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ANR EVASION
Efficient implementation and optimization of adVanced messAge paSsing-based receIvers fOr
future wireless Networks

WP3: Architectural studies and hardware implementation
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Objective
Design, implementation and prototyping on FPGA of flexible digital receiver architectures based 
on Expectation Propagation

• Use of AFF3CT:
• Validate and simulate the initial communication chain
• Test simplifications
• Fixed-point conversion
• Co-simulation with the FPGA
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Expectation Propagation
Iterative approach to find approximations to a probability distribution
• Q is the space of Gaussians
• π is the target distribution
• We want to project π in Q
• There is a margin near Q that we can use
• Project π in Q to obtain q1
• Introduce hybrid h1
• Project back to q2
• Introduce second hybrid h2
• Repeat
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AFF3CT’s Architecture
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Transmitter
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Channel
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Block Schematic for Turbo Detection

11Block Schematics



Block Schematic for Turbo Detection
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Self Iteration Turbo Iteration

Inner Iteration



Block Schematic with one block
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Block Schematic without Turbo Iterations

14Block Schematics



Block Schematic without Turbo Iterations
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Receiver
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Receiver subdivided in blocks
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Simplification: QPSK Analytical LLR 
𝒟!,#
$ % 𝛼 = exp − 𝑥!,#

& % − 𝛼
'

/ 𝑘()*𝑣+,#
& %

𝒟!,#
% 𝛼 = 𝒟!,#

$ % 𝛼 /∑,!∈𝒳𝒟!,#
$(%) 𝛼$

𝐿 𝑑!,1
# = ln∑,∈𝒳"#𝒟!,#

% 𝛼 −
ln∑,!∈𝒳"$𝒟!,#

% 𝛼$

19

𝐿 𝑑! = 2 2	ℜ 𝑥" /𝑣#" 
𝐿 𝑑$ = 2 2	ℑ 𝑥" /𝑣#" 

Simulations with py-AFF3CT



Fixed-Point Conversion
Fxp Math (https://github.com/francof2a/fxpmath)

Tests to define the size of each variable in fixed-point

Fixed-point operations not used on simulations for being too slow
• Convert floating-point to fixed-point and then back to floating-point for operations
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Example: QPSK Analytical LLR
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Constellation Label

QPSK (4-QAM) 𝐿 𝑑* = 2 2 ℜ 𝑥+ /𝑣,+

𝐿 𝑑- = 2 2 ℑ 𝑥+ /𝑣,+

One at a time
Truncate
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Results of the Fixed-Point Conversion
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PYNQ-Z2 Board
Zynq SoC

◦ combines dual-core Arm Cortex-A9 processors with Xilinx programmable logic (FPGA), enabling flexible 
hardware and software co-design

Gigabit Ethernet port used to connect with py-AFF3CT
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Step 1: Passthrough the FPGA
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Step 2: Analytical LLR
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Step 3: Soft Demapper and Mapper
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Step 4: Use Turbo Iterations
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Step 5: Use Multiple Blocks
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Thank you!
Questions?



Block Schematic for Turbo Detection
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Equalization and Detection
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MAP Soft Demapper
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EP Soft Mapper
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