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The article studies the precision management for livestock including breeding, feeding, disease preventing, safety supervision and environmental monitoring. The system based on the wireless mode is developed to monitoring the whole production procedure of livestock. It comprises breeding management, automatic feeding formulation, disease diagnose and prevention, production safety supervision and environmental monitoring subsystems. The study greatly promotes the efficiency of intensive cultivation. Through the practical application in farm, it is proved that the system comprehensive performance is significantly better than the extensive management.

Introduction

The livestock production is a complex biological system. The livestock produces commercial products and breeds periodically during its whole life. For large scale farm, the production of livestock is like the production in the factory according to the physiological process of breeding. The management should meet the requirements of livestock for the environment, stocking density, feed supply and disease prevention.

With the progress of the intensification and large-scale livestock breeding industry, the traditional management is difficult to process large quantity data, such as environmental parameters, growth data, breeding records, disease information and so on. The outstanding problem is the disease control and product safety in recent years. Especially since entering into WTO, the food safety has become the main obstacles for the export of animal and its products in our country. The main reason is harmful residuals from fodder and contaminant out of limits.

A precision management system is built in this paper. It adopts the modern information, computer and automation technologies to optimize the production process, reduce the input of fodder and veterinary drugs, increase the benefit of enterprise and promote the sustainable development of livestock enterprise. The system integrates the data collection, transmission, analysis, processing and application to realize the visual expression, design, monitor and management of the information. It is successfully applied in farm.
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Overall design

System Requirements Analysis

The process of livestock production is a periodically, i.e. farrowing, lactation, ablactation, mating, slaughter. During the process, it needs to record and analyze some important information such as the growth data, antiepidemic data, disease data, feeding data, environmental information and so on. The process and requirements are shown in Fig. 1 (which take the pig as an example, below is the same). All the data should be stored in the file. Some data is analyzed to generate the decision for feeding, disease presentation and environmental control. The analysis result is used to guide the production. Some results are changed into the order to control the device, e.g. fan, feeder etc.

Overall Structure

In according with the requirements and the above mentioned function demand, this paper integrates the precision management system which includes fodder safety monitoring subsystem, environmental monitoring subsystem, disease diagnose and prevention subsystem, feeding management subsystem and automatic rations formula management subsystem as shown is Fig. The fodder safety is referred to no toxic or harmful substances or factors existing in the fodder that may be harm to the health or production performance of the animal, such as clenbuterol, microbial toxin, pesticide, heavy metal, mycotoxin and so on.

It is difficult to monitor the safety of fodder because of various kinds of hazardous materials, low content of the toxic or harmful substances and complex fodder ingredients. The implementation of GMP and HACCP promotes the fodder safety monitoring. The important safety information of fodder will be transferred on the internet such as raw material purchase, raw material quality, fodder quality, production process, logistics channel, clients' information feedback, market complaint, quality accident and so on. The fodder safety is ensured by big data analysis from the internet.

Automatic rations formula subsystem

The nutrient requirement is a complex and dynamic process which is affected by the genetic potentiality, food consumption, density of daily ration and growth stage. The formulation of diet is mixed to fodder with balanced nutrition in a certain proportion according to the requirements of various nutrient substance in order to achieve comprehensive nutrition, good taste, low cost and good production effect.

According to Feeding Standard of Swine (NY/T 65-2004), the demand model for pig is built in the system to predict the demand for crude protein, amino acids, minerals, vitamins and fatty acid according to the parameters such as weight, feeding type, type of pig, ambient temperature, aimed daily increased weight and months of age.

The management system firstly calculates the demand quantity of various nutrients according to the demand model, secondly builds the aimed function of diet price according nutritional ingredient database of raw material, thirdly builds the constraint function of diet nutrient demand and proportion and finally gets the original formula through fuzzy linear programming.

Therefore the automatic rations formula management includes the nutrition standard, nutrient ingredient and raw material databases. The nutrition standard database saves the nutrition demand in different growth stage in accordance with (NY/T 65-2004) or adds in different feeding standards. The nutrient ingredient database displays various nutrients through optimal computation according to the prediction model of demand. The raw material database saves various feed proximate composition and price. After the users inputs some basic parameters such as quantity of pig, feed price, type of pig and so on, the system will automatically generate the optimal formula of feed.

Disease diagnose and prevention subsystem

The subsystem tracks the health status of livestock and analyzes the disease synthetically in order that the users can know about the health conditions more quickly and accurately so as to arrange the prevention and treatment for the disease. It realizes the disease report, synthetic analysis, epidemic prevention, disease diagnose and treatment. The subsystem includes knowledge base, inference engine, database and human machine interface (HMI) as shown in Fig. 3.The knowledge base is built by module e.g. disease name, symptom, symptom group, symptom picture, symptom video and rule base etc. Some of the knowledge is descriptive and some is procedural which is expressed by computer language and modified gradually in according to the feedback of experts. The inference engine includes the strategy to solve the problem and inference method. It receives the information from the HMI, calls the related knowledge in the knowledge base to process the information according to the records summarized in the database and sends the results to HMI or other output device. HMI changes the information input by the user into the normalized form of expression within the system, then sends them to related module to process and at the same time shows the output information to the user through easily understood external expression form. When the animal arrives before the door of feeding device, card reader can detect the signal from the ear tag and send the signal to main controller through serial port. The controller judges whether the animal needs feeding. If it needn't, the door doesn't open. If it needs, the door opens. The animal goes into the feeding device. When there is a signal from travel switch, it shows that the animal enters. After the animal enters, the door is closed automatically to the limit and is locked. The timer of door starts to count and feeding starts. The total daily feeding quantity is calculated by the controller in according to artificial intelligence and knowledge base of experts and it also can be set by the PC. The controller judges whether the fodder lacks and how much lacks and sends the signal to the step motor. The motor firstly resets the counter and then starts to count when it drives the belt to feed. The signal of ear tag is detected every 15s. If the signal isn't detected, stop feeding. Or else continues feeding. After the animal finishes eating, it goes into the leaving area and the card reader will send the leaving signal to the controller which will judge whether the animal ruts or contracts a disease. If there isn't any abnormal condition, the animal will go back to the crowd. Or else the controller will control the ink jet motor to mark on the animal and close the door back to the crowd and open the door of separation. The color of ink is preset by the PC. After the marked animal is separated. The door of separation is closed and the door back to the crowd is opened.

Environmental monitoring subsystem

The growth environment directly affects the health of the livestock, especially in enclosed animal building where the light is limited, the temperature and humidity fluctuate greatly and the harmful gas is difficult to volatilize which greatly affects the growth and propagation of livestock. Therefore it is necessary to accurately monitor the main parameters in real time so as to control the environment such as temperature, humidity, harmful gas and so on.

The subsystem is composed of sensing layer, transport layer and application layer. The sensing layer mainly comprises related sensors and devices to collect the environmental information on site. The information from the sensing layer is sent to the application layer through transport layer to serve for the final application.

The sensing node is the basic unit of wireless sensor network. The sensors mainly are temperature, humidity, H2S, NH3, PM1.0 and PM2.5 sensors. The analog signal from the sensor is converted into digital signal, processed by the microprocessor and interchanged with other network through net application processor (NACP). The application layer is mainly the environmental early warning model and intelligent control model. The core of control model is fuzzy control as shown in Fig. 5. 

Integration of subsystem

All the subsystem is integrated onto a platform through the internet. The platform includes the data, management, statement analysis and information of swine. Some data is mainly from the above subsystems, including daily average temperature, daily average humidity, daily average density of H2S, daily average density of NH3, daily average density of PM1.0, daily average density of PM2.5, daily average weight, daily average increased weight, real monitoring video (Fig. 6) and so on. Some data is from input device such as data of death, selection, mating, delivery and ablactation, quantity of farrow, nursery pig and grown pig, sow and nonpregnant sow. The other data is from the alarm of system.

Fig. 6. Real monitoring video

The management includes the files (Fig. 7), production and record of some works such as semen collection, hybridization, pregnancy check, delivery, ablactation and so on. The production management includes the record of pig transferring, death (Fig. 8), selection, feeding, sale and immunization. The statement analysis (Fig. 9) includes the summarization of amount of livestock, summarization of production, summarization of sale (Fig. 10), daily report of sow production, ladder table, statistic of production, rate of hybridization and delivery, rate of ablactation and hybridization, days of ablactation and nonpregnant, summarization of finishing pig, summarization of sow for hybridization, summarization of sow for delivery, summarization of sow for ablactation, statistic of failed hybridization (Fig. 11), statistic of successful hybridization, statistic of delivery, statistic of death and selection and structure of gestational age (Fig. 12). The summarization of amount of livestock includes the present amount of sow (Fig. 13), boar, finishing pigs and total pigs on the farm. The summarization of production includes the condition of hybridization, delivery and ablactation. 

Experiments and Discussion

The precise management system is a comprehensive system which has been applied in the farm successfully. Take the precise feeding subsystem as an example.

The experiment site is in Feicheng City, Shandong Province. The experiments object is the sow separately in three pig houses. There are 25 sows in each pig house where is installed one set of automatically feeding device. The experiment period is 7 days. The daily total feeding quantity is set by the knowledge base in according to the expert. The daily total feeding quantity for different period is shown in Table 1. The controller feeds 2 times every day. If the total quantity of two times doesn't reach the 100% of set value, the system will provide the third time of feeding. The set value of total daily feeding quantity is 2Kg. Observe the time of feeding and the condition of residual food of each sow crowd every day. For the residual food, it is consider as no residual if the residual is invisible to the naked eye or within 20g. When the residual is over 20g, it needs estimate the quantity of residual food.

For the three experimental sow pig houses (separately A, B, C), the observing results of 7 days are shown in Table 2. It can be seen from the above table that feeding days and different pig house don't affect the feeding of pig. Therefore the feeding time can be set as 2. The pig can be conditioned after about half month of training. There is about 1 or 2 pigs with residual food through the residual data analysis for 75 pigs in three pig houses which is only 1.8% of total pig quantity. The feeding days and different pig house don't affect the residual food of pig. There may be some external factors affecting the feeding and residual such as snarl of pig, disease, oestrus, suddenly outage of power supply and so on. But it doesn't affect the normal operation of control system.

Conclusions

The precise management system is a comprehensive, easily operating, easily updating and easily managing system. It uses the electric ear tag to identify each pig and provides the functions of fodder safety monitoring, automatic rations formula, disease diagnose and prevention, precise feeding, environmental monitoring and system management which realize the whole process control for swine production, reduce the manpower and lower the feeding cost. The precise management system provides the technology support for cultivation with high yield, high quality and high efficiency which will greatly promote the livestock industry developing towards intelligence. 
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Table 1 .

 1 Daily total feeding quantity for different period

	Different period	Required feeding quantity
	10kg~20kg	500g
	30kg~50kg	800g
	Early stage of pregnancy	2.0kg~2.2kg and nutritional agents
	Middle stage of pregnancy	2.4kg~2.5kg and nutritional agents
	Later stage of pregnancy	2.6kg~2.8kg and nutritional agents

Table 2 .

 2 Feeding times of sowAverage daily feeding times in each pig house 1 st day 2 nd day 3 rd day 4 th day 5 th day 6 th day 7 th day Average

	A	2.211	2.200 2.143 2.077 2.078 2.126 2.082	2.131
	B	2.162	2.120 2.076 2.146 2.078 2.098 2.073	2.107
	C	2.189	2.236 2.146 2.079 2.000 2.056 2.032	2.105
	Average 2.187	2.185 2.121 2.100 2.052 2.093 2.063	2.114
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