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Abstract : As the present feeding devices used in the
chicken farm are mostly simple and less automated, an
intelligent feeding system is established in this paper by
comprehensive technological means like sensor detection,
data processing and remote monitoring to control the
feeding quantity accurately and monitor the feed intake in
real time. The system consists of upper computer, control
center and mechanical hardware equipment, of which the
mechanical hardware equipment is about 44.2kg. Upon
testing, the system takes 15s in feeding; the accuracy of
feeding quantity is 90-99%, compared with 70-85% of that
of traditional machine; the feeding efficiency is 1.4-1.9
times higher than that of traditional machine. Users can set
the feeding parameters based on the chicken age, type of
chicken and other information through the interface of the
upper computer, and monitor the epidemic situation of the
chicken farm, to achieve the requirement of intelligent
feeding.

Keywords: feeding system, real-time detection, man-
machine interface, STC89C52

INTRODUCTION

The research of feeding process and feeding equipment
is an important link to the feeding and management of
chicken farm™?., Traditional feeding method is featured by
low efficiency and waste, as it mainly depends on people
experience to decide the feeding parameters, and transfer the
feedstuffs to each feeding manually. Feed intake is a physical
quantity which indirectly reflects the growth trend and health
of the chickens. Monitoring the feed intake in real time is of
significance to production raising and diseases prevention
[3][415]-

At present, with the all-round development of automation and
mechanization technologies, many mechanized and semi-
mechanized chicken large, medium and small farms, , appeared in
succession in China, which greatly increased the feeding efficiency.
However, they are still in the blank stage in figuring out how to
control the feeding quantity accurately and monitor the feed intake
in real time. Compared to foreign countries, the automation level of
the domestic feeding device lags far behind, hindering the large
and scale development of the chicken farms [6][7][8].

For above reasons, a feeding system for chicken farm is
developed herein. This system, developed on the basis of the
traditional feeding device, can effectively feed the chickens in
a timely and quantitative manner and monitor the feed intake
in real time, provides such functions like residual detection
and epidemic warning, offset the shortages such as single
feeding function and dispersed structure and feed the
chickens in a highly-intelligent and accurate way.

STRUCTURE AND PRINCIPLE OF THE FEEDING DEVICE
This feeding device consists of charger, conveyer
(including helical conveying pipe and DC gear motor),
emptying device (including emptying valve and emptying
pipe), feedstuff quantity detector (including ultrasonic
ranging sensor, electric drive pusher and refining pusher),
control system (upper computer, control center and serial
communication module) and power supply system, of
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which the control center is based on STC89C52 single
chip. See figure 1 for mechanical structure design of the
feeding device.
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Fig. 1 - Intelligent mechanical structure for chicken feeding / ESEBAMBEI K HIMER

The process of the whole system is depicted as follows:
(1) Set the feeding time and quantity of that day on the
interface of the upper computer; (2) When the feeding time
comes, the upper computer will send the initial signal and
feeding quantity to the control center through serial port;
(3) Upon identifying the initial signal, the control center will
drive the charger, conveyor and emptying device and then
the feedstuffs will be conveyed from the charger to the
feeding trough; (4) before feeding, the feed quantity
detector will accurately measure the feedstuff quantity in
the trough through ultrasonic ranging sensor and refining
pusher and send the measuring data back to the control
center while uploading it to the upper computer; (5) the
control center will compare the measuring data with the
feeding quantity. If both of them are equal, it will close the
electrically operated valve (EOV) to the corresponding
trough to stop feeding; if not, it will continue feeding. When
feeding from all troughs stops, the system will enter
dormant state and wait for next order. At all time when the
system is powered on, user can collect and display the
data of feedstuff quantity from any trough by means of the
monitoring function of the upper computer.

Design of feedstuff quantity detecting system

The feedstuff quantity detecting system which is used to
accurately detect the feedstuff quantity in the trough mainly
consists of refining module and height detecting module.

Refining module

As the feedstuffs coming from the emptying device are
in irregular geometrical shape, a refining module is
designed. The purpose of it is to level off the feedstuffs
evenly in the trough to accurately detect the feedstuff
quantity. Trough which is located below the hole of the
emptying device (see figure 1) is the direct rectangle
container (made of stainless steel) for chicken feeding. The
whole trough is separated evenly with four iron plates, i.e.,
consisting of five independent sections. With the structural
parameter of single trough of 39*8*10cm and the capacity
of 1000g, it can be used to feed five chickens at the same
time in one day. This independent trough not only prevents
chickens from fighting for food, but also establishes a one-
to-one relation between chicken and trough, facilitating the
positioning analysis of single coop.
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The refining module (see figure 2) consists of refining
pusher mounted in the bottom of the trough and linear
motor M1. (1) Refining Pusher: 220cm L x 6cm W x 0.3cm
H. The size can be neglected compared with the size of the
trough. The refining pusher is composed of one main
pusher and five sub-pushers. The sub-pushers are welded
and perpendicular to the main pusher every 39 cm. (2)
Linear motor M1 (also known as refining motor): Its
parameters include 12 V DC voltage, 1200N maximum
load, 540 mm/s maximum no-load speed and 600mm
maximum stroke. M1 is fixed to one end of the main pusher
through a coupling and directly drives the load for linear
motion.

When refining operation is needed, the control center
will activate M1. The refining pusher will start reciprocating
motion under the control of M1 to level off the feedstuffs
within a short time through friction and vibration. Upon
repeated test, when the trough is full of feedstuffs, the
horizontal motion speed of the refining pusher is
490~500mm/s. The feedstuffs can be leveled off by the
refining pusher through two or more reciprocating motions
under this speed.

Height detecting module

This module consists of ultrasonic ranging module HY-
SPFO5 and temperature sensor DS18B20; (1) Ultrasonic
ranging module HY-SPF05: Two ultrasonic ranging modules
are mounted horizontally right above each trough. The mean
value of the feedstuff height detected by two ultrasonic
sensors will be deemed as the final feedstuff height. The
ultrasonic ranging module consists of ultrasonic launcher and
receiver. Its parameters include 5V DC voltage, 15mA
working current, 2~450mm measuring distance and 150
detection angle and 3mm measuring accuracy; (2)
Temperature sensor DS18B20: The purpose of it is to
compensate the temperature for ultrasonic ranging.
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The ultrasonic ranging sensor is directly connected to the
control center. When there is a need to detect the height of the
feedstuffs in the trough, the control center will activate the
ultrasonic launcher to launch the ultrasonic wave. The time
interval between launching ultrasonic wave and receiving
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ultrasonic echo is 1. As the propagation velocity of ultrasonic
wave in the air is easily affected by the surrounding environment,
it is a need to compensate the temperature for ultrasonic velocity.
Upon compensation, the ranging formula is as follows [9]:

S
2

Wherein: T is actual temperature ( °c )
c=3315(M/s) , a=0.60Mm/E0C) is temperature
compensation coefficient, S is the distance (unit: cm)
between sensor and object to be tested. If the feedstuffs in
the trough are leveled uniformly, the space (S) between
ultrasonic ranging module and feedstuffs can be tested
accurately through ranging operation.

Conversion between height and mass

To perform quantitative feeding and real-time
monitoring, it is necessary to directly obtain the mass of
the feedstuff in the trough [10]. The following is mapping

relation between mass (marked as m ) and space (marked
as S) which is obtained from relation between density and
mass m= p*Vv:

_(cta*N)*t
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Where V means feedstuff volume (unit: cm®) in each
trough, p means the feedstuff density (unit: g/cm?®), Smeans

the floor area of the trough and L means the space (unit: cm)
between ultrasonic ranging sensor and trough base.

While the feedstuff quantity detecting device is working,
first activate M1 for refining operation. The feedstuffs will
be leveled of after 3.2s; then the control center will activate
the ultrasonic ranging module and temperature sensor.
When the return time of ultrasonic ranging sensor is 600 ;sand

the current room temperature tested by the temperature sensor
is 25°C, the space between ultrasonic ranging module and
feedstuffs is 11.6cm by means of formula (1). If L=20cm,
s=312n?, p=0.35y /cm®, the mass is m=917.28 in the
current trough by means of formula (2).

Design of tubular helical conveyor

The helical conveyor which is used to convey granular or
powdered feedstuffs is simple in structure, reliable in performance
and designed in mechanical structure (See figure 4).
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It can be seen from figure 4 that the tubular helical
conveyor consists of helical blades welded to the helical center
shaft, AC gear motor M2 (also known as conveying motor)
and main conveying pipe. (1) Helical blades welded to the
helical center shaft: Stainless steel blade with 16cm external
diameter, 4cm internal diameter and 16cm pitch; (2) AC gear
motor M2: Its parameters include 22V AC voltage, 6W power,
13r/min rotating speed, and 3N [In torque. The output shaft
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of the motor is connected to the helical center shaft through
the bearing to control the rotating direction and speed of the
blades; (3) Main conveying pipe: With the parameters of 4cm
radius and 210 cm length, it is an enclosed plastic pipe. The
upper left of pipe is connected to the charger through the hole
of the emptying device.

In the process of feedstuffs conveying, the control center
controls the feedstuffs in the main conveying pipe by controlling
the speed and direction of M2. While M2 is rotating in reverse
clockwise direction, the feedstuffs will be conveyed from the left
of the main pipe to the right (left to right) and distributed to the
troughs corresponded to five small pipes; while M2 is rotating in
clockwise direction, the feedstuffs will be conveyed from right to
left and distributed to the troughs corresponding to five small
pipes; When M2 stops, the feedstuffs conveying will also stop.
See figure 1 for the control relation between feedstuff and main
pipe. It takes about 30s to convey the feedstuffs from one side
to the other side under the speeds in table 1.
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Control relation between AC gear motor M2 and feedstuff / &8 B4 M2 X TR 89124 RK

M2 rotating direction / M2 rotating speed / Conveying direction / Conveying speed /
M2 #5750 M2 FiE orirt v IR REE
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Design of electrically operated valve (EOV) B THR T

It can be seen from figure 1 that an EOV is mounted
between the charger and tubular helical conveyor to control
the feedstuff quantity of the conveyor. This EOV is known
as the first switchgear of the charger. To separately control
the charging process of each trough, an EOV is mounted
between the emptying pipe and each of five trough
sections. This EOV is known as the second switchgear of
the emptying device. When either EOV is opened, the
feedstuffs will pass through the corresponding valve. The
height of the valve and the size of the feedstuffs passing
through the valve per unit time are directly relative; When
EQV is closed, the passing will stop. In this system, all the
EQOVs are of the same type. See figure 5 for its mechanical
structure.
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EOQOV consists of: motor base, one metal rack mounted on
the base of the iron trough, emptying baffle plate and DC gear
motor. (1) Motor base: Fixed on the support below the hole of
the emptying device with a hard iron trough separated; (2) Metal
rack mounted on the base of the iron trough: As the width of the
rack is the same as the width of the iron trough and the length is
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2/3 of the length of the iron trough (slightly larger than the radius
of the emptying hole), the rack may be moved right and left in
the iron trough; (3) emptying baffle plate: It is a hard wood plate
with one side connecting to the rack; (4) DC gear motor: Its
parameters include 6V DC voltage, 3W power, 150r/min rotating
speed, and 0.6 N [ M torque. As the motor is fixed on the base
and the output shaft is embedded in the rack, the motor drives
the rack to move left and right.

In this system, the diameter of the emptying hole is 3cm and
the diameter of the output shaft of DC gear motor is 3mm. In the
charging state, all the EOVs will be opened and the feedstuff
can be sent to the troughs through the emptying pipe. When the
charging operation stops, the control center will control the
rverseclockwise rotation of the DC gear motor and the gear will
drive the emptying baffle plate the move rightward. Under this
case, the emptying hole is closed; when there is a need to open
the EOVs for charging, the control center will control the
clockwise rotation of the DC gear motor and then the EOVs
open. See figure 6 for the opening width of the valves and the
adjustment process of the helical conveyor direction. In the
figure, M3 is the DC gear motor of the first gear switch for
controlling the charger and M4-M8 are the DC gear motors (or
trough motor) of the second gear switch for controlling the
emptying device. Relays 1-3 are used to control the rotating
direction of the conveying motor M2 to control the conveying
direction of the tubular helical conveyor.

INMATEH'-'&?Q‘Q:M {tural c-gnqincGth

EREEREABES ; (3) REER , HRMEIEEEN
AR, H—mESEEKEE ; (4) ERBESBN , ESHH
ER®BE 6V, X 3w, HIE 150/min, BE R
06NI[m , IEEEEREL , WBHMImEESES , EikEE
HHEERELBH,

ARGEF , REOERN 3cm , BEFRREHHHY
ﬁﬁSmmoé%ﬂ@ﬂﬁ?&ﬂ%mﬁ,@ﬂéﬁ,ﬂ
PETLEIRHMEERARET. EEEFLERRE
B, RO EEETRRR BV RER |, WRE SRR
EiRmABD , KRHOETESEE  FLEARTR; H
EEFERITFF e @I TR EN | 2H R R ER
BB YRR £ EER: , BITAE BERITN SRS, B
@ﬂﬁﬁﬁﬁﬁﬁﬂﬁﬁ%ﬁwﬂ&maeﬁmoa¢
M3 AR RENE -FARENERRESBN , M4~
M8 AEFIRREENE _FXEE LmﬁL%m 5
NEEE, B8 1~3 EATHRABHSEN M2 5
M, WSS G IR AE R R R B P R 5 .

Start

|

The opening widtl

v

Feec conveying

of the valves directior
off on
. X i = Relayl
clockwise -~ x_anticlockwise clockwiss anticlockwise
-
M3
v ¥
stop stop Relay2 | Relaya |
] ' :
hold | hold | | M2 sto | ] ]
¢ M2 anticlockwist
v i
| increas || decreas | increas || | M2 clockwise |

Fig. 6 - EOV and adjustment process of helical conveyor direction /| #5785 AI4EFER #5149 15 T 17

DESIGN OF CONTROL SYSTEM

Control system mainly refers to data collection and
control system and interface control system. Based on the
core of STC89C52 single chip, the parameter collection and
control system sends the parameters obtained from the
sensors mounted on the trough to the upper computer
through serial port after the controls by refining motor M1,
conveying motor M2, DC gear motor M3 and trough motors
M4-M8 are completed. The interface system is a good
presentation of man-machine interaction. It is responsible
for controlling the feeding time, displaying the status of the
trough and sending out epidemic warning signal.

Data collection and control

Data collection and control means the above-mentioned
control center. It takes STC89C52 single-chip and its
peripheral circuit as the core. See figure 7 for the control
principle. It can be seen from this figure that the data are
collected through each ultrasonic ranging module; the relay
and motor driver directly connected to I/O port are used to
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control motors to complete corresponding feeding; the
upper computer uses RS232 serial port to receive feedback
data and send feeding parameters through MAX232 level
switch and single chip. The initialized serial communication
parameters are 9600 baud rates, 8 data bits and 1 stop bit
without parity check bit.

INMATEH'-'&?Q‘Q:M {tural c\gnqm::mm‘g

R, BRI A TEMSENTRENERRE ; LUNEY
RS232 B{TA% MAX232 B HREREAHEIERE , AT
BURBHENLZEERSH , SOBESHEAKILA 9600
BEHE, TEBREA., 8 BV 1 F 14,

The ultrasonic ranging
TroughNo. 1 [ [] module 1
T The ultrasonic ranging .
Motordriving Refining motor
module 2 -~
module( LMD1&00 ) rd M1)
The ultrasonicranging
| module 3
Trough No. 2
Rela
| Theultrasonic ranging v —>
( on-off control )
module 4
The ultrasonic ranging Relay2 ~
lockwise
— module 5 STC89C52 (e C i
onveyin
Trough No.3 <: turning control ) ving
T The ultrasonic ranging motor (M2)
module 6
Relay3 ( anticlockwise
h
The ultrasonic ranging turning control ) i
1 module 7
Trough No. 4
T The ultrasonic ranging
module 8 Motor driving module ~| DCgearmotor
o
(293D ) M3 and trough
The ultrasonic ranging motors M4-M8
— module 9
Trough No. 5
I~ ] Theultrasonic ranging
module 10

The upper

Fig. 7 - Principle of controlling system / 4/ %445 R

Feedstuff quantity checking and feeding control

Feedstuff quantity checking and feeding control play a
crucial role in improve the feeding accuracy and monitoring
the trough state. Their steps include: (1) Upon receipt of the
feeding signal, the control center will check the feedstuff
quantity in each trough to see which trough has the set
quantity; (2) The conveyor controlled by the control center
begins to convey feedstuffs to each emptying device; (3)
The control center opens the second gear switch of the
emptying device to the trough in which the feedstuff
quantity fails to reach the set value for releasing the
feedstuffs; (4) The control center circularly checks the
feedstuff quantity in each trough in proper order to see if
they are up to the set value and close the second gear
switch of the emptying device to the qualified troughs. If all
the troughs are qualified, M1-M8 will be closed.

Design of the upper computer’s feeding interface
Man-machine interaction interface is designed for the
upper computer through VB6.0. This interface has such
functions like feeding setup, residual monitoring and
warning and should be able to directly control and test the
feeding system. It accesses to Microsoft access 2003
database through ADO component, helping user to
effectively manage and save the data in real time [11].
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Setting of feeding parameters

To facilitate user operation and meet the feeding
requirements given by the chicken farms, the feeding setting
system consists of two sub-systems, “quick setting” and
“advanced setting”. The “quick setting” sub-system is used to
set parameter on the basis of the expert system in the
database. It will operate feeding according to the experience of
feeding parameters given by the expert system as long as the
basic parameters (such as chicken age and type) are set by
the user, further facilitating user operation and making the
promotion of the intelligent feeding system easier. “Advanced
setting” sub-system is used to set parameters according to the
needs of the chicken farms. User can set the feeding time,
feeding frequency and feeding quantity separately through this
subsystem to meet their needs.

Real-time feeding monitoring and disease warning

To avoid disease and decide the feedstuff quantity, the
system will check the residual feedstuffs in each trough to
decide whether additional feedstuffs are needed and the
added quantity and take the result as a measuring indicator
of disease warning (in case of any epidemic disease, the
residual will exceed the threshold value more than one
time) ®*% When the system is powered on, it will monitor
the feedstuffs in the troughs in real time, helping the user to
get to know the feedstuff condition in the trough in real
time. If the residual in certain trough is three times higher
than the threshold value, hidden epidemic threat of the
chickens using this trough or mechanical fault may exist.
Under this situation, the system will send a warning single
through characters and buzzer and locate the suspected
trough. At the same time, user can check the historical data
of this abnormality and feeding quantity for statistical
analysis and quantity adjustment.

TESTING
Test conditions and methods

The test time is May and June and the test location is
the chicken farm in Yucheng district, Ya'an city, Sichuan
province. Table 2 shows the parameters of the mechanical
structure and performance upon the actual test of R&D
system. To demonstrate the objectivity of the test results, 3
types of feedstuffs and 15 three-month old chickens are
used for testing. At the same time, to fully ensure the
stability of man-machine interface and hardware system, an
all-round software performance test for man-machine
interface is conducted.
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Table 2/ &2
Performance parameters of whole machine /| Z##ES¥
Net weidht of Mechanical Rated Storage Diameter of
et weight o echanical batter emptvin
mechanical structure Rated voltage Rated current capaci%/y ppipye 9 Parameter of
structure size e | WEE | GRS | gaus | WEWEE | oppiren
InmEHIRR | InmenRy | BEDE | o | TRETPR
= &
1.73mx0.55m
44.2kg - 60w 12v 5A 960VAH 4cm 220cmx6ecmx0.3cm
x2.6m
. Number of
tﬁéaén;;?;iz; Single Number Storage ultrasonic
Length of main | nole of main | rough of Trough tower zigst?gioﬂ Total number of
pipe pipe capacity | trough parameter capacity /.ﬁﬁ_t;}? ultrasonic sensors
IZWERE | | 2EEmen IE1 R | | RAK | BB | B | BB
B = ] & Bl BN
=
1.98m 6cm 1kg 5 39cmx8cmx10cm 30L 2 10

60




Vol. 40, No. 2 /2013

Result analysis

Tables 3 and 4 show the results of feeding accuracy
test and feeding efficiency test. Feeding accuracy means
the ratio of actual feedstuff quantity and desired feedstuff
quantity. Feeding efficiency means the feedstuff quantity

INMATEH'-'.—_‘?@qtmfa!«mﬂ c-gnqincGth
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RERGBEENRE , RERRNHRMORK 3~4 FIR,
HABHEEE LA IRRRNANESHENANEZ L,
RERREA NS PHRERBHOERE | B4 kgh,

released by the system each hour (Unit: kg/h).

Table3/ %3
Feeding accuracy test / (722 EN T
ot | o aaonal | Feean secacy o
| TR GRS | X RERRIEE
1000g 0.70~0.75 0.90~0.99
5009 0.80~0.85 0.92~0.99
3009 0.80~0.85 0.92~0.99
200g 0.80~0.85 0.92~0.99
100g 0.70~0.75 0.92~0.99

Feeding accuracy test in table 3 demonstrates that the
quantitative feeding accuracy of this feeding system is
relatively high and better than that of the traditional
mechanical feeding system.

® 3 WARRAABENARRSE , ZRERGEEER
ERELEBERS , LTESNEAIIRGRE,

Table4/ #4

Feeding efficiency test | 2 XENX

Type of feedstuff | Traditional machine This system
| tTHFpE | S HIHE R | ERERR

1# 100 kg/h 185 kg/h

2# 100 kg/h 160 kg/h

3t 100 kg/h 140 kg/h

Note: The feedstuffs are granular. See above for feedstuff type.

In table 4, the granular sizes of 1#, 2# and 3# are
presented from small to big. The test result demonstrates
that the feeding efficiencies for different types of feedstuffs
are basically the same when traditional system is used,
while the feeding efficiencies vary with granular sizes when
this system is used. The smaller the size is, the higher the
feeding efficiency is. As the feeding efficiency of this system
is higher than that of the traditional system, the operation
effectiveness is improved.

CONCLUSIONS

The intelligent feeding system in this article integrates
the basic functions of charging, conveying, feeding at
regular time and quantity and residual checking and the
extended functions of epidemic warning and feedstuff
warning. It can offset the shortages of the existing feeding
device such as single function and dispersed structure to
meet the feeding requirements on an intelligent basis.

(1) The mass of the model machine is 44.2kg, which
can feed 15 chickens and takes about 15s in feeding,
greatly increasing the feeding speed.

(2) This system is a full automatic working system with the
feeding accuracy of 90-99%, higher than that of the traditional
machine (which is only 70-85%); the feeding efficiency is 1.4-
1.9 times higher than that of traditional machine.

(3) The system is equipped with favorable man-machine
interface, which facilitates user operation and can provide
such functions like epidemic warning, abnormality
positioning, user warning and timely check the abnormal
position to see if the epidemic disease exists.
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As the system has better feeding accuracy and working
efficiency compared with those of manual feeding, it offsets
the shortages of the traditional machine such as poor
automation, low efficiency and inaccurate feeding. Besides,
it is featured by lower cost and is able to feed chickens in
an efficient and scientific manner, better preventing
epidemic disease.
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