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Goal of the talk

ATo review an approach for localization of a stationary target
based on measurements of Doppiehnifted emissions by a
moving UAV

ATO provide a flag to indicate when the target is in the far field,
and thus indicate the algorithm results are partially unusable

ATO Interpret the meaning of the algorithm flag in terms of
geometry.
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General Seup (One Emitter)
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UAV Position 2
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UAV Position |

Target
Emitter transmits sporadically.

UAV detects transmission and
associated Doppler shift.
Emitter must localize the target.
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Knowledge of Doppler shift determines
two semi-infinite half lines.
The target must lie on one of the half
lines
(The velocity vector bisects the angle
between the lines)
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Each measurement gives a pair of lines.
With enough measurements, generically 3,
there will be a single intersection point.
In the presence of noise, there will be no
single intersection point.
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A note of caution
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UAV travelling at right angles to target means
no Doppler shift, and a doubly infinite line.
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Bad geometries exist!
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&
A” If we took doubly infinite lines rather than

half-lines, there would still generically be only
the one point of intersection with three or more
measurements.
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Simplifications andonsimplificationsfor
this talk

A Movement is in twedimensional space.
A Emitter frequency with no shifs known!
A There will be noisé some of the time.
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Mathematical treatment of a measurement

Data: Emitter location = (z,¥)

UAV location = (x;, ;)
UAV velocity = (v; cos 8;, v; sin ;)
Bearing of emitter from UAV = ¢,
Measured Doppler shift = 9,
Emitter frequency = fj
Velocity of light = ¢
Physics v; cos(0; — @;)/c = d;/ fo
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Mathematical treatment of a measurement

Data: Emitter location = (z,¥)
UAV location = (x;, ;)
UAV velocity v; cos 0;, v; sin ;)
Bearing of emitter from UAV = ¢,
9

VS

Measured Doppler shift =
Emitter frequency = fj

Velocity of light = ¢

Physics v; cos(; @/c = 0,/ fo

Radial speed
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Mathematical treatment of a measurement

Data: Emitter location = (z,¥)

UAV location = (x;, ;)
UAV velocity = (v; cos 8;, v; sin ;)
Bearing of emitter from UAV = ¢,
Measured Doppler shift = 9,
Emitter frequency = fj
Velocity of light = ¢

Physics v; cos(8; — ¢i)/c = 0/ fo

Call this| 9
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I\/Iathematlcal treatment cd measurement 2

Two lines are:

(x — x;)[£(1 — 42)2 cos 6; + i sin6;] — (y — y;)[yi cos6; F (1 —v2)/2sin ;] =0
Rays determined by:

(x — x;)[yi cosb; F (1 —~42)/2sin; > 0

Single equation for two lines:

(z — 2;)% (77 — cos® 0;) + (y — ys)* (77 —sin® 0;) — 2(x — ;) (y — y;) sin 6; cos ; = 0

A Key trick: replace fdlinear e
| i near equation 2 holdso by
equation (product of linear equations)

hol dso.
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I\/Iathematlcal treatment ad measurement 2

Two lines are:

(x — xy)[£(1 — 7?)1/2 cosB; + ~v; sin ;] — (y — y;) |5 cos 0; F (1 — ; )1/2 sinf;] =0
Rays determined by:

(x — x;)[yi cosb; F (1 —~42)/2sin; > 0
Single equation for two lines:

(z — 2;)% (77 — cos® 0;) + (y — ys)* (77 —sin® 0;) — 2(x — ;) (y — y;) sin 6; cos ; = 0

A The single equation is of the form, for knovapandb
-2
X
a,; y2 — bz
Y
LY

)
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| ocalization calculations

A One can stack 5 or more multiple equations and solve,
disregarding the relation between the entries of the solution
vector. 2R

xr

y> | =0
Y

| Y

A One can do a leastquares solution in the presence of noise witl
5 or more measurements.: minimiz&yb|F with respect tow

and select ® and 4" entries ofw.

A Or we set up a quadratic optimization problem with quadratic
constraints:

FDOA 20171207 20



Australian

: & National
sy University

| ocalization calculations

A Or we set up a quadratic optimization problem with quadratic

constraints
2 y?yay]’

Minimize ||Aw — b||?

w =[x

subject to:
w% = W1
wi — W3

WaWy4 — Ws

A This is standard to solve with SeiDefinite Programming (SDP)
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Three dimensional problems

A One measurement determines a conical surface (apex at UAV,
axis defined by UAV velocity.

A This corresponds to a quadratic equation in three position
variablesy,y,z

A One can get linear equations A, V2, 22, Xy, yz xz, X, yandz. One
measurement gives one equation.

d 9 measurements from generic points will give valuesdoy,...z,
disregarding the quadrataonstaintsbetween the 9 variables.

A One can use least squares, or (for more accurate results) SDP
GaussNewton to solve when equations are noisy.
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Knowing the exacemitter frequenc

Emitter
(static)

d\ Radar

%o | (static)
UAV
(moving)
A Signals received at UAV come direct from radar and from
emitter (as reflection of radar signal)

A Because radar position and thus bearing are known, the offse
from the nominalf, is obtainable from the Doppleshifted
radar signal measured at the UAV ’

A Then cos {2) is obtainable from the Doppleshifted emitter
signal measured at the UAV.
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Inexact emitter frequency knowledge

A The emitter frequency may be only approximately
known (e.g. mobile phone is used at emitter)

A This means Doppler shifts may be known to the
same constant small offset:

vi cos(8; — ¢i)/c = d0:/ fo
is replaced by (with, O EIAZEEOA O
v; cos(0; — ¢i)/c = (6; — do)/ fo

A Again linear equations and SDP can be used (with
higher dimensiowector of unknowns)
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Examples

Target in Near Field Target in Far Field
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