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Abstract. Type 2 diabetes mellitus is a disease that occurs because the body lacks of insulin or the insulin produced by
the pancreas cannot work effectively such that the glucose level in the blood cannot well controlled. One of the most
common causes of diabetes mellitus type 2 is obesity, therefore this disease can be controlled with the appropriate diet
regarding to the daily calorie requirement. Hence, the level of blood glucose is maintained. Unfortunately, because the
lack of proper diet education and facility, many people cannot work on proper daily healthy diet by their own. In this
research Artificial Immune System algorithm was applied to build a model that help diabetes mellitus patient arrange
their meal plans. The model can calculate the amount of daily calorie needed and arrange the appropriate daily meal plans
based on it. The meal plans vary according to the patient calorie needs. The required input data are age, gender, weight,
height, and type of patient daily main activity. The experiments show that this model has a good result. The result is
already approaching the patients’ daily calorie need, i.e. 97.6% (actual need is not less than 80% and not greater than
100%). Carbohydrate of the meal plan is 55-57% (actual need is not less than 45% and not greater than 60%) whereas the
protein approximate 15-18% (actual need is not less than 15% and not greater than 20%) and fat of approximate 22-24%
(actual need is not less than 20% and not greater than 25%).

INTRODUCTION

Diabetes mellitus is one of chronical disease that needs long term medical treatment. Factors that stimulate the
occurrence of this disease are obesity, high level of triglycerides in blood, genetic susceptibility, smoking habit and
hormonal abnormality. Among those factors, the most common cause is obesity which related to improper diet.
Obesity occurs when a person has accumulated so much body fat. Excessive fat in blood could reduce sensitivity of
the insulin (the hormone which control blood glucose level) and leads to a condition in which cells fail to respond to
insulin properly. Commonly, thus condition is recognizes as type 2 diabetes mellitus. Therefore, a tight diet control
is the main method for the patient to deal with type 2 diabetes mellitus. Diet control for Type 2 diabetes mellitus is
focused on sugar content distribution on daily meal such that total calorie consumption do not exceed the patients’
calorie need. Hence, blood glucose level is maintained below the normal treshold.

Meal plan arrangement for type 2 diabetes mellitus is not an easy task since food nutrition content and daily
calorie need is not a common knowledge. Moreover, consultation fee for a nutritionist is not cheap either. Those are
some obstacle that prevent type 2 diabetes mellitus patient from having a good treatment at home. Some researchers
had been try to develop an automatic system for meal plan arrangement using various techniques. For example ant
colony optimization algorithm [1], bayesian optimization algorithm [2] and simplex algorithm [3]. Unfortunately,
those system is not provide patient with an “easy to do” menu. It just suggest the raw material rather than a food
recipe. Patient still need to find out how to mix those raw material into delicious food. Another problem is the total
running time needed. Using previous method the running time can not support dynamic and online system.
Therefore, the system is deployed in offline mode which is not practical for nowadays used in internet of thing era.

In this research, a technique based on human imune system concept was developed to modeled the meal plan
arrangement for type 2 diabetes mellitus and speed up the running time. Using this model, the patient will
automatically get personal menu suggestion that match their nutrition daily need. As an additional, the model can

Svmposiuns on Bi thematics (SYMOMATH 2016)
AIP Conf. Proc. 1825, 020017-1-020017-8; doi: 10.1063/1 4978986
Published by AIP Publishing. 978-0-7354-1493-8/$30.00

020017-1




also generate several similar menu to provide alternative for the patient. The model was deployed in web-based
application to provide ease of access.

MATERIALS AND METHOD

As much as 200 Indonesian meals recipes were collected from various sources (internet, recipe books, private
collection) to be saved in the database. Those recipes are covers meals for breakfast, lunch, dinner and snack time.
The main requirement for the recipes to be fit on the model is it must inform the serving size and the size of each
ingredient being used. In the preprocessing step, the sizes were transformed into calorie (in cal) using food catalog
like the USDA National Nutrient Database.

Type 2 Diabetes Mellitus Meal Plans

In fact, there is no significant difference on meal arrangement between people with diabetes and normal people.
Both of them can eat the same foods, but people with diabetes should concern on the daily total amount of the
nutritional content on their meal. It must must be ensure that the daily total calorie intake is match the total calorie
need in a day. The total calorie need is depends on gender, daily activity, weight, height, age and other conditions,
such as being pregnant [4]. First, the ideal weight should be determines using Eq. 1 and Eq. 2, followed by basal
calorie calculation using Eq. 3 and Eq. 4.

Height — 100, Height < 160 cm

FemdlelesaiWelghe = { (Height — 100).90%, Height > 150 cm M

Height — 100, Height < 160 cm

Mole [depl Weighti= { (Height — 100).90%, Height > 160 cm @

—5%. Ideal Weight.25, Age = 40 year
Female Basal Calorie = { —10%.Ideal Weight.25, Age = 60 year (3)
—20%.Ideal Weight.25, Age = 70 year

—5%. Ideal Weight.30, Age = 40 year
Male Basal Calorie = { —10%.Ideal Weight.30, Age = 60 year (4)
—20%. Ideal Weight.20, Age = 70 year

The daily total calorie need is then calculates regarding to the type of the daily activity (rest, light, moderate,
heavy or very heavy) and weight category (under weight or overweight) using Eq. 5 and Eq. 6 consecutively. Total
calorie intake for one day should not exceed the daily total calorie need. Another requirement is related to the
nutrition distribution. The recommended distribution for type 2 diabetes mellitus patient are 45% up to 60%
carbohydrate, 15% up to 20% protein and 20% up to 25% of fat. Moreover, it is highly recommend that the daily
calorie intake is distributes as follows, 20% from breakfast, 30% from lunch, 30% from dinner and 25% from snack
time,

+10%. Basal Calorie, Activity = Rest
+20%. Basal Calorie, Activity = Light
Calorie Need = +30%. Basal Calorie, Activity = Moderate (5)
+40%. Basal Calorie, Activity = Heavy
+50%.Basal Calorie, Activity = Very Heavy

—20%. Basal Calorie, Weight < 110%. Ideal Weight

ColorieNeed = { +20%. Basal Calorie, ~ Weight > 110%. Ideal Weight ©
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Artificial Immune System

Artificial immune system (AIS) is one among the methods in the field of biologically-inspired computing to
solve computational problems. It concerns on abstracting the immune system mechanism of the vertebrate to
computational system. Generally, immune system refers to the defence machanism agains pathogens using an agent
called antibodies. These antibodies are generated specific to the pathogen agent called antigen, the purpose is to
remove the antigen before it spread and cause major damage. B-cell and T-cell are two types of lymphocyte (white
blood cell) which is responsible for the production of antibodies.

Various optimization problems have been solved using this approach [5]. Some techniques which is used in this
system are clonal selection algorithm, negative selection algorithm, immune network algorithm and dendritic cell
algorithm. Clonal selection algorithms are the most common technique to solve optimization problem, part of them
similar to parallel hill climbing and the genetic algorithm but left out the recombination operator [6-7]. It is
mimicking the theory of clonal selection of acquired immunity whereas B-cell and T-cell is in the state of affinity
maturation (the condition when both cells improve their response to antigens over time). Selection procedure is
inspired by the affinity of antigen-antibody interactions, only cells that successfully recognize the antigen will
proliferate, thus being selected against cells that do not. Cell division is inspiring the reproduction procedure, and
somatic hypermutation is inspiring the variation. Hence, the clonal selection theory’s main features are: (1). New
cells are duplicates of their wellspring (clone) subjected to a mutation mechanism with high rates (somatic
hypermutation); (2). Displacement of newly differentiated lymphocytes carrying self-reactive receptors; (3).
Proliferation and differentiation on contact of mature cells with antigens.

There are four basic step to implement basic AIS i.e. encoding, calculating the similarity, selection and mutation.
But the first task is defining the antigen and antibody data structure. An antigen is the solution (target) and
antibodies are the rest of the data. It is possible to maintain more than one antigen at a time. The antibodies usually
present in a large number simultaneously. The representation of antigens and antibodies should be exactly the same,
therefore they should be encoded in the same way. Generally, the most obvious representation is a string of numbers
or features, where the length is the number of variables, the position is the variable identifier and the value (could be
binary or real) of the variable.

Model Building

The most important step during model building is defining the representation of antigen and antibody. It could be
represents as vectors or matrices. Table 1 depicts the general concept which is used to create the antibodydies in this
research. The meal time divided into 5 categories, i.e. breakfast, snack 1, lunch, snack 2, and dinner. Meanwhile, the
meal recipes divided into 7 categories, i.e. rice, meat/poultry/fish, vegetables, bread/cereal, milk, fruits and
cake/cookies.

TABLE 1. The arrangement of meal recipe category for each meal time
Recipe Category

Meat/

Meal Rice Poultry/ Vegetables Bread/ Milk Fruits Cake/
Time Fist:y : & > Cereal Cookies
R MPV v BC M F cE

Breakfast N N N N N | X
Snack 1 X X X X X v ¥
Lunch R ) v X X X X
Snack 2 X X X X X v v
Dinner B B v X v X X

The cells with cross symbol (x) indicate that a particular meal time will not use the meal recipes category and the
cells with check symbol (V) indicate that a particular meal time will use the meal recipes category in the
coresponding column. As an example, for lunch time, the meal recipes from category bread/cereal, milk, fruits and
cake/cookies will not be chosen from the database and in the other hand the category rice, meat/poultry/fish and
vegetables will be chose. This basic rule is based on the regular Indonesian meal arrangement. But, it could be
modified to adjust the eating habit for other culture. This rule was then used to pick up the recipes for the antibody.
Each antibody will bring information about the recipe code used in the database and then retrives the coresponding
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total calorie. The code was created based on the arrangement as shown in Table 2. It consist of 4 digit, the first digit
represnt the recipe’s category and the other 3 digits represent the recipe identity number on database.

TABLE 2. Code arrangement for each category of recipe

Breakfast Snack 1 Lunch Snack 2 Dinner
R MPV A% F cc R MPV A% F CE R MPV \Y%
1 xxx 2XXX 3XXX H6XXX 7 XXX 1 xxx 2 XXX XXX 6XXX T XXX XXX 2XXX 3XXX

Figure. 1 is the examples of vectors in a population which are created based on rule on Table 1 and code
arrangement on Table 2. Each population contains 20 antibodies, one antibody represent as a vector which each cell
on it contain a code which is refers to the particular recipe. Those codes are used to retrive the calorie amount of
each coresponding recipe. For each vector, the calculation is done to obtain the total calorie from the recipes and its
ditribution for each meal time.

Antibody 1 [1001, 2005, 3023, 6012, 7001, 1002, 2016, 3003, 6008, 7025, 1004, 2003, 3012]
Antibody 2 [1004, 2015, 3031, 6002, 7021, 1015, 2017, 3015, 6002, 7005, 1001, 2013, 3011]
Antibody 3 = [1001,2012,3001, 6010, 7013, 1013, 2015, 3011, 6009, 7014, 1002, 2017, 3021]

Antibody 20 = [1003, 2022, 3004, 6017, 7011, 1003, 2003, 3017, 6011, 7019, 1009, 2027, 3022]

FIGURE 1. Vector representation of antibodies

The affinity measurement between antibody and antigen is conducted using Eq. 7 and Eq. 8, ¢, is carbohydrate
of the antigen, ¢, is carbohydrate of the antibody, p,, is protein of the antigen, p,,, is protein of the antibody, f,, is fat
of the antigen, f,,, is fat of the antibody, cal,, is fat of the antigen and cal,, is fat of the antibody.

1
fitness

af finity = (7)

fitness = ((Ca_q - cab) * (pag . pab) + (fag — fan)) *0.3) + ((Calﬂg - C‘alab) +0.7) (8)

Using Eq. 8 the priority of the requirement condition is set up. In this research, the total calorie fulfillment is
weighted 70% and the calorie distribution is weighted 30%. These weights could be adjusted as the requirement of
the system change. Hence, the artificial immune system procedure is apply [8.9]. Figure 2 decpict the flowchart of
the procedure.
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Calorie Need

Generate Initial
Population

FIGURE 2. Flowchart of the system

Selection of the antibody is done using a selection probability (Eq. 9). Antibodies with high selection probability
will be cloned using Eq. 10. Therefore, as the selection probability increase, the number of clone is increase as well.
This mechanism ensures that only the best antibody will remain until the end of the procedure.

. o5 _affinity,
selection probability,, = Taffnitye 9)
Nerone ap = Npop- Selection probability 4, (10)

In order to create the positive variation of the antibody, mutation process is applies to the selected antibody. The
mutation probability is calculates using Eq. 11.

mutation probability,, = 1 — selection probability .y, (11)

The two values (selection probability and mutation probability) are then compared, if selection probability is less
than mutation probability the antibody will mutate. Mutation is applies by randomly pick up one recipe from the
antibody and switch it with other recipe in the same category. The mutation result then evaluate whether it could be
remain on the population or should be discarded. The process will be run over and over again until at least 80% of
the population contains exactly the same antibodies and the recommendation is determines from those antibodies.
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RESULT AND DISCUSSION

Table 3 represents an example of the menu which is recommended by the system for overweight patient. It could
be seen that the recommended menu is “ready to use”, it is equipped with the exact serving size that help the patient
consume the meal in right dose. Detail of the calorie amount is also provided such that quality of the menu could be
easily evaluated.

TABLE 3. Example of the recommended menu.

Meal Time Recipe Serving Size Calorie Carbohydrate Protein Fat
Portion gram (cal) (cal) (cal) (cal)
Break fast Raisins Cake 0.5 15 49 32 8 9
Breakfast Yoghurt 1 240 136 80 56 0
Snack 1 White Bread 0.5 70 194 160 16 18
Snack 1 Bake Peanut 1 15 100 16 12 72
Lunch Fried Rice 0.5 75 129 64 20 45
Lunch Bake Catfish 0.5 50 94 0 40 54
Lunch Butter Corn 0.5 50 61 44 8 9
Snack 2 Kemang 0.5 105 48 48 0 0
Snack 2 Macademia Nut 1 13 57 8 40 9
Dinner Chicken Steam 1 150 258 128 40 90
Rice
Dinner Vegetable salad 1 100 20 12 8 0
Dinner Milk 0.5 100 90 20 16 54
Total 1236 612 264 360

Moreover, a web based interface was developed to provide patient with an interactive experience. Patient could
get the detail information by clicking the recipe of interest. The information contains “how to make™ and also
pictures of the meal. It also provides information regarding the quality of the recommended menu, whether it is good
or poor to fulfill the patient’s calorie need. If its quality is poor, patient could reruns the system to get new
recommendation. Therefore, patient could decide by themselves which menu should be retains and which menu
should be discard. Figure 3 depict example of the system’s web interface screenshot.
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FIGURE 3. Screenshot of the system’s web based interface.
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In order to test the system’s performance, an experiment was conduct using 30 patients with different body mass
profile i.e. overweight, ideal and underweight. Table 4 present the summary of the system performance to fulfill the
patient’s daily calorie need. Overall, the system performance is satisfying. It is shown that the systems tend to
recommend recipes with total calorie less than the patient’s calorie need. In the case of diabetes, the total calorie
intake should not exceed the total calorie need. Therefore, the system tendency would not bring negative effect for
the patient. Moreover the average deficiency is only 2.4%, this number far below the maximum calorie intake
deficiency treshold which is 20%. The average running time is also acceptable to be deployed in the web
environment. However, the summary also reveals that for underweight cases the system tend to less accurate
compare to the other two. Adjustment should be made to the serving unit size of the recipe. It seems that the serving
unit size of the common recipe is more suitable to fulfill the calorie need for overweight and ideal cases. The recipe
database should be enriched with the ability to automatically create the variation of the smaller serving unit size.

TABLE 4. Summary of the system’s performance on fulfillment of the daily calorie need.

Calorie Need Calorie from The Difference feekatiai Running

(cal) Recommended Recipe (cal) (cal) Time (s)
Overweight 1573 1537 36 370 6.674
Ideal 1880 1850 30 408 3.394
Underweight 2188 2117 71 677 5.208

Figure 4 depict the system’s performance on the distribution of fat, protein and carbohydrate which is compared
to the minimum and maximum healthy diet requirement. It is shown that the system successfully meet the
requirement. The overall fat, protein and carbohydrate distribution for three categories of patient’s body mass is
reasonably lies between minimum and maximum amount. A little imperfection was happened for fat distribution, the
system tend to recommend recipe which is contain fat at merely maximum allowable amount.

=Fat = Protein Carbohy drate
60.00%
57.17% 57.75% $5.26%
45.00%
Min Overweight Ideal Underweight Max

FIGURE 4. System’s performance on main nutrition distribution

Figure 5 depicts the system’s performance to distribute the calorie for each meal time. It compares the required
calorie distribution to the calorie distribution on recipe which is recommended by the system. It is shown that in
general, the system could reasonably match the requirement, indicate that the system could organize the recipe
regarding the meal time calorie suggestion. However, the figure also reveals that for snack 1 and snack 2 the system
tends to recommend recipe with the total calorie above the requirement. Meanwhile, for lunch time the system tends
to recommend recipe with the total calorie below the requirement. Adjustment should be made on the database that
handles the fruits and cake/cookies category. The serving unit size should be reviewed for those categories. But,
since the daily total calorie from the recipe could well match the daily total calorie need, this tendency will not bring
major problem for the patient.
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®wBreakfast ®wSnackl »Lunch ~Snack2  Dinner

25.00% 27.82% 24.38% 23.29%
15.00% 17.16%
17.75% 18.12%

: 20.79%
30.00% 2093% REE
Requirement Overweight Ideal Underweight

FIGURE 5. System’s performance on meal time’s calorie distribution

CONCLUSION

The evaluation of the artificial immune system model for diabetes meal plan optimization in this work shows

very promising result. Accuracy of daily calorie fulfillment from the recommended menu reach 97.6% and its main
nutrition (carbohydrate, protein and fat) distribution lies between the ideal thresholds. Distribution of the calorie
regarding the meal time is reasonably appropriate as well. Running time test of the web based environment system
was also indicates that the web application could run well in the World Wide Web. However, a little adjustment is
still need to be done on the recipe database. It would be much better if the databases could automatically adjust the
serving size to the exact amount needed by the patient such that it could be well adapt to the patient body mass
category. Another artificial intelligence technique e.g. fuzzy logic could be applies for this matter. Using such
hybrid technique will increase the accuracy of the system [10-11].

REFERENCES

M. Rusin and E. Zaitseva, “Hierarchical Heterogencous Ant Colony Optimization”, Proceedings of the
Federated Conference on Computer Science and Information Systems (IEEE 2012) pp. 197-203.

S. Gumustekin, T. Senel, M.A. Cengiz, J. Food and Nutrition Research 2 (12), 952-958 (2014).

D. Magdic, J.G. Kljusuric, L. Matijevicl, D. Frketic, Croat. J. Food Sci. Technol. 5 (1), 18-28 (2013).
Rusliliati. Menu Sehat Pengidap Diabetes Mellitus (Kawan Pustaka, Jakarta, 2008).

P. Cisar, S. M. Cisar, B. Markoski, Acta Polytechnica Hungarica 11 (4), 225-239 (2014).

L.N.D. Castro and F.I.V. Zuben, IEEE Transactions on Evolutionary Computation 6 (3), 239-251(2002).

ED. Ulker, S. Ulker, Int. J. Computer Science & Information Technology 4 (4), 107-118 (2012).

JR. Al-Enezi, M.F. Abbod, S. Alsharhan, JRRAS 3(2), 118-131 (2010).

Y. Peng, B.L. Lu, Information Sciences 296, 128- 146 (2014).

G. Weckman, A.A. Bondal, M.M. Rinder, W.A. Young, Neural Computing and Applications 21 (7), 1465-
1475 (2012).

P.C. Chang, C.H. Lin, M.H. Chen, Algorithms 9 (47), 1-18 (2016).

020017-8




Artificial Immune System for Diabetes Meal Plans Optimization

ORIGINALITY REPORT

19. 15, 9. 7o

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

worldwidescience.org

Internet Source

[£

link.springer.com

Internet Source

2

A. Mojtahedi, M. A. Lotfollahi Yaghin, Y.
Hassanzadeh, F. Abbasidoust, M. M. Ettefagh,
M. H. Aminfar. "A robust damage detection
method developed for offshore jacket platforms
using modified artificial immune system
algorithm", China Ocean Engineering, 2012

Publication

1o

=

repository.unhas.ac.id

Internet Source

1o

£l

"Progress in Automation, Robotics and
Measuring Techniques", Springer Science and
Business Media LLC, 2015

Publication

1o

Submitted to University of Exeter
Student Paper

1o




=0

www.sudoku.org.uk

Internet Source

1o

B Tianxing Cai. "chapter 66 From Learning <1 o
Management System to Internet-Based °
Research in Mathematics Education”, 1Gl
Global, 2016
Publication

n Norazura Ahmad, Nurul Syazwanie Abdullah <1 y
Sani, Noorsyazmira Mohamed Zaidi. "Optimal °
diet selection for university students using
integer linear programming", AIP Publishing,

2019
Publication
www.scilit.net

Internet Source <1 %
Lecture Notes in Computer Science, 2011.

Publication P <1 %
www.ajournal.co.uk

Internet Soirce <1 %

Jing-Jang Hwang, Chien-Hsing Wu, Zheng-Yun <1 o,

Zhuang, Yi-Chang Hsu. "Safety management for
polluted confined space with IT system: a
running case", International Journal of
Occupational Safety and Ergonomics, 2015

Publication




A. Suryanto. "Performance comparison of the
convolutional neural network optimizer for
photosynthetic pigments prediction on plant
digital image", AIP Publishing, 2019

Submitted to CSU, San Jose State Universit

Student Paper y <1 %
ie.sharif.edu

Internet Source <1 %
citeseerx.ist.psu.edu

Internet Source p <1 %

Mohammad Yavari, Sahar Isvandi. "Integrated <1 o
decision making for parts ordering and °
scheduling of jobs on two-stage assembly
problem in three level supply chain", Journal of
Manufacturing Systems, 2018
Publication
epdf.tips

IntErnet Sorarce <1 %
dblp.dagstuhl.de

Interngt Sourgce <1 %
sandbox.ijcaonline.or

Internet SourceJ g <1 %
aut.researchgateway.ac.nz

Internet Source g y <1 %
K. R. Prilianti, T. H. P. Brotosudarmo, S. Anam, 1

<1%



Publication

dl.acm.or
Internet Sourceg <1 %
Submitted to University Politehnica of Bucharest
Student Paper d <1 %
Bradley J. Beattie, Ronald D. Finn, Douglas J. <1 y
Rowland, Keith S. Pentlow. "Quantitative °
imaging of bromine-76 and yttrium-86 with PET:
A method for the removal of spurious activity
introduced by cascade gamma rays", Medical
Physics, 2003
Publication
Submitted to University of Westminster
Student Paper y <1 %
Submitted to Utkal University <1 o

Student Paper

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



Artificial Immune System for Diabetes Meal Plans Optimization

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




	Artificial Immune System for Diabetes Meal Plans Optimization
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




