AR I

Db DA O x| ARHA M S pEl

Development of an Automated Management
Systems for Layer Reared in High and
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텍스트 상자   
○ 연구개발 목표 및 내용
1. 연구개발의 목적
산란계사에 투여되는 많은 노동력과 시간의 소요를 줄임으로써, 관리자의 경제적,시간적 손실을 막을 수 있고, 산란계 질병의 확산을 효율적으로 방지하여 산란계의 생산성 향상에 크게 기여할 수 있는 고단 직립식케이지용 산란계 생육관리 감시시스템 을 개발한다.
2. 연구개발의 필요성
국민 식생활 변화로 인한 계란의 소비량이 증가하였고, 산란계 농장은 단위면적당 사육수수를 높이기 위해 고단 직립식 산란계케이지를 이용하여 전업화․기업화되고 있다.케이지 고단화로 인하여 케이지 4단 이상은 주기적 육안관찰이 불가능하여 폐사계의 발생과 부패 등으로 계사내의 환경이 악화될 뿐만 아니라, 질병발생의 원인이 되고 있어 농가에서는 도구를 이용, 많은 노동력과 시간을 투자하여 산란계 생육상채 감시를 하고 있는 실정이다. 또한 1일 1회 이상의 주기적 관찰이 불가능할 뿐 만 아니라 수의사의 신속하고 정확한 진단을받을 수 없는 실정이다.이에 본 연구에서는 산란계의 생육상태를 영상획득시스템을 이용하여 케이지내에 병․폐사계 발생유무를 확인하고, 케이지 별 산란수량, 급이량, 급수량을 측정하여 케이지 내 산란계 생육상태를 종합적으로 분석하고자 하였다. 이를 활용하여 케이지별 산란계 생육상태, 채산 한계등을 파악할 수 있는 산란계 생육상태 원격감시스템을 개발하고자 한다.

○ 연구결과
가. 연구수행을 위한 기초자료 조사
1) 산란계의 생리특성 및 질병
산란계의 일반적인 수명은 65주령이고, 성계기의 일일 사료섭취량은 110 g/day이다. 산란계의 생산성은 크게 온도, 습도, 환기, 조명, 설치류, 소음, 외부인의 잦은 계사 출입, 사료 급이성분 불량, 부족한 음수 및 과급이 등에 의해 영향을 받는다. 산란계는 질병이 발생되었을 경우 급격한 사료섭취량 또는 음수량의 감소 및 급이시에 사료에 대한 반응이 없는 것으로 문헌 조사되어 산란계 생육상태 감시 적정시간을 설정할 수 있었다.
2) 산란계사의 환경조사
직립식 산란계 케이지의 제원 및 산란계사의 제원을 문헌연구와 현장조사를 통하여 실시하였고, 이를 바탕으로 실험계사의 조성 및 운용을 실시하였다. 또한 원격감시시스템의 설계기준으로 활용하였다.
3) 영상처리기법 및 무선 원격감시 및 제어
동,식물의 생육상태 감시 및 등급 판정에 활용한 영상처리기법을 활용하여 영상감시시스템의 영상처리기법을 개발하였고, 무선 통신을 이용한 여러 가지 연구를 문헌 조사하여 무선제어시스템 개발의 기초 자료로 활용하였다.
나. 유선 원격감시시스템의 개발
1) 구동시스템
직립식케이지의 특성을 고려하여 설계조건을 설정하여 하드웨어를 구성한 후 구동시스템의 미케니즘과 구동 알고리즘을 토대로 구동시스템의 소프트웨어를 개발하였다. 구동시스템의 최적 이동속도 설정 실험을 통하여 구동모터에 공급되는 전원의 주파수가 60 Hz일 때, 0.13m/s로 설정하였다.
2) 제어프로그램
LabWindows/CVI를 이용하여 구동시스템의 제어부분, 영상처리를 위한 RGB 값 설정 부분,영상처리 필터 설정 부분, 획득 영상과 영상처리 후 이미지를 보여주는 부분 등으로 구성하여 개발하였다.
3) 영상획득시스템
영상획득시스템은 CCD 카메라, 서버용 Web 카메라, 조명장치로 구성하였고, CCD 카메라에서 획득한 영상을 서버용 Web 카메라가 제어용 컴퓨터에 영상을 전송하도록 구성하였다. CCD 카메라의 감시각도는 각각 다리와 머리 감시시 렌즈와 수평선의 각도를 -8°, 49°로 설정하였다.
4) 자동위치인식시스템
근접센서에서 케이지를 인식한 신호가 PIC보드를 거쳐 제어용컴퓨터에 전송되어 각 케이지별 영상의 획득 위치 자동으로 파악할 수 있게 시스템을 구성하였다. 또한 각 케이지 별로 실시간 영상 중에 한 프레임을 자동으로 획득하도록 하고 획득된 케이지에 지연시간 0.1초를 두어 케이지별 두 장 이상의 영상이 획득되는 것을 방지하였다,
5) 통신시스템
RS 232 데이터 전송 모듈, RS 485 데이터 전송모듈, RS 232 to RS 485 data convertor,LAN등을 활용하여 구동시스템의 제어 및 영상을 획득하고 전송할 수 있는 유선 통신시스템을 구성하였다.
다. 유선 원격감시시스템의 영상처리시스템 개발
1) 자동판정 알고리즘 개발
산란계의 다리부분과 머리부분의 이미지추출을 위해 RGB 농도 히스토그램 분석을 한 결과 다리부분은 R:0∼140, G:0∼130, B:0∼130로, 머리부분은 R:0∼130, G:0∼110, B:0∼110로 설정하였다. 설정된 농도값을 가지고 획득 이미지 중 해당 영역이 아니면 흑색으로, 해당 영역이면 백색으로 2진화하였고, 팽창․수축기법을 이용하여 2진화 영상의 노이지를 제거하였다. 제거된 영상을 레이블링하고 최종 면적계산을 통해 케이지내 병․폐사계 발생유무를 확인하였다.
2) 영상처리시스템의 성능평가
다리부분의 영상감시를 이용하여 정상케이지 및 비정상케이지의 판정을 해 본 결과 각각 87%, 90%의 판정 성공률을 나타냈다. 오판의 원인은 정상산란계의 불안정한 자세, 병․폐사계의 기립 위치가 정상산란계보다 앞에 위치하여 조명에 의해 설정 RGB 영역을 벗어났기 때문이다.또한 머리부분의 영상감시를 이용하여 판정을 해 본 결과 각각 51%, 63%의 판정 성공률을 나타냈다. 오판의 원인은 사료 섭취시 빈번한 머리의 이동, 자리이동 등이었다. 따라서 다리부분의 영상처리를 통하여 산란계의 원격감시시스템을 구성하기로 하였다.
라. 유선 원격감시시스템의 성능평가
개발된 구동시스템과 영상처리시스템을 활용하여 판정결과가 우수한 다리부분을 이용하여실험계사에서 유선 원격감시시스템의 성능평가를 실시하였다. 그 결과 정상케이지에서는 86%,비정상산란계케이지에서는 89%의 판정정확도가 나타났다. 오판의 원인은 영상전송 지연, 불안정한 자세, 조명에 의한 영상이 설정 RGB 영역을 벗어난 경우 등이다.
마. 무선 원격감시시스템의 개발 및 성능평가
1) 무선 원격감시시스템의 H/W 개발
유선 원격감시시스템의 구동시스템을 사용하여 무선 원격감시시스템에 맞게 설계 변경하여 구동시스템을 구성하였다. 또한 기존의 PIC 타입의 제어방식을 프로그램 수정이 용이하고 안정적인 PLC 타입으로 교체하여 컨트롤 박스를 개발하였다. 유선을 무선으로 교체하여 통신시스템을 구성함에 따라 RS 485 to RS 232 data convertor, RS 232 to Ethernet data convertor 및 무선 AP 등을 사용하였고, 자동위치인식시스템의 경우 기존의 근접센서 대신 컨트롤 트리거와 PIC 보드를 사용하여 위치인식으로 인한 통신의 지연시간을 감소시켰다. 데이터전송시스템 및 대화시스템은 기존의 Windows 메신저를 이용하여 원격접속을 제어용
컴퓨터에 접속, 획득이미지를 전송할 수 있게 하였고 수의사와 관리자간의 대화시스템도 구성하였다.
2) 무선 원격감시시스템의 S/W 개발
기존의 유선 원격감시시스템의 제어용프로그램을 무선제어가 가능하도록 프로그램의 알고리즘을 수정 및 보완하였다. 또한 실시간 이미지 처리방식에서 각 케이지별로 산란계의 이미지만을 획득한 후 일괄 영상처리하는 방식으로 프로그램을 수정하여 영상처리에 의한 지연시간을 감소시켰다.
3) 무선원격감시시스템의 성능평가
가) 실험산란계사내에서의 성능평가
실험계사에서 실시한 무선 영상전송속도 측정실험의 결과가 정지시: 120∼360 kbps, 이동시: 637∼760 kbp의 영상 전송속도를 나타냈다.구동시스템의 적정이동속도인 0.13 m/s에서 재개발한 자동위치인식시스템의 적정 통신주기설정 실험을 통신지연시간을 변경하면서 실시한 결과, 통신 주기를 2초 이상으로 늘려 통신횟
수를 줄임으로써 과다 통신으로 인한 시스템의 과부하를 줄일 수 있었다.무선 원격감시시스템을 이용하여 기존의 실험방식과 동일하게 실험산란계사내에서 정상케이지 및 비정상케이지에 대한 판정실험을 실시하였다. 그 결과 정상케이지 82.3%, 비정상케이지 87.5%의 판정 정확도가 나타났다. 오판의 원인은 무선통신의 traffic으로 인한 전송지연,불안정한 자세, 조명에 의한 영상이 설정 RGB 영역을 벗어난 경우 등이다.
나) 실제산란계사내에서의 성능평가
실제계사에서 실시한 거리별 무선 영상전송속도 측정실험의 결과가 거리에 크게 상관없이700∼900 kbps의 전송속도를 나타났는데, 이는 무선 AP의 성능에 크게 못 미치는 수준이었다. 또한 자동위치인식시스템의 성능에서 위치인식은 정확하였지만 무선통신 traffic으로 인하여 3.4%의 정확하지 못한 위치의 이미지를 획득하였다.
바. 생육상태 진단 및 처방시스템의 개발 및 성능평가
1) 영상처리기법 개발
트리거 신호에 의해 RGB 24 컬러 영상을 자동으로 획득된 영상을 수축, vid창, Sliding,Slice, 경계 값 처리, 라벨링 기법 등을 이용하여 영상처리기법을 개발하였다.
2) 생육상태 진단 및 처방시스템의 개발 및 성능평가
일정시간이 되면 구동시스템이 작동되게 설정하였고, CCD 카메라를 이용하여 산란계의 영상을 각 케이지별로 획득하여 산란수량을 측정할 수 있는 영상처리시스템을 구성하였다. 또한 각 케이지별 급이․급수량 측정 시스템을 구성하고 생육상태 표준 설립을 위해 환경계측시스템을 구성, 성능평가를 실시하였다. 그 결과는 다음과 같다.
가) 계란의 영상처리 획득 시에 바닥면을 흰색으로 했을 때 계측 성공율은 57%, 검은색으로할 때 98%로 나타났다.
나) 계란이 겹칠 경우 실제 개수의 42%를 감지하였으나, Projection 기법을 활용하여, 폭과면적을 이용하여 보완한 결과 85%계측 성공률을 보였다.
다) 1층 산란율 58%, 2층 산란율 68%를 보여 목표산란율 이하의 케이지를 도태 후 전체 산란율은 63%에서 67%로 4% 증가하였다.
라) 사육 중 폐사한 닭들은 전부 탈황에 의해 폐사하였다.
마) 계산 내 계란의 중량등급은 왕란 17.1%, 특란은 43.5%, 대란 32.3%, 중란은 4.4%로 나타났다.
바) 계사 내 최대, 최소의 온도차이는 5℃ 내외였으며, 습도는 외기에 비하여 내부의 일평균습도는 낮은 것으로 나타났다.

○ 연구성과 활용실적 및 계획
- 무선 원격감시시스템에 관한 기술특허
- 산란계 생육상태 감시시스템에 관한 기술특허
- 축산시설내 기계장치의 무선 제어시스템 운용기술
- 병,폐사계 발생을 자동으로 판정할 수 있는 무선 원격감시시스템 운용기술
- 케이지별 산란수량 측정시스템의 운용기술
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SUMMARY

I. Title

Development of an Automated Management Systems for Layer Reared in

High and Multi-layer Upright Cage

II. Objectives and Necessity of Research

1. Objectives of Research

The purpose of this study is to design and devel® = Tutomated management
system for layer reared in high and multi-layer upright cage, which can prevent
economical damage of administrator by reducing of a lot of manpower and time to
manage layer house and can contribute greatly in productivity increases of them

by preventing spread of their diseases efficiently.

2. Necessity of Research

The egg consumption increased by change of the food life, and the layer
farmers industrialized and commercialized using high and multi-layer upright
cage to increase the number of breed per unit area.

Over the 4 story cages, it is impossible to observe layers and it causes the

occurrence of dead layers and worsens the environment inside of the layer house
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due the dead layers, causes the disease. Thus, farmers observe the layers’ rearing
condition using equipment with a large amount of the time and labor. Also, it is
impossible to observe once a day, and to have accurate and speedy diagnosis by
veterinarian.

This research carried out to identify the sick or the dead layers(SDL) inside of

cage using an image processing system of layers’ rearing, and to analyze the
layers’ rearing inside of the cage by measuring the quantity of egg production,
the amount of feed, an the amount of water per cage, and to develop a remote
monitoring system for rearing conditions of layers capable of grasping the layers’

rearing and a profitable limit by cages.

M. The Content and Range of Research

The content and range of this research are as follows.

1. Basic reference investigation for research achievement

[> Physiological characteristics and diseases of layers

- Research of layers’ characteristics though reference study

[> Environmental research of layer house

- Research of layer house’s characteristic though reference study and field
study

[> Image processing method and wireless remote monitoring and control

- Reference study of image processing method for rearing condition of animals
and grade judgement of plants

- Reference study of wireless LAN, wireless remote monitoring and control

_11_



2. Development of wired remote monitoring system(RMS)

> Development of wired RMS
- H/W development of wired RMS
- S/W development of wired RMS

3. Development of image processing system for wired RMS

[> Development of algorithm for automated judgement of the sick and the dead
layers(SDL)
— Analysis characteristics of input image(legs parts, head parts)
- Development of automated judgement algorithm using legs of layers
- Development of automated judgement algorithm used heads of layers

[> Performance test of image processing system

4. Performance test of wired RMS

[> Methods for performance test of wired RMS
> Results of test

5. Development image processing system for wired RMS and

its performance test

> Development of wireless RMS

_12_



- H/W development of wireless RMS
- S/W development of wireless RMS
[> Performance test of wireless RMS
- Performance test of wireless RMS in experimental layer house

- Performance test of wireless RMS in farm layer house

6. Development of a diagnosis and prescription system for

rearing conditions of layers and its performance test

[> Development of image processing method

[> Development of a diagnosis and prescription system for rearing conditions of
layers

[> Performance test of a diagnosis and prescription system for rearing conditions

of layers

IV. Results and Discussions for Application

1. Results of the study

A. Date research for study accomplishment

1) Physiological characteristics and disease of layers

General life span of the layer is 65 weeks, and daily feed intake of mature

_13_



layers 1s 110 g. The productivity of the egg layers is affected by temperature,
humidity, ventilation, illumination, rodents, noise, frequent in and out of
outsider, poor ingredients of feed, lack of water or over intake.

Proper observation time of layers’ rearing was selected based on the data
stated that the feed intake and/or water intake of layers sharply decrease

and/or no response on feed when disease broke out.

2) Environmental research of layer house

The specification of upright layer cage and the specification of layer houses
were carried out by data and field research, and based on the research, the
construction and operation was carried out. Also, that information was applied

for the design base of a remote monitoring system.

3) Image processing method and wireless remote monitoring and control

The image processing method of the imaged monitoring system was
developed using an image processing system applied to observation of growth
status and grade evaluation of animal and plant, various researches employed

the wireless communication was used to develop the wireless control system.

B. Development of wired RMS

1) Driving system

Software for the driving system was developed based on the mechanism and
algorithm of the driving system after organized the hardware and selected the
design condition considering the upright cage characteristics. Optimum transfer
speed of the driving system was selected as 0.13 m/s at 60 Hz of the power

source.
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2) Control program

The control program was developed which consisted of a control system for
the driving system, selection of the RGB value for the image processing,
selection of the filter for the image processing, and image display of grabbed

image and processed image.

3) Image grabbing system

The image grabbing system was consisted of CCD camera, Web camera for
servo, and illumination equipment. The grabbed image was transferred to the
control computer by the Web camera. The observation angle of the CCD
camera from the horizon was selected as -8 or 49 degree for the observation

of legs or heads the layers, respectively.

4) Automatic position recognition system

The system was consisted as to capable of identifying the image grabbing
position automatically per each cage by a signal from an proximity sensor
recognized a cage and transferred to the control computer through PIC board.
Also, this system grabbed an image per cage automatically among real-time
image, and protected grabbing the image more than two images by setting a

lag time of 0.1 second on the grabbed cage.

5) Communication system
The communication system was consisted of RS 232 data transfer module,
RS 485 data transfer module, data convertor, and LAN, and it controlled the

driving system and grabbed images and transferred images.
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C. Development of image processing system for wired RMS

1) Development of an algorithm for automated judgement

The depth of RGB histogram was analyzed to capture the images of head
and leg of layers. By the analyzed results, for the legs, the values were
established as R : 0-140, G : 0-130, B : 0-130; for the heads, those were set
as R @ 0-130, G : 0-110, B : 0-110.the cage was identified by final area
calculation after labeling.

The captured images of layers were processed for binary-coded images such
as black color for out ranges and white color for ranges of RGB depth
established, and the noises of the binary—-coded image were removed by the
filter techniques of erosion and expansion. Then the existence of SDL were

confirmed by labeling and area calculation of the images processed.

2) Performance test of the image processing system

In order to evaluate the judgment success ration to find SDL in the cages,
performance tests were taken for two cases. One was monitoring legs of layers
and the other one was monitoring heads of layers by the RMS systems
developed. For monitoring legs of layers, the judgment success ratio for SDL
were 87% and 90% without and with abnormal layers in cages, respectively.
For the case of monitoring heads of layers, the judgment success ratio for
SDL were 51% and 63% without and with abnormal layers in cages,
respectively. Therefore, the RMS for SDL was constructed for monitoring legs

of layers in cages.

D. Development of a wireless RMS and its performance test

1) H/W development of wireless RMS

Utilizing the driving system of the wired RMS, a driving system was
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constructed, which was redesigned in order to fit for the wireless RMS
developed. And a control box was developed by adopting PLC, of which control
program was more easy to revise and stable, instead of PIC control method.
As a result of substitution the wired RMS with the wireless RMS,
communication system consisted of a RS 485 to RS 232 data convertor, a RS
232 to Ethernet data convertor, and wireless AP. For the automatic acquisition
of position, a proximity sensor was substituted with a control trigger and a
PIC board. This substitution made it possible to reduce the time of
communication. For the wireless RMS, the data transmission systems and the
conversation system were developed to reach and send the captured images to
the control system through Windows Messenger, which also could be used to
have conversation between the systems manager and a veterinarian for about

layer conditions.

2) S/W development of wireless RMS

For the development of S/W, the algorithm of existing control program for
the wired RMS was modified and replenished to meet the requirement of
wireless control. Also the existing S/W using real-time image processing
method was modified to use batch processing of layers’ image of each cage in

order to reduce the time delay caused by image processing.

3) Performance test of the wireless RMS

a) Performance test in experimental layers house

In the experimental layers house, the wireless image transmission speed was
120-360 kbps for stillness, and 637-760 kbps for shifting. Several experiments
were conducted with various image transmitting speed to find the optimum
transmitting speed of the automatic acquisition of position, which was
redesigned for driving system operated at the optimal driving speed of 0.13
m/s. Results showed that the system over—load could be reduced by increasing

the periodic time to more than two seconds, which resulted in less transmitting
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frequency. The developed wireless RMS was tested for monitoring efficiency
evaluation at a pilot farm. As a result, monitoring layers in cages without and
with abnormal layers, the judgment success ratio for judging if SDL exist, was
82.3% and 87.5%, respectively. The causes of misjudgment were due to the
transmitting delay by communication traffic, unstable posture of layers, and
capturing images for out of RGB depths established due to intensity of

illumination.

b) Performance test in farm layer house

The wireless communication performance was tested at farm layer house
that had 70m length and equipped with high multi-tier vertical cages and
automated equipment. The image transmitting speeds were measured at every
one meter while the AP and CCD camera were moving in a layer house. The
results of the image transmitting performance were as follows: the image
transmitting speed was 700-900 kbps where ventilation fans, feeders, and
drying belts for layer dropping and others were being operated. And the
performance of position acquisition was accurate, when the automatic position
acquisition system was tested. But, among the position images, owing to

communication traffic, about 3.4% of images were not correct.
E. Development of a diagnosis and prescription system for rearing conditions of
layers and its performance test
1) Development of image processing method
An image processing method was developed by applying erosion, expansion,
sliding, slice, threshold process, and labelling on RGB 24 color images captured

by trigger signals.

2) Development of a diagnosis and prescription system for rearing conditions
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2.

A.

B.

of layers and its performance test

The driving system carrying image capturing system was programmed to be
operated by the designated time period. And an image processing system was
constructed with a CCD camera to measure the quantity of egg production.
Also, the measurement system was constructed to measure the quantity of feed
and watering .by cage. In order to establish the standards of rearing conditions
of layers, a set of measurement system was installed in the experimental
layer house and measurement was taken for temperature, humidity, and

concentration of NHs.

Plan and recommendation for application

Expectations on this research project

Providing the basis for the remote monitoring and management skill for
multi-tier vertical cages of layer

Possible application on other livestock housing and facilities

Decreasing egg production costs and increasing productivity of egg

Prevention of disease inflow from outside and its spreading

Possible forecasting on egg delivery period of layers

Plan for application of study results
Complement of the developed system for monitoring sick or dead layers at

blind areas

Complement of the developed system with relatively high misjudgement ratio
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- Complement of the developed system by simplifying the abnormal cage
judgement indication

- Applying patent on wireless remote monitoring systems

- Applying patent on monitoring system of rearing conditions of layers

- Application of wireless control system for mechanical equipment in livestock
facilities
- Application of wireless remote monitoring systems for automated judging

the existence of the sick and the dead layers

- Application of measurement system for measuring egg production by cage

C. Discussions for Application of the Study Results

- Effort of government for protection of industrial property right

- Supplement study for industrialization
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Table 1 Arrangement of proper humidity in the course of laying(relative humidity)

Max. humidity Proper humidity Min humidity

Layers’ age more than
120 days

75% 50% 40%
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Table 2 Ventilation 1,000 layers need in every minute
Temperature (C) Ventilation by adjusting Ventilatior.l .by adjusting
temperature (m') humidity (m')
10.0 42.3 31.7
4.4 185 159
1.1 10.5 11.3
-6.7 6.5 9.2
-12.2 4.2 8.3
-17.7 2.6 7.7
-23.3 14 75
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Fig. 1 Layers’ average cumulative mortality in farm rearing layers.
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Table 3 Symptoms of ill layers’ external appearance

Item Symptom
o abdomen and anus is dirty
Feath . )
cather o feather is tangled with mucous
o dark red
hl hi
Comb o deajt y white
o shrinking
o yellow knot, dark brown scab
o deep deadly white knot
Skin o blister, nasty smell
o dark brown scab on the face and leg
o obscure, closing eyes
Eye o eyegrouqd swell
o eyelid with scab
O tear
Nose o mucous snivel
foot disability and paralysis
bending neck, circling in cage
Posture wing paralysis

leg and toe are bent, knot is hard
wing disability

O O O O O
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Fig. 2 Cross section of 5 tier high vertical laying cages.
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Fig. 3 Cross section of 3 tier high A type laying cages.

Table 4 Specifications of high vertical laying cages

Division 3 tier 4 tier 5 tier 6 tier

Layers’ number

of a cage
Depth of

a cage (mm)
Width of

a cage (mm)
Hight of

a cage (mm)
Floor area

500 500 500 900 900 200 500 500
508 610 o08 610 o08 610 508 610
450 450 450 450 450 450 450 450

200 200 20 2860 2060 20 200 250
of a cage (cm)

Total
height (cm)
Bottom width

of a cage (cm)
Layer’s number

1895 1895 2470 2470 3045 3045 3620 362.0

4577 4577 457 4577 4577 457 4577 457

) 30 36 40 48 50 60 60 72
of section
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Table 5 Specifications of A type laying cages

Division 2 tier 3 tier 4 tier

Layers’ number of a cage 5 6 5 6 5 6

Depth of a cage (mm) 475 475 475 475 475 475
Width of a cage (mm) 506 607 506 607 506 607
Hight of a cage (mm) 450 450 450 450 450 450
Floor area of a cage (cn) 2403.0  2883.0 2403.0 2883.0 24030  2833.0
Total height (cm) 159.0 170.0 202.0 224.0 272.0 305.0
Bottom width of a cage (cm)  143.0 165.0 165.0 165.0 188.0 188.0
Layer’s number of section 16 16 24 24 32 32
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Table 6 Specifications of 5 tier high vertical laying cage

Item Specification

Cage width(mm) 610
Cage depth(mm) 500
Cage height front(mm) 450
Cage height rear(mm) 375
Bottom surface (cr) 2833
Bottom wire slope 7°
Bottom wire(mm) 2
Bottom wire mesh (mmxmnm) 49x22
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Fig. 4 Side view and front view of one room of cage.
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Fig. 7 A view of 5 tier high vertical laying cages.
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Fig. 8 Relationship figure between layers’ concentration ratio and time after feeding.

Fig. 9 Layers’ image taking foodstuff after feeding.
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Table 7 Specifications of CCD camera

Items Model Specification
Image sensor 1/4"" solid state
Effective pixels 768(H) x 494(V)
Scanning system 2:1 interlace

x22 zoom lens

Built-in lens
(39 ~ 8.8mm, F1.6 ~ 3.7)

Angle of view H : 47°(wide), 3°(tele)
CCD SSony Luminance S/N 48dB
camera Hbet Digital zoom x10
HAD

1/60 ~ 1/10000 (NTSC)

Electronic shutter
1/50 ~ 1/10000 (PAL)

Supplied voltage DC 12V

Power consumption 360mA, 450W(MAX)
Operating temperature -10C ~ +507C
Operating humidity 10 ~ 80%

Table 8 Specifications of Web camera

Items Specification
Features UvC-1000
CPU 32bits, 400MHZ
RAM 32MB SDRAM
ROM 8MB Flash Memory
Hardware
Image Sensor 1/3"" Sony CCD
Video Capture NTSC(PAL)30 f/sec max
Network 10Mbps, Ethernet
Network Protocol TCP/IP, UDP, DHCP
Resolution 640x480 max
Image . .
Compression MPEG-4, 50:1(various)
External 10 Serial Mini DIN(P/T control)
Network RJ45
Power DC 12V/1A, 56w avr
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Fig. 14 Side view and front view of CCD camera and illumination device.
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(a) Location view

(b) Location schematic

Fig. 15 Location view and schematic for observing layers’ leg and abdomen.

_57_



(a) Location view

(b) Location schematic

Fig. 16 Location view and schematic for observing layers’ head.
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Table 9 Specifications of proximity switch

Items Specification
Model PR30-10A0
Detecting distance 10 mm * 10%
Hysteresis Max. 10% of detecting distance
Standard detecting target 30x30x1 mm (Iron)

Power supply(Operating voltage) 110 to 220V AC (90 to 250V AC)

Manufacturer Autonics Co. LTD

Fig. 18 A view of a proximity switch and a sensing plate.
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Control Boz Sensor

R5737 to RS485 Inverter Motor
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Fig. 19 Connection schematic of wired rearing system.
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Fig. 20 A view of control box of RS232/RS485 converter.
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Fig. 21 Surface and inside view of RS485 and driving car control box.
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Table 10 Specifications of RS232 and RS485

Items RS232 RS485
Mode of operation SINGLE-ENDED DIFFERENTIAL
Total number of drivers and
receivers on one line 1 DRIVER 32 DRIVER
(One driver active at a time for 1 RECVR 32 RECVR
RS485 networks)
Maximum cable length 50 ft 4000 ft
Maximum data rate
(40ft. — 4000ft. for RS422/RSA485) 20kb/s 10Mby/s~100kb/s
Maximum driver output voltage +25V -7V to +12V
Driver output signal level . . N
(loaded Min.) Loaded 5V to *£15V 1.5V
Driver output signal level . .
(unloaded Max) Unloaded 25V 6V
Driver load impedance (Ohms) 3k to 7k 54
Max. driver current in

+

high 7 state Power On N/A +100uA
Max. driver current in Power Off  +6mA at +2v +100uA
high Z state
Slew rate (Max.) 30V/uS N/A
Receiver input voltage range +15V =7V to +12V
Receiver input sensitivity 3V +£200mV
Receiver input resistance (Ohms), 3k to Tk =19k

(1 standard load for RS485)
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Table 11 Relationship between velocity and image result by the different motor frequency

Velocity of driving car (m/s)

Frequency Aver.age of Image result

(Hz) 1st Exp. 2nd Exp. 3rd Exp. velocity (75)

25.0 0.0669 0.0671 0.0670 0.0670 clear
30.0 0.0739 0.0760 0.0762 0.0760 clear
35.0 0.0850 0.0856 0.0852 0.0853 clear
40.0 0.0941 0.0943 0.0940 0.0941 clear
45.0 0.1031 0.1030 0.1020 0.1026 clear
50.0 0.1120 0.1121 0.1119 0.1120 clear
55.0 0.1216 0.1220 0.1219 0.1218 clear
60.0 0.1306 0.1310 0.1308 0.1308 clear
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Fig. 22 Figure of regression linear of frequency and velocity.
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Sensing plate

615 Proximity switch

(Unit: mm)

Fig. 24 Schematic of No. of each cage, position of sensing plate, initial position of driving car.
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Table 12 Relationship between recognizing time and accuracy

Item Results
Recognizing time (s) 1 0.8 0.6 04 0.2 0.1 0.02
Accuracy (%) 0 13 35 57 82 96 98
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Fig. 25 Flow chart for judging if existing ill and dead layers in cage.
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(a). Normal layers in cage (b). Abnormal layers in cage

Fig. 26 Image of normal and abnormal layers’ leg. (Feeding after 30 s).

(a). Normal layers in cage (b). Abnormal layers in cage

Fig. 27 Image of normal and abnormal layers’ head. (Feeding after 30 s).
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Fig. 28 Histogram analysis of RGB intensity for layers’ image (layers’ leg).
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Fig. 34 Labeling procedure of one’s connection element(in condition of label No. 50).

e A F (filter processing)® v A ZF [x]ly]=255¢1 Z}7}e
5 AYS etk g2 e W FAAY BN X555 A
Y52 dFA 0285 Fo2 HEE F
AL T AdER o W
gl RE [xllyl=0o2 WEste] fhEls A AT o Aol
35%F Zrt}

ATy

i

vEar- |

Fig. 35 Image deleted small area after labelling.

_85_

sl goleld ool
ahol 1A obef
ofskgich o] W zhzte] whue] g W
o] 200 24 olatel PuE o= AR AT

ga Avks g



e T ol olmA F e AR AUAY AelelEL s A4S
SEA S ARAY olnAE Resha 1o HPsHE due AAS] skl
olu Ao $2 Aol [lyl=0, 0& 71FoR 7} shse] FURE(K E AL
stsint

z}
e FAREK VF vel @ol 27 AW IY YE FAANRG 2 80013

ol 1 o] olm A FFE = ASA= 2eAU0= WA R HAMAR 34T

d

tF Rk 80olsteol 1o ep o] ojm Ao sFE = AbeAE Mde A AbEA
= AAsta sjgepie] BE [xllyls0o2 Wgeto] s d S Al sk o] A
of g Ayt= 19 363 1 37004 yvEbdt 29 362 G ARAE a4
= st AR A" AEAY olu Aol gk el AAE AS HoF= Aol
AL, 29 372 A B HAMAIR oA F o] dlY ehlo] AANA g AL WolE
ot

Datum line of axis y

Fig. 36 Normal layers’ label exclusion by central coordinate. (Normal layers).

_86_



ﬁ

7El L4 |- weevnE T

Be

) BA B A BAE AF HES B
1)) A gfe] wpAleh 2l o 7b epizke] SAHE T x5 Ag7F 120 sk
el ehdel]l el = 7 vhef o) ojw A2 ddtela Wee] EE e
= @Aketo] AW A ool WA % HAAR RS et
HAs=s zzaddsiit. oA AgdAg2 tae] wAdd o X

o

—_—

D ofe AARAL AA QojA oA F AZNRH SZoz HAse] A

2R oA el §7E Sd F oA L AR o4e g
3 7)FEAA mwste]l 1500 8
1500 8k olstol™ thol ehu

Wit x5 Abe] A27h 120 3k o]l BE #HEES saA R gkt
ke WS HA 9 A B VIEE A I Blatske] 1500 SFAart AW
WA B AR A eka 1,500 $H4 ol sheolw FAbabE AR A g

i)
=2
o
o
>
>
ek
R
N
)
()
Lo
i)
o2l
o
=

g wAd e de A% g AlZEaA(1Y 139 ASHeRe] e
% &

LED #idd EAIEA Hed A A

_87_



HAAMAZ AAE A5 sl Aelx e LED A4 fzEs AFa PHE onAE
s

of gt =A== 19 383 AT

| bEn lmage |

| Threshokd |

| Ercsion e apansion fite |
¥

| Labeing aoa caauating ames|

| catcutate center paint &, ¥} |

L Cexiar point (F) > B0
]

| Getreferecos libel  |e

Sum =0
Distanae of cenfier point betawen | M a
¢ Chooge refersnos
e e L habal to label

» 120 pial

Temporary area = o,
Chech rieset labaal

[2um = Temporary srea « Hemt laball

Am » 1500 peosl
Tea

| Turm en arrar chec bmg |

Vem

= Em

Fig. 38 Flow chart of image processing program for checking ill and dead layers by

observing layers’ leg and abdomen.
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Table 13 Performance experiment of image processing system for cage without

abnormal layers (layers’ leg)

Layers’ condition Judgement Misjudgement ratio
in cage success ratio (%) (%)
Position error .
captured image
Laying 5
Cage without )
87% Moving 2
abnormal layers
Unstable posture 1
Total 13
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Table 14 Performance experiment of image processing system for cage with

abnormal layers (layers’ leg)

Layers’ condition Judgement Misjudgement ratio

in cage success ratio (%) (%)

Position error

captured image 6
Cage with Area in front of cage 3

b 11 0%
abnormat fayers Blind spot 1
Total 10
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Fig. 42 Image processing procedure and results for normal layers’ leg.
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Table 15 Performance experiment of image processing system for cage without

abnormal layers (layers’ head)

Layers’ condition  Judgement success Misjudgement ratio
in cage ratio (%) (%)
Count error 38
Cage without Moving 7
51%
abnormal layers Laying 4
Total 49

Table 16 Performance experiment of image processing system for cage with

abnormal layers (layers’ head)

Layers’ condition Misjudgement Misjudgement ratio
in cage success ratio (%) (%)
Count error 34
Cage with 639% Coun,t neighbour 3
abnormal layers cage's layer
Total 37
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Fig. 44 Image processing procedure and results for abnormal layers’ head.
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Control box of RS485

Control box of driving car

Camera and illumination device

Fig. 46 The detailed drawings of experimental device.
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Table 17 Performance experiment of image processing system for cage without

abnormal layers

Layers’ condition Judgement Misjudgement ratio
in cage success ratio (%) (%)
Position error 5
captured image
Laying 2
Cage without .
86%6 Moving 3
abnormal layers
Unstable posture 4
Total 14

Table 18 Performance experiment of image processing system for cage with

abnormal layers

Layers’ condition Judgement Misjudgement ratio
in cage success ratio (%) (%)
Position error 6
captured image
Cage with Area in front of cage 2
b 11 897
abnormal layers Blind spot 3
Total 11
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INNEYS

(a) Image captured properly (b) Image captured as image

transmission postponing

(c) Image captured as image (d) Image captured as image

transmission postponing transmission postponing

Fig. 48 Captured image in different moment.
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Fig. 49 The detailed drawings of driving car and control box for layer monitering

systems developed. (unit : mm)

Fig. 50 A view of out side and inside of control box developed.
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Fig. 51 A view of PLC(Programmable Logical Controller).
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Table 19 Specifications of PLC

Items Specification
Model LG : Master-K10S1
Source power AC 1007240V (Free)
Size 120W x 80H x 65D
Memory EEPROM
Processing speed 3.277.6us/Step
Telecommunication RS-485: 300719200bps, 32 channel, 1km

2) RS 485 to RS 232 data converter

TEF9 dAAE HAst=d Z8F Aol HFEHEY AlELdEFAES 9l
PLCZ HE Y2+ RS 485 4A1&& RS 232 252 W33 = 5 A+ RS 485 to
RS 232 data converterg AF&3FTh 2 A|2~®lo| Al ARE-¥ data convertert B %
o] A T FAVE §lol= RS 232 DTR A S & AR&3te] Abso] 7hsshgirh. 1
2 52+ RS 485 to RS 232 data convertore]™, 3% 202 RS 435 to RS 232 data

convertor®] A}eFo|t},

Fig. 52 A view of RS 485 to RS 232 data converter.

- 108 -



Table 20 Specifications of RS 485 to RS 232 data converter

Items Specification
Model CS-428/9
Communication form Asynchrony Serial Communication
Maximum Data Rate 115.2K BPS
Maximum Cable Length 1.2Km

DTR-DSR-DCD
RTS-CTS

RS232 DTR Signal
DC 7V~T12V

Inside Connection

Power

3) RS 232 to Ethernet data converter

o] PLCSF Alefzd e oke] -4 el o3k S41S 913] RS 485 to RS 232
data converterel Al TA ¥ RS 232413 F Ethernet A= W3
232 to Ethernet data converterg AM&3stith ©] ZAWE = TCP/IP ProtocolS A
&5k, A& FHFE e S4ls 7] f1siA = Converterol W€ IPE
ofof atal o] wf Foj¥ IP= Alo]§ AFE e 2 A Bu(192.168.1.x)° 2
b w3k Aol FEH Y] 4 XEE FUAAA Aok Ao FE ] FA
S o 4 ok 29 532 RS 232 to Ethernet data converter®] AFxlolw i 21
RS 232 to Ethernet data converter?] Al o]t}
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Fig. 53 A view of RS 232 to Ethernet data converter.

Table 21 Specifications of RS 232 to Ethernet data converter

Items Specification
Protocol TCP/IP
Network Port IEEE 802.3, IEEE 802.3u
Interface 10/100 BASE-T standard
Power Requirements 10 to 30V (DC)

4) FA AP(Access Point)

AR FEALES Tl 9ste] dA A Sy Hstel T ote] APE

AbGstA T @ tH(WL-330g)= T8AIAFe] AEEH S Fabsiglon, v

Fll‘

@ H(WL-300g)= Alol-§& AFHe Z2heto] F o] AP7F M= Sl &
°o]-&

E5 A2="S P o] 7 g9 AP+ TCP/IP A% Protocol s

olHE HEetA wH, Z4zke]l APol= it IPE A Astefof drf =3 o] IP=
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WL-330g WL-300g

Fig. 54 A view of Wireless Access Point.

Table 22 Specifications of Wireless Access Point

Items Specification
Model ASUS WL-330g ASUS WL-300g
Standard IEEE 802.11g IEEE 802.11g
Protocol TCP/IP TCP/IP
Data transfer rate 54Mbps (Max) 54Mbps (Max)
Frequency band 24 GHz ~ 25 GHz 2.4 GHz = 2.4835 GHz
Operating distance Out doors : 310m (max) Out doors : 310m (max)
Power requirement 12vV(DC) 5V(DC)
Operating mode AP and Ethernet Adapter AP
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Fig. 56 A view of PIC micro chip board.
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Table 23 Specifications of PICBASIC board

Items Specification
Model PB-1B
Main memory 2K Byte
Data memory 96Byte
I/0O port 16
Main chip PIC16C73

2 wol= = Chip We] Z2IH2 Visual Basic W 23S AR&ste] th3 3

ol zraygstgon, 22 flow chartts ¥ 573 2t}

const device=1b
set picbus high
Dim A As Byte
Dim I As Byte

10 :
Check Port 9
A=IN(9) | v
If A =0 Then N_o_
ouT 2, 1 Yes
serout 1, 30, 0, 1, ["ZZ"] Send “ZZ” to PLC
OUT 2, 0 by F;ort 1
End If | Wait 2 seconds |
Delay 250
GoTo 10

Fig. 57 Flow chart of PICBASIC program.
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Fig. 58 Connection schematic of wireless monitering system.

Table 24 Designated IP address of each equipment

Items IP address

LAN card of main control computer 192.168. 1. 11

Wireless AP WL-330g 192.168. 1. 21
Wireless AP WL-300g 192.168. 1. 31
RS 232 to Ethernet 192.168. 1. 41
Network CCD camera 192.168. 1. 51
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Connect to FLC
and CCD camera

b 3
Start mosdng
¥

Get Control Trigger pulse
and Limit Fulse

f I §

Y

aorward or Rewar Mo

Limit Fulse = on

+'ES

=—"_Confrol trigger Pulse = o

Stop moving and Yes
Frocess image | Grab image and save |

L |

Display result

End

Fig. 61 Flow chart of wireless monitering system developed for layer cages.

- 118 -



Table 25 Comparison of Wireless monitering system and Wired monitering system

Specification
Items

Wired monitering system Wireless monitering system
Control box PIC control PLC control
Communication for Wired Ethernet Wireless Ethernet
image transmission TCP/IP protocol TCP/IP protocol
Communication for Wireless Ethernet

o RS-485

driving car control TCP/IP protocol
Location control sensor Magnetic sensor Control trigger
Sensor recognition Control program to PLC

Control program to PIC
method and PLC to PIC
Algorithm of control Real-time ) )

] ) Lump image processing
program image processing

AEZ #t2o] Aojis 71E9] PICHA A Hek kg A ola Aozt 1kd g PLC
WAoo 2 WS KGL for Windows 7N Z23:S ALg35te] Alojzzadls
ot AAJNAAME 7]Ee] vty AN AEE Egre W
dste] zh Aol A mirt iy BlS RBASHA] ot Ao]x| 9] Y]Fel o] AL whg
HEE WA oen, Aojzzadyl PLCHY BAREE Fol7] ¢8te] PLCS 9]
X Ao} A A Alolo] PICBASIC BoardE A X &}l Visual Basic 71 Z 21398 A&
sto] MM ZEE e NS PLCE AT Z2 a8y sch
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Fig. 63 Image transmission speed in test dispersion poultry house.

A A Fhrgte] ol F YNEHFET 637~760 kbps= AAFA G Ht
AFEEE]] 120~360 kbpsEth A YERS=H o= AATA 4R oF T2

Fdel dolg el AX B = Aer AdE

9o ARolEEE W AMe] A4 FAF/E Hohu]y] 9Astel 40~60 HAA 5

o Al

Qs

oy
N
¢
o
fr
2
L)
>
N
J
m
_{
o,
o
N
N
N
N,
N
N
>
K
fr
[
nich
o
fr
o
lo,
f
>,
=2

HAE SANAL AME AbEste] AAdEel dHE dedde AT

ps

Y 63914 R uhsh o] Uehgor], TERe) o BHE ()7} Hob s

in)
i
rr

rﬂ ruz
(oo oot

of g AclAE A4sE HFEo| wobAth ey FEALY X
A Aol ZZaA PLCSIS] FAFEIIF FobAEs AR Qg Haist u
A wAstel GAAEAD L BN B BA wASRAL AALAE 9
B4 #7171 08% ol HE 2388 AAE AXsA Ram 1 gl AH 3
25 ek

-121 -



(%)

125 r
—6— 60Hz

100 r
—B— 55Hz

7%
50Hz

50
45Hz

25
40Hz

O |

p) 15 1 0.8 0.6 0.4 (s)

Fig. 64 Location decision efficiency.

olelgt BAHE §4 YAVAALHA RS 485 AL HMED £EAAS W
o= vhERA ergrd EA s FHEN @ ARz BFaA 5
hil Aol Az o shal
AEE Yt adEn TEAAYe S5} Wolass, BAF/} Holass

dgol B et olee EARS AN W Auch Aol AL} 94

o
o
38
o
x
oft
>,
oL
e

)
ol
>,

¢
>
)
T
oZ
i)
4
Y
)
o
ui
H
)
(@)
o1
\
o
N
Lo
Y
o
B
it
<
Y
o,

Tz gdox 3 M AFTE wud 2% SRE Lo ATE BEE XA
dauglFS FASY st AR E F W A= TAE AAFI T
(cage)
50 r
—o— 60Hz
40 1
—B—55Hz
30 r
—A— 50Hz
20 __—a
45Hz
10 | -
//%/Z‘%% 40Hz
0.0 * © ‘ ‘

2 1.5 1 0.8 0.6 0.4 (sec)

Fig. 65 The ratio that two images acquires one cage.

- 122 -



AAFEHE e A 7AA F717F ol yE Aozl FE 9 PLCSe] Fali-s)
7b Skt R lE) fR@eke] sk eI EC] EolAE AL Ay 99
PICBASIC Board& A3til Aol & 93 TS 2 sttt Aojx
2ol A YAAE el A FART A4S PLCS AlA Apolol| 4] PICBASIC
Board7} WAl AlA 9 RS A=A EE 31921, PICBASIC BoardolA A=sd Al
3E PLCA ®UFH, PLC= AolA g 2+& Az wo vt Alojz=2 a3 FAl&

e
o
ot

SEs Axds ZEage SR 1 A% Ao Zzads) PLCAeldA 53
H9H 05%e] o2k B4 F71E 2% ol4ow B BANTE FUOE 4 I

- 123 -



Fig. 66 A view of experimental device.
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Table 26 Performance experiment of image processing system for cage without

abnormal layers

Layers’ condition Judgement Misjudgement ratio
in cage success ratio (%) (%)
Position error
} 2.3
captured image
Laying 7.2
Cage without 2.3 _

abnormal layers ’ Moving 2.8
Unstable posture 54
Total 17.7
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Fig. 71 Erosion and expansion of image processing.
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Fig. 72 Sliding, stretching and slice of image processing.
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Table 28 Specification of image processing system

Items Model Specification
Input DC24V &ch.
Output DC 24V / AC 220V 6 ch.
PLC KI4P1-DRS Memory Size 800 Step
Remote Control RS485
Channel 8 Differential
Input Type mv, V, mA
RS-DAQ =017 Accuracy F.S £0.1%
Data Transmission  RS485
RS CS-428/9 Input RS485/422
Converter AT Output RSZS.ZC
Type Multi-Drop
Video input 1 NTSC / PAL / RS-170 / CCIR
Partial image acquisition with
Processing onboard programmable region of
interest
Frame N Resolution Color level - 24bit Spatial -
Grabber My Vision 640480
Frame grab speed 1/30s
No one-board memory,
Memory uses PC system RAM for image
storage
Display Uses PCI display card for display
Image sensor 1/3" Super HAD CCD
Pick-up device 510(F)x492(V)
Scanning 525 Lines. 30 frames/sec
CCD SC-130 Horizontal frequency 15.734kHz
camera Vertical frequency 59.94H7~
Resolution 330 TV-line
S/N ratio -48dB
Intensity of llumination 0.5 Lux
Capacity 1/2 hp
Motor IH9PF40-10 Power 3 ph 220V AC
Speed Control Inverter
Type Frequency Control
Inverter FI?OEI‘E{Z 0 Power 1ph 220V
' Load 2ph 220V 400 W
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Table 29 Classification of fecundity layer and over-egg layer at the end time
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Table 30 Selection by the faded yellow-pigment in layers body
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Table 31 Specifications of layer house for test

Items Specification
Type Arch roof
Size 10m x 39 m x 23 m
Floor area 38 m'

PPsheet (0.1 mm)
PE film (0.05 mm)
Synthetic felt (10 mm)
Foam PE (50 mm)

Covering procedures

oA gAE AEAE 687" ZAAEA o ab B ek a 1459 Stoldtl
Mujste] 19k 984004 29 924884 & 36842 7HAT AIFA AL ST
g = AAMY AR ALR R AbR S oJAE k3t Sfolekelel A
3 F5E AoA @ 19 USS HAxstn
AFHAES st o, 5% §3F7( BM-Magnetic Flowmeter, Germany) 7|l &
7HA AL ZA4EAn B Al fEA WEE FAZE S3stel wEh el vl

st WAlel= AYs FA4s= Ao®E HA 003~10 m/sE F8E F AA A

32

-

AERE 2F 214 087 1643 AESAT g Age wa Adgge
o g-5H91}

- 143 -



Fig. 83 Location of thermometers and hygrometers.
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Fig. 84 Incoming display of image processing.
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Fig. 85 The first processing display of sliding & stretching.
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Fig. 86 The second processing display of sliding & stretching.
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Fig. 93 Laying rate per cage for one day.
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