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ABSTRACT

Background: Crime against women in India is a complicated and ubiquitous issue
that, despite attempts, remains a substantial challenge. It can have serious and
long-term consequences for their physical, emotional, and psychological well-
being. Technology can help combat crime against women by providing tools and
resources for preventing, reporting, and dealing with abuse and harassment.

Aim: To combat crime against women in India and create a safe environment for
them.

Objectives: To investigate the effectiveness of technology in lowering crime against
women.

Material: A nonlinear mathematical model has been constructed taking into
account five interacting variables namely, targeted, susceptible, criminals, victims,
and technology.

Result: Our model shows the presence of two equilibria: crime-free and crime-
persistent. The crime-free equilibria (CFE) always exist, while crime-persistent
equilibria (CPE) exist when criminality reproduction number (R;) is greater than 1.
Further, stability analysis has been carried out. Analysis demonstrated that when
R; >1, crime-persistent equilibria is nonlinearly asymptotically stable under some
restrictions on parameters. The impact of key parameters on the dynamics of crime
against women is also investigated through numerical simulation.

Conclusion: According to the model study, the use of technology like installing
Safetipin or another emergency app, addressing areas with poor safety, introducing
wearable tech etc can effectively minimize crime against women in society.
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INTRODUCTION

Any offense that warrants censure by the
community and a penalty, typically in the form
of a fine or incarceration, is considered a crime.
Crime encompasses a wide range of illegal
behavior. A civilized society’s fundamental
foundation is destroyed by crime. It prevents a
nation from developing and instills dread in its
populace. Even though crime will always exist
in any society, it must be kept to a minimum.
However, this is not the case in India, where
the crime rate is steadily rising. One needs to
look into the origins, frequency, and societal
effects of crime in India to understand its
nature and dynamics. Mathematical modelling
could be a useful tool in understanding
crime dynamics and analyzing its preventive
techniques.'” has a well-written assessment
of the possible advantages of mathematical
modeling of crime. The underlying causes
of crime and possible remedies have been
the subject of several scientific studies.*'® In
particular, an economic model connecting
the distribution of crimes and burglaries was
also put forth by Chiu.”® He looked into the
relationship between the amount of crime
and the distribution of money, assuming that
burglars have a set incarnation time and that
they select the properties they target based
on the quality of the residence. According to
a finding presented by the authors, the model
examined how wealthier neighborhoods
may have lower crime rates while more
regressive taxes lead to higher crime rates.
Subsequently, Curtis et al.'” developed a model
linking crime and security after analyzing
that homes near burglarized homes have a
higher probability of crime than homes far
from them. They examined how technology
affects crime statistics by demonstrating how
enforcing security lowers the likelihood of
crime. The foundation of their approach was
the presumption of a stable population, which
is again not always true in actual situations.
Shukla et al.' created a model that took into
consideration the dynamic population, which
includes the immigration and emigration of
sensitive individuals as well as offenders,
to close this gap. They examined the inverse
relationship between crime and technological
sophistication using stability theory. The
model also concluded that stopping illegal
immigration may lessen the burden of crime.

Crimes against women have garnered the
greatest attention of all. It addresses a broad
range of offenses, such as trafficking, acid
attacks, female infanticide, dowry-related
crimes, sexual assault, and domestic abuse.
In India, women of all ages, castes, religions,
and socioeconomic backgrounds are impacted
by the pervasive problem of women’s crime.
According to NCRBY, these crimes against
women are alarmingly common. According
to data, there were 3,71,503 criminal cases
against women in 2020 as compared to 79,037
in 1992. There were 4,28,278 recorded cases of
crimes against women in 2021, up 15.3 % from
the year before. The number reached 4.45 lakh
cases in 2022. A total of 31.8% of crimes against
women fell into the category of “Cruelty by
husband or his relatives.” This was followed
by “rape” (7.4%), “kidnapping and abduction
of women” (17.6%), and “assault on women
with intent to outrage her modesty” (20.8%).

It is dangerous for women’s lives,
endangering their bodily and mental well-
being as well as the welfare of their offspring.
Women may experience social exclusion,
be unable to work, lose their income, and be
unable to participate in routine activities. The
advancement of society, trust, and education
are all harmed by these crimes against women.
Bypassing the Criminal Law (Amendment)
Act of 2013, which increased the severity of
punishments for sexual offenses and created
specialized courts to expedite sexual assault
prosecutions in India, the Indian government
has taken steps to combat violence against
women. The Indian government has also
been recommending State Governments
establish “crime against women cells” in
districts where none already exist, to provide
sufficient counseling services and safe havens
for abused women, to establish special courts
for women, and to enhance the efficacy of
programs designed to protect and rehabilitate
abused women, with a focus on generating
income to help the women become more self-
sufficient and independent. Violence survivors
are assisted by the One Stop Centers (Sakhi)
initiative, the Beti Bachao, and the Beti Padhao
movement. Indian women continue to face a
multitude of crimes and discrimination despite
efforts to address gender-based violence. It’s
critical to establish a culture in which women
are respected, safe and allowed to realize their
full potential.
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Although technology cannot stop violence
against women, but can be a very useful
weapon in the battle against it. Technology
can play a critical role in raising awareness and
changing attitudes regarding crime against
women in India. Installing Safetipin or another
emergency app, addressing areas with poor
safety, introducing wearable tech, spreading
awareness through social media, etc are some
of the possible technological ideas used to
prevent crime against women. Thus, we have
welcomed the role of technology in our study.
Itis an essential tool in the anti-violence against
women activist’s toolbox to raise awareness of
the problems associated with crime against
womenand getsociety one step closer toending
it. Technology serves as a magnifying glass for
gender inequity and gender-based violence in
today’s hyper-connected society. The Internet,
social media, and mobile phones highlight
misogyny, harassment, and stereotypes.
Through education and opportunities to share
their tales, technology may also be a tool for
women’s empowerment.

The structure of the paper is as follows:
Section 2 provides the formulation of the
model. In Sections 3 and 4, respectively, the
endemic equilibrium’s existence and stability
analysis are carried out. Numerical simulations
are performed and discussed in Section 5. The
paper’s conclusion is found in Section 6.

Formulation of mathematical model

To start, let us divide the entire population
N(t) into four separate compartments: the
susceptible women’s population (likely to
become victim) Y(t), the target population
X(t), the criminals C(f), the women victims
V(#). It is believed that women are more prone
to become victims, which places them in the
susceptible class at a rate proportional to
the targeted population, or y,X. The flow of
women from the susceptible class to the victim
class, when they interact with criminals, is
determined by BCY, which is the product
of the densities of susceptible women and
criminals. Furthermore, it is assumed that
the targeted persons become members of
the criminal class at a rate proportional to
the density of criminals and the targeted
individuals combined, i.e., y,XC, and commit
crimes while under the influence of criminals.
Additionally, there exists a probability that
offenders will discontinue their criminal
activities and transfer to the targeted class at

a rate proportional to the criminal population,
i.e, v,C. Lastly, the natural death rate p for
each class is assumed to be proportionate to
that class’s density.

A new dynamic variable, T(f), reflecting the
degree of technology applied to deter crime,
was incorporated into the model. The use of
technology has profoundly changed how
law enforcement combats criminal activity.
Because the introduction of new technology
aids in the reduction of crime, the rate of
technological advancement must correspond
to the rise of criminals. Therefore, let | be the
rate at which new technology to control crime
is applied, which is assumed to be proportional
to criminals. Furthermore, it is claimed that
technology becomes less effective or outdated
at a rate of n (T - T,), where T, represents the
baseline level of technology in the absence of
crime.

Furthermore, it is considered that
technology reduces the likelihood of being
victimized by criminals. This can decrease the

victimization rate by a fraction 1_—;9 T(t) ,
K+T(t)
T(t)

with a saturating function ———
K+T(t)

depending

on the level of technology ‘“T’. The constant K
limits the effectiveness of technology, whereas
pe [0,1]evaluates the change in the criminal’s
behavior towards committing the crime.

The proposed mathematical model is as
follows:

dx(t)
dt
avr()
dt
dc(r)
dt
av(t)
de
dT(t)
Tar

where X(0) >0, Y(0) >0, C(0) >0, T(0) = T, > 0,

Since N(f) = X(t) + Y(t) + C(t) + V(t), rewriting
the above model:

A= yiX(0) — 2 X(O)C () +y3C() — X (1), (1)
= nx®-p(1-E) c@r©) - ar(),
= 12 X(O)C(®) — y3C() — pC(@),

= B(1-Z9)cor® - w+ oV,

K+T(t)
= nC —no(T() —Ty),

i A— N - gV +(2)
2O = nVO-YO- O -V©) - B(1- ) COYE) -y (@),

= Y2(N(©) = Y(£) = C(&) = V() C () — y3C () — uC(D),

= B(1-E2) cOY O - @+ (®),

K+T(0)
= nC —no(T(t) — To),

dt
dc(t)
Tar
av(e)
Tar
dT(t)

dt

The region of attraction” for the positive
solution of model (2) is given by the set:
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Q={(N,Y,C,V,T)eR.:

5 C.BA
B n(p + a)
BT o
P e TR
No
Equilibrium Analysis

The two non-negative equilibria of the model
system (2) mentioned above are as follows:

(i) Crime free equilibria (CFE)
E (é _nd
N u(n+u)
(i) Crime-persistent equilibria

,0,0,T, J always exists.

E'(N°,Y",C",V’,M") exists provided
Ay,

% “(n +ﬂ)(73+ﬂ)>1' @

where R isdefined ascriminality reproduction
number (CRN).

Existence of Equilibria: The crime-free
equilibria E; is straightforward to identify.
Next, for crime-persistent equilibria to exist,
set the model system (2) to zero:

A—uN-¢V =0, ()

y—cv-gl1-PL ey vy =0 (6
n(N=-Y-C-V) /3(1 K+T]cy uy =0, (6)

7%, (N=Y-C-V)C-y,C-uC=0, )
ﬂ[l—K’”—LJCY—(ﬂm)v:o )
UC_Uo(T_TO):O (9)

From (5), (8) and (9) we get

_A-gV
N=—1 (10)
pl1- T
V= ( K+T)CY’
(1+9) (1)

T=£+T0 (12)
o
Equation (7) gives
N-y-c-v=LTE (13)
Vs
Using (13) in (6) we get
vtH pT
= -8l 1-—— [CY-uY =0,
S G a 14
which implies
%(n;u]
Y = 2 =2(©C)-
(/3(1 - K”IT ]C +,uJ (15)
Using (10), (11), (12) and (15) in (13), we get
pT
1-—/—|Cgq(C
F(c>=é—¢ﬁ( IS | )
,U p(p+9)
T
ﬂ(l— g )Cg(C)
C- K+T _BEE ), (16)
u+¢ Iz

It can be easily noted from equation (16) that

(i) F(0)=é_71(73+/u)_73+ﬂ >0

way),
MY 72

(i) F[é)z_w (1'Kp+TTjﬁg(ﬁ]_g(AJ.

p p(u+o) u
pT YA (A
1— o 2
_ﬂ( K+T)ﬂg[ﬂ]_7s+#<o
u+¢ 72

Thus, F(C*) = 0 for a unique C* in (0, C¥)
provided R{>1. Hence, equilibria E*(N*,
Y*, V*, M?*) exists, whenever condition (4) is
satisfied.

Stability Analysis

In this section, we will discuss the stability
analysis crime free equilibria E and crime-
persistent equilibria E". Theorem 1 provides
the necessary conditions for the local stability
of both the E  and E" equilibria. In Theorem 2,
we examine the global stability aspects of the

crime-persistent equilibria E".
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Local Stability
Theorem 1. (i) The crime free equilibria (CFE) E
always exists and is unstable if Rj >1.

(i) The crime-persistent equilibria E* whenever
exists, is stable if Routh-Hurwitz criteria is satisfied.

Proof. The Jacobian matrix | for the model
system (2) is calculated as follows:

-U 0 0 —¢ 0
Vi ThAyp Ay " Ay
J=|1nC —-nC a, -7C 0
0 Ay Ay~ (:u + ¢) Ay
0 0 n 0 T
where,
T
p =71 +ﬁ(1_%)c+ﬂram

T
=7 +ﬁ(l—%j%a2§
Kp
_pcy—>F_ 4,
(K+T) "
=7, (N=Y-V-2C)~y,~p,a,

pT pT
—pl1-—— =B|1- Y.
ﬂ( K+ch'a43 ﬁ( K+TJ

Let the matrix ] at E and E” be defined as ], and
J'. Then, ], is given by

—u 0 0 —¢ 0
i iR —ag -V 0
0 0 aj; —(u+e) 0
0 0 1 0 —To

Three eigen values of the above matrix are -y,
- 1, - pand - n,. The other two eigen values
can be obtained from the submatrix

as, 0

ay —(u+9) |
Clearly, the fourth eigen value is —(u+)
and the last eigen value a;, is positive if
R; >1, which make the system unstable and

existence of crime-persistent equilibria is
justified. Further, | is given by

- 0 0 - 0
I8 0y Oy N Ay

] = 7/2C _72C 33 _72C 0 |
0 Ay Ay — (:U + ¢) Ay
0 0 n 0 —To

where,

pT” .
=y + Bl 1-—— [C +p4,
Ay =N ﬁ( K+T ) M, 0y

T .
=N +ﬁ(1_#]y 7 o5

=ﬂc*y*L2,a33
(K+T")

=7, (N* -Y -V’ —2C*)—g/3 —u,a,
The characteristic polynomial of | is given by
P(A)=2+p, A +p, A’ +p, A +p,A+ps =0,
Where
Py =2U+ P+ ay, —ay, +1),.
py=p(u+o)+2u(a, —ay)

+0(ay — a5, ) - aya,

+ (a:;3 —a; ) 72C* + yla:z

+ ¢ + a3, — aza)no.

Ps = —1% (a3 — @35 —10) + pp(az, — a33) — 2inaz, (@53 + 1) — 21(a337,C" + az " 1)
— paz(azs —no) — daz,y2C" + (1 + Py1as, + pgno + (¢ + Wy, Clajs
+ 1y2C ags —v1(r2Crags + ass’az,y) — pags o +v2C" (ay; "ajs — azs’ayy)
—N0(@3,55 + 23" a3, — V105, — ¥2C"a4s) — 2a35my,C"

P = —p*(az, az; + ﬁlgayzc‘ — @m0 + aizNo) + Vaaipno(n + ?) N
= 2u(azsy2C™n + a3,a33 M0 + a33¥2C10) — 20 azsmy2C" — (u+ y1)azsyCn
+ agane N0¥2C (@ + 1) — ¥ano(@z,ais + az; aip) — az,y,C” (@5’1 +ag "70)
—¥2C a3 (@35m0 + az5m) — pp(a3,a35 + 337207 — azno — ¥2C azs)
= (uy1 = $a3) (12C azs + azsa5,) + Py 0" (az " ags — a55"a5,)
— azaNo (i + az3) — Haz3Y2C Agy — PazzY2C M.

ps = —u(p + $) (@3 aisno + aiassno + assy2C'n)
+ (1 + )yi(azsy,Cn — ¥z Cajsno — azs@ipno) — azsy2Cnplas, + ajy)
+¢azy,C'n(az, + aip) — ¢y2Cno(azai; — azzas,)
— uy2C o (@545 + az3a5,).

According to R.H criteria, E* is locally stable if

Ps > 0,015 — P2 > 0,p3(p1p> — p2) — P1 (p1pa — ps) > 0 and
Pa(ps (b2 — 23) — P1@1ps — P5)) — ps (P2 P12 — 2) — (aps — ps)) > 0
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Global Stability

Theorem 2. When Rj>1, the crime-persistent
equilibria E” exists and nonlinearly asymptotically
stable provided the following requirements are met:

m +¢)miniD, F
302 Ly s (A g)min{D P} (18)
1 ¢2
4 .
— 2" <, <min{A,B,E}, (19)
(7 +u)
max{G,H} <m, <min{D, F}, (20)
max{I,J}<m, < }2/27720 , (21)
where
A= 1ty B = Vz#z(h*ﬂl = A gy Yalu+d) = umy (ry+u) F=
i proaz(1-2) yi+u’ (yw)zﬁz@,}(ﬂ:‘)z' i
My vy +i) (@+1) __ 4myi _ w3 o s 2m, k2 p2A®
4526'3(1*,&?4)2’ T @)’ )’ ienoKA (KT (rtw)
B 2m, A’
B 202 *\2 '
i’ K* (K+T') (+9)

Proof. To ascertain the global stability of crime-
persistent equilibria E, the following positive
definite function is taken into consideration:

W= %(N—N*)ZJr%(Y—Y*)Z
N e C
+((c-c )-C logFJ
+%(v-v*)2+%(T—:r*)2

where m, m,, m, and are positive constants to
be determined. We then differentiate W w.r.t

t along the solutions of model system (2). For
dw

dt
inequalities must be satisfied by m,, m,, and m,,.

to be negative definite, the following

*

B il pT
Yimg < gmhu(yl +BC(17K+T‘)+,L1),
5 1 pT”"
myyy{ < 2’ (Yl +BC (1 *m) +H)-
1
m, §? < Smsi(p+ ),
Y2 < 3k
2 1 pM’ =
mayi < 333 (V1 (1 = m) +pC + ,u),

2

mzﬁzﬂz(lf%) < %mz(¢'+ﬂ)(}’1+5c(1*%)+ﬂ)'
m,p?Y? WM %’70"14 (yl +BC (1 = Kpf;”) + [.L) ,
vE < %mzh(ﬂ‘* @),
M
myf? (1 - KPIT‘) ¥)? = %(ﬂ + vz
2
mgm;{u)yw < %Womd‘(ﬂ + ),
n?my, < %’10]/2-

Positive m,, m, m, and m, can be readily
selected from the aforementioned inequalities
as long as the corresponding conditions of (18),
(19), (20) and (21) are met.

Numerical Simulation and Discussion

Here, we use the MATLAB to numerically
solve the model and explain the graphical
results. Initially, we estimate the population’s
natural death rate, (i.e. p). India’s average life
expectancy is 70.42 years 21; this corresponds
to p = 0.00003891 each day. The values of
the other parameters, displayed in the fable 1
below, were taken as given.

Fitted or estimated parameter values for present

model.

Baseline value

Parameters  Description
(per year)

A Immigration Rate 100

n Natural death rate 0.00003891

Y Rate of flow from X to' Y 0.00009

Y, Crime committing rate of X 0.0000000011

Y, Rate of flow from C to X 0.0006
Rate at which Y are getting

B victimised under the influence of 0.00000000001
criminals

¢ Death rate of victims 0.002
rate at which new technology to

n control crime against women is 0.0000032
applied
rate at which the technology

M, becomes less effective or 0.005
outdated.
the efficacy of technology in 04

P controlling crime against women ’
Constant which limits the effect of

K 50
technology

T Baseline level of technology 50

present before crime
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It may be concluded that for the above set of
parameters, crime-persistent equilibria E” exist
and is nonlinearly stable. The equilibrium
values of E’ is given by N* = 2443687.81108,
Y* 1214667.29395, C* 645735.19076,
V* = 2458.053635, and T* = 463.27. For the
specified set of parameters, the eigenvalues
of the Jacobian matrix that correspond to the
E" are -0.00002, -0.00004, -0.0005, -0.002, and
-0.004. The Routh Hurwitz condition shows
that E" is locally asymptotically stable since all
of the eigenvalues are negative.

Model (2) is solved for a variety of variables
using the previously defined parameters,
and the outcome is graphically depicted. The
behavior of the victims V(t) and criminals C(#)
with regard to time ‘t’ is depicted in Figures
1, 2, and 3 for various values of v, v,, and v,,
respectively. The graphs revealed that while
victims and criminals show a fall as vy, drops,
the number of victims and criminals decreases
asy, ory, grows. The behavior of y, is illustrated
by the fact that as y, rises, more technology will
be implemented, which will result in reduced
victims. Figure 4 shows the behavior of
technology T(t) and victims V(t) with respect
to time “t’ for different values of n. The graph
makes it clear that when 1 increases, victims
V(t) decline, and technology T(#) increases.
The behavior of victims V() and criminals C(f)
is depicted in Figure 5 in both the presence
and absence of technology. The impact of the
technology is seen by the decrease in victims
V(t) and criminals C(t). Together, these indicate
that the prevalence of crime can be reduced by
raising the values of and y, and decreasing the
value of y,.
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