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Abstract ?y

Abstract: Nowadays young parents are found deficient in the skills t@, také care of
their infants due to the quick pace of modern life and the Workm@ Actually it
has become one of the problems that perplex young pa havwe’no idea about
the amount of milk given to the infants each time aboutythe erature of milk,
often forgetting to feed the infants on schedule or‘makm ants choke on milk
during the feeding. In view of this, this paper zes the infernet*of things technology to
implement an intelligent infant feeding syst %ch can’@e real-time monitoring on
the temperature of nursing bottle, checki the b tilted or seriously tilted in
addition to memorizing the feeding ? The information and data will be
uploaded to the background serv { the ag the household internet of things
gateway via zigbee. Then the p an configure‘the working state of the nursing bottle
and receive the warning me on their hones. With the design of the hardware,
the structure and the software system intelligent nursing bottle, this paper takes the
intelligent nursing bot @ node de or the connection to the household internet of
things and con perlme tal verification. The verification result proves that this
a;\ﬁg

technology is fe nd ablg@u ntee a stable operation.

Keywor ernet oe I@ nursing bottle, auxiliary feeding, zighee

1. Introductlon

Due to the@rated pace of life and the increased working stress, now young
parents are,facmg a big challenge regarding taking care of their babies. On one

time @,) energy on tending a baby. Under such a circumstance, baby feeding has
%ne a headache problem to young parents. It has been reflected in the following
cts, including having no idea about the amount of milk suckled by the baby
each time, not sure about the temperature of the milk, often forgetting to feed the
babies on schedule or even making the infants choke on milk during the feeding.

As a kind of network technology extended and expanded based on the internet
technology, the internet of things technology has been developed to implement the
internet of everything so that the client side of the internet can be extended and
expanded to and between everything. It has been widely recognized that the internet
of things, which is a hierarchical network, consists of three layers, including the
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perception layer, the network layer and the application layer in the hierarchical
structure.[1] [2]

Nowadays all of the commonly-used infant feeding bottles are made of glass or PP
plastic materials. The users can find the amount of milk according to the scale marked on
the bottle. Also they can determine if the milk temperature is appropriate by tasting or
touch the milk. The intelligent nursing bottle designed in this paper has the following
functions including temperature detection, volume detection, temperature adjustment,
warning and alarm. Also with the zigbee communication function, it can be connected to
the household internet of things gateway to upload the data information to the cloud
server. The users can review the information about the nursing bottle on their smart
terminals, such as cell phone. Furthermore, the cloud server can recommend nursing
solutions to the users according to their customized requirements. It will guide the users to
make a scientific planning on baby feeding by setting a proper feeding interval and milk
volume. What’s more, with the anti-choking function, our intelligent nursing botthe, c
give an alarm to the users when the nursing bottle is tilting too much to protect t nts
from choking on milk.

2. The Overall Design of the Auxiliary Feedwxysten@
This chapter introduces the overall design 0 em Saw the internet of

things architecture. Figure 1 shows the general frafgewark of t

As a device in the perception layer of th XI lary fe ystem, the intelligent
nursing bottle can be connected to the ho interfy i@thmgs gateway through a
zigbee module. Then in addition to fo bg and ng the zigbee-wifi data, the
internet of things gateway will also up e datas atlon about the nursing bottle to
the back-end cloud server, where tr\ pernﬁ% management, the management on
the state information of the nurgi tle, the datavsstorage and the generation of various
analysis statements can be ﬂ% n thls\x, he users can not only make a real-time
checking on the state information of thv g bottle, reviewing the analysis statements,
but also send real-time ¢ nds to c’!\t' | the nursing bottle for heat preservation.
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Figure 1 . Architecture Diagram of the System
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The background server has been integrated with the WEB server and the database
server. The WEB server has been built with the Apache Tomcat technology with the
adoption of the JSP technology to feed back the web information. Also both of the
JavaBean and Servlet technologies have been applied to make a response to the user
requests and process the transactions. As to the web server, it has adopted the JDBC
access method to get access to the MySQL database.

3. Hardware Design of the Intelligent Nursing Bottle

As a device in the perception layer, the intelligent nursing bottle has played a
significant role in the auxiliary feeding system. In this chapter, it makes an introduction
on the structural design and the hardware circuit of the intelligent nursing bottle.

3.1 Structural Design

Our nursing bottle has been designed in a form that the smart hol

structurally separated from the bottle so that the bottle can be taken awayfse er for
cleaning and replacement. The material of the nursing b t anbe C ass or pp
polymer. However the smart holder module is made of I W, th eft inside to
contain the hardware controller. During the usag ce an or nursing bottle
onto the intelligent nursing bottle holder. Wlthln Smart ho@ydule there are the
infrared temperature sensor, the weighing e three- angle sensor and the
zighee communication module. Adopt the %EZ mie roIIer equipped with the
ARM CortexM3 core as the main com'f he ex ntal prototype of intelligent
nursing bottle is shown in Figure 2. é

bottle holder

Controller room

Figure 2 . Prototype of Intelligent Nursing Bottle

3.2 Hardware Design

The availability of the controller located within the control box of the nursing bottle
holder makes it possible to implement the intelligent temperature measurement, the
angular measurement and the remote communication of the nursing bottle. Figure 3 shows
the structural diagram of the controller, which adopts the STM32 microcontroller
equipped with the ARM CortexM3 kernel as the core. The communication between the
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weighing circuit, the infrared temperature measurement circuit and the angular
measurement circuit with the STM32 can be made via the 1IC bus. Also the
communication between the zigbee module and the STM32 can be established through
the UART serial interface. As the controller has the LED indication function, the LED
will flash to indicate the low battery or give an alarm. What’s more, with the buzzer alarm
function, it will give a buzzer alarm to the parents when they forget to feed the infants.

Block diagram of the controller
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Figure &@hlag%n f'the Controller
as

L 2
Adopt STM32F103R

&

i »ntrol chip, which is incorporated with the
high-performance ARM X- M3TM¥(M t RISC core operating at a 72 MHz frequency
with the flash mem nd the separately up to 128K and 20K. With the
diversified periph@%ﬂ\ t's e ith two 12-bit ADCs, three GP 16-bit timers, an
independent_ BV er and t asynchronous serial ports[3]. In this design, as Serial
@- I adopted for the communication, then this chip can fully
meet the dE requ s on computing speed and the external communication
interfaces.

Adopt HX7§$ core chip during the design of the weighting circuit. HX711 is a

24-bit A/ID c ter chip with MCU processing designed purposely for the high-
precision<¢ldctronic scale.

90614 to design the infrared temperature measurement circuit. Applied
the non-contact infrared temperature sensor, MLX90614 has been integrated
i infrared thermopile chip and the dedicated integrated circuit for signal processing
0-39 package. [4]Also it’s equipped with a low noise amplifier (LNA), a 17-bit
ADC and a powerful DSP processing unit. Integrated with all of the peripheral circuits
required in the other similar types of chips such as the regulated power supply and the on-
chip clock oscillator, this chip takes the single-armed circuit consisting of strain gauge
and resistance as the input of HX711, which will then take the numerical voltage value of
the single-armed circuit as the output to facilitate the full integration. All of the sensors
are calibrated before the delivery in terms of the measurement results. Meanwhile use the
digital PWM and SMBus (System Management Bus) output as the data interface. As a
continuous output, the 10-bit PWM output will be configured in a range from -20°C to
120°C with an output resolution of 0.14°C.

172 Copyright © 2016 SERSC


http://www.sersc.org/journals/IJSH/
http://dict.youdao.com/w/circuit/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/main/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/control/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/chip/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/temperature/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/measurement/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/circuit/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/continuous/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/output/#keyfrom=E2Ctranslation

International Journal of Smart Home
Vol.10, No.12 (2016)

Adopt MPUG6050 to design the angle of the nursing bottle and the tilting measurement
module. As a 6-axis motion sensor, MPU-6050 has been integrated with a 3-axis MEMS
gyroscope, a 3-axis MEMS accelerometer and an extensible DMP
(digital motion processor). [5]Both of the 3-axis angular velocity and the 3-axis
acceleration data will be sent to STM32 via the 11C bus.

4. Key Technology

4.1 Monitoring on the Tilting Angle

Researches prove that baby milk choking is closely related to feeding position. They
recommend that feeding position must be at an angle of 30°-45° when the infants recline
in their mothers’ arms. The nursing bottle must be placed perpendicular to the infant’s
mouth. It’s considered as improper feeding position when the angle of the t||t|ng rsm
bottle is too big or too small, which will make the infants more prone to chokin
[6]Therefore it’s necessary to remind the feeder of this with the indicator. T torlng
on the position of the nursing bottle has become the key to make an earl @ milk
choking during the feeding of infants. %

Assume that the geodetic coordinate system is the refg
position of the nursing bottle is the motion state™of the nur ng e in the object
coordinate system compared with the reference o% ate sys e common ways to
express the object position include the qukon cosme atrl the quaternion and

e toor |na tem, and the

e

the Euler angles. Co b is the direction coSj atrix ere very column represents the
projection of every unit vector mea sed bject coordinate system on the

reference coordinate system Y, separately the deflection angle, the
roll angle and the pitch angl ate system compared with the reference

" \
coordinate system [71[8] ®

C_ 21

32
cos@¢ co %smgb sinysing cosy sin@cos¢ +siny sin g
=| siny cosé IN@sin ¢ —Ccosy cos¢ Siny sin @cos¢ —sin ¢ cosy
—-siné cosésin ¢ Cos @ cos ¢

1)
As a \%Lwith four parameters, quaternion consists of a real component and three
imagina@: ponents Therefore it can also be considered as a four-dimensional

rlable[] q q0+|q1+jq2+kq3. The adoption of quaternion for position
Iatlon shows the characteristics of simplicity and low calculation amount. The

e
relationship between the quaternion and the direction cosine matrix G is indicated as
below:

T, T, T
Ct? = T21 Tzz T23 =
Ty Ty T
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Then the outputted position can be expressed as below with the application of the Euler
angle method:

w = arctan [Tﬂ] 3)

0 =arcsin[-T,,]  (4)

@ =arctan [Tﬂ] (5)

4.2 Result Evaluation of Feeding based on Fuzzy Set Theory @Q

When the bottle is in the inclination angle for more than 5§, it,will bg’c ed as in
feeding process. A young parent’s feeding process is eval iyely based on
e process. Since

milk temperature and inclination angle of milk bottleun

the evaluation is fuzzy, use fuzzy set theory for cessifig, wiiich is known as a
method of fuzzification processing. Set milk temperature and ihation angle of milk
bottle as input variable of fuzzy information p@g@smg an@nprehenswe evaluation as

output variable.
1.Selection of fuzzy linguistic values

Before selecting a fuzzy membe@unctlx\;& fuzzy linguistic value for two

inputs and one output.
Temperature: High (NH), M (NM)

Tilt angle: Large (NH), Modesate (N (NL)

Evaluation: Terrific ( eep go ) Bad (NL)

2. Selection of fliZZ i al corrgsponding to fuzzy linguistic values.

Set the physi in ranb@ir;ﬂk temperature as [T T ] = [0_50], convert to
domain o®|ted fE et as K=[-p,=p+L....0....p=1 p] Clet P =5
thenK [ S

Set the p@g domam range of inclination angle of milk bottle as
0]

|n’

convert to  domain of limited fuzzy  set

20,:000-10] (oo e on A=[-54,..,0,...,45]

output variable, define comprehensive evaluation

=[-s,—s+1,....,0,...,5-1,5] let s=5. then R=[-54,...0,...4, 5].

The quantization factor of input variable is:
_Tmax_Tmin -5 K :Anax_Anin =9

t 2% p a 2*q - (6)
3. Define fuzzy membership function
Use triangular and trapezoidal distribution function as fuzzy membership function, the

expression is shown as Figure 4:

as
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0 (x<a)
0 (x<a) X;a(asx<b)
X—a b-a
D00~ b (@sx<h) UM)={ 1(b=x<c)
_ .
T (bsx<c) d__;‘(ch<d)
0 (x=c) e 0 (x>d) ®)

N

4. Tr ar and Trapezoidal Distribution Function

After selecting ty; uzzy membership function, use Mamdani reasoning model for
fuzzy reasoning §k n generate comprehensive evaluation result after defuzzification.
ental

5. Exp Verification

5.1 I&ment on System Functions
@ experiment has been conducted mainly to verify if the device in the perception
I

can upload the measured data correctly to the background server, if the gateway and
the devices in the node layer can be displayed correctly in the background software and if
the APP on the smart phone can acquire correctly the measured data from the background
server to realize remote control.

Figure 5 shows the screen shot of a nursing bottle, which is in a real-time
working status displayed on the mobile APP. All of the information including the
temperature and the volume of the nursing bottle can be displayed on the software
interface. Figure 6 shows the screen shot of a nursing bottle with the working mode
having been configured through the APP. Figure 7 shows the temperature
measurement interface and Figure 8 shows the main settings interface.
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TRLF HESREN

Figure 5. Working Status Display Figure 6. ConfiguratiorOi

Interface Interf ce’

g % 8
Figure 7. Temp Interface Figure 8. Main Settings Interface

5.2 Experime@lhe Tilt Angle Measurement

riment, data about the pose state calculated in a controller will be
the monitoring software installed in the host computer. The circuit
n in the figure 7 is the master control circuit board of the intelligent
bottle. The visual testing software installed in the host computer reveals that
thegposition calculation is correct.
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Figure 7 |on ation
As shown in Table 1, the me ngle \5‘# displayed on the host computer
after the control board is fixe certal It reveals that the error in angular

measurement is within 3%.

Q@‘l Ang{e Qurement Test Results

Fixed a le measurement (°) Error
20.56 2.8%
O 24.8 -0.8%

6@ 30.7 2.3%

35.45 1.29%
4057 1.43%

45.9 2%
0 49.46 -1.08%
5 55.87 -0.35%
\&60 60.43 1.58%
O 65 65.4 0.62%
@) 70 70.2 0.29%
75 74.81 -0.25%
80 80.17 0.21%
85 84.78 -0.33%

5.3 Experiment on the Temperature Measurement

As shown in Table 2, It reveals that the error in temperature measurement is
within 2%.
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Table 2. Temperature Measurement Test Results

Standard temperature Temperature measurement Error

CH C)
10 10.12 1.2%
15 15.2 1.3%
20 19.86 -0.7%
25 25.3 1.2%
30 30.14 0.46%
35 34.95 -0.14%
40 40.23 0.58%
45 45.1 0.22%
50 50.26 0.52%
55 54.89 -0.2% .
60 60.17 0.28% V
65 64.78 -0.34% ?\
70 70.15 0.21%
75 74.81 -0.2 /0
80 80.12 0. .

5.4 Simulation of Fuzzy Inference Algorithmo V

Use Matlab Simulink toolbox to S|mulat e compre & evaluation result of

feeding process. 11 fuzzy rules are establi

If
If
If
If
If
If
If
If
If
If
If

(Temperature is NH) and (Angfe\g
(Temperature is NH) and (A NL esult is NL)
H (R

(Temperature is NL) andé’ |s N
gle

(Temperature is NL) a

It is NL)

esult is NL)
EN(ResuIt is NL)

THEN(ResuIt is NL)

H)THEN(Result is NL)

is NM)THEN(Result is NH)
le is NL)THEN(Result is NM)

n le is NH)THEN(Result is NM)
ngle is NM)THEN(Result is NM)

(Temperature is NH (Angle I
(Temperature is NM) and (A
(Temperature i and (A
(Temperat ) or
(Tempera '%

(Temperdturé |sNH or

(Te

Use Mamdani mod

178

r (Angle is NM)THEN(Result is NM)
fuzzy reasoning, the simulation result is shown as figure
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Rasult

Angle s SOQ @Mture

Figure 8. Sim ion Res%

>

6.Conclusions ’\O \@\
u

This paper designs an internet %ngs-% xiliary infant feeding system.
Aiming at the problem that L@) rents in ern society lack the experience in
raising children, this pan% gns elligent nursing bottle that can be
connected to the household Thtern ings. Also the zigbee communication
function makes it possi@to uploa& orking state of the nursing bottle to the
background server Q& ition theé implementation of regular alarm function.
What’s more, the ion Qf # angle makes the nursing bottle characterized by
the anti-choki tion.

In addi he es@of mobile APP and the background server, this paper

also prepares.d proto intelligent nursing bottle. The experiment has verified
the implementatio rious functions, showing an accuracy of less than 3% in

angular measu$
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