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Fig 1. (a) CAD model of the fermentation oven, (b)
Schematic diagram of the fermentation oven; 1-
Control box, 2- Temperature and humidity sensors,
3- Imaging camera, 4- Stepper motor, 5- Dough
sample, 6- Propeller fan, 7- Heating element, 8-
Humidifier, 9- Water inlet tube to the humidifier,
10- Humidity outflow tube, 11- Chamber, 12-
Indicator
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Fig 3 Circuit simulation of the control panel in
Proteus 8 software (up), Designed and
implemented control circuit (down).
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Fig 2. Image processing and boundary
approximation over a dough sample; (a) Original
RGB image was acquired from dough sample at a
given angle, (b) Grey-scale representation of the

RGB image, (c) Binary image obtained by
thresholding of gray-scale image, (d) B-spline
approximation of sample boundary using knots set,
(e) B-spline curve of the sample and its central axis
that the images taken at various angles are
common, (f) 3D representation of the sample.
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Fig 4 3D reconstuction of Dough sample using 6
images (with 7/6 rad of imaging span)

Table 1. Volume and surface area estimation errors for a spheral sample.

Volume (cm®)

Surface area (cm?)

Imaging
angular span measured  estimated error measured  estimated error
/12 523.60 517.64 1.14% 314.16 303.15 3.50%
/6 523.60 517.55 1.16% 314.16 303.03 3.54%
/4 523.60 517.84 1.10% 314.16 303.15 3.50%
/3 523.60 519.18 0.84% 314.16 303.73 3.32%
/2 523.60 525.30 0.32% 314.16 307.76 2.04%
Table 2. Volume and surface area estimation errors for a elliptical sample.
Imaging Volume (cm’) Surface area (cm?)
angular span measured  estimated error measured  estimated error
/12 628.32 579.72 7.73% 356.80 326.53 8.48%
/6 628.32 579.20 7.82% 356.80 326.09 8.61%
/4 628.32 577.49 8.09% 356.80 326.39 8.52%
/3 628.32 567.26 9.72% 356.80 323.26 9.40%
/2 628.32 578.23 7.97% 356.80 328.93 7.81%
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Examination of amount and rate of bread dough expansion during its processing and preparing for
baking has significant importance, due to both of determining environmental conditions governing to
the process, and inspecting flour and other dough contents quality. In current research, a new
approach is presented based on image processing and radial projection technique, which reconstruct
the dough sample as 3D image by B-spline curves and estimate its changing volume and surface area
during the fermentation process. The estimation error of volume and surface area of a virtual spherical
sample was 1.16% and 3.54%, respectively. Also, the results showed that about tested standard
samples, /6 rad of imaging span was the best condition, hence of computation volume, estimating
time, reconstruction quality and estimation accuracy. The method is developed and implemented as a
research devise under titled "pilot Fermentation Oven". We conclude that the presented oven could be
confidently used in bread dough density testing's.

Keywords: Wheat flour, Fermentation, Dynamic density, Image processing.
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