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Machine learning techniques




Last time: Least Squares
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How do we know when our model is good?

How to avoid fitting to noise?

DISCLAIMER

The views and opinions expressed by

this data point do not necessarily reflect
those of the overall figure.
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How do we know when our model is good?

How to avoid fitting to noise?

OUTPUT

DISCLAIMER

The views and opinions expressed by

this data point do not necessarily reflect
those of the overall figure.
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Machine learning

» Using data to understand the real world (e.g. make a model!)

* Figure out whether model is any good (testing and validation)

* Models can be bad either because of a flaw in setup (e.g. wrong data) or a
flaw in assumptions (e.g. wrong physics model)

* To learn more, take:
* EECS16B
* EECS127 Optimization
* CS188
* CS189



Example application:

self-driving cars

External
environment
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Back to GPS (Global Positioning System)

Satellite 1
|

Fird iy Coordtroses, X =
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Gladys West <

American mathematician

Gladys Mae West is an American mathematician
known for her contributions to the mathematical
modeling of the shape of the Earth, and her work on
the development of the satellite geodesy models that
were eventually incorporated into the Global
Positionina System. Wikipedia



Which signals make good songs?

- Shifted versions of self are not very correlated
- Songs for each satellite/beacon are not very correlated

volume
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> time

Can | achieve this with just 1’s and 0’s?



Example of binary GPS “songs”

1 values
samele 1 (AU WML W WU VUL WY
GPS code

=~ 0 values

Here we show three satellites
continuously sending coded signals;

GPS receiver

https://spotlight.unavco.org/how-gps-works/gps-basics/decoding-the-gps-signal.html



https://spotlight.unavco.org/how-gps-works/gps-basics/decoding-the-gps-signal.html

Example of binary GPS “songs”

Here the receiver compares the blue coded signal to all the known codes.

VLIRATW WA W VU UL WY e isn'e ehis one.
sacellite | YL WUV WW WA UUVLATUUW LM

VWA WA WA W WU WLA/WANY it isn't this one either
satellite 2 WUV LAVWW VL WANW LWL WA

VLTVRA VAT WA W WAV WAL WA frse his one looks
wrong too
Sacelive 3. [VRATVAT WL W WA LA TWANY L

VLIRATWA WYY VU WML WA bus then we can see that

they are identical, but shifted

TVRAT WL WAL W VWY WML WAV L by 10

https://spotlight.unavco.org/how-gps-works/gps-basics/decoding-the-gps-signal.html



https://spotlight.unavco.org/how-gps-works/gps-basics/decoding-the-gps-signal.html
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Receiver sees sum of weighted, shifted songs
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From 7° we want to find which songs were received, how they were shifted, and their weights.



How to solve for GPS coordinates:
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The things we know

The received signal (r) All possible songs

Received Signal

[ —11] 31111. { song 1
2 ;} [ ‘

T I°‘| Bt TR
_5 | Ef)l ‘[ I song 3
i

Sparsity level, k

In this example, k=3

B




The things we want to know

WEightS shifts

\ /

r=o,8,[n—kl+a,s,[n—k 1+ oS, [n—k+as,[n—k]+..+a, s [n—k |+n



—0p b pptx. s\ideS
$or animariony

New fancy algorithm:

Orthogonal Matching Pursuit
(OMP)

G Iterative: will go through same process many times
Start with iteration 1...
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-100 -

-200 -

Cross-correlate rwith all songs

Cross correlation: Received Signal (r) with S1

— received signal (r)
—o song 1 (s1)

2 4 6 8
samples

Cross correlation: Received Signal (r) with S1
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2 4 6 8
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Cross correlation: Received Signal (r) with S2

— received signal (r)
—o song 2 (s2)

samples
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Cross correlation: Received Signal (r) with S3

— received signal (r)
——o song 3 (s3)
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Cross correlation: Received Signal (r) with S3

2 4 6 8 10
lag (samples)



Find song/shift combo with max correlation

Cross correlation: Received Signal (r) with S1

= received signal (r)
—=o song 1 (s1)

R
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. song 2 with shift =7
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What'’s the best approx. of r with only 5,[»-71?

song 2 with shift=7 [—4] (=11 received
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What'’s the best approx. of r with only 5,[»-71?

song 2 with shift=7 [—4] (=11 ] ived
- receive
Sz[n —7] T2 2 signal
-2 -3
4 12.5
2 B 4
1%~ |05
3 6.5
—4 —11
-5 —12
__4_ -_2'5- Use least squares to find the weight:
~ a= (ATA)"1ATF
Ax=r

=2.14 & qood ftsv g

(the actual coefficient was 2)




How did we do? Find best approx. to r

§2 [n — 7] Best approximation after 1 iteration
~ _ 15 ‘ ‘ : ‘ : ; ‘ -
_4 —eo recieved signal (r)
—o best approximation, 1 iter
_2 10+
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Calculate the residual error

received

signal

!

7:’

best approximation
of received signal

N4
Residual: g — 77— 77

— A

—

X

15

10 -

10 -

-15
0

Residual after 1 iteration




Rinse and repeat
(iteration 2)

O




100

50

-50

-100

Cross-correlate y with all songs

Cross correlation: Residual (y) with S1

= residual (y)
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Find song/shift combo with max correlation

Cross correlation: Residual (y) with S1

15
= residual (y)
10 ——o song 1 (s1)
. e 1, ]
~ SR S I
_5 ) )
-10
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song 1 with shift=3
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What'’s the best approx. of r with only 5,[n-7], 5,[n-3]?

song 2 with  song 1 with

shift =7 shift =3
N o
—4 4 —11 received
-2 -4 2 signal
—9 =8 -3
4 —4 12.5
2 —1|[,]_| 4
1 1 [%] 0.5
3 -1 6.5
—4 1 —11
-5 0 —12
=4 =3 | =25




What'’s the best approx. of r with only 5,[n-7], 5,[n-3]?

song 2 with  song 1 with

shift =7 shift =3
N L
—4 4 —11 :
received
-2 —4 2 signal
=20 =0 —3
4 —4 12.5
2 -1 4 @e least squares to find the weight}
11 [ai] — |05 7= (ATA)"1ATF
s -1 6.5 [ 2.00 ]e‘Cofred’f
-4 1 —11 =
— e
5 0 ~12 L12] e som o
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How did we do? Find best approx. to r

song 2 with  song 1 with

shift=7 shift =3 15 | Begt approximgtion gfter 2 ‘iterati‘ons .

_ Jo_ ) —o recieved signal (1)
1 4 ol —o best approximation, 2 iter
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Calculate the residual

r.eceived best approximation
signal x of received signal
N4
. — — —
Residual: Yy=r-—r
— —
—r — Ax
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10 |

-15
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Residual after 2 iterations




Rinse and repeat
(iteration 3)

O




Cross-correlate y with all songs

Cross correlation: Residual (y) with S1
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Cross correlation: Residual (y) with S1

15
= residual (y)
10 —o song 1 (s1)
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Find song/shift combo with max correlation

Cross correlation: Residual (y) with S3

= residual (y)
—=o song 3 (s3)
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Cross correlation: Residual (y) with S3
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What'’s the best approx. of r with s.n-71,5n-3), 5,247

— 11
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—12
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signal
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/Use least squares to find the weightb
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How did we do? Find best approx. to r

15 Best approximation after 3 iterations

—o recieved signal (r)

g ——o best approximation, 2 iter

10 -

10 |

-15




Calculate the residual error

Residual after 3 iterations

15
rc:ecelved best approximation
signal x of received signal 10¢
N4
. — — —
Residual: ¢f — 1 — o
_ 6 Oo o o o o = o = ©

No more error! We’re done! Sy
10+

-15

How to decide when to stop if there’s noise?

Stop when either:

1) finished k iterations (sparsity), or ) ou kvow
2) norm of residual is lower than some threshold value € CON CeoSC ‘h\fes\/\a\d SVM\"\'\‘J ) 3 *

nols€ Strofisiics



=
PEASY
LEMON

SQUEEZY

When someone tells me it's easy peasy
lemon squeezy, but for me it's always
stressy, depressy, lemon zesty
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