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ABSTRACT

A method for water-saving is presented in this paper. The proposed method is based on an electro mechanical approach
and embedded system that is described mathematically. It describes a solution for water-saving in buildings by giving
the ability to ensure that treasurer of water will never be empty before the maximum time T that the owner gives to the
treasurer when it is filled with water. The rate of water pumped is altered based on water consumed at tr. Where tr is a
random number generated by system. Simulation results in the last section shows that the method can save the water

with different maximum time decided by the owner.
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1. Introduction

Undoubtedly, the water is very important for our live.
Many natural science scientists believe that in near future
the wars between some countries will occur in order to
gain the water. So, saving water is not only important, it
is very important, especially in buildings. In fact, the
main reason for high consuming of water comes from
bad consuming by people who don’t care about saving
the water.

This paper is introduced to solve problems similar to
the following problem. Assume that you have a building
that contains a treasurer of water with volume | m’ and
there are n taps in this building. If the treasurer is filled
with water, and you believe that if it is full, the water
should be enough approximately for three weeks. But,
unfortunately you don’t know who use the taps. Assume
that there is a person that he doesn’t care about water—
saving and he lets the tap(s) open all the time, so the
treasurer of water will become empty before three weeks
(it may becomes empty within two days). This paper is
going to solve problem similar to the previous problem
by giving a way to ensure that the treasurer of water will
approximately never become empty before the maximum
time (i.e. one week that is determined by the owner of the
treasurer when he decides to fill the treasurer). The
method used in this paper is based on a differential equa-
tion method and numerical analysis [1,2]. The proposed
solution has the following properties:

1) Efficient and simple solution.

2) Produce water-saving with high quality of services
giving to people.

3) Flexibility, which means and can be extended to
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similar environment.

4) Based on differential equations [2].

5) Can be simulated to prove the validity of the me-
thod.

The paper is organized as follows. Section 2 gives re-
views of embedded system. Section 3 explains the pro-
posed method. Section 4 reports some simulation results.
Finally, Section 5 gives the conclusion.

2. Reviews of Embedded Systems

An embedded system is a computer system designed for
specific control functions within a larger system, often
with real-time computing constraints [3,4]. It is embed-
ded as part of a complete device often including hard-
ware and mechanical parts. By contrast, a general-pur-
pose computer, such as a personal computer (PC), is de-
signed to be flexible and to meet a wide range of end-
user needs. Embedded systems control many devices in
common use today [5].

The structure of embedded systems has processing
cores that are either microcontrollers or digital signal
processors (DSP) [6]. However, the characteristic is be-
ing widely dedicated for making a particular task. As
long as the embedded system is dedicated to specific
tasks, the engineers can apply optimization on it to re-
duce the size and cost of the product and increase the
reliability and performance. Some embedded systems are
mass-produced, benefiting from economies of scale [5].

Physically, embedded systems are used widely, the
range of embedded systems distributed from portable de-
vices such as simple digital watches, calculator and MP3
players, to large stationary installations like traffic lights,
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factory controllers. Complexity varies from low, with a
single microcontroller chip, to very high with multiple
units, peripherals and networks mounted inside a large
chassis or enclosure [5].

3. A Proposed Water-Saving Technique

The method that we are going to use is combined be-
tween continuous and discrete variables [7-9]. This me-
thod is based on differential equations. Assume that we
have a building of different floors, the building has a
treasurer of volume VOL = L (Length) x W (Width) x H
(Height), and we have a controller that control the
amount of water pumped per unit time from the treasurer
as in Figure 1. The controller is programmed as an em-
bedded system [10-12]. Let us define V as the volume of
water consumed from the treasurer at unit time t which is
equal to (VOL—the volume of water remains in the
treasurer at t) [13].

If the owner decides that when the treasurer is full
with water, it will be enough for T unit time. So at T the
treasurer becomes empty. To satisfy what is decided by
the owner, the amount of water pumped per unit time
(dV/dt) should equal to VOL/T, and the amount of water
consumed from the treasurer at T is calculated as in
Equation (1).

]
v :j\&dt
0 T M
v = oL
T

Equation (1) gives the volume of water used from the
treasurer at T. Notice that V = VOL means that the treas-
urer becomes empty at T. If we want to find V at t;; where
0 <t; <T, the amount of consumed water can be calcu-
lated by Equation (2).

vV :VOLti

()

Equation (2) shows the volume of water consumed.
The V is calculated at each tj where 0 < t; < T, and V is
always increasing until V =VOL

Two things should be done by the controller:

1) Calculate the volume of water V used at each at time
t; where t; is random number generated in our system.

2) Alter dV/dt based on the value of V at time t,.

These two points are done in sequence. Assume that
we reach on t,, the controller will calculate the volume of
water V consumed at time t, and one of the three situation
should happen depending on the value of V ( the amount
of water consumed at t;). We have three cases as the fol-
lowing.

1) If vV :V_I_&tr then
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Figure 1. The treasurer and taps inside floors in the build-
ing.

av /at = YOk
T
2)If V >V.;Ltr then
T
dv/dt = VoL
T+t,
// decreasing dV/dt
3If V <\&tr then
T
dv/dt = VoL
T+t
//increasing dV/dt
End If
The first If statement indicates that the treasurer is on

OL

safe side, where V :V?t so the controller let the

ro
dV/dt remains as in Equation (1). The second If statement

indicates a dangerous side, where V >V_i£t so the

ro

controller decides to decrease the value of dV/dt by

making dV/dt = voL
T+t

r

. The third If statement is a per-

fect state and it indicates that the controller can increase
dV/dt with out any warring.

It is very obvious that dV/dt depends on the value of V
(the amount of water consumed from the treasurer at time
t), and at t; where t; is random number. The controller
decides the new value of dV/dt that depends on amount
of water consumed at t,. Also, you may see that an error
may happen in simulation results. The main reasons for
this error are the time taken to alter dV/dt at t,.

4. Simulation Results

A simulation program runs to test the validity of algo-
rithm. Parameters used in simulation are:

1) A typical volume of treasure is 3x3x4=36m’.

2) Number of taps = 50.

3) The delay taken from the treasurer to alter dV/dt is
randomly selected between 0.001 sec to 1.5 sec.
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4) There are 30 to 45 taps are opened at the same time,
and each tap is remaining open between 10 minutes to 20
minutes.

5) The unit time used in simulation is seconds. For
example, if the owner decides that the maximum time
should be one day, and then the maximum time in sec-
onds should be 24x60x60=86,400 secs, at each t,
where t; is a random number, the controller will alter

dV/dt depending on amount of water V consumed at t,.

6) A simulation program runs 40 times. Each time is a
different maximum day decided by the owner (i.e. from
day one to day 40) as Table 1.

Figure 2 shows the days taken by the treasurer to be-
come empty. The relation between maximum day and
days taken by the treasurer to become empty is semi-
linear. This indicates a very small percent of errors. Also

Table 1. Results getting from simulation program for 50 taps and 36 m® the treasurer volume.

Maximum time decided by the owner (T)

Days taken by the treasure to become empty

Percent of error %

O 00 N N A W N =

= =
AW N = O

0.755 6.68
1.714 5.48
2.792 1.11
3.799 0.7
4.622 4.14
5.739 1.53
6.291 7.73
7.709 1.56
8.529 3.41
9.589 2.49
10.691 1.35
11.542 2.49
12.729 0.87
13.231 4.38
14.135 4.74
15.744 0.65
15.939 5.36
16.817 5.75
18.559 1.55
18.923 4.66
20.758 0.47
21.612 1.12
22.544 1.38
23.786 0.32
23.939 3.7
25.733 0.51
26.583 1.05
27.132 2.63
28.727 0.5
29.563 1.03
30.717 0.51
30.977 2.81
32.268 1.85
32.998 2.61
34.057 2.35
35.791 0.26
35.938 2.56
37.732 0.41
37.957 2.39
38.614 3.19
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Figure 2. Relation between maximum day and days taken by the treasurer to become empty.
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Figure 3. Relation between maximum day and the percent of error.

in Figure 2 you can see that the error is independent
from the maximum day decided by the owner. The per-
cent of error is depends on the time taken to Alter pump-
ing of water at t,, the time taken to alter dV/dt and the
random number generating by a simulation program.
Moreover, Figure 3 shows the relation between maxi-
mum day and the percent of error. The percent of error
does not exceed 8% in all maximum times from 1 to 40
decided by the owner. This reflects success of the pro-
posed method.

5. Conclusion

This paper presents a technique for water-saving on
buildings. The rate of water pumped is altered based on
water consumed at t.. Where {; is a random number gene-
rated by system. Simulation results have proved the va-
lidity of proposed method by produce a very small per-
cent of error. We saw that the owner can decide how
many days the treasurer will be enough. The proposed
method can be applied in any building. Also, the model
is combined between continuous and discrete variables
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that are based on differential equations. It can be ex-
tended to be applied to more than one treasurer at the
same time.
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