02 +
t1*n, x03 + t1*n)

C1 c6 toa d0 dia tam: c2 = x0 + t2*n = (x01 + t2*n, x02 +
t2*n, x03 + t2*n)
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-Buée 6. Bién ddi cac ‘két qua tim dugc trd lai dang
(lat/lon) bang cach chuyén toa do dia tdm sang toa dd cod
vi d¢ va kinh d6 bang cong thic sau:

Lon(C1) = ArcTan{(x02 + t1*n)/ (xO1 + t1*n)}

Lat(C1) = ArcTan{(x03 + t1*n)/sqrt([x01 + t1*n]"2 +
[x02 + t1*n]"2)}

Lon(C2) = ArcTan{(x02 + t2*n)/ (x01 + t2*n)}

Lat(C2) = ArcTan{(x03 + t2*n)/sqrt([x01 + t2*n]"2 +
[x02 + t2*n]"2])}

Cubi cung ta chuyén don vi do vi do/kinh d6 ciia cac diém
cat nhau gitra 2 dudng tron vira tim dugc trén day tu
radian sang d¢.

Dua vao thuat toan trén chung ta 1ap trinh trén ngoén
nglt Rcode dé Test tinh chinh xac.

* Dir ligu dau vao:

-Tram goc 1 ¢6 toa do (20.88876687434,
105.85967987796), r1=18.1113814051826 mét.

- Tram géc 2 ¢6 toa d¢ (20.88835585917,
105.85952321043), r2= 37.7784535129566 mét.

*Code chwong trinh:
deg2rad <- function(deg) {
rad <- deg*pi/180
return(rad)
}
rad2deg <- function(rad) {
deg <- rad*180/pi
return(deg)
}
P1 <- ¢(20.88876687434, 105.85967987796)
P2 <- ¢(20.88835585917, 105.85952321043)
#1 R in Meter => NM=> Radian
R1 <-18.1113814051826
R2 <- 37.7784535129566
x1 <-¢(
cos(deg2rad(P1[2])) * cos(deg2rad(P1[1])),

sin(deg2rad(P1[2])) * cos(deg2rad(P1[1])),
sin(deg2rad(P1[1])));

X2 <-¢(

cos(deg2rad(P2[2])) * cos(deg2rad(P2[1])),
sin(deg2rad(P2[2])) * cos(deg2rad(P2[1])),
sin(deg2rad(P2[1]))

);

paste(x1)

paste(x2)

rl <- R1*0.000539957*0.0002908888
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r2 <- R2 *0.000539957* 0.0002908888
paste(rl)

paste(r2)

q <- X1[1]*x2[1]+x1[2]**x2[2]+x1[3]*X2[3]
a<-(cos(rl)-cos(r2) *q) /(1 - g"2)

b <- (cos(r2) - cos(rl) * )/ (1 - g*2)
paste(q)

paste(a)

paste(b)

ml <- x1[2]*x2[3]

nl <- x1[3]*x2[2]

ul <- ml-ni;

#paste(ul)

m2 <- x1[3]*x2[1]

n2 <- x1[1]*x2[3]

u2 <- m2-n2

#paste(ul)

m3 <- x1[1]*x2[2]

n3 <- x1[2]*x2[1]

u3 <- m3-n3

#paste(u3)

n <- c(ul,u2,ul)

paste(n)

t1 <- c(a*x1[1],a*x1[2],a*x1[3])

paste(tl)

t2 <- c(b*x2[1],b*x2[2],b*x2[3])

X0 <- c(t1[1]+t2[1],t1[2]+t2[2] t1[3]+t2[3])
paste(x0)

dl <- x0[1] * x0[1] +x0[2]*x0[2] + x0[3]*x0[3]
d2 <-n[1] * n[1] +n[2]*n[2] + n[3]*n[3]
t <- sqrt((1 -d1)/d2)

paste(t)

tn <- c(n[1]*t,n[2]*t,n[3]*t)

pointl <-c(xO[1]+tn[1],x0[2]+tn[2],x0[3]+tn[3])
point2 <- c(x0[1]-tn[1],x0[2]-tn[2],x0[3]-tn[3])
paste(pointl)

paste(point2)

latl = rad2deg(atan2(point1[2] ,point1[1]))
lon1= rad2deg(asin(point1[3]))

paste(latl, lonl, sep=",")

lat2 = rad2deg(atan2(point2[2] ,point2[1]))
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lon2 = rad2deg(asin(point2[3]))
paste(lat2, lon2, sep=",")
Két qud chay Rcode:

[1] "-0.255320707697313" "'0.898710178225936"
"'0.356554836980303"

[2] "-0.255318949275607" "'0.898713336747099"
""0.356548134890221"

[3] "2.84470838066563e-06"
[4] "5.9337651233021e-06"
[5] "0.999999999971007"
[6] "0.733823349211941"
[7] "0.266176650788059"

[8] "-7.14942257029616e-06" "-1.08420861825997e-06"
"'-2.38674734281963e-06"

[9] "-0.187360296845605" "'0.659494512956617"
"'0.261648264650603"

[10] "-0.255320239646513" "'0.89871101895052"
""0.356553053040411"

[11] "0.441962093333007"

[12] "-0.255323399420278" "0.89871053977141"
"0.35655199818856"

[13] "-0.255317079872747" "0.898711498129631"
""0.356554107892263"

[14] "105.859832608702,20.8885927812769"
[15] "105.859443744406,20.8887221619284"

Rcode chay thong sudt nhung cho két qua toa do 2
diém cit nhau khi biéu dién trén ban db thi khong chinh
xac. Ngoai ra chung toi ciing tham khao nhiéu tai liéu
khac trong viéc xac dinh toa do diém cat nhau cua cac
vong tron trong khong gian 3 chiéu ma ban kinh khac
nhau ciing khong c6 két qua. Tir d6, van d& kho khan nhat
cua ching ta 1a can tu nghién ctru thudt toan xac dinh toa
d6 diém cat nhau cua 2 vong tron trong hé toa do dia Iy
ma béan kinh khac nhau.

Thudt toan duwgc mé ti nhw sau:

i=0

Hinh 3. Mo ta thudt toan xac dinh toa do diém cdt nhau cua hai
vong tron tronghé toa do dia Iy.
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Trong hé toa do dia 1y, cho 2 vong tron ¢6 tAm tai P1 va
P2 va ban kinh lan lugt 1a R1, R2. Gia sir 2 vong tron cit
nhau tai 2 diém, ta cin xac dinh toa do cua 2 diém cét
nhau nay. Tai tam cua 1 trong 2 vong tron, gia st tai P1,
ta c6 mot vector va do dai vector bang ban kinh R1, ta s&
cho vector quay quanh tim P1, véi mdi buéc nhay € du
nho, ¢ day ta chon €=0.1, nhu thé, sau mdi budc nhay, s&
c6 mot diém trén vong tron 1a diém dimg cia vector, d6
chinh la céc diém i=0, i=1, i=2....v..v.

Tai mdi diém dimg tht i, ta hiy kiém tra khoang cach
tir toa d6 cia diém i dén tim cia vong tron con lai, d6
chinh 14 P2, gia sir khoang cach d6 1a d va bang R2 thi khi
d6, toa do cua i chinh 1a toa do cua diém cat nhau th
nhat. Trén hinh minh hoa, tai diém i=3, ta c6 d=R2, do do,
toa do tai i=3 chinh la toa do0 cua diém cét nhau tht nhét.
Sau do, vector tiép tuc quay va qua trinh kiém tra d=R2
lai tiép tuc. Pén i=7, ta lai co d=R2, khi do toa do i=7
chinh 1a toa do cia diém cét nhau thir 2.

Sau day la code gia ma dé minh hoa thuat toan néi trén:
i=0;
alpha=0;(alpla la géc quay)

£=0.1
While (alpha<360)
{

Pi= coordinate(R1,alpha);
d= distance(Pi,P2)
if(d=R2)

{

Intersection =Pi

if (getintersectionPoint(1) == null)
getintersectionPoint(1) =Pi
else
getintersectionPoint(2) =Pi

}

else

{
i=i+1;
alpha=i*¢&;
o
Két qua chuong trinh da tinh toan chinh xac toa do 2
diém cat nhau cta 2 vong tron ban kinh khac nhau trong
hé toa do dia ly.

lIl. MO’ RONG THUAT TOAN

Trén day ching t6i da trinh bay giai thut xac dinh toa
dd diém cat nhau cua cac vong tron trong hé toa d¢ dia ly
ma béan kinh khac nhau. Theo nguyén 1y k¥ thuét dinh vi,
diém cit nhau cia 3 vong tron chinh 1a toa d6 cua thiét bi
di dong. Pay 1a mot truong hop dic biét, khi ma thiét b
di dong & ding vi tri cua 3 vong tron cit nhau.

Trong thuc té, do sai sé cua phép do ma cac vong tron
thuong cit nhau tai nhiéu diém. Dodo, dé xac dinh toa do
cua thiét bi di dong ching ta can xac dinh toa do cua tat
ca cac diém cit nhau, sau d6, vi tri cua thiét bi di dong sé
dugc xac dinh nam trong viingtao boi cac diém cét nhau.

Chiing ta can chia thanh 2 truong hop:

(1). Truong hop chi c6 2 tram gbc va 2 vong tron cit
nhau tai 2 diém:
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Hinh 4. M6 ta truong hop chi ¢6 2 tram goc
va 2 vong tron cat nhau tgi 2 diém

Trong truong hop nay, toa d6 cua thiét bi di dong nhiéu
kha nang ¢ tai diém P 1a trung diém cua doan thing P1-
P2. Ta can nghién ctru tinh toa do diém P (trong hé toa do
dia 1y).

Sau day la thuat toan ctua ching ta theo cac budc tinh
toan sau:

-Tinh goc b (bearing) giira hai toa do dia ly P1 va P2.

-Tinh khoang céach d 1a khoang cach trung binh giira 2
toa do P1 va P2.

-Sau khi tinh dugc goc b va d tinh toa d6 diém P cho
boi boi toa @6 P1 va cac gia b va d.
Toa d6 diém P nhéan dugc chinh 13 toa d9 thiét bi di dong.

(2). Truong hop c6 nhiéu tram gép hon (co nhiéu hon 2
vong tron) va chang cat nhau tai nhiéu diém:

Hinh 5. M6 ta truong hop 3 vong tron
cdt nhau tai nhiéu diém.

Trong truong hop nay, ching ta can tinh toa do cua tat
ca cac diém cit nhau va xac dinh vung giao nhau cua 3
vong tron, ¢ day la viung tao béi 3 diém P1, P2, P3 va toa
d6 cua thiét bi di dong s& nam & giita vung giao nay (diém
P).
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IV. KET LUAN

Trén co sé nghién ciru va tim ra thut toan ding din
dua trén mét nguyén ly k¥ thuat dinh vi, chung ta da cai
thién duoc do chinh xac dinh vi thiét bi di dong trong cac
truong hop khac nhau. Viéc tinh dwoc vi tri cia thiét bi di
dong va cai thién duoc do chinh xac cia nd chinh la muc
tidu clia qué trinh dinh vi thiét bi di dong.

Trong bai bdo nay, ching ti da nghién ctru, dé xuat
thudt toan xéac dinh toa do diém cét nhau ctiia 2 vong tron
trong hé¢ toa d6 dia ly ma ban kinh khéac nhau khi ung
dung nguyén 1y ky thuat dinh vi di dong TOA va AOA.

Dong thoi, dé giai quyét bai toan trong thuc té, khi co
sai sO cua cac phép do TOA, AOA trong moi truong
mang di dong hon hop c6 4G-LTE (dan t6i tinh ra nhiéu
vi tri khéc nhau), chling t6i da d& xuit mot mo rong thuat
toan dé cai thién do chinh xac dinh vi.

Thuat toan trén da dugc chung t6i 1ap trinh va chay thi,
cho két qua dinh vi chinh xé4c vi tri cua thiét bi di dong
dbi v6i cac thong sé gia dinh, trén moéi trudng dir lidu Cell
ID ctia mang 4G-LTE Viét Nam. Cac két quia mé phong,
tinh todn khi m¢ réng thuéat toan dinh vi TOA, AOA la
kha thi, hiéu qua, da dugc kiém nghiém thuc té va chung
t6i dé xuat duoc trinh bay, mo phong trong mot chuyén dé
khac tiép theo.

Do mang di dong Viét Nam hién nay 1a mot mang hon
hop, trong d6 4G-LTE da duogc trién khai rong khap va
dang thtr nghiém 5G ¢ mot s thanh phé, nén viéc nghién
ctru cai thién do chinh xac dinh vi trong cac ky thuat
TOA, AOA s& 1a tién d& cho viéc nghién clru mé rong
giai phap nay ciing nhu cac giai phap khac trong thé hé
mang di dong méi.
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RESEARCH FOR IMPROVING ACCURACY OF
TOA AND AOA POSITIONING TECHNIQUES

Abstract: There are many different methods
(techniques) of mobile device positioning. Among them,
there are two widely applied techniques, namely Time
of Arrival Positioning Technique (TOA) for calculating
the time of arrival of signals from base stations and
Angle of Arrival Positioning Technique (AOA) for
calculating the angle of arrival of signals from base
stations serving mobile mobiles. These both techniques
calculate the relevant parameters between the base
station (BTS/NodeB/eNodeB) and the mobile device
(MS/UE/TE) to determine the mobile device’s location.
Computational algorithms to determine the location
(positioning) of mobile devices using the above two
techniques have been researched, published and can be
found on the Internet. However, in the process of
applying those algorithms to solve the positioning
problem, there are many different reasons why the
calculated position on the geographic coordinate system
(with 3D space) is difficult to calculate or inaccurate.
Besides, in practice, due to the error of the
measurements, the positioning problem can calculate
many results, especially, with the current mixed mobile
network environment (2G, 3 G, 4G-LTE). Therefore,
this paper presents the research, analysis, and proposal
of an extended algorithm to improve accuracy of TOA
and AOA mobile positioning techniques.

Keywords:  Mobile positioning, TOA, AOA,

geographic coordinate system, 3D space, measurement
error, exact location of mobile device, 4 G-LTE.
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