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1 Summary
Analog Modulo Block Codes [1] (AMB Codes)

(Pseudo-)analog channel coding by digital processing
High resolution ADC (e.g. 16 bits)
→ arbitrary gains for good channels

Improved Decoding

Fast decoding (Zero Forcing), then ML decoding (if necessary)
→ fast and good decoding results

Limiting the input signal before (clipping) and after (truncation) decoding
→ further improvement
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2 AMB Codes | Basics
Encoding

Inspired by digital block codes:
Multiplication with generator matrix A

Symmetric modulo function smod
to limit transmit power

y = smodm(u·A)

Code Words

Parallel lines (or hyper-planes) y1

y2
A = [1 3.5]

Limited to a (hyper-)cube with edge length 2m

due to the modulo function

Rotation

Code words y can be rotated, yielding y′
1

y′
2

· M continuous dimensions yc = y′1 and
· N −M = D discrete dimensions yd = y′2
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3 Decoding | State-of-the-art
1. Decode discrete dimensions (lattice quantizer)

to get estimate ŷd

2. Undo modulo function and decode continuous part
û =

z − [0 2m · ŷd ·B−1] ·A+

Discrete Maximum Likelihood Decoder (DML)

Determine nearest discrete point

ŷdDML = arg min
yd

‖zd − yd‖

Many candidate code words yd
(depending on code)
→ high decoding complexity

Zero Forcing Decoder (ZFLR)

Use lattice property for decoding
Valid code words’ discrete part yd is an
integer linear combination of base vectors (in L)
→ round zd·L−1 to nearest integer:

ŷdZFLR = dzd·L−1c·L

Decreased quality
Low decoding complexity
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A+ Pseudo-inverse of A

L Reduced [2] lattice base matrix B

4 Lattice ML Decoding (LML)
Combine speed of ZFLR with quality of DML
Step 1: Zero Forcing Decoding (“Lattice”, low complexity)
Step 2: Maximum Likelihood (“ML”) search only in its neighborhood

×
ZFLR decision boundary
ML decision boundary
Received×
ZFLR decoded
Neighborhood candidates
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Simulation Results

A = [1 2 4], uniformly distributed input u
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5 Additional Clipping and Truncation

decoderz′

Clipping

z û′

Truncation

û

Limit signal to valid range
· before decoding (±m) → clipping
· after decoding → truncation

Simulation Results

−10 −5 0 5 10 15 20
−10

0

10

20

30

CSNRdB

SD
R

dB

DML clip. & trunc.
LML clip. & trunc.
LML

12 13 14 15

24

26

28

New!

6 Conclusions
LML Decoder

Significantly reduced complexity (in comparison to DML)

LML decoder with clipping and truncation

Almost DML performance
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