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Abstract

A successful intelligent control of patient food feeatment purpose must combines patient interg$tiod list
and doctors’ efficient treatment food list. Actyalmany rural communities in Sudan have extremietyted
access to diabetic diet centers. People travel Whistances to clinics or medical facilities, an@rehis a
shortage of medical experts in most of these faasli This results in slow service, and patient$ @n waiting
long hours without receiving any attention. Hen@bdtic diet expert systems can play a significatd in
such cases where medical experts are not readiijable. This paper presents the design and impietien

of an intelligent medical expert system for diabedeet that intended to be used in Sudan. The dpwednt of
the proposed expert system went through a numbestages such problem and need identification,
requirements analysis, knowledge acquisition, féimation, design and implementation. Visual prolvgs
used for designing the graphical user interfacethadmplementation of the system.

Keywords:systems, diet, type 2 diabetes, meal piaowledge-base, rule base.

1 Introduction

Diabetes is a serious, life-threatening and chrdisease.

It is estimated that this figure will reach 366 linih by
2030 [1], with 81% of these diabetics being in depig
countries, where medical care remains severelytduhi
Actually, recent estimates place the diabetes ptiounl

in Sudan at around one million — around 95% of whom
have type 2 diabetes and patients with diabetess mpk
around 10% of all hospital admissions in Sudan T2le
types of food eaten in Sudan vary according to afén
although the Sudanese diet has plenty of carbotexdra
rich items some patients believe sugar is the salyrce

of energy, therefore on hot days people consunge lar
amount of sugary carbonated drinks [3]. Fortuyatel
diabetes can be managed very effectively througtittne
lifestyle choices, primarily diet and exercise. Mgs
Type 2 diabetes is strongly connected with obesitye,
and physical inactivity [1]. Most medical resources
reported that 90 to 95% of diabetic is diagnosetyps-

2. Simply, in these cases the pancreas is not table
produce enough insulin to keep the blood sugarlleve
within normal ranges. In addition, the majority tfis
type diabetics do not know they are sufferirmfrit.
Over 80-90% of Type 2 diabetes is overweight.
Therefore, reducing daily carbohydrates and fataki
and the commitment to a healthy diet with a simple
waling keepsyour glucose within normal ranges agig h
dropping those extra pounds [4].

On the other hand, the development of coemput
technology and tools has provided a valuable assist
for Medicare [5].

An expert system is a computer program that pesvid
expert advice as if a real person had been coudsulte
where this advice can be decisions, recommendations
solutions [6]. The intention of our research isptovide
self-monitor for patient of type 2 diabetes to gebper
amount of daily calories with list of proper diatisfy the
amount of the calories. This paper focuses on atige
ideal meal planner and the effort done towards. Jadyer

go through the problem and need identification,
requirements analysis, knowledge acquisition,
formalization, design and implementation. Visuablpg
was used for designing the graphical user intertaog
the implementation of the system. The rest of paper
organized as follows. Section 2 presents literateveew
and related work. Meal planner is in section 3.ti8ac4
describes the Results and discussions. Conclusion a
future work are given in section 5.

2 Literature Review and Related

Work
M. Beulah et. al (2007) [8] introduced the ability
access diabetic expert system from any part ofvibréd.
They collect, organize, and distribute relevantisage
and service information to the individuals. The jpod
was designed and programmed via the dot net framkewo



using rule based. The system allows the availgbibt
detect and give early diagnosis of three typesiatfetes
namely type 1, 2, gestational diabetes for botHtaahd
children.

S. Kumar and B. Bhimrao (2012) [9] developed a radtu
therapy system for healing diabetic, they aim ira&gall

the natural treatment information of diabetes ie ptace
using ESTA (Expert System Shell for Text Animatias)
knowledge based system. Their system begins with
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renal disease; diagnosis and treatment of strés®de
disorders using case-based reasoning.

N. Nnamoko et.al (2013) [12] proposes a fuzzy eixper
system framework that combines case-based and rule-
based reasoning effectively to produce a usableftwo
Type 2 Diabetes Mellitus (T2DM) management, to
produce crisp outputs to patients in the form a-hisk
advice. The extended framework features a combined
reasoning approach for simplified output in thenfoof

Consultation asking the users to select the disease decision support for clinicians. With seven openadil

(Diabetes) for which they want different type oftural
treatment solution then describes the diabetesaskse
and their symptoms. After that describes the NatDeaie
(Herbal /Proper Nutrition) treatment solution oabétes
disease.

Joan Albert et. al (2013)[10] Develop expert syster
the treatment of patients with several chronic aies
using evidence-based medical knowledge
hypertension, diabetes mellitus and heart faillaed
represented it by means of combination rules. /e rul
execution system has been developed which is able t
combine treatments of different diseases into aumi
comorbid treatment avoiding undesired drug intépast
Cindy Marling et. Al (2014)[11]Presented systenms a
for CARE-PARTNER, which supports the long-term
follow-up care of stem-cell transplantation patgent
diabetes Support System, which aids in managing
patients with type 1 diabetes on insulin pump thgra

of

input variables and two additional pre-set variabler
testing, the results of the proposed work will benpared
with other methods using similarity to expert’'s dam

as metrics.

D.Forbes and J. Singh (2012)[13] introduces a novel
approach using new technology to improve undersatgnd
between the patient and healthcare practitioney the
developed a framework that links medical informatio
with different language and cultural information to
provide ease of understanding and communication
between the patient from a minority group with a
healthcare practitioner from a different culturabugp.
The key component of this framework is the Type-2
Diabetes Management Patient-Practitioner Assistive
Communication Ontology, The tool used in the
implementation process is protégé 4.2. table 1rdmsc
the comparison between various expert systems.

Table 1: Expert systemsfor diabetes

Authors System purpose

Inference Engine

Data representatjon

Bhimrao( 2012)[9] diabetes in one place

technique
Cindy Marling et. CARE-PARTNER diabetes renal Case-based NA
al(2014)[11] stress-related disorders
Joan Albert et. al Treatment of hypertension, diabetes  Rule based NA
(2013)[10] mellitus and heart failure
N. Nnamoko et.al Type 2 Diabetes Mellitus (T2DM)| Case-based and NA
(2013)[12] management Rule based
S.Kumar & B. Natural treatment information of Rule based Backward chaining

D.Forbes and J. Singh
(2012)[13]
practitioner

Understanding between the Typet2 Ontology. Based
Diabetes Patient and healthcare

D

NA

P. M. Beulah et.al
(2007)[8]

three types of diabetes

Detect and give early diagnosis

of Rule based

Backward chaining

3 The Proposed Architecture of
Expert System

Figure 1 shows the major components of our expert
system. The system composed of; knowledge base,

working storage, inference engine, monitoring medul
and user interface .The general design of an expert
system comprises the user-oriented parts of usenface

and the working memory that stores specific infaiora
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for a current problem as facts. The knowledge base human reasons with available information. Inference

contains knowledge on a particular domain in threnfof
logic rules or other representation technologiebe T
inference engine performs the reasoning by usirg th
knowledge to perform an evaluation similar to theyva
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engine and knowledge base are handled by a knowledg
engineering module for defining rules and contngjlthe
inference mechanism [7] Fig 1.
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Figurel Components of expert system

AM eal Planner

The study was carried out using hybrid of qualiati
research methodology at the military hospital in
Khartoum. The main objective of the study was to
develop a medical expert system for the treatmédnt o
diabetes type 2. Actually, the specific phases used
developing the meal planner expert system includ&d:
Problem and need identification; (2) Knowledge
acquisition; (3) Knowledge formalization or modegi ;(

4) Design or conceptualization; (5) Implementati(d
Testing and maintenance.

4.1 Problem and Need I dentification

The main objective of this phase was to identify,
characterize, and define the problems the systdhbwii
expected to solve. The main problems identifieduithe:
Shortage of specialist; the other medical stafftlie
Division needed expert knowledge and guidance, from
the specialist, on treatment of diabetes; no coriaigy

or free expert system is available in the areaiabetes;

all systems available in medical fields are in Esigl
German, or French, there isn't a single expertesyst
available in Arabic and finally medical expert st are
rarely available in mass-distribution format.

4.2 Knowledge Acquisition

To acquire our meal knowledge for type 2 diabetes w
have gathered knowledge from medical books, and
experts. We have contacted the military hospitad an

Federal Ministry of Health for medical resourced an

managed to schedule some interviews with Dr. |ginal

Dr. Nazik, we have designed the interview to expres
their opinions about diabetes diet and the problems
between them and diabetes patients. During the
interviews, we collected the data according to phe-

designed questions and also from discussions. The
knowledge acquisitionmethods used in this study als
include analysis of documents, the analysis from th
interviewees and observation help us to find thesing
information and help to design a more suitable esyst
.during this stage, the doctors were asked to antivee
following: What is diabetes; how many types of dites;
what are the diagnosis and the treatment procelsat w
about diabetic foods? What to eat and how much;t wha
about sugar? What medical rules or protocols ggidn
proper diet; how are these medical rules or prdsoco
used. The step of knowledge acquisition was noy onl
time consuming but also it was the greatest battiknn

the development process. The step requires knowledg
engineers to extract data, information and knowdedg
from experts.

4.3 Formalization

The information and knowledge collected were makll

in two forms to facilitate understanding of how the
system will operate and how it arrives at its casin:

1) for calculating food servants and calculatinghber of
calories, a rule based representation is used.2 Blipws
how the system determines the number of services to
each patient. Eq.1 shows the calculation of theyBod
Mass Index (BMI) [14]. 2) Frame based representaiso
used to connect food types and subcategories df eac
class according to diabetics healthy food pyramidere

we find that slots provide us with more informatimout
each Sudanese food category and subcategory arel mor
description means better reflection of the knowtedgg

3 shows a sample of this frame based representation
[15].the system starts asking user to enter hisquex
information showing the patient dialogue. Basedttia
information the number of servings is calculated! an
hence appears in the next food-groups dialoguehichw
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Figure 3Sample of diabetics’ food frame represenat

4.4 Design

indirectly depends on one or more of the othen(sl, ¢he

The systems developed so far have used a commandoverall reaction determine the plan outcomes. Tséesn

driven, dialog type user interface. Increasinglyndaws
and menus, are being used to make interfaces dasier
understand and work with. In the context of the Imea
plan, age, gender, body mass index (BMI), bloodcGde
levels (BGL), physical activity and the related edises
with the diabetic are the main risk factors to ddes
The outcome of each of these factors directly or

consists of two main graphical user interface comemds.
The first component is the Patient dialog whichsistof
name, gender, age, weight, height, activity typ&§LB
favorite-meals and additional diseases .secorttisbod
groups dialog which consist of items names aechst
list Fig.4 ,Fig.5 and Fig.6 gives sample screleots of
the user interface.

o

patient information

desease
id_no sl 8, ][— wieght sl ‘— [~ anorexia_disease(4 s s)
sl hieght il [ surgery_ exited(4sl s 44le)
o ~ [— ‘ [ blood_pressure(ss k)
age A [ BGL  wd S [ | [ typhoid (2

address ¢l gl activity- [ bitter(sl »)

gender @ little Juls [ liver_problems(s8] .8 JSlia)
® male % € normal sl [~ heart_disease(wd 3l i)
 female o5 C high  ebs e [ gout(ssls)

[ B o bl olassad

Js] Lia |

dad el gl ‘ zoa |

e ‘

insert load save display food groups exit
Figure 4 Patient dialog
dlael el gasal
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custer okra dates fual milk
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servings | E) ‘ Jrosd | s | Tas ‘ report
insert load save exit

Figure 5 Food groups servings dialog
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Al cle gasal

Starches(zlsil) Vegetables(alyeal) Fruits(«s ull) Protein(=lass.) Milk (L) Fat(essal)
Igorasa j ]potatoes j Igrapes j Ifual j |yogurt j ishortening j
gorasa eqgplant apple hean cheese

kissra Molokhia banana fual

noodles fual
starches-calories vegetales-calories fruits-calories protiens-calories  milk-calories fat-calories

6125 | 7% 3675 245 245 | 25

add add | add | add | add | Add |
calories Jeesl ‘ oz I Léa I T ‘ report
insert load save exit
Figure 6 Food groups calories-dialogue

4.5 Implementation

This phase involves the actual coding of the system
(writing of the Prolog commands that run the sy3tem
The codes were developed and customized in Visual
Prolog. The implementation of the prototype is both
compact and readable due to the following feataes
Prolog:

« Each rule is represented as a single Prolog tgrm
relatively complex structure).

« The factors of the rule structure are definederators

to allow the easy-to-read syntax of the rule.

Prolog's built-in  backtracking search makes rule
selection easy.

The inference engine: As for the inference Engihe,
user provides information about the problem to dieesd
and the system then attempts to provide insightivetk

or inferred from the knowledge base by examining th
facts in the knowledge base. The backward-chaiisng
goal-driven, Our Expert System use backward chginin
as its inference engine guided by the goal to tat.d
From table [2] a very common inference engine iseda
on representing knowledge in a rule based, thetyoe

is performed by a process of backward chaininguitino
rules recursively, the rule-based approach is tbstm

straightforward for this prototype.

5 Results

The result of the integration of the various partshe
system modeled in Figures 2 to 3 gave rise to the
complete architecture as shown in Figure 1. The odr
the architecture consists of the patient databagdes
base, inference engine and user interface. Themati
database contains facts that are the smallest méce
information supported by the inference engine. Tide
base contains rules in the form of if-then statesien
which represent the knowledge provided by Figure 2.
Finally the system connect all gathered informationl
performs inferences through its knowledge engine
process to output a recommended five meals foryever
patient per day, breakfast, lunch, snackl, dinnad a
shack2, this prototype will be able to perform eotr
meal planning and suggest appropriate diet usitayiea
base or serving base, Fig 7 report using servirgg ba
depend on the knowledge of Fig 5 and Fig 8 repsirtqu
calorie base depend on the knowledge of Fig 6.
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l@File Edit Window Help patient meals

Patient-no-»22 Name->Ali Omer Age->55 Address->Cairo Sex-> male Activity-> littel Additional desease->Anorexia

Meal Plan

Breakfast 2piece of cake<<>>piece of cheese<<>>piece of apple<<>>piece of bread<<>>1/2 piece of gorasa<<>>
Lunch 75 gram yogurt<<>>komsha of bean<<>> 3 dates<<>>komsha of molokhia<<>>komsha of okra<<>>2 piece of kissra<<>>

Snackl ——<<>>

Dinner synths<<>>komsha of fual<<>>4 piece of taamiea<<>>small piece of quava<<>>komsha of regal<<>>piece of oasta<<>>steelcup of pasta<<>>steslcup of noodles<<>>

Snack? cup of milk<<>>small piece of orang<<>>custer<<>>

Figure 7 Meal plan report using servings

B daibetic - [L—A]

meals

Eh File Edit Window Help patient
OlomEm == =TIl
Mame==>=0Omer Ali Age==50

Meal Plan

Breakfast
Lunch
Snack
Dinner
Snack2

e

>

cheese<<>=apple<<>>kissra<<>=>
bean<<=>=>fuals<>>banana<<>=>eggplant<<>=>noodles<<=>=>=

fual==>=>Molokhia<<>>gorasa<====>>

Figure 8 Meal plan report using calories

6 Conclusion

This paper described the design and implementafien
medical expert system for diabetes diet that irdenib

be used in Sudan. The expert system provides the
patients with medical advices and basic knowledge o
diabetes diet. Actually, the development of thepeised
expert system went through a number of stages such
problem and need identification, requirements asigaly
knowledge acquisition, formalization, design and
implementation. Visual prolog was used for designin
the graphical user interface and the implementatibn
the system components. The incremental development
of expert systems within a rapid prototyping frarekv

is a viable approach in the domain of diabeticsiaste.

It has also been important to bear in mind from the
beginning of a diabetic type-2 expert system
development effort that the system will eventudily
used by people who are with no complex background o
computer systems. Hence the graphical user inerfac
must be a simplified as possible. In addition, thed
culture of sudation must be of main attention in
allowance and prevention by the recommended diet of
the system. Many difficulties faced us during the
requirement of various skills needed for the depelent

of a successful diabetic expert system. These were
include that more information and guidance on
medication are incomplete ,thus data acquisition is
expensive ,| travelled twice form Egypt to Sudam an
spent 6 months collecting required informatidreside

the specialist is not available all the timeaddition to

lack of resources no commercially or free expesteay

is available in the area of diabetes. The propesgert
system is a promising helpful tool that reduces the

workload for physicians and provides a more comfort
for diabetic patients.

In future work, the test and maintenance will irtigete.
Additional analysis and evaluation of the systenfl wi
certainly further define the strengths and wealexsd

its approach.
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