] L) . 5.
«u/ﬁ&dfd/}&)r}“»(j”/
D -2 ua‘e\f~ © Ll Y ojleds qeposlgs Jlu
T R
(S 05 W ol T 3 ookl b Jled  Slgh Blanl Gumdw b OlKs
Tl 0sd ¢ S o

Ol Ol b gms o815 Ll =Y 5 )l sl )8 (g gmeiils —)

OYRANYNE 15l ATRA/FIY - il )

oduS

5 wloy lo ol jlbwly ol ;o 9008 w0 aisls  oxdaw 005 15 SO L 5l oolainl b Jled Slaa Slawl Sb e 4y dllie () 4o
e G 3 3 polnn Caasiyn b s Bt 50 51 (sl sl U 5 (Sgndl; i) B 51 il o (sl Ui il 3
Cddy (§3lmo 5 ol (slrolSiusl jogs oxdaws 4y dz g8 b .05l co ool ((SeS SBlawl by 5 (g5lxe 00 15 slaolKiis! lgicay) ouls
503,S Joam g9 50 1) oblSe alins (53,150 iz )0 45 (5 ygba cnd Gl SL e Jgere slagby, yo Bas glis )| o4
JoB cBo Ly Baa glas,l o 5l ool b oS 04 co lpiian g, dllie opl 1o IS opl o (sly i 5 sod Hla5 j0 1) Gom glas )
Sl 10555 52 8 Sily (Slamsloe (Szen 5 Jled Slsm Slanl somans Coadsn (e odle (golettin by, g0 Cusoa Joud
5 ot Dy 4y SYolae 10 Bad s g e slbyuiie 45T Slabg, 0 S5lece pdu Sl les slas S o 1) o] 5l eslanl a8

Syl ol Ken pac Sl 5195 4 JUKw ol slacoas

(FDOA) 34,5 315 3 Lolis (TDOA) 55,5 oole; bl csimans ol Ko o oalfiny] G obolSe (o jlgands

Three-Dimensional Localization of Active Aerial Targets Using a Terrestrial
Receiver Site

S. kaviani, F. Behnia*
Sharif University of Technology
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Abstract

In this paper, we propose a method to localize an active aerial target (emitter) in three dimensions using the time
difference and the frequency difference of the received signal from the target and the reflected signals from two
large auxiliary terrestrial targets (pseudo stations) with known positions in a fixed ground-based station. Due to the
pseudo and the main stations' terrestrial nature, it is not possible to obtain the altitude of the target in the traditional
methods, so that these methods solve the localization problems in two dimensions and do not consider the altitude
of the target. In this paper, a method is proposed to achieve the target altitude with acceptable accuracy to address
this issue. The capability to give the target altitude and at the same time have low computational complexity makes
this method an attractive option to be considered in practical applications. In methods where the variables of
location and target velocity in the equations are solved implicitly and interdependently, the volume of calculations
to achieve the desired accuracy in the text of the article is 250 times. Of course, this method does not converge for
low signal-to-noise ratios.

Keywords: Single Site Localization, Three-Dimensional Position, Time Difference of Arrival, Frequency
Difference of Arrival
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ORI

h; (K) = Min(N, yetnoos + Ah15KM)
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Hypothetical initial value of height = 0, 5km, 10km,
15km

h; = Hypothetical initial value of height // i = 1,2,3,4
u; = 0.25 // Assign initial probability to any height
START

WHILE |h; — hj| > elivij 5 i#j

/I Step 1. Acquire target position and speed (section
2,3)

Xi—1jk-1 = [%,y.Ve Wy

/I Step 2. Proposed algorithm (section 4)

Xijk—1 = predict(Xj,_y ;) I/ Kalman filter

X,"dk = update(X,i|k_1,LinearModel) /I Kalman filter
di=Z—-Xiy li=1234

/I Probability density function A; According to d;
A, (k) is obtained from Eq, (17).

/I Assign probability to any height

u; (k) is obtained from Eq. (16).

Rmaximum_tiketinooa = (arg {Elas)i(uz))
The values of h;" are updated using Eq. (19) .
End while

ZTarget = hmaximum_likelihood

End

Al ol o 0ol ool oS 4 Y S
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