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1. Abstract:
 Implementation of Wireless sensor networks in agriculture, have the potential to monitor the crop growth and target diseases given limited resources such as pesticide and fertilizer.  It also has the potential of bridging spatial data gap thus empowering policy makers with more effective tools for risk assessment and decision making. This document discusses various ICT requirements for applications of IoT in agriculture.
2. Introduction:
Agriculture Information is an important area, related to people life and national interest, is proposed to be empowered by wireless sensor network technology. For agriculture information monitoring, the water, soil conditions, the crops, fruits conditions, as well as the conditions of livestock are required to be monitored in real-time by many spatially distributed wireless sensors. These wireless sensors are battery or solar energy powered, equipped with wireless radio, storage unit, data processing unit and various sensing units. They are desired to be easily deployed into the large-scale farmland, to self-organize to a functional distributed multi-hop network via wireless communication, to work for years of time to collect data, and to be self-maintenance against the environmental dynamics of the four seasons. 
If such systems are available, they can bring many economic and social benefits. However it is very challenging to realize such an agriculture information monitoring system. Major difficulties are on the following three aspects:
1. Large in scale. The farmland is often in the scale of millions hectares. The complexity of network organization and routing will turn to a qualitative change when the network scale becomes very large. 

2. Long lifetime. Agriculture applications need the network be functional for years of time, but the scarce energy on the sensor node can hardly afford this, especially when the network is large and the sensor has many data to forward. 

3. Adverse environment. The adverse weather will challenge the durability of the hardware. The growth of crops will block or affect the wireless links, causing the network working in a highly dynamic radio environment. 

Major use cases for the sensor based agriculture monitoring are:

· Crop Modeling, Planning
· Water Conservation Measures

· Pest and Disease Prediction/Prevention

· Water Management for Deficit Irrigation
· Insurance & Finance Provisioning
While designing the agriculture monitoring network following aspects need to be considered to gather the key requirements.

· Time scale: How long must the phenomenon be observed? 

· Spatial variability: How many measurement points are necessary to model a given phenomenon 

· Responsiveness: What is the time period, within which the environmental information must be made available 

· Non-accessibility: Is the area to monitor remote or difficult to access?

· Non-Intrusiveness: Must the monitoring system be invisible and non-conflicting with any activity happening in the monitored area?

· Deployment and Maintenance Costs : What is the cost to deploy and maintain the system? 

3. ICT Requirements for Agriculture Monitoring
Agriculture monitoring is an important application of IoT and enabled through data collection using wireless sensor networks and other devices.

From an application perspective following functional requirements has to be addressed by the network

3.1. Requirements on the sensors/parameters to be monitored

Environment Monitoring :  Following environment parameters are required to be measured:

a. Ambient Temperature.

b. Relative Humidity

c. Barometric Pressure  
d. Solar Radiation    
   Soil Parameters:  Following parameters related to the soil are required to be measured
e. Soil temperature.

f. Soil Moisture
Crop Parameters: depends on the types of crops , these parameters will vary. However in general the following parameters would be required to be measured
g. Leaf wetness 
h. Sap flow rate
3.2. Network Requirements 
3.2.1. Spatial Distribution
The network should have sufficient nodes / measurement density that are necessary to model the characteristics of soil, crop and climate. This will vary with the type of crop, but typically there is one node per 200m x 200m.
3.2.2. Data Monitoring
The data sampling rate should have sufficient periodicity to support the analysis, modelling and responsive action.

The periodicity required for sensor sampling is one snapshot per 15 minute (Typ)
The sensor data should be aggregated and available to applications in every 3 hours (Typ)
The typical formatted data rate per node is 512 bytes / hour

There should be provision to change the sampling and aggregation periodicity as and when required
3.2.3. Network management

 The network should have a very low maintenance with limited human intervention
If battery is used as an energy source then the replacement periodicity should be > 2 years

Network should have self healing capability so that the failure of a few nodes will not affect the network operation and application in a major way

Network should support self-organisation to ease the deployment
3.2.4. Sensor Node
 Sensor nodes should have the mechanism to conserve their energy consumption and desirably have energy scavenging to maximise their life time. Use of alternate energy sources such as solar power should be incorporated.

Sensor node should be robust enough to be deployed in the field. It should be compact and weather proof (rain, sun, wind, soil acidity, animals etc).  It should detect and alert in case of tampering or theft attempts.
It should be capable of reprogramming while in network. 

3.2.5. Gateway Device
There should be a gateway device that connects to the sensor network, aggregates data from connected sensor nodes and connects to the internet through suitable backhaul connectivity.

The gateway device should connect to the backend server/cloud using standard internet protocols
The gateway device should support a standard data exchange format to communicate with the backend server.

The gateway device should support data compression for the efficient data transmission
There should also be a support for a portable handheld device as a gateway. 
3.2.6. Localisation

The network should support the automatic localization/position info of the sensor nodes. This information is required for the data modeling and analysis.

3.2.7. Other sensors / Devices on the network

The network also should desirably connect to other sensors and devices that are likely to be in the farm such as:
Status sensors of Irrigation Pump

Starter control for Irrigation Pump

Status sensor Pest control equipment

Status sensor for agriculture equipments

.

3.2.8. Network Life time 

Application reads the sensors readings continuously/ regular interval and will route the data to sink through neighbor, and in this agricultural application less demands to read the data, may be once in a hour/ two hour , this reading interval can be configured by the user. The network lifetime depends on the active period of the radio and microcontroller on the communication node with a given battery capacity.  The agricultural application scenario we considered for the evaluation is as follows:

We assume the active period is 1 second. i.e. time taken to acquire sensor reading and send , and sleep period 60 min.  

Supply: 3 v, 3 Ah battery.
	Task
	Current(mA)
	Percent time
	Average Current(mA)

	Transmitter/ receiver is ON
	29
	0.000277778
	0.008055556

	Sleep
	0.1
	1
	0.1

	
	
	Total Average current 
	0.108055556


Total number of hours = Total Average current/total battery capacity =0.108055556/3000=27763.49614
Total number of hours = Total number of hours/24= 1156.812339

By considering the power consumption of sensors and sensor module with appropriate low power scheduling (as in section 3), the network lifetime was estimated to be 3 years  
.

4. Applications
Here we briefly discuss the major applications/services expected outof automated agriculture monitoring with suitable data analytics support.
4.1. Crop Modeling

The first and foremost concern expressed by marginal farmers was about crop yield prediction. Several crop simulation models are available for simulating the growth of various crops and crop mixes with different environmental constraints such as moisture stress, nutrient stress and water logging. The field data with the required granularity would enable this model development and prediction.
4.2. Water Conservation Measures

Farmers who cannot resort to irrigation need to make the maximum use of precipitation water throughout the cropping season. They already do so, however a precise assessment of the efficiency of such measures is still lacking. Comparative readings of soil-moisture can be used to assess the efficiency of different water conservation measures, such as building bunds and planting trees to trap water in the shallow layers of the soil, or using mulch and gypsum to reduce evaporation.

This use case is similar to the previous one, except that, here, soil moisture readings are used directly. Sensors are placed in fields that are comparable from a physical point-of-view, but where different water conservation measures are used. Here again, different parameters are relevant, including the location of the cropping plots. For this, spatial variability has to be taken into account, justifying the use of a wireless sensor network. Information would be eventually exchanged with farmers through participatory meetings.

4.3. Pest and Disease Prediction/Prevention

Pests and disease are a major concern for farmers. They realize that environmental parameters play a role in the emergence of such phenomena. However, the nature and the value of these parameters is still unclear. As a consequence, farmers who can afford it tend to treat their crop no matter what, whereas poor farmers leave their crop unprotected because of the cost of spraying. Observing the correlation of different parameters with the outbreak of pests and diseases could lead to the definition of statistical models of pest or disease prediction. If such models can be developed, they could be used subsequently in the field in order to issue warnings. 
Sensor data helps to observe correlations between environmental parameters and outbreaks and use them for deploying preventive measures.

4.4. Water Management for Deficit Irrigation

The situation of marginal farmers with regard to irrigation varies depending on the location of their fields. While some lucky ones can access to community tanks, because their plot is located in the proximity of one, others are totally exposed to the mercy of weather. However, community tanks also dry out, and transporting water is a strenuous task. Here water needs to be used optimally to the last drop, and marginal farmers can benefit from the technology of deficit irrigation, an agricultural water management system in which the water needs of the crop during the growing period can only be met partially by a combination of soil water, rainfall and irrigation. Deficit irrigation management requires optimizing the timing and degree of plant stress within restrictions of available water and related sensor information helps in achieving this.

4.5. Insurance and Finance

Many of the finanal agencies handling the agriculture insurance and loan services require the assessment of risk for designing and provisioning their services. The sensor data driven models can be used to assess the risks through appropriate metrics derived for this purpose.
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