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Purpose:

* Protect operators while keeping the operational
efficiency of the machinery

* Increase safety w.rt. currently adopted
methods (bumpers: machine stops on contact)

Approach:

* Al to increase robustness against noise
(compressed air...), since ultrasonic
sensors suffer from false detections
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* Model used for inference: Temporal
Convolutional Network

e TCNs have 1D dilated convolutions with causality.

* Both float and int8-quantized models used
e Directly working on raw signals (UINT8 data):

* No need for any pre-processing or feature extraction

* Inference on the deep edge using ST CUBE-AI

* Retraining in case of false detections

TEMPONet 1888 1.9kB 630k >11.4ms 1.340W

ours 591 0.6kB 140k 5.0 ms 1.316 W

Table 1: Deployment metrics on 2 model variants
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Table 2: accuracy results on collected dataset
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Recognition accuracy
All metrics reported as mean % std over 30 repetitions.

(93.5 + 0.1)%

(91.6 + 0.2)%

(94.

(90.

3+0.1)%

8 +0.2)%

0.968 £ 0.001

0.947 + 0.003

Distance Degrees Precision Recall F1-Score

0° 86% 67% 75%

100 + 45° 93% 74% 82%

+ 90° 100% 100% 100%

0° 82% 82% 82%

150 + 45° 95% 95% 95%

+ 90° 95% 100% 97%

0° 95% 95% 95%

200 + 45° 100% 95% 97%

+ 90° 100% 95% 97%

Table 3: performance with compressed air

Our system is robust against the environmental

noise typical of an industrial facility.
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Impact

 Realization of a complete robust system for

detecting obstacles with minimal false
detections

* Ability to refine learning through

identification of false positives / false
negatives automatically or by operator

e The system could be integrated in existing

machines, at the beginning as a ‘courtesy’
system (possible certification issues)

* Improved efficiency of this kind of machines
 Possible impact in certification process due to

leading role of SCM in this field

 Competitive advantage of SCM w.r.t. its

competitors

Progress Beyond SoA

SOA:

 Ultrasonic sensor suffer from high false
positive rate (compressed air, scotch tape, ...)

e Other detection devices much more
expensive (cameras) or subject to anomalies
in case of dust (Time-of-Flight)

Progress beyond SoA:

e Al to distinguish between real detections
and false detections

Rigid obstacle (whiteboard) at 60 cm
Acquired with sensor 1 on slot 1

n at 60 cm an at 90 with compressed air noise at 90c
i ensor 1 onslot 1 Acquired with sensor 1 on slo

Lessons Learned

e Using multiple boards (instead of a single
one) improves maintainability and flexibility

e FPGA allowed to decouple the STM32 from
the sensors

e A class-balanced dataset is needed for
successful training, and data augmentation
must be tuned

e The data-driven temporal feature extraction
vielded good results
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