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Options Variable | | Variable Variable Variable Variable
Title: OFDM Tx 1d: samp rate | | Id: length tag key | | Id: packet len | | 1d: header mod Id:
Description: Examp...nsmitter Value: 50k Value: packet_len | | Value: 96 Value: <gnuradi...fdfc03f0b0> | | Val
Output L Python
Generate Options: QT GUI Variable Variable Variable Variable
1d: sync_wordl 1d: sync_word2 1d: occupied carriers 1d: pilot_carriers
Value: (0., 0., 0., 0., 0. Value: (0, 0,0, 0, 0,0, Value: [-26,-2..24, 25, 26] | | Value: (-21,-7, 7, 21)

Random Source
Minimum: 0
Maximum: 255
Num Samples: 1k
Repeat: Yes

Stream CRC32
Mode: Generate CRC
Length tag name: packet_len
Packed: Yes

Protocol Form
Format Obj.: <gnur.
Length Tag Name: |

Stream to Tagged Stream
Packet Length: 96
Length Tag Key: packet len

Repack Bits
Bits per input byte
Bits per output byt

Mrhisl Source Chunks to Symbols
Header Bit " . - T
Stream ID: Header Bits Symbol Table: -1, 1 lagged Stream

Length tag names:
set_symbol_table| Dimension: 1 gth tag P

Virtual Source
Stream ID: Payload Bits

Chunks to Symbols
Symbol Table: -14...1.41421]
set_ symbol_table| Dimension: 1

set_symbol_table.

OFDM Carrier Allocator
FFT length: 64 FFT

Occuplied Carriers: [-..., 26] FFT Size: 64 OFDM Cyclic |
Pilot Carriers: (-2... 7, 21) Forward/Reverse: Reverse FFT Length: 64
Pilot Symbols: (1,1,1,-1) Window: CP Length(s): 16

Sync Words: [0.0.... 0, 0, 0] Shift: Yes Length Tag Key:
Length tag key: packet_len Num. Threads: 1
Shift Output: Yes

Tag Gate
Virtual Source Multiply Const |, 4 Throttle
Propagate Tags: No
Stream ID: Time Domain Constant: 50m Sample Rate:
single Key:

OFDM Receiver
FFT Length: 64

Cyclic Prefix Length: 16
Channel Model Packet Length Tag Key: length

Noise Voltage: 0 Occupied Carriers: [-.., 26] Tag Debug

Virtual Source = Frequency Offset: 0 Pilot Carriers: (-2... 7, 21) Name: Rx'd Packe
Stream ID: Tx Signal | Epsilon: 1 “# pilot symbols: (1,1, 1,-1) Key Filter:
Taps: 1+1j Sync Word 1: sync_wordl Display: Off

See Sync Word 2: sync_word2
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Why Data
Matters

Models learn what

’rhey ve seen.

Narrow data =
not

learning
Large+Diverse
allows for




What
We Built

real over-the-air

Swept across multiple
levels automatically

Every Machine readable

Trained AI to decode raw

radio receiver




BER [dB]
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BER for BPSK coding in channel with AWGN

BER plots

O Simulated 5000

Simulated 10000
Simulated 50000

O Simulated 100000

Simulated 500000
Simulated 1e+06

O  Simulated 5e+06
O Simulated 1e+07

Theoretical
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SNR per bit (E,/N,) [dB]

The
Baseline

e Baseline = The Truth
e Baseline validates
radio chain if it

= Encoding
bits in phase
Chosen because it's
the




Pipeline

2 Demodulation

1,0

v Vv

2 errors out of 10 bits

bit error rate

BER = 0.20

2+10=20%

V sync + decode

flip! no flip no flip flip! no flip GNU Radio receiver

= 1= wave continues = (0 = wave flips

1 Modulation




Baseline Progress
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Pilot-resync BER vs SNR -- nodel-1 (TX) -> nodel-20 (RX), clock-synced (ext ref),
~19m, 3.5GHz, OFDM2-inspired retry-on-NO-LOCK (one line per trial)

1 —@— Trial 6

—— Trial 1

Trial 2
—— Trial 3
—@- Trial 4
~¥— Trial 5

Trial 7
—A— Trial 8

* Textbook BPSK benchmark
(~7dB SNR / ~1e-3 BER)

2.5 5.0 . 10.0 12.5
SNR (dB, power-based)

for every trial
Often failed to lock correctly especially at Mid SNR

: To measure fewer errors, you need to
send more data

BER vs Eb/NO — nodel8-19(TX)/nodel8-2(RX), 49 trials

+— individual trials (n=49)
= = bpsk theory

6
effective Eb/NO (dB)

Remained synchronized by
during the power sweep and stayed locked
transmitted at higher SNR's — so we can

measure the error rate accurately when errors are
rare.




BER vs Eb/NO — nodel8-19(TX)/
nodel8-2(RX), 49-trial average
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combined average
(49 trials, bit-weighted)

bpsk theory
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effective Eb/NO (dB)

ML
Preparation

Baseline =

Focus on a single SNR
Capture Signal

40 files 50,000 symbols
used in training.
Random

Train a model to
into Bits.




Machine Learning

node18_iq: ResNet1D vs GRU1D vs TCN1D (gain 89, ~15.5-17dB, 70/30 split, crop_syms=4096) BER vs Eb/NO: theory vs classical receivers vs raw-IQ CNN (node3_iq, 5-bin, incl. 15dB)
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—— ResNet1D (val) (~1.40s/epoch)
ResNet1D (train)

—— GRU1D (val) (~16.07s/epoch)
GRU1D (train) ~— BPSK AWGN theory

—— TCN1D (val) (~0.28s/epoch) node18-19/node18-2 classical (different HW pair, reference; also the source of the 15dB Al examples)
TCN1D (train) M- node3-2/node3-19 classical receiver (this dataset's own HW pair, 4 bins)

T T - : : - - -‘- raw-IQ ResNet1D, 5-bin (held-out val examples only) 1 A

0 50 0.0 25 50 75 10.0 .

effective Eb/NO (dB)
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Tested ML on

BN most accurate but unpredictable late in training At stronger signals, the NN starts to perform well
L&Y nearly as accurate, 5x faster to train & mimicking

[[:0: 57x slowest First proof the NN can across conditions




BEE{ vs Eb/NO: theory vs classical receivers vs raw-IQ CNN (node3_iq, 8-bin, 3-17dB)
10

Where we

Left off

Validated
over real OTA hardware
Automated

(Ansible +

SigMF)
Trained and

on real IQ
data
ResNet achieves lowest BER, TCN
is 5x faster — both reach ~10~* at
high SNR
S e e e e e vs. classical receiver

-l node3-2/node3-19 classical receiver (this dataset's own HW pair, 8 bins: 3-17dB)
—— raw-IQ ResNet1D, 8-bin (held-out val examples only)
—— raw-IQ TCN1D, 8-bin (held-out val examples only, same split)

O:O 2;5 5:0 7:5 10'.0 12l.5
effective Eb/NO (dB)
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impuise response

opatdl 1iading

Space-time domains sl Angle-frequency domains
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What Next

to
different modulations
Collect larger,
across more node
pairs and environments

Incorporate

into sweeps;
bandwidth, frequency,
subcarriers.
Improve ML demodulation
ability to classical




Questions?

Channel Measurement Campaign




