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Admin
e MT2 is on MONDAY!

ARE YOU READYYYYY??7?7?

EVMIREADY!

...

Procrastinator! No. | save all of my
homework until the
last minute because
then I'll be older,

therefore more wise.




GPS positioning uses distances from satellites

How does knowing distances to
satellites tell me my position?

How can | measure those
distances?

How many satellites to | need?



Last time: Classification — which satellite is ‘on’?

.................................... - Transmitting signal 3, &

;»Ti$$‘vT[WT[[IITTITTT“

Transmitting signal s:

;-.Q?TTTTTTTTTTTTTT?Q. | %
Received signal 7

muwummuwuuw uH Take inner productof the (7§ ) = Iarge,\i

@
r = received signal and each |
transmitted signal: (7, SB> = small




|n ner Product « Provide a measure of “similarity” between vectors

* (Euclidian) inner product is also called ‘dot product’

For two vectors X,y € R", the inner product is:

GEEKS ANONYMOUS. ..

LAsT HiaHT, | ‘PF,’::‘.I'EU
THE CAUCHY-SEWWART?
THESREM AND 1,.,

. oo & one LERIED, IT
WG VERY EXCITIMNG ,

VERY oo CEQILIA,
WAT Tooke A LOT ofF ; — x
LOURALE To ADMIT, ,-y,-

JORGE CHAM ©THE STANFORD DALY




Norm - provides a measure of “length” of elements in the vector space

|P]] = V< 6,9 >

T Se | met & Cute need 45 wark sut
jrl the ather day the right angle, ]
a W You bnow wha= G'ﬂd Se!‘lﬂuﬁ1"f.
| s n':' Pl . Stop with the triangle jakes.
you sk her out?
L ] I
1 1 1 1 1 1 —
| | | | | | 1 1 1 '
Dln, b pq{:
and NS,
T we didn't see
you there
L ]

50 MUCH PUN.COM =



GPS Gold Codes
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What’s next?

Now | know which satellites are ‘on’.
Next | need to figure out my distance from each.

How?



Timing: how far away is the satellite?

« Satellites transmit a unique code (radio signal )

 Signal is received and digitized by a receiver INENSME Sl Sy &
! \
A\

Received signal 7 _l- '
Eo i
" T ,T’ E;‘T '
H v/‘ 'EI ::“' ‘;
1 delay @

Py

Calculate the inner product of ¥ and s?

distance = 3[ms] X C = 900[km]




Timing: how far away is the satellite?

ERG

Received signal 7 1

IR

1| delay

How can | calculate what the delay/shift is?

distance = 3[ms] X C = 900[km]



How can | figure out what the shift is?

Received signal 7

U

delay

-1

distance = 3[ms] X C = 900[km]

Transmitting signal s,
TR S

I

Problem: 7 and s, are not the same length!

Solution: we can ‘zero pad’ them

r, 0<n<8
0 elsewhere

F

[ry r; 1, = rgl” =>r[n]={

s, 0<n<4

0 elsewhere

s

[Sg 81 8§ - 54]T =:-s[n]={



“Pattern Matching” of Signals

wo T Tt

2 1 1 3 4 5 I 7 9 10 11
1
2 1 0 1 2 1 4 5 6 7 9 10 11
r, 0<n<8

rln] = {
s[n] = {

0 elsewhere

s, 0<n<4
0 elsewhere



“Pattern Matching” of Signals




“Pattern Matching” of Signals

1 -
Pep ool I 1 T,a,

0 1 3 4 5 I 7 11
1
> > @ _ . - -
2 1 0 1 2 1 4 5 6 7 8 9 10 11

Q: When will | get a large inner product?

A: when | do an inner product of r[n] with a shifted version of s[n]



“Pattern Matching” of Signals




“Pattern Matching” of Signals

corr, ()[1] = (rlnl sl —1) = 3 rinlsn—1] =1

This is one element of the “correlation” of r[n] and s[n]!



“Pattern Matching” of Signals

1 o
r[’n] T T 9 I AIL Ts I I T 9 10 11
Sgl - 1?] } 1T I I i I S T T 9 % %

1 2 3 4 5 6 7 8 9 10

11



“Pattern Matching” of Signals

11



“Pattern Matching” of Signals
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“Pattern Matching” of Signals

1 o
Dy oy o ]




“Pattern Matching” of Signals

1 o
r[’n] ® & *>—e I AIL Ts I I ® © 10 11
Sgl - 5?] } T T T % 5T 6T 7T i I o T




“Pattern Matching” of Signals
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“Pattern Matching” of Signals




“Pattern Matching” of Signals

o
[’n] T T % I lll Ts I I T S 9%
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“Pattern Matching” of Signals
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Definition of correlation

The cross-correlation between vectors 77 and s is:
00

corrz(S)[k] =(r[n],s[n—k]) = X r[n]s[n — k]

n=—0o




So what is the delay?

k* = argmax corrz(s)[k] =3

k




Cross-correlation Properties

What is the length of the cross-correlation”?

- If x € RY ,and y € RM  then the length of corrz(y)is N + M — 1

Can | swap the order of the things?
* corrz(y) # corry(x)

What's the correlation of something with itself?
» corrz(x) is called auto-correlation



Periodic Signals

« Satellites repeat the codes over and over

- cross-correlation is “period
of zero-padded

- result is periodic

ically expanded” instead

BRI

r717rT

ERG

I
TTTT]

r1ro

T




What are good properties for the codes?

Two problems:
? 1. Interference
- i 2. Timing

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

Can | achieve that with just 1’s and -1’s?



What kind of correlations do we want? &
\N

\\U\%

rin] = s{|In — 11| + s,|n — 17,| + noise|n|

Correlate with 51 [n]:

corrz(s1)[k] = (r[n], s1[n — k)

= (s1[n —11],51[n — k]) + (sp[n — 1], 51[n — k]) + (noise[n],sy[n — k])

cross-correlation with other satellites cross-correlation with noise
be like an impulse should be small should be small (always true?)



Received Signal %@
| \
rin] = s{|In — 11| + s,|n — 17,| + noise|n|
(5

w- cOrrz(3)
w- COIT(S5)

Delay O



Is this a good code?

@
I
=l

I

;-.nTTTTHHHTTTTh. | ;-_HHHTTM...?TTTTH__

What will the correlation look like?



Timing....

» Satellites transmit a (modulated) _ 1 _

unique code TX:| 1
- Radio signal —1
1

* Signal is received (demodulated)
and digitized by a receiver

TTT1] [T
, TYTT

Amplitude Modulation (AM)

| Phase Modulation (PM) |



How to solve for GPS coordinates:

Identify which satellites are ‘on’

Find the delay/shift for each satellite

Use shifts to find distances to each satellite

© 0 0 O

Trilateration to find my coordinates
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