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e The satellite telemetry is O e
multi-variate timeseries comms_snr_dB
(each serie is called

channel) -
5 . ECTEdSE CLK| RAD1 'RAD2 |GYR
e channel is associated 40000 60600

Time

With Sensor telescope_sensor_ V
e Mmonitors the satellite’s

health and operational Stuck at value

status. 55556 70606 R rpl > W . B SPT = solar panel temperature (°C)
Time v ‘ TVS = telescope voltage sensor (V)
cpu_temp_C W CSN = communication signal-to-noise

o g d ¢ : ¥ ratio
Existing open datasets: 2 SLS = sun light sensor (0 is dark)

e NASA SMAP & MSL 5 X ‘ BAT = battery voltage (V)
Zx ~ 5%, CPU = CPU temperature (°C)

e ESA Anomaly Detection 0000 2 x B |- CLK = atomic clock drift (us)
'me 22 2% : . _ - MAG = magnetometer x,y,z (4 Teslas)
Benchmark - R GYR = gyroscope degrees
e OPS-SAT Anquly types: - @ RAD = radiation sensor counts (per 1 s)
7% MEM = memory usage (percentage)

Sensoric, environmental RWS = reaction wheel speed (rpm)
BPL = bus packet loss (percentage)

MAG X' 'MAGY| MAGZ | RWS

9 Anomaly detection | R Anomaly detectors

 Models implemented in TensorFlow

e Converted to TensorFlow Lite and ONNX for edge devices
Dataset shape: (86400, 20)

Historical Future % Metricsi . .

Telemetry N ' e Precision e Inference time

' ’ e Recall e Power consumption

e Area under Precision-recall curve

Forecasting Reconstruction

>

Predicted
values

Telemetry value
Telemetry value

Real signal Model (best variant)

(anomaly) s |
> > R Telemanom
Time Time :

Goal: Predict future signal values Goal: Learn normal data distribution | Dense Autoencoder 18.64 MB
and detect deviations during signal : -

reconstruction LSTM Autoencoder 3.21 MB

based on past values

GRU Autoencoder 9.24 MB
Input shape: Input shape:

(seq_len, num_channels) (seq_len, num_channels) § ResNet 6 v 2
Output shape: Output shape: P

TCNN 5.51 MB
(seq_len, num_channels) (next_steps, num_channels)

Anomaly Explanation | {0 Spaceboard devices

. > Comparison of inference time on 1000 samples across models in seconds
G I I e O r S e I I . e . (smaller is better)
e : 9.640

‘ Anomaly Explanation Q Prediction
Report System e
(AERS) reaiction

results
Data load: (.npz)

5.283 =t
predictions, test data, labels, Test data Sl - 4.558
channel names, means, stds :
Modules
& Anomaly _
Module 1 ) detection - 370 1.710
_) Interface for different A - 0.895
‘ > modules g 02780508, 5,
Module 2

Train data - = denseae2 Istmae2 resnet2 tcnn2
use of logic from \eiuenalizstan) e Models
different modules for PRI mmm Raspberry Pi 4B AMD ZCU104 NVIDIA Jetson Orin Nano

anomaly explanation @
Outputs

@ Output data in ~~5 - measured for
Standardized output (dictionary) |__ JSON format - LSTM AE
JSON export and report
generation

. 7.005
preprocessing

Inference time on 1000 input sequences (s)

Module 3 jmmmm

Peak power 13.04 W 8.02 W

Report consumption

. (Markdown, e
Available at GitHub LaTex) S Energy per 1inference 0.0264 J 0.1257 J 0.0110 J
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