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Abstract - The Internet of Bio-Nano Things (I0BNT) is rapidly making its way into becoming a leading method of technology used in
the treatment of health issues for the next generation. Today’s healthcare sector places a tremendous amount of emphasis on the
diagnoses and treatments of the symptoms and conditions of physical illnesses. However, the wellbeing of one’s psychological state is
largely ignored - despite past researches indicating it to play a tremendous role in the formation and continuity of a vast variety of
physical illnesses. This indicates that, in order to ensure that measures for the wellbeing of an individual have been optimized, the
healthcare provided to them must take on a holistic approach, focusing on treating both their physical and psychological illnesses. In
methods of treatments that are heavily relied on today, an individual’s physical and psychological wellbeing are observed and
considered as independent variable. However, researches conducted in recent years have indicated that, due to a wide range of factors
including the massive presence of genetically modified structures in our diets and increased use of advanced technological items in our
daily lives, the physical and psychological illnesses of an individual are increasingly correlated. In this paper, the holistic treatment of
health using future IoBNT technology has been studied, and how the correlated factors of physical and psychological wellbeing can be
manipulated using IoBNT to maximize measures of providing the best treatments to patients. The results presented in this paper show
that the probability of holistic healthiness of a person is very low when conventional methods of treatment typically used today are
consulted and how a person’s probability of holistic healthiness can be kept at a very high level using the nanotechnology-based
treatment such as l0BNT.
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1. Introduction

Currently, the holistic healthiness of a person is defined as the state of being free of physical and psychological
illnesses. It is expected that the Internet of Bio-Nano Things (IloBNT) based health treatment will be used widely to
diagnose not only a wide variety of physical diseases as it already does today [1], [2], [3], but nanotechnology will rapidly
become a tool for psychological treatments as well [4].

Many mathematical models have been presented only for physical treatments, few of them being [2], [3], and [5]. The
mathematical models for psychology have also been presented in several other papers, one of them being [6]. For the vast
majority of the time, the mathematical models for physical treatment and psychological treatment are shown separately. In
this paper, we have considered not only holistic health treatment using physical treatment and psychological treatment also
the effects that follow these correlated factors.
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Fig. 1: Simplified network architecture for the Internet of Bio-Nano Things (Il0BNT) based treatment.

In this paper, we have considered the Internet of Bio-Nano Things (IloBNT) based holistic health treatment as shown if
Figure 1. Nanotechnology based molecular communication take place inside a human body, where it establishes nano links
among nano nodes, and one or more nano-routers may help in the molecular communication. A nano-micro interface is
used for converting from nano signal to micro signal and vice versa. The nano-micro interface sends typically the micro
wireless signal to the gateway, which subsequently will send the signal to the Internet. This permits the healthcare provider
to receive the information anywhere in the world where the Internet is available, even if they are in significantly distant
locations from their patient.

2. Modelling a Person’s Either Only Physical or Only Psychological health condition

Let us consider a specific person’s health condition, which is consists of two parts: physical and psychological.
Consider the overall health condition as a ship. If a patient is physically ill but psychologically healthy, then the overall
health condition of the individual can be analogous to Fig. 2 (a). On the other hand, if the patient is psychologically ill but
physically healthy, then the overall health condition can be described similar to Fig. 2 (b). For a healthy person, he/she
should be physically and psychologically healthy as shown in Fig 2. (c).
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Fig. 2: One person’s analogy of health condition.

2.1. Mathematical Model Considering only Physical lliness

Consider that a person becomes physically ill with a rate of A1. Assume that a person became three consecutive times
physically ill after 3, 4 and 5 months respectively. Thus, the average rate of becoming physically ill A1 is equals to per 4
months, or per 120 days. On average that person is becoming physically ill after every 120 days. Assume that the
recovering rate is also exponential and independent. The average illness time is 1/ z1. For example one person ware three
times ill for 6 days, 7 days and 8 days respectively. Therefore, the average physical illness duration 1/ 41 is equals to 7

days. If the physical illness intensity is pl, then we can write
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pl= /1—1 (1)
1l

A list of parameters used in this paper is given in Table 1. Consider an example of physical illness intensity. The
average rate of becoming physically ill A1 is equals to per 4 months, or per 120 days. If the average physical illness
duration 1/ 1 is equals to 7 days, then the average illness intensity pl is equals to [{1/(120 days)}*7 days] =

0.05833, which is dimensionless. According to the Fig. 3 (a), the probability that a person will become physically ill
with the probability of

Qp = Qpy /ui =QpypL 2)
11

Considering only physical illness, the addition of only two probabilities will be equals to one. Mathematically,
Qp+Qpy =1 (3)
The probability that a person will be healthy considering only physical illness, can be written from Egs. (2) and (3), as
Qo =(1+p1) " (4)

Fig. 3 (b), shows the numerical results of healthiness probability, Q,,, with the variation of the physical illness
intensity, pl, when only physical illness is considered. Clearly, the physical healthiness probability, Q,,, , decreases
with the increase of physical illness intensity, pl.
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Fig. 3: (a) Markov model considering only physical illness; (b) The probability of healthiness, considering only physical illness.

Table 1: List of parameters used in this paper.

Parameter Description Parameter Description

il Average rate of becoming physically ill tl Physically illness treatment correlation factor

1/ 44 Average physical illness time Yij Psychologically illness correlation factor

pl=21/ 11 Physically illness intensity 12 Psychologically illness treatment correlation factor

A2 Average rate of becoming psychologically ill f Physically and psychologically same illness correlation factors

1/ 2 Average psychological illness time t Physically and psychologically same treatment correlation factors

p2=A21 u2 Psychologically illness intensity n 10BNT based treatment correlation factor

a Physically illness correlation factor Q.. Probability that a person is healthy with IoBNT based treatment
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2.2. The Probability of Healthiness Considering only Psychological Illiness

Let us consider that a person becomes psychologically ill with a rate of A42. Assume that a person became three
consecutive times psychologically ill after 1 year two months, 1 year four months and 1 year six months respectively.
Thus, the average rate of becoming psychologically ill A2 is equals to per 1 year four months, or per 485 days. In other
words, on average that person is becoming psychologically ill after every 485 days. Assume that the recovering rate is also
independently and exponentially distributed. Assume that the average psychologically illness time is 1/ 42 . For example

one person ware three times psychologically ill for 7 months, 8 months and 9 months respectively. Therefore, the average
psychological illness duration 1/ z2 is equals to 8 months or 320 days. If the psychological illness intensity is p2, then

we can write

P2 :B (5)
u2

Consider an example of psychological illness intensity. The average rate of becoming psychologically ill A2 is equals
to per 1 year 4 months, or per 485 days. If the average psychological illness duration 1/ 42 is equals to 320 days, then the

average psychological illness intensity p2 is equals to [{1/(485 days)}*320 days] = 0.6598. Please note that the
psychological illness intensity p2is unit-less. According to the Fig. 4 (a), the probability that a person will become
psychologically ill with the probability of

Qs :QSHﬂ'zi:QSHpZ (6)
u2

Considering only psychological illness, the addition of only two probabilities will be equals to one. We can write,
Qu+Qy =1 (7)
The probability that a person will be healthy considering only physical illness, can be written from Egs. (6) and (7), as
Qg =(1+p2)" (8)

Fig. 4 (b), shows the numerical results of healthiness probability, with the variation of the psychological illness
intensity, p2, when only psychological illness is considered. Certainly, the psychological healthiness probability, Q,,

decreases with the increase of psychological illness intensity, p2.

Considering only psychological illness
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Fig. 4: (a) Markov model considering only psychological illness; (b) The probability of healthiness, considering only psychological
illness.
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3. Holistic Healthiness Considering Physical Illiness and Psychological Iliness

Now let us consider the holistic healthiness taking into account physical illness and psychological illness together.
Let a person becomes physically ill is exponentially distributed with a rate of A1. After becoming physically ill, he or she
become also psychologically ill with the same rate of A1. Due to the excessive use of technology in our food and in our
daily life, a person becomes « times more than that of the rate of A1, where a>1 (Figure 5). Excessive use of
technology not only has disadvantages, it has also advantages to keep a person healthy. Because of use of advanced new
technologies, a person’s illness rate will be decreased by t1 times, where t1>1. Considering these two correlation factors

o and t1, the overall illness rates are ¢ ;1. Assume that the recovering rate is also exponential and independent with a rate
tl

of 1. The probability that a person will become first physically ill is
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Fig. 5: The probability of healthiness, considering co-related physical and psychological illnesses and treatment.
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The probability that a person will become first physically ill the psychologically ill can be written as

@M1 o opl o 1faplY (10)
QP+S_QP i1 2/11 QP 211 QHZ( tlj

Similarly, a person can become psychologically ill is
P21 ap (11)

Qs =Qy 2 w2 H 1o

Using the same procedure, the probability that a person will become first psychologically ill and then physically ill
the can be written as

o B2 L 2 L pp2) (12)
Qs =0Q; o zﬂz—Qs %0 =Qy 2( o ]

In steady state, the addition of all five probabilities shown in Fig. 5 is equals to one. Mathematically, we can write
Qu +Qp +Qps +Qs + Q5,5 =1 (13)

Using the values given in Egs. (9) to (12) and setting those values into Eq. (13), we can evaluate the probability that a
person will be holistic healthy with the probability of

0, 1o{22) 1] £22). 222 i (14)
: ) 2t 2 ) 2\ t2
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Let us consider a special case where the illnesses are happening in uncorrelated manner. Then we can write ¢ = =1. If

the patient is using normal treatment, not advanced technology treatment, then t1=t2=1. The illness intensities are also
equal; i.e., pl=p2=p. Setting these values into Eq. (14), the probability that a person will be healthy with physical and
psychological illnesses is

Qe :[1+p]_2 (15)

The numerical results of Egs. (4), (8) and (15) is depicted in Fig. 6. Fig. 6 shows the holistic healthiness comparison
between physical & psychological illnesses, Q,, only physical illness, Q,,, and only psychological illness, Q, . Clearly,
the probability of holistic healthiness decreases, comparing with either only physical illness or only psychological illness.

Healthiness comparison

e _ QHB
R — QHP or QHS

Holistic Healthiness QHE, QPH and QSH

Tliiness Intensity P
Fig. 6: The healthiness comparison between physical & psychological illnesses, Q,,5, only physical illness, Q,,, and only

psychological illness, Qs .
Consider now another special condition, where the illnesses are happening in correlated manner, with equal co-relation

factors. Then we can write o == f. The illness intensities are also equal; i.e., pl1=p2=p. Setting these values into Eq.

(14), the probability that a person will be healthy with equal correlated factors of physical and psychological illnesses; but
without any treatment is

sop(epef (] e (o] )] 0

If the patient is without any treatment then t1=t2=1 and under that condition, the probability of a person is healthy
with equal correlated illnesses factors, f, is depicted in Fig. 7.
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Considering physical and psychological illnesses
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Fig. 7: The healthiness probability with different values of equal correlated factors, f.

Now consider another special condition, where the illnesses are happening in uncorrelated manner. Then we can
write ¢ = g = f =1. Setting these values into Eq. (16), the probability that a person will be healthy with equal physical and

psychological illnesses, uncorrelated manner illnesses, but with equal treatment factors t1=t2=t is

offg]

The numerical results with normal treatment is p[resented in Figure 8 (a), with different values of equal treatment
factors, and the illnesses are happening in uncorrelated manner. However, in the verge of Internet of bio-nano things,
illnesses cannot happen in uncorrelated manner. Certainly, « = g = f will be greater than one.
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Fig. 8: (a) The healthiness probability with normal treatment having different values of treatment factors, t; (b) The healthiness
probability with normal treatment having complex life style.

3.1. The Probability of Healthiness with higher complexity of life

Due to the increased complexity of life, it is expected that in next ten years, the illness correlations factors will be at
least two folds. It means, with the equal illness correlations factors we may write %= %= f2. Let us consider another
special case, where the illnesses correlation factors are equals, but more than one. For example, f = 1, 2, 3, 5 and 10. With
traditional normal treatment, having equal treatment correlation factors, but the values are more than one. For example,
t1=t2=t=1, 2, 3, 5and 10. If we use these in Eq. (16) then the healthiness probability is
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o Hft”ﬂ (18)

The numerical results of Eq. (18) are depicted in Figure 8 (b). Obviously, the tradition treatment needs some changes,
since it cannot provide the higher healthiness probability with high illness intensity. Most probably, nanotechnology based
treatment Internet of bio-nano things based treatment is the solution.

3.2. The Internet of Bio-nano Things based Treatment with Higher complex Life
Consider that the probability of a person is healthy using nanotechnology based treatment is Q,,, . Let us consider first

a person will become physically ill first with a probability of Q. (Figure 9). Due to the higher complexity of life, a person

will become physically ill with a higher rate. Therefore, the rate of a person will become physically ill with a rate of ¢*11
instead of 1. The nanotechnology based treatment can achieve maximal treatment efficacy [5]. Considering the

2
nanotechnology based treatment, the rate of a person will become physically ill with a rate of % 21 instead of % 31. The
n nl
minimum side effect is another big advantage of the nanotechnology based treatment [5]. Therefore, we can assume a

higher recovering rate with nanotechnology based treatment. Thus, the recovering rate is nl1.1, instead of 1.

2 2 2 2
LAy} LapY, i) 21

n2 n2 nl n’
2n2u2 n2u2 nlul 2nll

Fig. 9: The probability of healthiness, considering complex life style and Internet of bio-nano things based treatment.

The probability that a person will become physically ill first with higher complexity of life and nanotechnology based
treatment can be written as

Qn-Q,2M L o opl (19)

The probability that a person will become physically ill first then also psychologically ill with higher complexity of
life and nanotechnology based treatment is

atll 1 a’pl a’plaipl 1( a?pl ’ (20)
Qeresn = Qe =2 2nl,ul_QP” o - T anr - 2| T

The probability that a person will become psychologically ill first with higher complexity of life and nanotechnology
based treatment can be written as

g2 1 _ 0, B2 p2 (21)

QSn:QHn n22 n2,U2

The probability that a person will become psychologically ill first then also physically ill with higher complexity of
life and nanotechnology based treatment is

222 1 22 22 §2p2 1 gp2Y
QSn+Pn = QSn ﬁ 2 :QSn IB :03 = QHn ﬂ pg IB :03 = QHn >y ﬂ pg (22)
n2? 2n2u2 2n2 n2® 2n2 2\ n2
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In steady state, the addition of all five probabilities shown in Fig. 7 is equals to one. Mathematically, we can write

QHn + QPn + QPn+Sn + QSn + QSn+Pn = l (23)

Using the values given in Egs. (9) to (12) and setting those values into Eq. (13), we can evaluate the probability
that a person will healthy and can be written as

-1
a*pl) 1(a’pl ’ B2p2) 1 pp2 ’
=1+ += + +=
Qo { [nfj 2( n® n2® ) 2\ n2®

To simplify the Eq. (24), let us consider that the physical and psychological illnesses correlation factors are
equals. Thus, it can be written as #=/#= f Assuming the nano-technological treatment correlation factors in equals

then we can write Ntl=nt2=n_ Setting these two values in Eq. (24), the simplified probability that a person is healthy,
with Internet of bio-nano based treatment and enjoying a complex life is

oo [ A { )] o T o]

The probability of healthiness using the Internet of bio-nano things is shown in Figure 10. Clearly, the future Internet of
bio-nano things based treatment is essential, when the life will be more complex. Figure 8 (b) and Figure 10 show the clear
difference between the normal treatment and the nano-technological based treatment, when the life will be complex.

(24)

(25)
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Fig. 10: The enhanced healthiness probability with loBNT treatment having different values of treatment factors, n and equal illness
factors f.

4. Conclusion

Because of the increased complexity of lifestyle, the rate of a person becoming ill will increase. The traditional health
treatment system will be unable to to keep up with the rapid transitions and changes of lifestyle choices that will result in
impacts on the healthiness of an individual and thus improve the healthiness probability as shown in Figure 8 (b). On the
other hand, a nanotechnology based treatment, such as Internet of bio-nano things based treatment can improve the
healthiness probability tremendously despite the major instigations of physical and psychological illnesses and their
intensities that will accompany the changes of people's’ lifestyles (as depicted in Figure 10).
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