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Project!

• Select a project by next Friday
– Submit 2 paragraphs project proposal in 

bcourses
– Includes partners and idea of approach

• Project Deliverables
– Software
– Demo
– A few slides / Poster



M. Lustig,  EECS UC Berkeley

Default Project

• Image communication
–We will give you and image
–You will need to transmit it with the best quallity 

over a limited amount of time (1min)
–Evaluation is based on PICSNR and visual 

quality score
• You can use ANY method you write 

yourself
– Compression
– Filtering, image recovery....
– Modulation (digital or analog), detection, ......
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Default project

• Evaluation based on
– Comparison to a baseline implementation with 

packet APRS -- slow and low res
– Scope
– Creativity
– Presentation

• Winner gets a prize: radio
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Other projects

• If you REALLY want to do something 
else...

• Phased array passive radar
–http://kaira.sgo.fi/2013/09/passive-radar-

with-16-dual-coherent.html
–https://www.youtube.com/watch?v=6Wiv8Dwi-

kA
• Electronically steerable antenna

– (Gabe Buckmater EE123 2014)
RESULTS

Simulated Measured
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Other projects!

• Weak Signal communications with OOK 
and incoherent codes
–Inspired by JT65
–Used for telemetry low-rate

• http://physics.princeton.edu/pulsar/K1JT/
JT65.pdf

Encoded user information is transmitted during the 63 intervals not used for the sync tone. 

Each channel symbol generates a tone at frequency 1270.5 + 2.6917 (N+2) m Hz, where N is 

the integral symbol value, 0 � N � 63, and m assumes the values 1, 2, and 4 for JT65 sub-

modes A, B, and C.  The signal report “OOO” is conveyed by reversing sync and data 

positions in the pseudo-random sequence.   Because normal messages depend on tight 

synchronization, they can be initiated only at the beginning of a UTC minute.   

 

1,0,0,1,1,0,0,0,1,1,1,1,1,1,0,1,0,1,0,0,0,1,0,1,1,0,0,1,0,0, 
0,1,1,1,0,0,1,1,1,1,0,1,1,0,1,1,1,1,0,0,0,1,1,0,1,0,1,0,1,1, 
0,0,1,1,0,1,0,1,0,1,0,0,1,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,1,1, 
0,1,0,0,1,0,1,1,0,1,0,1,0,1,0,0,1,1,0,0,1,0,0,1,0,0,0,0,1,1, 
1,1,1,1,1,1 

 

Fig. 3. – The pseudo-random sequence used in JT65 as a “synchronizing vector,” and a 
graphical representation of its autocorrelation function. The isolated central correlation spike 
serves to synchronize time and frequency between transmitting and receiving stations. 

Shorthand messages dispense with the sync vector and use intervals of 1.486 s (16,384 

samples) for the alternating tones.  The lower frequency is always 1270.5 Hz, the same as 

that of the sync tone.  The frequency separation is 26.917 nm Hz with n = 2, 3, 4 for the 

messages RO, RRR, and 73.  By the time shorthand messages become relevant in a QSO, the 

frequency offset between transmitter and receiver has already been measured with high 

accuracy.  As a consequence, these messages can be securely identified by the operator as 

coming from the station whose callsign was recently decoded.  Accurate time 

synchronization is not required for shorthand messages, so they may be started at any time 

during a transmission. 

By now it should be clear that JT65 does not transmit messages character by character, as 

done in Morse code.  Instead, whole messages are translated into unique strings of 72 bits, 

and from those into sequences of 63 six-bit symbols.  These symbols are transmitted over a 

radio channel; some of them may arrive intact, while others are corrupted by noise.  If 

enough of the symbols are correct (in a probabilistically defined sense), the full 72-bit 

compressed message can be recovered exactly.  The decoded bits are then translated back 

into the human-readable message that was sent.  The coding scheme and robust FEC assure 

that messages are never received in fragments.  Message components cannot be mistaken for 

one another, and callsigns are never displayed with a few characters missing or incorrect.  

There is no chance for the letter O or R in a callsign to be confused with a signal report or an 

acknowledgment, or for a fragment of a callsign like N8CQ or a grid locator like EM73 to be 
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Minimum-phase VS Linear Phase
minimum phaselinear phase
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argminh̃ ||Ah̃� b||2

h̃ = (A⇤A)�1A⇤b
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Least Squares

• Result will generally be non-symmetric 
and complex valued. 

• However, if              is real,        should 
have symmetry!

Solution:

H̃(ej!) h̃[n]



˜H(ej!) =

˜h[0] + ˜h[1]e�j!
+

˜h[�1]e+j!

+

˜h[2]e�j2!
+

˜h[�2]e+j2! · · ·
=

˜h[0] + 2 cos(!)˜h[1] + 2 cos(2!)˜h[2] + · · ·
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Design of Linear-Phase L.P Filter

• Suppose:
–                is real-symmetric
– M is even (M+1 taps)

• Then:
–        is real-symmetric around midpoint

• So:

H̃(ej!)

h̃[n]



b = [1, 1, · · · , 1, 0, 0, · · · , 0]T
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Least-Squares Linear-Phase Filter

!p !s ⇡

Hd(e
j!)

Don’t
Care

Given M, ωP, ωs find the best LS filter:



A(ej!) =

(M+1)/2X

k=1

2h[(M + 1)/2� k] cos(!(k � 1/2))







M-n


















