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Abstract

In this paper, a fish drying process conlrol system is
proposed, which predicts the proper change with time
in weight of the material fish and the drying
conditions in advance, based on the perforimance of
skilled worker. In oarder to implement a human
expertise into an automated fish drying process
- control systern, an experiinental analysis is made and a
madel for the process is built. The proposed system
divided into two procedures: The procedure before
drying end the one during drying. The procedure before
drying is for the prediction of necessary drying time.
To eslimate the necessary drying time, first, the
praper change in wcight for the product is obtained by
using fuzzy reasoning. The condition part of the
produclion rule consists of the factors of fish body
and the expected degree of dryness. Next, the
necessary drying lime is obtained by regression
models. The variables employed in the models are the
factors, inferred change in weight and drying
conditions. The model for the procedure during drying
is also proposed for more accurate cstimation, which
is described by a system of linear-differential
equalions.

{ before drying ]

I. Introduction

Dried marine products are traditional foods in Japan
since ancient periods, but the principles ani
techniques are not sufficiently developed excepling a
few studics on the quality control [1,2]. It has been
a long of time berore it attracts attention of the

.researchers in this field. Nowadays, most of

manufacturers of these products have been suffering
from a lack of hands.

Two papers on fish-drying process control were
presented at the '92 KACC ([3,4]. One is on the
experimental analysis and experlise for the syslem,
which make clear the requisites for automatization of
the process. And the other is on the modeling and
parameler estimation of the fish-drying control
system. It mainly describes the procedure for the
parameler estimation of a mathematical model that
represents the fish-drying rate during drying. Each
paper deals with the fundamentais for constructing
fish-drying process control system of new type bascd
on human like rcasoning, as is shown in Fig.l.

This paper is for the facilitation of aulomatization
in the field. Some organized experiments were
performed continually in order to extract the

characteristics of drying necessary in proposing such

( during drying )

Knowledge of Determination of Monitoring Modification Evalusation of
material fish drying conditions drying state of drying state
and and and ~ | drying -+ | right before
Knowledge of Estimation of Estimation of conditions prescribed
finish drying time real drying rate drying time

( empirical judgement }

( t{ not suffictent )

{ Memorizing the record of the applied set of drying conditions, the state of the material and the state of the product )

Fig.1 Schematic of the authors’ proposing control system for fish dryiny
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a new autamatcd system for fish drying. The
with

bascd on the proposal

paper is concerned improvement of the

mentioned above, and

The

system
so modificd as to meet the above purposc.
system cousists of lwo procedures

marine products of good quality, which

mimicking a human expert’s way.
2. Experiments and Results
The

material fish

present
control
is
control
to produce dried

are set

used for the present experiments

are round herring which are cavght off the coasl of

2.1 Component analysis

fish,
the difference
The drying
the size of fish

For the same species of the individual

difference can be recognized by in sizc
of fish body
fish

the chemical

for

an expertl. rate of

and
The
tipid,

material is alfected Ly body

compositions of the fish
of fish
and
that

components which affcct the drying rate. Table

meat.

components include water, protein,

carbohydrates, ash. Considering the mechanisin of

the
1

amount

drying shows water and lipid are major

shows

the result of component analysis. The total of

Yamaguchi Prefecture from September to October in water and lipid content is sbout 75g per 100g of fish
1992. The relation between the length and weight of weight, and there holds negative correlation
the material fish are shown in Fig.2. (correlation coelficient = -0.778) between water and
lipid as shown in Fig.3. The authors proposed a
(per 100g of whole body)
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Fig. 2 Relation i
ig elation between length and weight Fig. 3 Reclation between lipid and water content
I herri
(round herring ) ( round herring )
Table 1 Componets and their correlations (round herring )
Number of samples = 146
Size of fish body Components of fish meat
(per 100g of whole body)
dimensions Length Yeight  [ondition Vater Protein W Lipid Carbo- Ash
(mm) (g) factor €3 €] (®) ydrates(g)]  (g)
Size Average 133 720. i 12.3 72.2 719. 6 ) 2.87 ) 0. 714 4.81
and Yaximun 191 60.5 14.3 75.9 22.6 6.9 1.6 1.0
components Ninimum 95 6. 06 10.6 66. 8 17.4 0.9 0.1 2.9
Length 1 0.978 *¥ | 0.665 *# [ -0.563 *+ | 0. 361 | 0 834 k| 0. 161 0 366 xx
Veight t 0.700 #x ] -0.534 x+ | 0. 319 | (. 853 0. 131 0410 #E
Correlation | C-factor i -0.215 x| 0.0730 0.496 #+ | 0.165 * | -0.403 ++
_ Vater | TO. 755 #% | -0. 778 ¥ | -0. 0662 -0. 423 *x
coefficients | Protein i 0.422 *+ | -0.116 0. 220 **
Lipid ! 0.0514 -0. 105
C-hydrates 1 -(. 0859
Ash 1

* : significant at 5 % level,

',

significant at 1 % level
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the lipid
Condition factor:

characteristic to represcnts

that is,

possible

content in Reference [3];

Weight of fish x 1000 (h
( Essential length of fish )’

Condition factor =

where Essential length is the length of fish measured
excluding caudal fin of fish. As can be found in Table
1, lipid content shows the highest correlation with
the condition Table 2 shows the
degree of corrclation between condition factor and
lipid content with fish length. As is clear in Table
2, the tength is, the higher the

correlation is. So,

factor. difference in

larger the

in modeling a control system, it
this factor

the casc of rather

is important to respect as the knowledge

of material fish, excluding small

fish.

Table 2 Difference in correlation coeflicient
between condition factor and lipid content

wilh fish length of round herring

Class Number of Correlation
(mm) samples coefficient
100 - 119 37 0.170
170_139 ............. “ ............ 0855“
¥ : significant at 5% level

#% : significant at 1% level

Table 3 The results in drying experiment

2.2 Experiments

drying

time

appropriale
conditions and drying
before drying. This procedure can be achieved by the
knowledge of material fish at the time of catching and
its state right before drying. The drying conditions

An expert determines the

predicts the necessary

are temperature, moisture, wind flow rate, and
direction of wind flow in the drying room.
To clarify the - effects on the drying rate, the
following experimenls were performed.

Product Salted and dried

Drying method Cool-air drying

Drying time 28 hours

Conditions H

Temperature 19.0 ~ 250 'C

Moisture about 70 %

(al the beginning)
Wind flow rate 2.50 ~ 3.50 m/s
Direction of wind flow against, follows

(facing the abdomen of fish)
Organoleptic evaluation by
hand (by expert)

Judgment

Rank Expert's judgment Commercial value
1 Underdried None
2 Slightly underdried Good
3 Proper Good
4 Slightly overdricd Good
5 Overdried None

Drying conditions of each experiment are as follows:

Experiment No.1 : Temperature =

19.4 °C,

Moisture = 61.8 % Wind flow rate = 2.85 m/s

Experiment No.2 : Temperature = 22.0 ‘C, Moisture = 53.1 %X, Wind flov rate = 3.11 a/s
Experiment No.3 : Temperature = 25.2 °C, Moisture = 56.2 X, Wind flow rate = 2.94 n/s
Numbe;r of Samples [average] Change in weight with elapsed drying time
experiment | Length |Weight | Condition | Number of | 0 (h) | 4 (h) | 8 (h) | 12 (h)] 20 (h)| 24 (h)} 28 (h)
(mm) (g) factor samples
] 1 ) 391 12 o 1000 0896 A0.851 0.819 0.766 0.744 0.725
7 1000 | 0.690 | 0.846 | 0.812 | 0.760 | 0.735 | 0.715
3 1.000 | 0.888 | 0.842 | 0.805 | 0.744 | 0.718 | 0.698
7”1.70007 0903 ‘Q.BGI 0.831 0.780 0.759 0. 740
Voo | osse | owss | oosar | o | oo | o
i 000 | 0.892 | 0.849 | 0.814 | 0.757 | 0.733 | 0.7i3
1‘0,00” 0907 "0,78769 0.840 0.793 0.774 0.756
1000 | 0.899 | o.859 | 0.826 | 0.772 | 0.748 | 0.723
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Table 3 shows an example of the result of the
experiment. The average length of the samples is 172
mm. From the results of experiment, the influential
factors of the process arc summarized as follows:
Drying temperature is the most effective factor, and
the second most factor is wind flow rate. The
direction of wind flow has no cffect on the drying
rale.

3. System Architecture

Bascd on the results in Section 2, a control system
for the fish drying process was buill.

3.1 The procedure before drying

This is the inference process for the delermination
of the set of proper drying conditions and the
estimation of the drying rate based on the knowledge
of material fish and the past drying results obtained
by an expert. Before drying, the expert decides the
" most suitable drying conditions according to his good
amount of experience and knowledge.

Fuzzy inference and multivariate analysis are
employed to predict the appropriate dryness of the
products and neccessary drying time during drying.
Linguistic rules may be used as a fundamental model of
desiring an infcrential dryness of the products as
follows:

If Malerial and Expectation then Product (2)
In this model, the variables for Malerial are the size
of material fish, and the variable for Expectation is
the degree of dryness decided by an expert. The
variable for Product is the change in weight of
material fish al the end of drying which is, in other
words, the appropriale dryness of (he product.

Using the above results, the next step is to estimale
the nccessary drying lime. The regression models for
predicting the necessary drying time before drying
were built by means of mulliple regression analysis as
follows:

Time = a0 + bO..n x Malerial + ¢0..n x Product
+ d0...n x Condition (3)

where a0 is a constant, b, ¢ ond d are the partial
regression cocfficient correspond to their variable.
The variables lor Material are the size of material
{fish, and the variable for Product is appropriate
dryness of the product obtained by the above fuzzy
inference. The variables for Condilion are the drying

condilions, such as drying temperature, etc.

3.2 The procedure during drying

Drying is executed applying the drying conditions
estimated in Section 3.1 as the initial sctting value
for control. In the beginning of this process, Llhe
prediction of the real drying rate is predicled and
correction of the drying conditions using on-line
monitoring of the change in material weight is made. A
fundamental model for predicting the state of fish
drying, consists of linear differential cquations
described in Reference [4]. [t is shown there that
applying the ( a- f)-solution makes il possible to
obtain the real drying rate very accurately:

dx{t) = u() + v(i)

dt

) = - x v(y

dt

dut) = -8 x u() (4)
dt

where uft) is a constanl speed that corresponds to  the
asymplote and v(t) is the spced wilh a constant rate
of decrease. The real drying rate is obtained by
applying Equalions (4), hereby, the difference between
the neccessary drying rate estimated before drying and
the real progress of drying is evaluated.

Next, the drying conditions are modified to control
the drying rate. Basically the methodology for
controlling the fish drying is similar to that for the
air-conditioner by using fuzzy reasoning. The control
factors are temperature, moislure and wind flow rate.
The next step is for the determination of when to
stop drying and for memorizing the record of employed
set of drying conditions, Lhe state of the material
and the state of the product. This step is for future
better control, and corresponds to a human expert's
processes of expericnce accumulation and knowledge
acquisition. When the change in weight of material is
equal to the inferred value before drying mentioned in

Section 3.1, drying is stopped automalically.
4. Discussion and Conclusion

In this paper, discussed is how to construct an
intelligent control system for fish drying process. A
system archilecture which is similar to human expert's
way is proposed by modeling human expert's procedures
before drying and during drying.

Fig.4 shows examples of the membership functions of
linguistic rules for estimaling the proper change in
weight to produce the salied and dried "Wakaboshi™ of
round herring, and Table 4 shows the inference rules.
Table 5 shows an example of the simulation results
using the above linguistic rules and membership
functions, and Fig.5 is the resulls shown in Table 3.

Table 6 shows the multiple regression analysis models
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for predicting required drying time beforehand to
produce the product. Fig.6 (a) shows the flowchart for
the estimation of necessary drying time, and (b) shows
the flowchart for the modification of drying
conditions before drying.

Further study is necessary, but the present method
makes it possible to implement a human expertise into

an automated fish drying process control system.
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Fig. 4 Membership funciions for estimating the change in weigh!

to produce the salted amxi dried "Wakaboshi”

of round herring

Table 4 Inference rules for estimating the change in weight
to produce the salted and dricd "Wakahoshi" of round herring
IF Argaments. TIEN Argoment
Lergth | Condition | Degree of Chnge in
frctor dryness weight
NB
e e B [oh
Table 5 Simulation results
Products Contents Drying time
24 h 28 h
¥akaboshi Experimental value 0.683 0. 662
Inferred value 6. 710 0. 685
Error 0. 027 0. 023
Kataboshi Experimental value 0. 347 0. 329
Inferred value 0.343 0.339
Error ~0. 004 0.010
112 v ¥ g 7 v
» o: wakaboshi -
= - . k ataboshi -
s 0.4 inferred value
> i
= -
A (2.54]
= (2. 82
- (2.67]
0. 4- - 67
\.‘\.\ [ 2 . 8 g
-1 , , . ‘ ——
0 10 70 10
Drying time(h)
{ T:Expert' s judgement
Fig. 5 Simulation results  shown in Table 5
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Table 6 Multiple regression analysis models for predicting required drying time beforchand

Class Variable Constant | Multiple
Partial regression coefficient correlation
Length Weight | Condition | Change in | Temper— | Wind flow | Moisture coefficient
factor weight ature rate
~ 118 0.0338 0. 457 #¢ - —36.0 #¢ ~1. 40 #+ 6.30 ## -0.896 #% | 85.2 #+ 0.978
(nm) {o0. 0529] (0. 150] [-0. 416} [-0. 418] fo. 261] [-0.825]
120 ~ 0.209 ¢ - 3.89 #¢ -56.0 4 -0.654 % 1.68 % -0.177 #+ | -2.91 0.747
(mn) [1.30] [0.633) [-2.18] {-0. 500} {o.195] [-0. 545)

* : significant at 5 % level, **: significant at 1 % level, [ ] : Normarized partial regression coefficient

GEEITITID

Setup
target drying time (TDT)
allowahle maximum

drying time  (ADT)
temperature (ATE)
wind flow rate (AWR}

1 tisl 1 ze

= t up
_mnterinl,produet
drying condilions

l ADT <
EDT-TDT

input
size of fish body
number of samplcs Modli fy

1 drying condition
{tempernturc}

Calculate
comslition factor
equation (1)

|

within
ATE

Intfer

(arget weight decreane Estimnaite
equntion (2) drying time (EDT)
l equantion (3)

Estimste
drying time (EDT)
cquntion (3}

Display 1
< prediction Modify
drying corulition

(wind flow rate)

ADT <
| EDT-TDT

(a) prediction of required drying time beforchand

within

References AWR
[l]Akihide Takiguchi, “"Lipid Oxidation in Niboshi, Estimate
Boiled and Dried Anchovy, with Different Lipid d'yimc::::ﬁif:z]g;

Contents,” Bulletin of the Japanese Society of I

Scientific Fisheries, 52, 6, pp.1029-1034, 1986. (in £

Japanese) < ? ld:crz»inlnli:my
[2}Akihide Takiguchi, “Lipid Oxidation and Hydrolysis l

in Dricd Anchovy Products during Drying and Storage,” / o ipat /
Bulletin of the Japanese Society of Scientific control information

Fisheries, 53, 8, pp.1463-1469, 1987. (in Japanese)
[3]Y.Sakai, M.Nakamura, et al.,, "An Experimental
Analysis and Expertise for a Fish-Drying Process
Countrol,” Proc. of the KACC, pp.118-123, 1992. Fig. 6  Flow cahrt
[4]Y. Sakai, K. Wada, H.Nakamura, "Modecling and

Paramcter Estimation of & Fish-Drying Control Systew,”

Proc. of the KACC, pp.440-445, 1992,

(b) modification of drying conditions before drying

- 137 —




