EECSI6A
Acoustic Positioning System 2

Last Lab!:)

**Insert your names here**




Announhcements!

when you finally finish the lab and
e Thisis the last lab! this shiows Up

e Do APS1first if you haven't yet (APS 2 P ’
can then be done during buffer)

{ v | You have exceeded your profile storage space. Before you can log off,
you need to move some items from your profile to network or local

e Course evaluations: link
e APS buffer labs 5/3-5/7 (RRR week)
o  Sign up here:_tiny.cc/aps-buffer-sp2i

o Encouraged to attend a Mon-Wed
section

e Good luck on the final!



https://course-evaluations.berkeley.edu/
http://tiny.cc/aps-buffer-sp21

Last lab: APS 1

: C
e Cross correlated beacon signals ‘))) f
with received signal

e Found the offsets (in samples)
between peaks, converted to Broadcast beacons Received signal M CosCamstonviy
TDOAs, and calculated o l '
distances from each beacon AL AN T
e What was the missing piece et LR N
that we needed to calculate AN A
distance? Calculate distances g Couite Sme delorsof ,  Soate and aversge
o Hint: we don’'t have
absolute times of arrival for
all the beacons, only
relative offsets.




3 Beacon Example

e Let beacon centers be: (x,, Y,), (X, Y;) and (x,,y,)
e Timeofarrivals:t, t,t,
e Distance of beaconm (m=0,1,2)is dm =vt_=R_ (circle
radii)
Circle equations: (x - x_)*+ (y-y_)*=d?_




Problem: We don’t khow t,
e Only know time offsets:1_=1t_-t,
* R = \/(x T xm)z + (}’ T ym)z = Vsty

* Ro™ Jx)2 + ()? = wty (Beacon 0is at origin)
o Rm _ RO — Vs (tm - to) = VsTm Beaconm




Setting Up n-1 Hyperbolic Equations

R, — Ry = v,7,,

@)
Beaconm g + Slmpllfy'

/ 20X+ X2 = 2YY + Vi
O :’, @) VT = m m ymy ym _ 2 x2 +)’2
e VsTm

e mz0O(asT,=0)
Beacon 0 is not used for ¢ Th|$ |$ the equation fOr a

locationingsince it acts as hype rbO I a
he refe ignal. o
o e Thisis hard to solve




Making it Linear

e Same trick: subtract first equation from others

[~ Not linear in X, y :(
_mex"'xmz_z mYy + m2
Ymy +¥n” 5 2+
vSTI"

2 IR 0
—Zr,,,x + X" 2)'/:1,‘ + I W
Vil = VT = [ -2/x 5 ] - [
VI\- Tm vS II

ViTm =

o x+ a2 =2+
1 1 K1Y T2 Y x2+_v2]

Linear! * Simplify!

U 2x Wm0 Y+ Yme X2+
(= = =+ (= - —)y=( -

ViTm VsT| ViTm VsT] VsTm VsT]

) = (vsTm i VsTl) m#0,m#1




m#0,m#1

M M 2 ) ) b
Making It Linear 2. 20, 2n 2 _ sltwd xl+y’
(— - —).X +( = ))‘ = = ) - (Vsrm — "’srl)
VsTm VsT) VsTm VsT] VsTm VsT|

e After simplifying, we have n-2 linear
equations and 2 unknowns (x,y)

e Can do least-squares regardless of
number of beacons

©
- (N o Best estimate of location *
& if measurements are
v ) inconsistent Ax = b
l_ﬂ ‘ ’\@ oo . o Ifthereisnoexact point

' make the system of of intersection because of

equationslinear.

sono ettt SO ornoBke A"Ax = A"b

the reference signal




Setup Looks Like:




Important Notes

e Read over the math carefully, We’'ll be asking you
about it!
e Stay safe and good luck with the rest of the
semester! *virtual hand wave*
o Thank you for being part of this remote
offering!



