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Abstract

A sufficient condition for the asymptotic stability of the equilib-
rium point of a system, which appear as a model for couple of the
love affair with time delay, are obtained by applying the technique of
linearization method, Hopf-bifurcation and Liapunov functionals.

1 Introduction

In a pioneering paper [19] and a famous book [20], Strogatz considered
a simple pedagogical model describing a love affair. He treated harmonic
oscillation phenomena using a topic that is already on the minds of many
college students, which is the time evolution of a love affair between a couple.
Later, Sprott [18] proposed more realistic nonlinear triangle models for love
dynamics [cf. 5, 10]. Moreover, Rinaldi who is an authority in this area, has
studied several types of models describing love affairs and published many
papers [cf. 11-16]. On the other hand, we study the effect of time delay on the
nonlinear dynamical model describing a love affair between two individuals.

In this paper, we consider the following delay differential equation

dR(t)

dt
= −dRR(t) + f(J(t− τ2)) + γ1A2,

dJ(t)

dt
= −dJJ(t) + rJR(t− τ1) + γ2A1 t > 0, (1)

where we denote measures of the love of individuals R(t) and J(t) for the
partner by J(t) and R(t) at time t (like a Romeo’s love or hate if negative
for Juliet at time t and like Juliet’s love for Romeo). The parameter dR
and dJ are the respective decay rates in the forgetting coefficient. The rJ
is the return rates for R(t) and it describes the direct effect of his love on
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the partner J(t). A1, A2 are constant coefficients reflecting the appeal of
Romeo and Juliet, respectively and γ1 is Romeo’s reaction rate to Juliet’s
appeal and γ2 is reaction of Juliet to Romeo’s appeal. τ1 ≥ 0 and τ2 ≥ 0
are nonnegative delay terms. Since R(t) and J(t) are each emotions at time
t, naturally, it later seeks for the conditions that the solution (R(t), J(t))
of equation (1) exists, whenever the initial date is given and all coefficients
are positive numbers. To do this, we assume the monotone bounded and
continuously differentiable function f(J).
Equation (1) is an extending model of the without delay differential equation

dR(t)

dt
= −dRR(t) + rRJ(t) + γ1A2,

dJ(t)

dt
= −dJJ(t) + rJR(t) + γ2A1, (2)

which has been proposed by Rinaldi et al. [12] and [16] as a model for the
linear system of love dynamics, where rR describes the direct effect to her
love on the partner R(t). Next, we introduce another differential model of
love with delay;

dR(t)

dt
= −dRR(t) +H1(J(t− τ)) + γ1A2,

dJ(t)

dt
= −dJJ(t) +H2(R(t− τ)) + γ2A1, (3)

proposed by Liao and Ran [8] and Son and Park [17], where Hi(x), (i =
1, 2) are the functions with same delay τ . To consider more reality love
regime than ordinary differential system (2), they investigate that the stable
equilibrium point is destabilized for a delay larger than a threshold value
and then bifurcates to a limit cycle via a Hopf bifurcation when Romeo is
secure and Juliet is non-secure. Our first goal is to investigate the asymptotic
stability of equilibrium points of 2-dimensional dynamics of Romeo and Juliet
in the multiple equilibrium case. The second case we take up concerns the
romantic real style of Romeo and Juliet with time delays.
All result in this paper is based on our paper [7], which is included proofs of
after Theorem 1-4.

We can show that the existence of solution (R(t), J(t)) is guaranteed for
equation (1) whenever the initial conditions are bounded continuous func-
tions;

R(s) = ϕ1(s) for − τ1 ≤ s ≤ 0,

and (4)

J(s) = ϕ2(s) for − τ2 ≤ s ≤ 0,

where ϕi(s) ∈ C([−τi, 0], R) (in short, C) and ϕi(0) ≥ 0 for i = 1, 2.
Here, Banach space C(I, R) is the set of all continuous functions map-
ping I into R with supremum norm defined by | · |C (in short, | · |), where
|ϕ| = sups∈[−r,0] |ϕ(s)|, ϕ ∈ C.

2 Stability criteria of equilibrium points

In this section we study the stability of equilibrium points of equation (1).
We have the equilibrium point E∗ = E∗(R∗, J∗) of equation (1), where

R∗ =
dJJ

∗ − γ2A1

rJ
and

f(J∗) = dRR
∗ − γ1A2 =

dRdJJ
∗ − dRγ2A1 − rJγ1A2

rJ
.

We investigate the stability of the equilibrium point E∗ = E∗(R∗, J∗) by
linearization. Let

R(t) = R∗ + x(t),

J(t) = J∗ + y(t),

where x(t) and y(t) are small perturbations. Then, the linearized form of
the equation (1) about the equilibrium point E∗ is writing x(t), y(t) for ẋ(t)
and ẏ(t).

ẋ(t) = −dRx(t) + f
′
(J∗)y(t− τ2),

ẏ(t) = −dJy(t) + rJx(t− τ1). (5)

Remark 1. We consider f(J) are particular forms by taken as two cases:
for some odd integer l ≥ 1,

(H1) f(J) =
rRJ

l

K + J l
for J ≥ 0,

f(J) =
rRJ

l

K − J l
for J < 0,

and

(H2) f(J) = rR tanh(
J

J0
),

where K > 0 is a real number and J0 is the concentration parameters
related to the switching of the love individual by a Juliet’s love function
J(t). For l = 1, the function f in (H1) is considered by [11] and the
function f of (H2) is treated in [1]. It seems that (H2) is a more adjust
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condition than (H1) as situation of love affairs. So, in this paper, we mainly
employ the condition (H2).
In the case where (H1) and (H2), respectively, J

∗ is given by the solution of
the equation

(J∗)l+1 − rRrJ
dRdJ

(J∗)l +KJ∗ − KA

dRdJ
= 0

and

tanh(
J∗

J0
)− dRdJ

rRrJ
J∗ +

A

rRrJ
= 0,

where A = dRγ2A1 + rJγ1A2. In equation (5), the case where each
assumption (H1) and (H2), we have

f
′
(J∗) =

KlrR(J
∗)l−1

(K + (J∗)l)2
, (by H1)

and

f
′
(J∗) =

(rR/J0)

cos2 h(J∗/J0)
, (by H2),

respectively.
We can show the next theorem by using Routh - Hurwitz theorem [cf. 9, 16
and 20] for the second-order differential equation.
The stability results in this article are the following.

Theorem 1 (without delay case) [cf. 16]. Suppose that

dR + dJ > 0 and dRdJ > rJf
′
(J∗). (6)

Then, the equilibrium point E∗ of equation (1) with τ1 = τ2 = 0 is
asymptotically stable.

Theorem 2 (with delay case). The necessary and sufficient condition for
the asymptotic stability of the equilibrium point E∗ of equation (1) with
delay τ > 0 is the condition (6). Moreover, suppose that

dR > rJ ≥ 0 and dJ > f
′
(J∗) ≥ 0. (7)

Then, the equilibrium point E∗ of equation (1) is globally asymptotically
stable for τ > 0.

Proof. To prove the first statement of this theorem, we apply the approach
of [Theorem 3.7.3 in 6]. When delays τ1, τ2 ̸= 0, the characteristic equation
associated with (5) can be written as

D(λ, τ) = λ2 + aλ+ b+ ce−τλ = 0, (8)

where

a = dR + dJ ,

b = dRdJ and (9)

c = −rJf
′
(J∗),

and τ = τ1 + τ2. It is easy to verify the necessity of the condition (6). For
instance, if (6) does not hold then the trivial solution of (5) is not
asymptotically stable for τ = 0, from the proof of Theorem 1. If a real
number z and a τ ≥ 0 exist such that D(iz, τ) = 0 then for such τ , the
characteristic equation (8) has a pair of pure imaginary roots and hence the
trivial solution of (5) is not asymptotically stable.
Setting λ = µ+ iν in (8) and separating the real and imaginary parts, we
get a system of transcendental equations;

µ2 − ν2 + aµ+ b+ ce−µτ cos ντ = 0, (10)

2µν + aν − ce−µτ sin ντ = 0. (11)

One can write (8) in the form

λ2 + aλ+ w = 0,

where w = b+ ce−λτ . We note that the assumption (7) implies the condition
(6) and the converse of this is not true. For any real z, and τ ≥ 0, we have

D(iz, τ) = −z2 + aiz + b+ ce−izτ .

Then, for z = 0, D(iz, τ) = b+ c ̸= 0 by (6) and (9). For z ̸= 0, let us
suppose τ varies on the interval [0, 2π|z| ] implying that |zτ | will vary in [0, 2π].

This means that eizτ will vary over unit circle. Thus we can let for z ̸= 0,
zτ to be another independent variable σ (where σ = −zτ). We can write

H(z, σ) = G(z, σ) + iK(z, σ)

= (−z2 + b+ c cos σ) + i(az + c sin σ).

Thus,

G(z, σ) = −z2 + b+ c cos σ = 0, (12)

K(z, σ) = az + c sin σ = 0. (13)

Here, eliminating σ from (12) and (13), we get

U(z) = z4 + (a2 − 2b)z2 + (b2 − c2) = 0.
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A necessary and sufficient condition for U(z) = 0 not to have non-zero real
root is b2 − c2 ≥ 0, that is, b ≥ c from (6). If U(z) = 0 has non-zero real
root, then b2 − c2 < 0. From (12) and (13), we have

tan σ =
−az

z2 − b
.

Then, we obtain the real values of σ which satisfy (12) and (13). Thus, a
set of necessary and sufficient condition for the asymptotic stability of the
interior equilibrium is c < b. This completes the proof of local stability of
theorem.
Let us next consider the Liapunov functional V (t), defined by

V (t) = V (t)(x(t), y(t))

= |x(t)|+ |y(t)|+ b2

∫ t

t−τ1
|x(s)|ds+ b1

∫ t

t−τ2
|y(s)|ds ≥ 0,

where a1 = −dR, a2 = −dJ , b1 = f
′
(J∗) and b2 = rJ . Calculating the

derivative V̇ (t) of V (t) along the solutions of equation (5), we have

V̇ (t) = V̇ (t)(x(t), y(t))

= |ẋ(t)|+ |ẏ(t)| − b2|x(t− τ1)| − b1|y(t− τ2)|
+b2|x(t)|+ b1|y(t)|

≤ (a1 + b2)|x(t)|+ (a2 + b1)|y(t)|. (14)

It follows from (14) that

V (t) + (−(a1 + b2))|x(t)|+ (−(a2 + b1))|y(t)| ≤ V (0) < ∞.

By hypothesis (7), a1 + b2 < 0, a2 + b1 < 0, and hence it follows from (14)
that the functional V (t) is non increasing for all solutions (x(t), y(t)) of
equation (5) and so V (t) is convergent. Letting t → ∞ into (14), we obtain

lim
t→∞

V̇ (t) = 0 ≤ (a1 + b2) lim
t→∞

|x(t)| + (a2 + b3) lim
t→∞

|y(t)| ≤ 0

which implies,

lim
t→∞

(|x(t)|+ |y(t)|) = x∗ + y∗ = 0,

if (7) holds.
Then, this completes the proof of Theorem 2.

Remark 2. The above Theorem 1 and 2 hold for the both functions (H1)
and (H2). This talk is motivated by Das et al.[3], [4] and Hamaya [7], that

is ”Study the stability and the existence of almost periodic solutions of the
equation (3)”, and we also regard Theorem 1, 2 and next Theorem 3, 4 as a
partial answer in the affirmative for their research.
For the more complicated equation of (3), [2], [5], [15] and [16] have shown
the asymptotic stability of the equilibrium point E∗ under the more
complicated conditions using a bifurcation technique and others.

3 Estimation for the length of delay to preserve
stability and bifurcation results

In this section, we suppose that in the absence of delay E∗(R∗, J∗) is locally
asymptotically stable. This is guaranteed if (6) holds. By continuity of
solutions and for sufficiently small τ = τ1 + τ2 > 0, all eigenvalues of (8)
have negative real parts provided that no eigenvalue bifurcates from +∞,
which could happen since this is a retarded delay system. It is then possible
to use a criterion of Nyquist which we describe below to estimate the range
of τ for which E∗ remains asymptotically stable. Here we follow the
approach by [3, 4, 6] for such estimation of τ . We consider the system (5)
and the space of real valued continuous functions defined on C[−τ,∞)
satisfying the initial conditions (4).

Theorem 3. If

dR + dJ > dRdJ − rJf
′
(J∗) ≥ 0, (15)

then there exists a τ+ given by

τ+ =
−c+

√
c2 + 2cν2

+(a− b− c)

cν2
+

, where a− b− c > 0,

such that for all τ < τ+, the equilibrium point E∗ of (5) is locally
asymptotically stable.

Theorem 4. If we set P2 = (dRdJ)
2 − [rJf

′(J∗)]2 < 0 and if E∗ is unstable
for τ = 0, then it remains unstable for τ > 0. Moreover, if P2 < 0 and if E∗

is asymptotically stable for τ = 0, then it is impossible that it remains
stable for all τ > 0.
Hence, there exists a τ̂ > 0 such that, for τ < τ̂ , the equilibrium point E∗ is
asymptotically stable and for τ > τ̂ , the equilibrium point E∗ is unstable
and moreover, as τ increases through τ̂ , E∗ bifurcates into small amplitude
periodic solutions of Hopf type [5, 17]. The existence of unique τ̂ is given by

τ̂ =
1

ν̂
tan−1(

aν̂

ν̂2 − b
) +

nπ

ν̂
, n = 0, 1, 2, · · · . (16)
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lim
t→∞

V̇ (t) = 0 ≤ (a1 + b2) lim
t→∞

|x(t)| + (a2 + b3) lim
t→∞

|y(t)| ≤ 0

which implies,

lim
t→∞

(|x(t)|+ |y(t)|) = x∗ + y∗ = 0,

if (7) holds.
Then, this completes the proof of Theorem 2.

Remark 2. The above Theorem 1 and 2 hold for the both functions (H1)
and (H2). This talk is motivated by Das et al.[3], [4] and Hamaya [7], that

is ”Study the stability and the existence of almost periodic solutions of the
equation (3)”, and we also regard Theorem 1, 2 and next Theorem 3, 4 as a
partial answer in the affirmative for their research.
For the more complicated equation of (3), [2], [5], [15] and [16] have shown
the asymptotic stability of the equilibrium point E∗ under the more
complicated conditions using a bifurcation technique and others.

3 Estimation for the length of delay to preserve
stability and bifurcation results

In this section, we suppose that in the absence of delay E∗(R∗, J∗) is locally
asymptotically stable. This is guaranteed if (6) holds. By continuity of
solutions and for sufficiently small τ = τ1 + τ2 > 0, all eigenvalues of (8)
have negative real parts provided that no eigenvalue bifurcates from +∞,
which could happen since this is a retarded delay system. It is then possible
to use a criterion of Nyquist which we describe below to estimate the range
of τ for which E∗ remains asymptotically stable. Here we follow the
approach by [3, 4, 6] for such estimation of τ . We consider the system (5)
and the space of real valued continuous functions defined on C[−τ,∞)
satisfying the initial conditions (4).

Theorem 3. If

dR + dJ > dRdJ − rJf
′
(J∗) ≥ 0, (15)

then there exists a τ+ given by

τ+ =
−c+

√
c2 + 2cν2

+(a− b− c)

cν2
+

, where a− b− c > 0,

such that for all τ < τ+, the equilibrium point E∗ of (5) is locally
asymptotically stable.

Theorem 4. If we set P2 = (dRdJ)
2 − [rJf

′(J∗)]2 < 0 and if E∗ is unstable
for τ = 0, then it remains unstable for τ > 0. Moreover, if P2 < 0 and if E∗

is asymptotically stable for τ = 0, then it is impossible that it remains
stable for all τ > 0.
Hence, there exists a τ̂ > 0 such that, for τ < τ̂ , the equilibrium point E∗ is
asymptotically stable and for τ > τ̂ , the equilibrium point E∗ is unstable
and moreover, as τ increases through τ̂ , E∗ bifurcates into small amplitude
periodic solutions of Hopf type [5, 17]. The existence of unique τ̂ is given by

τ̂ =
1

ν̂
tan−1(

aν̂

ν̂2 − b
) +

nπ

ν̂
, n = 0, 1, 2, · · · . (16)
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Our required τ̂ is given by n = 0 in (16) and hence the Hopf-bifurcation
criteria are satisfied.

4 Oscillatory criteria

We study the oscillatory behavior of the linearized system (1) involving two
distinct delays which are different. But, so far as the author’s knowledge
goes, there are very few studies on the analysis of oscillation of model with
unequal delays. To make the study mathematically tractable, all the delays
are assumed to be equal and equal to the 1/2 of the sum of all the delays.
From physiological date, it’s not psychology, today delay is nearly 28− 30
hours in [4], from the numerical simulation of the linearized system, it is
seen that the pulsated or oscillatory behavior is present, if the individual
unequal delay exceed from 5 hours to two days. So, without much loss of
generality, we assume that τ1 = τ2 = τ , where τi > 5(i = 1, 2). Then the
system (1) can be written as

ẋ(t) = −dRx(t) + f
′
(J∗)y(t− τ),

ẏ(t) = −dJy(t) + rJx(t− τ), (17)

where dR > 0, dJ > 0, τ > 0, f
′
(J∗) > 0 and rJ > 0. We will find a set of

sufficient conditions for all bounded solutions of the linearized system (17)
to be oscillatory when the system has equal multi delays (cf. [6]). Here we
adopt the following definition.

Definition 1. A nontrivial vector u = {x(t), y(t)}T defined on [0, α), some
α > 0, is said to be oscillatory, if and only if at least one component of x(t)
has arbitrary large zeros on [0, α).

Let us define

max{f ′
(J∗), rJ , 1} = γ > 0, and

max{−dR,−dJ} = −d̃ < 0.

Theorem 5. We assume the following conditions:

(i) γ > d̃, and

(ii) eτ d̃ < γτe. (18)

Then all the bounded solutions of (17) corresponding to continuous initial
conditions on [−τ, 0] are oscillatory on [0,∞).

Proof. Suppose that there exists a solution u = {x(t), y(t)}T of (17), which
is bounded and non oscillatory on [0,∞).
Then, it follows that there exists a t∗ > 0 such that no component of x(t)
has a zero for t > t∗ + τ , and as a consequence, we have

|ẋ(t)| ≥ −dR|x(t)|+ f
′
(J∗)|y(t− τ)|,

|ẏ(t)| ≥ −dJ |y(t)|+ rJ |x(t− τ)|, for t > t∗ + 2τ.

Let u(t) = |x(t)|+ |y(t)| > 0, for t ≥ t∗ + τ . Thus, we get
u̇(t) ≥ −d̃u(t) + γu(t− τ) for t ≥ t∗ + 2τ . Now, we consider the scalar delay
differential equation

v̇(t) = −d̃v(t) + γv(t− τ), for t ≥ t∗ + 2τ, with

v(s) = u(s), s ∈ [t∗, t∗ + τ ]. (19)

Using the comparison theorem in [6], we have

u(t) ≤ v(t), for t ≥ t∗ + 2τ. (20)

We now claim that all bounded solutions of (19) are oscillatory on
[t∗ + 2τ,∞). Suppose that this is not the case, then the characteristic
equation associated with (19) is given by

λ = −d̃+ γe−λτ ,

has a non positive root, we say, λ∗ < 0 and it follows from (i) of (18) that
λ∗ ̸= 0, then λ∗ < 0, and hence, we have

|λ∗| ≥ −d̃+ γe|λ
∗|τ .

Then, |λ∗|+ d̃ ≥ γe|λ
∗|τ , and by the expansion into series of eX for some

X ∈ R, it is clear that e(|λ
∗|+d̃)τ−1 ≥ τ(|λ∗|+ d̃). Thus, we get

1 ≥ γe|λ
∗|τ

|λ∗|+ d̃
≥ γτe1−d̃τ .

The local inequality contradicts (ii) of (18), and hence, our claim regarding
the oscillatory nature of v on [0,∞) is valid. Since v has arbitrarily large
zeros by (20), which means that u(t) = |x(t)|+ |y(t)| is oscillatory implying
that x⃗(t) is oscillatory, but this is absurd. Since x⃗(t) is taken to be non
oscillatory vector. So, there cannot exist a bounded non oscillatory solution
of (17) when the conditions (i) and (ii) of (18) hold, and therefore, the
proof is complete.
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|ẏ(t)| ≥ −dJ |y(t)|+ rJ |x(t− τ)|, for t > t∗ + 2τ.

Let u(t) = |x(t)|+ |y(t)| > 0, for t ≥ t∗ + τ . Thus, we get
u̇(t) ≥ −d̃u(t) + γu(t− τ) for t ≥ t∗ + 2τ . Now, we consider the scalar delay
differential equation

v̇(t) = −d̃v(t) + γv(t− τ), for t ≥ t∗ + 2τ, with

v(s) = u(s), s ∈ [t∗, t∗ + τ ]. (19)

Using the comparison theorem in [6], we have

u(t) ≤ v(t), for t ≥ t∗ + 2τ. (20)

We now claim that all bounded solutions of (19) are oscillatory on
[t∗ + 2τ,∞). Suppose that this is not the case, then the characteristic
equation associated with (19) is given by

λ = −d̃+ γe−λτ ,

has a non positive root, we say, λ∗ < 0 and it follows from (i) of (18) that
λ∗ ̸= 0, then λ∗ < 0, and hence, we have

|λ∗| ≥ −d̃+ γe|λ
∗|τ .

Then, |λ∗|+ d̃ ≥ γe|λ
∗|τ , and by the expansion into series of eX for some

X ∈ R, it is clear that e(|λ
∗|+d̃)τ−1 ≥ τ(|λ∗|+ d̃). Thus, we get

1 ≥ γe|λ
∗|τ

|λ∗|+ d̃
≥ γτe1−d̃τ .

The local inequality contradicts (ii) of (18), and hence, our claim regarding
the oscillatory nature of v on [0,∞) is valid. Since v has arbitrarily large
zeros by (20), which means that u(t) = |x(t)|+ |y(t)| is oscillatory implying
that x⃗(t) is oscillatory, but this is absurd. Since x⃗(t) is taken to be non
oscillatory vector. So, there cannot exist a bounded non oscillatory solution
of (17) when the conditions (i) and (ii) of (18) hold, and therefore, the
proof is complete.

39Love dynamical model with delay



5 Examples

We consider concrete examples of the following linearized equation of
equation (1)

ẋ(t) = −ax(t) + by(t− µ2),

ẏ(t) = cx(t− µ1)− dy(t), t > 0, (21)

where, in equation (5), dR = a, dJ = d, τ1 = µ1, τ2 = µ2, rJ = c and
f ′(J∗) = b.

(i) We set a = 1/2, b = 1/3, c = 1/3, d = 1/2 and µ1 = µ2 = 2. Then,
dR = a(= 1/2) > rJ = c(= 1/3) > 0, and
dJ = d(= 1/2) > f ′(J∗) = b(= 1/3) > 0. Thus, it clear satisfies assumption
(7) and (H1). Moreover, we have

f(J) = (3/4) tanh(J) and E∗ = (R∗, J∗) ≈ (1.2, 1.0),

where

f ′(J∗) =
(3/4)

{cosh(J∗)}2

for J0 ≡ 1 in H2. The initial functions are defined by

R(θ) = ϕ1(θ) ≡ 1 > 0, and

J(θ) = ϕ2(θ) ≡ 1 > 0,

belong to the ϕi(θ) ∈ C[−2, 0] for i = 1, 2.

From our Theorem 2, we can show that for time delay µi = 2 > 0, the zero
solution E0 of equation (5) is globally asymptotically stable, i. e. the
equilibrium pint E∗ of equation (1) is globally asymptotically stable by
assumptions (7) and (H2).

(ii) We also set a = 1/2, b = 1/3, c = 1/3, d = 1/2 and µ1 = 1 µ2 = 5.
Then, dR = a(= 1/2) > rJ = c(= 1/3) > 0, and
dJ = d(= 1/2) > f ′(J∗) = b(= 1/3) > 0. Thus, it satisfies assumption (7)
and (H1). We denote the initial functions by

R(θ) = ϕ1(θ) ≡ 1 > 0, and

J(θ) = ϕ2(θ) ≡ 1 > 0,

belong to the ϕ1(θ) ∈ C[−1, 0] and ϕ2(θ) ∈ C[−5, 0].

By our Theorem 2, we can show that for time delays µ1 = 1 > 0 and
µ2 = 5 > 0, the zero solution E0 of equation (5) is globally asymptotically

stable, i. e. the equilibrium pint E∗ of equation (1) is globally
asymptotically stable by assumptions (7) and (H2).

Four figures of the final page denote the asymptotic stability of the zero
solution of equation (21). Here, we denote measures of the love of
individuals, x = x(t) and y = y(t) for the partner x(t) and y(t) at time t,
and moreover the vertical line is time t.

The specs of our machine are that
System is the Intel(R) Core(TM) i7-6700HQ CPU @2.60Hz, 2.59GHz,
RAM is 8.00GB,
GPU is Intel (R) HD Graphics 530,
OS is the Windows 10, Home, and
Soft is Maple version 2017.
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各種試料および測定データの簡易統合管理システム II 

Building a simple and low-cost integrated management system of  
sample storage and measurement data, II 

 
畠山唯達*（岡山理科大学 情報処理センター） 
 

Tadahiro Hatakeyama (Information Processing Center, Okayama University of Science) 
 

In this study, we discuss and introduce a concise system for the 
sample and data managements in a small laboratory. Following the 
last report, here we show an example of implementation of the system 
with open source softwares and Microsoft Excel. 

 
1 はじめに 
研究上のデータの捏造等が問題となったのを契機に、昨今の研究業界では測定で直接得

られた生データのみならず、試料そのものについても長期の保存が求められるようになっ

てきた[1]。保管スペース等実際の問題はさておき、研究中・研究後の様々な試料を再利用

可能な状態で保管するためには研究室と保管庫の間で有機的に結びついた保管システムが

求められる。しかし、多くの研究室では研究事後に割けるリソースの余裕が人的にも資金

的にもなく、手が回っていないのが現状であろう。 
このような現状に一石を投じるべく、昨年の本報告[2]において、大学等自然科学系の研

究室で増え続ける試料（サンプル）とそれを用いて得られたデータ等を含めた統合管理シ

ステムを簡易的に作成する一手法について論じた。そこでは、地球科学のようなフィール

ドサイエンスを例にして、「サイト」ごとに採取された「試料（サンプル）」について、そ

こから測定用に作成・調整された「個別試料」と各種の測定によって得られた「データ」

を紐づけて管理するための手法を考察した。結果として、①元となる試料管理ファイル、

②試料保管庫内でサイトや試料の情報にアクセスするため Web 上に構築するデータベース

（ホームページ）、③保管試料・測定個別試料等に貼付し現場で視覚的に管理するラベル、

に分割し、これらを用いて統合的に管理するのが簡便性と利便性、さらに構築の容易さを

考えて適当であると述べた。その後、システムを構築するにあたってはなるべく簡単に、

かつローコストでできるようオープンソースのものや手近なソフトウェア等を利用できな

いか模索し、具体的な実装の例を構築することができたので、今回はその報告と課題につ

いて論じる。 
 

 
*Corresponding author: 岡⼭市北区理⼤町, hatake@center.ous.ac.jp 
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2 プロジェクトの構成 
このような計画を達成するため①～③の部分を以下のように実装した。いずれもオープ

ンソースのソフトやプロプライエタリでも広く普及しているソフトのみを使用し、ネット

上で公開され検索可能な情報を使って容易に構築することができた（図 1）。実際に使用す

るためには、ハード的には実際の試料のほか、データをまとめる・Web上に置くための PC
やサーバーやラベルを印刷するプリンタ等の計算機資源を用意する必要があるが、これら

は通常使っているもので良いので、実質的にコストはほぼかからない。 
 
2.1. 基本的なデータ管理部分 

まず、試料と測定・観察のデータをまとめて管理するために管理用データシートを作成

する。最低限必要な管理用データは各サイトに関する情報を記載したものである。ここに

はサイトの基本情報（サイト名、採取日時、試料数等）のほか、試料の写真や測定データ

などもリスト化しておく。写真は別途用意し、画像ファイル名をシートに記述する。測定

データについては、各種の測定値がたくさんある場合もあろうが、俯瞰的に見たいものだ

けを登録すればよいだろう。シートはサイトごとに分けて用意する（図 2）。今回の実装で

は、Microsoft Excel を使用して作成するが、他のツールでも構わない。後述するよう

に、Excelには表から XMLへエクスポートする機能があるため、設定が容易である。ここ

からホームページを作成するための XML ファイルやラベルを作成するための入力ファイル

を作成する。ここに挙げたような管理用のファイルはすでに作成している研究室も多いの

で、そのまま使用できるか、わずかな体裁の調整で使用できることも多かろう。 
 
2.2. データベースの Web 化に関する部分 

各サイトの情報は、それぞれ独立なホームページにまとめて、実験室や保管庫などから

いつでもアクセスできるようにしたい。ホームページは上述のシートから変換して作成で

きれば手間がかからない。最終的にブラウザで読めれば問題ないため Excel のファイル

（XLSX）より HTMLへ変換する種々の手法を取ることができる。Excelシートをそのまま

HTML（やいわゆる"MHTML"）形式に変換してしまう方法もあるが、データを入力する段階

でホームページ上で見られる形にしなくてはならない。また、XLSXファイルから直接 HTML
を作成するスクリプトを記述する手もあるが、ここでは XML ファイルを介して HTML へ変

換する方法を採用した。変換へ必要となるスキーマを管理者が自分で定義する方が、研究

室や研究内容の事情に対応して柔軟性が高いと考えられるためである。 
手順として、まず XML の構造を記述したスキーマ（XSD ファイル）を用意する。次に、

Excel の「XML ソースの対応付け」機能を使ってシートにあるデータとスキーマ中の構造

を対応付ける[3,4]。この作業は 1 つのサイトについて行いシートごとコピーして他のサイ

トについて記述を増やしていけばよい。シートに記載された写真などの外部ファイルを要

する情報については、写真のファイル（と各サイトページで一覧用に使うサムネイルなど）
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も用意する。対応付けとデータ入力が終わったら、シートごとに XML ファイルへエクスポ

ートする。 
次に XML ファイルをブラウザで表示するためにスキーマと対応したスタイルシート

（XSLT）ファイルを作成する[5]。エクスポートした XMLファイルの先頭部にスタイルシー

トを読み込む xml-stylesheetタグを付ければ、そのままでブラウザ表示することができ

る。また、Pythonの lxmlライブラリ[6]のようなものを使えば、HTMLファイルを作成す

ることもできる。いずれにせよ、もとのエクセルシート 1 枚分に対応した 1 サイトから 1
つのホームページを作成する（図 3）。できた HTML ファイルは画像などと一緒にして手持

ちのウェブサーバーにアップロードする。後述するように、このページは研究室内端末の

ほかスマートフォンからのアクセスも考えているので、秘密保持のための IPアドレスによ

るアクセスが困難である。見られて困る場合はベーシック認証等[7]を導入し守秘する。 
 
2.3. 試料の管理部分 

次に、試料や保管トレイ・コンテナにおける管理をするため、上で作成したデータベー

ス（ホームページ）への誘導を入れたラベルを作成する。ここでは、個別試料に貼るもの

と、試料ケースや保管庫内コンテナ等複数の個別試料を含む容器に貼るものの 2 種類のも

のを想定している。写真やデータ出力を紙で保管する場合はその用途のラベルを準備すれ

ばよいし、他の形態で保管・整理している分野もあるだろう。本システムでは、貼付ラベ

ルは市販のラベルシール（通常のプリンタで使用できるもの）やラベルプリンタを用いて

作成する。 
ラベル印字用のデータは、上記エクセルシートを元とする。たとえば個別試料の場合は、

貼付できる場所は限られているので、試料ごとに試料名とサイト URL を表したバーコード

のようなものだけを印字すればよいし、保管庫内のコンテナや実験室内の複数の試料を入

れたトレイ用には、サイトの情報と URLを記述したようなラベルを作成する（図 4）。 
ラベルの作成にエクセルを用いる場合では、Microsoft Office 付属の「Microsoft 

Barcode Control」を用いてバーコードを作成し[8]、差し込み印刷用の表を作るマクロ

を作成するのが良かろう。しかし、ラベルと容器やコンテナの数が１対１対応していると

は限らないため、ラベルを作成するためにいったん元シートからラベル印字用の表を作成

する方が現実的である。今回は、Python の ReportLab[9]と QR コードライブラリ[10]を

用いて PDF を作成し、市販のインクジェットプリンタで印字した。今回は、個別試料には

20mm 径丸型のラベル（1 枚ははがきサイズで 20 ラベル印字）[11]を、コンテナ用には

86.4x50.8mmの角型ラベル（1枚は A4サイズで 10ラベル印字）[12]を用いた。試料やコ

ンテナ容器に貼付したラベルでは、スマートフォンやタブレットのカメラを用いて撮影し

バーコード読み取りアプリからホームページを開くことで、サイトや試料、データの情報

を見ることができる[13]。研究室の他者がかかわっている研究の試料や測定が終わってから

時間が経った試料についても、その場で情報にアクセスできるようになる（図 4） 
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3. まとめと今後 
長期的な資料保管を考え、保管庫と実験室およびデータ解析後を有機的に結びつけるた

めの簡易システムを考案し、実装した。大規模な研究室で運用を可能にする市販レベルの

製品もあるかもしれないが、本研究で紹介した程度であれば、比較的少人数の研究室でも

簡単に構築でき、個々の研究室の事情に合わせたカスタマイズも容易であろう。実際、本

システムを構築してかかった費用としては、他と兼用可能な計算機やプリンタの他、ラベ

ルシール等の消耗品だけで、ローコストでの運用が期待できる。今後は、実際に運用し実

情に合わせた改善をしながら、その効果を確かめていきたい。また、測定データのグラフ[14]

や実験ログの記録などの他の機能を追加することも検討していく。 
なお、本システムのソースコードや作成ドキュメントは、本研究室サイト

（http://mage-p.org/LISMS/）にてオープンソースライセンスにて公開する予定であ

る。今回は汎用性とコストダウンを両立させるため、それぞれのパーツを独立に作成する

ようにした。そのため、ひとつのパッケージとしての完成度は低い。１つのソフトとして

作成することも考えたが、拡張性が低いため、形態をどこまでまとめるかも今後の検討課

題としたい。 
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図 1 本研究による試料とデータのフローチャート（昨年の報告図 2を修正）。矢

印は試料（サンプル）・データ・確認する情報の流れに対応する。 

図 2 サイトの情報を管理する Excel シートの例。これにスキーマ（XSD）の対

応付けを施してから XMLをエクスポートする。 
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図 3 作成したサイト情報ホームページの例。 

図 4 作成したラベルを(a)試料コンテナと(b)個別試料に貼付した例。 
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