EECS 16A- APS 2

LAST LAB! 3)
TA, TA, ASE




Announcements!

This Is the last lab!

Do APS1 first if you haven't yet (APS2
can then be done during buffer)

Course evaluations: link

APS buffer labs 12/7-12/11 (RRR
week)

o Sign up here: tinyurl.com/aps-buffer

o Encouraged to attend a Mon-Wed
section

Good luck on the final!

when you finally finish the lab and
this shows up

-
# ' Profile storage space

| < | 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

storage.

——

A A pre-quarantine meme, a true 16A lab



https://course-evaluations.berkeley.edu/
http://tinyurl.com/aps-buffer

Last lab: APS 1

e Cross correlated beacons with

received signal a) i\@ 0 Q A
e Found the offsets (in samples) S

between peaks, converted to !

TDOAs, and calculated oo scons WD ety s

distances from each beacon
e What was the missing piece
that we needed to calculate
Calculate time delays of _ Separate and average

distance?
Calculate distances arrival (TDOAs) and position demodaulated signals

o Hint: we don’t have absolute  andiocation
times of arrival for all the
beacons, only relative
offsets.

]




3 beacon example

e Let beacon centers be: (x,, ¥,), (X, ¥,) and (x,, ¥.)
Time of arrivals: t, bt
e Distance of beacon m (m =0,1,2)is dm =vt = Rm

(circle radii)
Circle equations: (x -x_)*+(y-y_)*=d*_




Problem: We don’t know to

Only know time offsets: 1 =1t _—t,

R, /& = 0m)2 + O — ym)? = Vst
RO=\/(x)2 + (y)? = vsty (Beacon 0 is at origin)

R RV =y g sesesm
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Setting up n-1 hyperbolic equations

Rm . RO = VsTiy

Beac?nm ®
" * SimpliFY!
20X+ X2 = 290 + Vi
o :I’ ® ViTlm = kil Ind T Yo -2 ¢ X - + )?2
YI 3 i et VsTm
—ox @\\\ o Mm#0 (aS TO = O)
‘ e This is the equation for.a

Beacon 0 is not used for

loecaiion?n;sinZe it acts as hyperbOIa

the reference signal. e [hisis hard to solve



Making it linear:

e Same trick: subtract first equation from

others [~ Not linear in
2 2 .
— —ll'mx + Xm" — 2}",”'v + .,v’n- " ¥ r‘?' x! y '(
VsTm = o =& X +)Y
'stm

s PRRPOE Gy A I o o IR TR O, o 2
=KX+ X" = 2y T Im Y S =X+ X T =2yt ) o B .
ViTm = V71 = I -t .V.] - [ —aX T .V.]
VsTm rsfl

Linear! * simplify! m#o,m#1

2 2 2 2
2 X le ) 2ym 2}"] ‘ Xm™ + ¥m™ X"t h
X + — _)\ - ( = ) = (vsrm = Vsrl)
VsTm VsT| ViTm VT ViTm ViT|




m#0,m#1

2 2 2 2
2xm 2.X'] 2ym 2_,\'] Xm~ + Ym X1 gz Y1
= ).l' + ( - )_V - ( = ) = (vsrm = Vsz'l)
VsTm VsT| ViTm ViT ViTm VsT]

Making it linear:

e After simplifying, we have n-2 linear equations
and 2 unknowns (X,y)
e (Can do least-squares regardless of number of

beacons
seacen . o Best estimate of location
. If measurements are
v ' Inconsistent _
l_” '\0 . o lIfthereis no exact point Ax =D
‘ ks e itin o of intersection bc of error
GaacontiB ol iHed e or noise

locationing since it acts as T T
the reference signal x —



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!



