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Introduction

Light incident on a material is reflected with different intensities
at different wavelengths. Using hyperspectral cameras, for each
pixel, the reflectance data values of the 224 bands form a
spectrum. Spectra patterns are built for different materials. By
analyzing and comparing the spectra with the patterns we are

able classify unknown materials.

Visual estimation and RGB image capture / image analysis

Some of the problems are;:
Sensor noise. High sensitivity to
light variations. Wide dynamic

range spectra.  Good
_______ = «» = = = fesolution depends on light
|_ intensity. Signal must be pre-

Hyperspedtral image capture / image analysis
1700nm
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processed to improve results.

Size of the hypercube

Pixel Spectra

High computational cost.
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Instalation & Requeriments

We start from a ROS (Robot Operating il
System) and a HSI (HyperSpectral Imaging) ‘N‘N‘N

50
bands

classification algorithm for plastic /

packaging card.

Excessive communication and
computations for each frame at 670Hz

cause failures in tracking picks at 25 m/min.
-Require; Only hyperspectral vision and

multiple robots.

Window Size (Hypercube)
640px x 1600 lines x 224 Bands
at 25 m/min : 4,146 s - 1,729 m

Whole Process with ROS (C++ & Python)
Message Passing (topics/services/actions)

modbus

Using the same conveyor belt, e
to reach 670Hz for full frame
(max for Fx17) - -

Conveyor Speed : 43,28 m/min
Time to compute 1 frame: 1,49 ms
Time to compute 1 window: 2,38 s

The proposed solution

« Touse a shared memory architecture to control the entire
process, from acquisition to delivery to the robots.
« To use multithreading for heterogeneous tasks and

OpenMP for homogeneous tasks.

* Power supply, lighting and conveyor control over ROS.

Multithreading & OpenMP Shared Memory Architecture
(QT C++ Multiplatform)

Saver Th.

. - H— o
HSI .bin Files File Mod.

tod Config. Files
Mode I I
' Raw HSI Buffer H— Main Th.
Qr modbus
—>
Class HSI Buffer — MODBUS
1,49 ms
640x224 I
Segmentation HSI Buffer Rob. Comm..
A 4 Sender Th.
A
Segment Th.
—
[:]
—
i |

Pick&Place Buffer

1,1,7,7

EURO-PAR

o o - vy E

= = G e :

o - — = s

Main Thread a 3 3 S
£ = c L

Ul ° oo Kz c
) o 3

I :
| :
I StartCamera | I l :
| > | | I
I | camera initializat | | .
I | I :

| :
I | I | :
, 2 | Capturel | I
: SR L — | | :
: = 1 ClassifylLi ¢ l I :
.‘_ n

| JSNP ! I :
I I = JBUL I I I .E
| DisplayRawimage | StartSegmentation | |
“ : o [ | :
| DisplayClasslmage : | Segmentimage ,
| I Captureline I — I
I I — I ObtainNewObjectsCentroids I
| ClassifyLine ¢ - :
I I E— | | _ :
Displavs ted! | - 1600/in I I GetNearestCentroidToRobot

|* isplaySegmentedlmage , ; : (x_robot, y_robot) :
DisplayRawlmage artSegmentation .

L play g I StartS tati I : < :
. P SendCentroid :

I DisplayClassimage | | Segmentimage | >
: | | «— [ :
[ ! I ObtainNewObjectsCentroids |
I DisplaySegmentedimage | | «— | :
I i | I :
I I I | :
I | — | E ! I
I | Raw HSI Buffer 11 | | Segmentation Buffer | E
| I | :

I . | :
4 v Class HSI Buffer Pick&Place Buffer I :
¥ v v

With OpenMP threads we can _

classify each frame up to 8.8 e
times the maximum frequency ..
of the camera. This leaves

time to implement much more
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complex classification
algorithms. Even without e T
. . s e e 3d ¢
OpemMP a 1600 lines window = A .
can be processed up to 51 £d
times per second.
ms Hz Cam.
a max min pmmedi? max min promeditd | 670 Hz
% Captura = 0,716 0,053 0,060
% Classify 2,433 0,183 0,219 411 5464 4565
é Capture&Classify 2,505 0,237 0,279 399 4219 3584 53x
< Total Segment (1600 lines) 38,332 16,156 19,537 26 62 51
Total Sement Line 0,024 0,010 0,012 41741 99034 81894 122,2 x
ms Hz Cam.
_ max min prnmaiin max min prorﬂdio 670 Hz
% Captura & 1,597 0,056 0,063
< Classify 1,404 0,088 0,107 712 11364 9319
% Capture&Classify 1,931 0,148 0,170 518 6757 5873 3,8x
Total Segment (1600 lines) 38,332 16,156 19,537 26 62 51
Total Sement Line 0,024 0,010 0,012 41741 99034 81894 122,2 x
# threads 1 2 3 4 5 6 7 8
ms 0,22 0,14 0,11 0,10 0,09 0,10 0,08 0,08
Hz 4565 7407 9319 10458 11305 9984 12625 13220
LLLLELE 6,8 11,1 13,9 15,6 16,9 14,9 18,8 19,7
Cam 67DHZ ! ! ! ! ! ! ! !
450 Mbytes of memory is use for a
double hypercube buffer and three’
= window Dbuffers. Heterogeneous
tasks use 4 threads, while OpenMP

2000

ot Tw e Te fe fe Be Be f3gks use 3 threads.

This resources consumption allows cost-effective systems
with 8 cores to process an industrial recycling plant.

... Conclusion & FutureWork

* Include RGB computations and industrial threads (OPC)

* New classification algorithms (SAM, Ratios, PCA, ad-hoc)
* Include Deep Learning in segmentation tasks

* Build an open access materials database.
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Memory size of the hypercube data.

otoniel
Nota adhesiva
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