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Neural Network Modeling for Bread Baking Process
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Abstract

Three quality factors of bread during baking process were measured to develop neural network
models for bread baking process. Firstly, volume and browning changes during bread baking process
were measured using image processing technique and temperature changes inside the bread during
process were measured by K-type thermocouples. Relationships among them showed nonlinearity.
Secondly, multilayer perceptron structure with error back propagation learning was used to construct
neural network models. Three neural network models for volume, browning, and bread temperature
were developed respectively. Developed models showed good performance with predictive error of
4.62% for volume and browning changes after 30 seconds, 7.38% for volume and browning changes
after 2 minutes, and 1.09% for temperature change inside the bread respectively.
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Table 1. Composition of bread dough

Table 2. Specification of baking oven

Material Composition (g)
Wheat flour 100
Water 60
Yeast 5
Salt
Sugar 5
Margarine 10
Milk powder 4
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Fig. 1. Notations for calculation of bread height
X, V. z, w-screen coordinates in “pixel”
L, I, H, hy, hy, h'-real value in “cm”
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Table 3. Specification of image processing equipment

CCD camera (high resolution)
/MC-750A (Kukjae co.)

SeeEye-512

RS-170 mono video

RS-170 composite video

RGB pseudo color output
512X 512X 8 bit greyxX1 Page

Camera

Image board
Input signal
Output signal

Input resolution
& color

Memory map D000:0 segment 64 kbyte
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Fig. 2. Measurement system for bread baking pro-
cess
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Fig. 3. Simple neuron model
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Fig. 4. Multilayer perceptron with error back-propaga-
tion learning
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Fig. 5. Bread temperature changes during baking pro-
cess
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Fig. 6. Bread volume changes during baking process
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Fig. 7. Bread browning changes during baking pro-
cess
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Fig. 8. Relationships between bread temperature inside
and bread volume
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Fig. 9. Relationships between bread temperature sur-
face and bread browning
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Fig. 10. Flow diagram for development of neural net-
work model
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Fig. 11. Neural network structure of model I to predict
volume and browning after 30 seconds

Table 4. Error analysis for neural network model T to
predict volume and browning of bread after 30 seconds
during baking process

Input variables: VOLUME,.;, BROWN, ,, VOLUME,

BROWN, OVNTP; output variables: VOLUME. .,

BROWN; .,

Model [ (5-8-6-2): after 30 seconds Error (%)

Trained Total error 2.08
Volume error 1.04
Browning error 1.93

Untrained Total error 462

(prediction) Vvolume error 319
Browning error 2.34

=5 g Al s} oS 2%(Model 1)
I ENRIE I R A E LR

918 41, 30 2 o) Ao} mpe] Hu) 2l s e} H(VOLUME, -,
BROWN, ). #laje] whe] H.u] vl aiuie} A(VOLUME,
BROWN)), #x12] ¢ ¥ 25 (OVNTP)% gJ# o2, 30%
o] 4o whej Hly} v vl A(VOLUME,.,, BROWN,

: 5-8-6-

e Felen slo] s, TEY ¥y TEE

AT



530 FRAEFATIA A 27H A 45 (1995)

VOLUME VOLUME BROWN BROWN OVNTP
1 t 1 ] v

N7
X
\" 24

A
A;\§\\

7
7,
V74 A4

7

7
/]

L
N
\.‘:;!

Fig. 12. Neural network structure of model II to pre-
dict volume and browning after 2 minutes

Table 5. Error analysis for neural network model 11
to predict volume and browning of bread after 2 minu-
tes during baking process

Input variables: VOLUME, ;, BROWN,.;, VOLUME,
BROWN, OVNTP,; output variables: VOLUME,,,.
BROWN..,

VOLUME VOLUME VOLUME BROWN BROWN BROWN OWNTP
{t-2) 1 ) (t-2} 1 () U]

BTS 8n
) [\

Fig. 13. Neural network structure of model III to pre-
dict bread temperature

Table 6. Error analysis for neural network model II1
to predict bread temperature during baking process
Input variables: VOLUME,_,;, BROWN,_,;, VOLUME,_,,
BROWN,-;, VOLUME,, BROWN,, OVNTP;; output va-
riables: BTL. BTS,

Model II (5-10-6-2); after 2 minutes Error (%)
Trained Total error 1.77
Volume error 1.06
Browning error 1.52
Untrained Total error 7.38
(prediction) Volume error 5.90
Browning error 4.87
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