Abstract
The main objective of this project is to study the various RFID based temperature monitoring systems and to understand their process designs. Identify the technologies used and compare their pros and cons. Based on these learning, to come up with an overall process deign for RFID based Temperature monitoring in Blood Bank and simulate various scenarios to see if the new process design can handle them.

In order to study the existing RFID based systems, we chose five different domains 
1. Blood Banks

2. Food Supply Chain

3. Fish Logistics

4. Warehouse

5. Beer cans

We studied the process design of all these systems then understood their technology behind it. We will discuss the process design of these systems briefly before we propose a overall process design for RFID based temperature monitoring system in Blood Bank.
Introduction
RFID based temperature monitoring is gaining importance in various supply chains. There are many factors behind this, Legal regulations, growing boundaries, mission critical processes to name a few. To understand the various systems, we chose the five different systems and studied them thoroughly and identified the technology.
Considering the Blood bank the objective is to monitor the temperature of the Blood Bags. This temperature data has a direct relationship with the quality of the blood inside the bag. Also, some of the other functions which would be interesting are the Rh type of the blood, Donor name, collection date etc. Thus, providing a complete information about the origin of the Blood bag till it’s consumed. The unique information related to the blood bag is provided by the use of the RFID technology, while the real time temperature data is made available by the use of Intelligent Sensors. These sensors act like a simple Data Acquisition system, which collects the temperature data and stores it. This data helps in accessing quality of the Blood bag. It uses RFID technology to transfer this information whenever it is required. These sensors can give a complete visibility relating to the quality of the blood from the time of Blood Collection from donors, to storage to transport to final transfusion to the end Patient. 

Next is the Food Chain, World Health Organization (WHO) reports that around 1.8 million people die due to food and waterborne diarrhoeal diseases annually. This clear suggests that there is an alarming need to monitor the quality of the food consumed, and this should be viable for the end users. With the current trends showing increased consumption of packaged/frozen foods and growth of the Food Processing and Storage industries, the original need to monitor the quality increases manifold. The quality of the food consumed can never be compromised, and we would need to device technologies to ensure the quality of the delivered food. 

Nowadays the Food supply chain has become a complex process, with advancement in the Food Processing technologies. Earlier, people used to consume fresh foods available locally, but now a recent study indicate that around 60 % of the food consumed by Europeans are frozen foods. These food chain not only scale different locations, but now different countries and different continents. As the food processing technologies improve, so is the logistics services. Now the growing trend of frozen foods only adds additional burden to the Logistics industry. Majority of the Food Processing industries are SMB, they cannot afford to maintain their own logistics, so they use the services of a third party logistics providers. Logistics providers now need to ensure the timely delivery of the Food, under proper temperature and humidity requirements. RFID technology provides object identification. So now with temperature and humidity data, we have a data which can be monitored to represent the quality of each and every food packet, not just quality of an entire shipment. This kind of granularity is what is needed in a typical food processing industry where this data is crucial. 

Fish Logistics comes next with its own problems, with the advances in Food Processing industry and because of its healthy properties, consumption is sea food is growing rapidly. Although the food processing industry is advancing rapidly, there are still lots of challenges to be overcome, as the source of raw materials and the final consumption bridge is ever going and these days scaling the continents. The logistic chain for cold food is growing complex, at the same time, day by day, because of regulations and mandates by different countries on the quality of the food supplied through the cold chain. The quality of such food is directly affected by the conditions of the food during the logistics, which mainly include the temperature. Usually the food package is frozen during inter-continental transport, and it need to remain in that state till it is consumed by the end users. This puts a lot of difficulty and infrastructure barriers at various points during the supply chain namely, storing, transport, handling, delivery etc.

All such constraints apply to any domain we can think about. A generalized solution doesn’t fit all the industries and domain. The requirements and the use cases are totally different and the priority varies widely in each domain.
The main technologies involved were the Smart tag and the Ambient tag, although both share the same technical architecture an ambient tag is enriched with more features to support different capabilities. So obviously the cost is also higher. Now in this paper, we analyze the process flow of each of the use cases in detail. Finally we try to understand the gaps, and possible areas of improvement. From the learning we come up with a overall process design for Blood bank by complimenting each technology and gain the best of both the worlds.
Blood Bank
The End to End process flow for a RFID based temperature Monitoring system can be visualized as shown in the Figure below,

As you can see, there are three independent but interacting processes that could be identified in a typical Blood Bank.

1. Blood Collection Process

2. Blood Storage

3. Blood Transfusion

The individual process flows and their interactions are depicted in the flow diagram.

Blood Collection Process

This is a fairly known simple process; an additional step is adding the RFID smart tag described earlier to the Blood Bag,

1. Patient Registers with the Hospital

2. Blood tests are done for quality and RH typing

3. Once the donor is approved for Blood donation, he is taken to the Blood Collection unit and a unit of blood is collected.

4. This blood bag is then tagged with the RFID smart tag, which apart from identifying the Blood bag attributes like,

i. RH Type

ii. Donor information

iii. Date of blood collection

iv. Place

It also monitors the temperature data of the Blood Bag from now on, as described in the earlier sections. These are stored within the tag itself in a EEPROM, and from now on at any point in time, the temperature data can be obtained for this Blood Bag

5. Once tagged, this bag will be sent for Storage.

Blood Transfusion

This process can be described as follows,

1. Patient registers with the hospital

2. Doctor does the tests, and sees if a blood transfusion is required

3. Doctor sends a request to Storage for a Blood bag suiting the patient’s need.

4. Transfusion process is transparent to the Storage process, they do not care from where the blood bag comes from (either internal or external).

5. Once the Blood Bag arrives, doctor checks the temperature data of this Blood bag using the RFID receiver and a PC. He could see a graph as shown in Figure 7.

6. If the data is good, temperature is within limits, then the doctor approves the Blood bag for transfusion. If not , he rejects it and requests a new Blood Bag

7. The Blood bag is transfused to the Patient

Blood Storage

This process interacts with both the Blood Collection and Blood transfusion and acts like a bridge between them. Apart from this, it also interacts to external Blood banks for requesting / providing blood bags incase of non-availability / requests.

Interaction with Blood Collection

1. Blood Collection unit sends the Blood Bag tagged with RFID smart tag to Storage

2. Storage Unit puts them into Refrigerated Storage

End to End Process Flow – Blood Bank
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Interaction with Blood Transfusion

1. Interaction for Blood Bag comes from Transfusion Unit.

2. Checks if Blood bag is available within its storage

3. If Available, sends the blood bag to the transfusion unit.

4. If not available, it requests the external providers (blood banks) for this blood type and delivers them to Transfusion unit.

5. Sometime, request might come inbound to this storage from external providers for Blood bags, in that case it checks the inventory and delivers, else it forwards the requests to other external providers.
Food Supply Chain

A typical food supply chain is showed in Figure below
Current Food Supply Chain Process
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As one could notice from the figure, there are lot of inter-dependent parallel processes involved in a typical food chain and there are many stake holders involved, the consumers being the important focus here. The different parties involved in a typical food supply chain are the Food Manufacturers themselves, they are also called as a Food Processing industry. They have lot of suppliers who supply the raw material for food processing. 

Ensuring quality of the Food, begins right at ensuring the quality of the raw materials, the Raw materials itself has certain environment impact on the quality of the food and its timely consumption/ package. The Food Manufacturer/ Food Processing needs to ensure the quality of the raw materials it uses for the food processing.

After the Food Manufacturers packages the food, they will set the guidelines and time for the deliver of these packages to the distributors who will deliver it to the end – consumers. These guidelines include the mode of transport, need for refrigeration, time of delivery etc. A typical transport from a Food Processing plant to the Distributor is shown in Figure below. Usually the Food Processing industries use the services of the Logistics providers the logistics with their transport guidelines. 

The Logistics Providers ensure that the packages are delivered at the prescribed temperature environment and at the correct time.

Figure  – Transport from Manufacturer to Distributor
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The Parts shown in green are the ones of the Food Processing industry. The Blue ones are the logistics provider, as you can see from the figure the logistics might involve multiple transports and multiple intermediate storages, so it is the responsibility of the logistics provider to ensure that packages are handled at proper temperature. Storage is provided by the logistics company at various strategic points, and the package is finally delivered to the distributor. Then the distributor delivers it to the end consumers based on the orders.

In another case, the packages are left at the storage itself; the distributors will pick the food packages from the storage on a need basis, thus utilizing the storage provided by the logistics itself.

Due to the interactions between different processes and multiple interventions during transport, there are lot of possibilities of food package getting spoilt and having bad quality which can harm the consumers. Finally there is no point in blaming the processes for the failure, it is the end consumer who will get affected because of bad quality. Hence this is a good use case for the study of a monitoring system for the entire supply chain to assess the quality of the food package. Here, we leverage the RFID concepts in the food supply chain and propose a system for monitoring temperature and humidity.

Logistics Model

The various logistics models are described in the figure below,
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These are the various logistic models existing, Refrigerated Depot / Trucks for Cold Chain transport. Ambient Temperature Depot and Trucks for goods that needs to be transported in Ambient Temperature, other models include the express delivery and delivery using shuttles.

There are dedicated trucks for each of the model, and incase of cold chain transports, the trucks are dedicated for certain temperature (sub zero levels) and are transported in a refrigerated network. We will discuss briefly about the existing models, before we propose the new concept.

Cold Chain Logistics

Cold Chain logistics involve transport of goods that need to be transported at cold temperatures and involve dedicated storage and trucks. A typical flowchart describing this process is shown below.
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The packaged food from the suppliers is carried in dedicated refrigerated trucks to the nearest storage depot. From there the Logistics provider arranges for the Refrigerated transport to the destination.

Ambient Temperature Logistics

Ambient Temperature Logistics also involve transportation and delivery of goods that needs to be maintained at ambient temperature, Logistics Providers employ dedicated trucks for this purpose and maintain dedicated storage for Ambient – temperature goods. A typical flow chart for such a system is shown below,
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The other models like Express / Home deliver and Shuttle transport are also similar. Although the current approach is good and working, there are few drawbacks which prevents the system to scale up, few of them are

1. Ambiguity in Service Positioning

2. Disconnection in service window

3. Dis-organization of transport network

4. Inflexible transport

5. Disconnected fresh service network

All these different models are maintained independently by the Logistics providers and there are no sharing of best practices. There is no single entry – exit point for customers, the transport is hugely disorganized among the different models of a same logistic provider, hence resulting in huge wastes. Dedicated transport leads to greater in-flexibility.

RFID Based Approach

The main aim is to consolidate and integrate the existing models to provide a scalable, manageable network for transportation without compromising on the quality of the transport offered. The main criteria are listing below,

1. Effective control and monitoring pf temperature during transport

2. Reduce TCO, and operational costs for Logistics Provider

3. Flexibility of Truck Usage

4. Unified Interface for customers

This is a Multi – Temperature Joint distribution system where the transport and storage can handle varying temperature requirements with the help of temperature controllable storage containers. So now customer will have a uniform interface for all their different requirements. A Simple block diagram is shown below,
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All the four models, are unified in a way as shown in the figure. The customer no longer needs to know about the different service models, They just set the requirements for the package and send it to the logistics providers, Logistics providers take care of assigning these packages to different storage containers and transporting them in general trucks, Thus sharing the common transport and the infrastructure. Basically what it has done is te localization of the temperature control to the package level and hiding these information from the infrastructure level.

A simple block diagram of a storage container is shown below, It has a RFID module which provides a unique identification for the container, there is a configurable temperature controller, which can control the temperature of the container, either locally or remotely.

This system also has connectivity thro GSM/GPRS, by which it can communicate with the network.


The food packages collected from different suppliers are grouped according to the temperature requirements and assigned to different storage containers. Each of them has their own temperature controller, which can be controlled and monitored centrally. RFID enables unique identification of this container and its contents.

The flow diagram involving the Multi-Temperature transport is shown below. Now the Food suppliers directly deliver their goods to a nearest Storage Depot. The Logistics provider takes care of grouping this good and assigning it to proper storage units. The whole goods is divided into small packages with different storage containers for different temperature requirements.

Now these Storage containers can be transported in any type of truck and stored in any storage, since the temperature control is decoupled from the infrastructure. Further more, using RFID and GSM technologies, the temperature data can be monitored anywhere during the lifecycle of the transport.
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It provides Integrated Multi temperature monitoring and control, single service window for all customers. The system can scale up any time, because of localization of temperature control and control over the entire infrastructure.

Fish Logistics

The RFID based process design is depicted in the figure below,

All the four process involved and its dependencies/flow is depicted in the picture.

Fishing

1. Fisher Men goes for fishing, catches fish.

2. Caught fishes are brought to shore and delivered to Processing Industry

3. No Monitoring can be done here, since the fishes are not yet packaged.  

They are just sent in some containers to the industry.
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Processing

1. A processing industry has lots of sources of fish from various Fisher Men; all of them deliver the fish shipments to the industry. 

2. Fish thus collected are sent for cleaning and grouping according to its species type. This is also done by the fisher man for their shipment.

3. The fishes are now packaged into packages of various types and sizes based on the product specifications. 

4. To ensure the quality of the fishes and to monitor it, RFID smart tags are tagged onto the package.
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Now the packages are grouped into shipments and delivered to the 3rd party logistics providers for delivery.

Logistics

A logistics provider provides transport to an industry with their temperature requirements. They provide both refrigerated and non-refrigerated transports.

                                                    [image: image11.jpg]



1. Fish Shipments received are first sent to a refrigerated storage.

2. From the storage these are dispatched to the proper end destinations using refrigerated transport using trucks, train or flight.

3. At the destination, these are again stored in a refrigerated store. 

Either the Wholesaler collects it from the store or it is delivered to them directly (in which case the Wholesaler need to have proper cold storage).

Delivery

The Distributor / wholesaler get the fish packages from logistic providers. Now they check for the quality of the received fish packages with the help of a RFID reader and a computer. The RFID reader will read the temperature data from the RFID smart tag embedded into the fish packet. The data will be sent to the computer and a graph displaying the temperature of the fish packet from the time it is packet can be seen. If the temperature is well maintained during its lifecycle, the distributor decides to deliver the packet to the consumers.

The overall process diagram for RFID based Temperature monitoring in a typical fish chain along with the interactions is shown in the figure below
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Warehouse
RFID Based Temperature Monitoring in Warehouse

We will discuss about the RFID based temperature monitoring in a Warehouse. The overall process design using RFID is shown in the process diagram below,

A Warehouse is a storage space, used by manufacturers, exporters, transport logistics providers, importers, wholesalers etc. Goods are stored in warehouse as packages and stored for certain time under certain temperature constraints and finally removed from warehouse and sent for delivery.

In this paper, we will briefly describe the process design involved in the temperature monitoring in a warehouse.

Goods package are received along with its temperature constraints by the warehouse management. Ambient tags are placed on the package; these tags are configured to monitor the temperature of the package at certain time intervals as required by the package. There is also a maximum time to store this package inside the warehouse, before which it needs to be shipped out. This is denoted as TTL ( Time To Live), this is basically a eviction policy to ensure that goods that comes first leaves the warehouse first (a FIFO – First In First Out policy). This capability is also provided by the ambient tags. These tags will be configured to alert the warehouse management about the starvation at the end of TTL. 

Once the package is tagged and activated with TTL, it will be sent for storage at required temperature setting. The package stays there until someone picks it up for delivery. The delivery process varies depending on the usecase, but all finally boils down to moving out this package from the warehouse.

The Ambient tag on the package is already monitoring the temperature of the package periodically and updating its memory, also the TTL timer is also running inside the tag. For instance, if the package is not picked up within the TTL (which means the tag is not deactivated within TTL), the tag will create a alert to the warehouse management, so that the management can arrange for the delivery of this package on priority.

But under normal circumstances, the packages will be picked up within the TTL, at the time of pickup the ambient tags on the package will be scanned to read the temperature data. The reader will display the accumulated temperature data of the package for the time its been stored in the warehouse. With this data, the warehouse management can easily find out whether the constraints for the package has been met by the warehouse temperature regulated storage system.

After this process, the Tag will be deactivated and sent for delivery, which is moving out of the warehouse to another warehouse or a distribution center etc.
Figure – Alerting Sequence
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Warehouse Process Design
Beer Cans

For Temperature monitoring in beer cans, we use a temperature sensitive labels or tags. Temperature sensitive tags are adhesive tags which can be placed on any object whose temperature needs to be monitored. These tags display a color change, which is ir-reversible, to indicate an exposure of that object to higher temperature, which can be preset, for some amount of time.

The Detailed process flow is shown in the activity diagram below,

First Step in this process, is the preparation of the temperature sensitive tag, this step depends on the supplier on the tag. Each tag manufacturer uses certain temperature properties of chemical compounds for temperature monitoring. Preparation of the tag ranges from refrigerating the tag before usage for about 24 hrs, or heating up the tag up to 40-60 degree Celsius and maintaining in that temperature for about 30 minutes – 1 hour. So this procedure is dependent on the choice of the tag manufacturer.

After the tag is prepared for temperature monitoring, it now becomes ready and can be directly put on the beer cans. After pasting this tag, the beer cans are further grouped into shipments and sent to the logistics provider for delivery. During this period, the beer cans goes thro various trucks, gets stored temporarily in warehouses, handled manually or electronically at various places and finally reaches the destination, who could be a distributor or a retailer.

Once the beer cans reaches the destination, the end user checks the color of the tag for any mis-carriage exposing the cans to higher temperature for a longer time. The color change is also specified by the tag manufacturer and is dependent on the tag used for this process.

The color change on exposure to higher temperature may be like a orange to white, or from grebe to blue. There are various such combinations of the color change which depends on the underlying chemical compound used by the tag manufacturer.

The Distributor or the retailer checks for this color change specified in the label. If there is no color change then it means the beer cans are safely maintained in proper temperature and hence they accept it. If there is a color change, it indicates exposure to high temperatures, so the end-user rejects the can. Number of rejections per area will throw some light on which area in the supply chain is having problems in the transport and it can be improved to transport the beer cans with 100% acceptance rate.
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Comparison of Technologies  - Smart Tag and Ambient Tag

RFID Smart Tag

In this section, we discuss the various technical features and the complete design of the RFID Smart Tag. Smart sensor is the one which can typically do multiple functions, in this case can monitor temperature and act as a RFID tag. 

The Block diagram of the tag is as shown below,




PIC16F series microcontroller forms the heart of this Tag, this is the microcontroller from PIC. These are 8 bit micro controllers with inbuilt peripherals like ADC, Timers etc.
The Microcontroller is interfaced with the Low power temperature sensor (PT100) in the ADC (Analog to Digital Converter Channel). The Microcontroller has an inbuilt ADC channel (8 bit ADC). 

The RF interface is provided by the ZIGBEE(2,45 GHz) and the Low frequency Transceiver (125 Khz) for low power control signals. Usually the Zigbee transceiver is disabled, and the smart tag waits to receive the control signals at 125Khz LF transceiver. This channel is used for Activation, De-Activation, Change Data Transfer Mode control signals. All the data is sent thro the ZIGBEE transceiver, it can form adhoc network with the nearby tags and provide traceability. Whenever a control signal is received the microcontroller is interrupted.

The Microcontroller is interfaced with the external EEPROM for storing the temperature data. Since the microcontroller has 8 ADC channels, technically 8 different analog sensors can be interfaced with this microcontroller. So maybe a pressure sensor or a humidity sensor can be interfaced with tag for monitoring.

Microcontroller is enabled with the Hardware Timer which can run even during the Sleep, and consume very low power. This timer takes care of waking up the microcontroller for measuring and storing temperature data.

Technical Specifications

PIC16F628
PIC – 8 bit Microcontrollers from microchip.
Inbuilt ADC

Inbuilt Timers

External Interrupts
ZIGBEE

ZigBee is a specification for a suite of high level communication protocols using small, low-power digital radios based on the IEEE 802.15.4-2003 standard for wireless personal area networks (WPANs)

ZigBee is targeted at radio-frequency (RF) applications that require a low data rate, long battery life, and secure networking. 

ZigBee is a low-cost, low-power, wireless mesh networking proprietary standard. The low cost allows the technology to be widely deployed in wireless control and monitoring applications, the low power-usage allows longer life with smaller batteries, and the mesh networking provides high reliability and larger range.

PT100
Platinum Temperature sensors
State Diagram

The Smart Tag operates in four different states as depicted in the following figure,
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Initial state of the smart tag is inactive, once the tag is powered up, it remains in the INACTIVE state. In this state, the controller does not do anything. It just SLEEPS indefinitely, till it is interrupted by any control signal for activating the tag,

Once an Activation signal is received on the LF, microcontroller is interrupted and goes to the ACTIVE state. In ACTIVE state, microcontroller starts to measure the parameters in periodical intervals and store it in memory. This interval, the Tag’s ID and the time of activation is sent to the tag at the time of activation.

Once the Tag gets activated, it becomes eligible for data collection at fixed time intervals. The Activation parameters are the ID for the Tag, activation time stamp and the sampling time. Microcontroller initializes its timers for periodically doing a task at this sampling rate. This timer task performs reading from the temperature sensor and storing it in memory.

From Data Collection state, the microcontroller goes to SLEEP state, after the Data Collection timer task is completed. It remains in the SLEEP state, till the sample rate timer interrupts the microcontroller for Data Collection state.

When in SLEEP state, the microcontroller may receive control signal for data transmission or Tag Deactivation. During data transmission control signal, the Microcontroller enables the ZIGBEE module and transmits the collected data to the Reader. When receiving a Deactivation signal, the Microcontroller clears its memory and timers and goes to its initial state.

Smart Tag Process Flow – Data Collection

The Process flow diagram for the Data Collection mode is shown below,
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After the Activation signal is received, the Microcontroller receives the activation params tag ID, activation time stamp and the sampling time interval. Once initialized it starts monitoring the temperature data in defined sample times.

First the microcontroller, initialize its timer and a task for execution after the times out (a timer interrupt routine). The Timer duration is the sampling time sent during the activation. Microcontroller initialize its timer for the given delay and goes to its low power operating mode (SLEEP). 

This timer consumes very low power and can run even when the microcontroller is in SLEEP mode, once the time overflows after the delay, the timer interrupt is executed, which reads the temperature data and writes to the EEPROM. After the task is finished, the timer is reloaded and the controller again goes to SLEEP.

This process will be repeated till the tag goes to INACTIVE state.

Smart Tag – Deactivation Process Flow

The Deactivation sequence of the Smart tag is shown below in the following figure.
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The understanding here is that during deactivation signal, the Smart tag is already in the Data Collection / ACTIVE mode. If the tag is already INACTIVE then thus sequence does not make any sense. 

During ACTIVE mode, the tag will continually monitor the temperature of the object and store it in memory, during this operation a reader can interrupt the tag to read the tag ID and tag data for processing. If the Reader thinks that this tag can be cleared up for reuse, then it issues a De-Activation control signal.

On Receipt of the de-activation signal, the smart tag starts its process sequence for cleaning it up, so that it could be re-used again for a different purpose and environment. This sequence involves, clearing its Identifier, Clearing the memory of data collected since its activation and clearing the timers for executing the timer tasks for data collection. 

After this, the Smart Tag goes to INACTIVE state and stays there, till it receives a activation control signal.

SmartTag Life

The life of the Smart Tag is directly proportional to the Battery life of it, and to the sampling time. The relation between both these parameters is shown below in the following charts,

Relation between Battery Life and Smart Tag,
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Relation between Sampling Time and Smart Tag,
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Advantages

1. Temperature Monitoring and RFID in a single tag.

2. Low power consumption, can be used for 30-60 days, depending on the battery life and sampling rate needed. Higher retention rates can be achieved with lower sampling cycles.

3. Provides Temperature data along with the accurate timeline.

4. Provides data for individual objects

5. Suitable for monitoring the supply chains where the objects are mostly transferred individually and in mission critical supply chains where the temperature needs to be strictly maintained, like Blood Bags

6. Can be reused

Disadvantages

1. Initial overhead cost associated with the Tag, 

2. Although can be reused, there is still a maintenance cost associated with it, like recharging batteries, antenna life etc.

3. Data tightly coupled with individual object and hence will be a huge monitoring effort when used in a high volume supply chain scenarios.

4. Suitable only for select usecases, for others it is an overhead than of any value it could add.

Ambient Tag

In this document, we discuss the various technical features and the complete design of the Ambient Tag. This is the tag used in Food supply chain management and it can do multiple functions other than just being a RFID tag, like monitoring temperature, monitoring humidity and direct connectivity to GSM/GPRS. So the real time information can be fetched from anywhere along the supply chain.

The Block diagram of the ambient tag is shown below,
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PIC24F series microcontroller forms the heart of this Tag, this is the microcontroller from PIC XLP (Extreme Low Power) series, which consumes a sleep current in the order of few tenths of nano amperes. 

The Microcontroller is interfaced with the Low power temperature sensor (FM20) in the ADC (Analog to Digital Converter Channel). The Microcontroller has an inbuilt ADC channel (10 bit ADC). 

The RF interface is provided by the ZIGBEE(2,45 GHz) and the Low frequency Transceiver (125 Khz) for low power control signals. Usually the Zigbee transceiver is disabled, and the smart tag waits to receive the control signals at 125Khz LF transceiver. This channel is used for Activation, De-Activation, Change Data Transfer Mode control signals. All the data is sent thro the ZIGBEE transceiver, it can form adhoc network with the nearby tags and provide traceability. Whenever a control signal is received the microcontroller is interrupted.

The Tag is also interfaced with the GSM/ GPRS modem for providing real time updates on request during its lifecycle at anywhere during the supply chain.

The Microcontroller is interfaced with the external EEPROM for storing the temperature data. Since the microcontroller has 10 ADC channels, technically 10 different analog sensors can be interfaced with this microcontroller. 

Microcontroller is enabled with the Hardware Timer which can run even during the Sleep, and consume very low power. This timer takes care of waking up the microcontroller for measuring and storing temperature data.

Technical Specifications
PIC24F16KA102
PIC - XLP(Extreme Low Power) Microcontrollers from microchip.

PIC MCUs with nanoWatt XLP Technology for low power embedded applications bring you:
■ Sleep / Power-down current down to 20 nA
■ Brown-out Reset down to 45 nA
■ Watch-dog Timer down to 400 nA
■ Real-time Clock/Calendar down to 500 nA

Peripheral Features:
1. Hardware Real-Time Clock and Calendar (RTCC):

- Provides clock, calendar and alarm functions

- Can run in Deep Sleep Mode

2. Up to Three External Interrupt Sources

3. 10-Bit, up to 9-Channel Analog-to-Digital Converter:

- 500 ksps conversion rate

- Conversion available during Sleep and Idle

ZIGBEE
ZigBee is a specification for a suite of high level communication protocols using small, low-power digital radios based on the IEEE 802.15.4-2003 standard for wireless personal area networks (WPANs)

ZigBee is targeted at radio-frequency (RF) applications that require a low data rate, long battery life, and secure networking. 

ZigBee is a low-cost, low-power, wireless mesh networking proprietary standard. The low cost allows the technology to be widely deployed in wireless control and monitoring applications, the low power-usage allows longer life with smaller batteries, and the mesh networking provides high reliability and larger range.

FM20
Ultra-Low-Power Analog Temperature Sensor
Features
• Analog Output, -11.77mV/°C

• Range, -55 to 130°C

State Diagram
The Ambient Tag operates in four different states as depicted in the following figure,
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Initial state of the tag is inactive, once the tag is powered up, it remains in the INACTIVE state. In this state, the controller does not do anything. It just SLEEPS indefinitely, till it is interrupted by any control signal for activating the tag, (from LF or GSM)

Once an Activation signal is received on the LF, microcontroller is interrupted and goes to the ACTIVE state. This can come from GSM also, by sending an SMS. In ACTIVE state, microcontroller starts to measure the parameters in periodical intervals and store it in memory. This interval, the Tag’s ID and the time of activation is sent to the tag at the time of activation.

Once the Tag gets activated, it becomes eligible for data collection at fixed time intervals. The Activation parameters are the ID for the Tag, activation time stamp and the sampling time. Microcontroller initializes its timers for periodically doing a task at this sampling rate. This timer task performs reading from the temperature sensor and storing it in memory.

From Data Collection state, the microcontroller goes to SLEEP state, after the Data Collection timer task is completed. It remains in the SLEEP state, till the sample rate timer interrupts the microcontroller for Data Collection state.

When in SLEEP state, the microcontroller may receive control signal for data transmission or Tag Deactivation. During data transmission control signal, the Microcontroller enables the ZIGBEE module, if the request comes thro RF or enables GSM, if the request comes thro GSM and transmits the collected data to the Reader. When receiving a Deactivation signal, the Microcontroller clears its memory and timers and goes to its initial state.

Process Flow – Data Collection

After the Activation signal is received, the Microcontroller receives the activation params tag ID, activation time stamp and the sampling time interval. Once initialized it starts monitoring the temperature data and humidity data in defined sample times.

First the microcontroller, initialize its timer and a task for execution after the times out (a timer interrupt routine). The Timer duration is the sampling time sent during the activation. Microcontroller initialize its timer for the given delay and goes to its low power operating mode (SLEEP). 

This timer consumes very low power and can run even when the microcontroller is in SLEEP mode, once the time overflows after the delay, the timer interrupt is executed, which reads the temperature data and writes to the EEPROM. After the task is finished, the timer is reloaded and the controller again goes to SLEEP.

This process will be repeated till the tag goes to INACTIVE state.
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Figure – Process Flow Data Collection


Process Flow – Tag Data Collection

The Data Collection task is also similar to the Smart tag except that, there are multiple triggers here to retrieve information. As we have already studied, there are two sources of control channels, GSM and RFID.

A Reader or administrator can request for data from the ambient tag, from a RFID reader itself or the GSM modem by sending a SMS command, for which the tag will respond the requested data thro SMS reply.

By identifying the source of the request, the tag responds to the requester by the corresponding channel. The type of data could be the current temperature data in the supply chain, the duration of it during the transport process etc.
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Figure – Data Collection process

Lifetime

Lifetime constraints are similar to that of the Smart tag, so that is not described again in this section.

Advantages

1. Temperature, Humidity, RFID. GSM as a single device

2. Low Power Consumption and hence can be used for 30-60 days.

3. Provides the accumulated data with the timeline.

4. Provides data for a whole container, (data relevant for all the objects in the container), eg, pallets, storage containers etc.

5. Can be Reused

6. GSM provides additional capabilities of real time location tracing at any point during the supply chain process.

Disadvantages

1. Initial Overhead cost.

2. Provides data for a unit of objects, (individual tracking is not available)

3. Generalised data can be sometimes not applicable for Mission critical scenarios; hence these tags also favour only certain kinds of scenarios.

OverAll Design
Comparative Study

Key Features

Smart Tag

1. Individual Object Tracking

2. Mission critical scenarios

3. Temperature data for individual objects

Ambient Tag

1. Tracking of Multiple objects

2. Bulk scenarios

3. Temperature data for a pallet or containment or a shipment level.

4. Real time tracking (GSM), configuring business rules (send auto SMS alerting the starving time for a shipment etc.)

Study

Both these technologies have lot of advantages in their domain of use, but face some disadvantages when tried to apply it generically. So now we will study about the co-existence of both these technologies and propose a generic concept for overall temperature monitoring using RFID in a supply chain.

Envisioned Scenario in a Blood Bag Tracking System

Overall Process Desgin

In Blood Bag temperature monitoring using RFID we will try to use both these technologies and try to find out the feasibility and the advantages it would offer in the existing system.

We have already studied about the RFID based temperature monitoring in a blood bank using Smart tags, and Ambient tag based monitoring. Now let’s briefly discuss about how both these technologies complement each other.

1. The Blood Bag is not always transported as a single unit; these are collected and transported as one unit, let’s call it as one package. Package may contain 1 to many blood bags and each of them can have varying properties like RH, donor, hospital etc,

2. Volume of Blood bags transported makes the monitoring of it difficult, considering a case where there is hundreds of blood bags processed each day, it means that the reader has to process hundreds of this data (which is already in thousands) and provide a quality view of it. When the volume is high this process becomes tedious.

3. Next reason would be the Supply chain starvation. Starvation is defined as the time for which the item is not picked up by anyone in a supply chain. Higher starvation time lead to expiry of the object (affects the shelf life of the blood bag). So it would be nice to have some kind of indication to the users, which package is starving.

4. Considering the fact that the blood bags are sent in packages and transported thro various transport vehicles, the temperature exposure to various blood bags in a container can be different and largely varies. This kind of scenario will particularly need an individual tracking of the blood bags.

5. Let’s take an emergency scenario where huge volume of blood bags needs to be transported immediately, in such cases, the emergency protocols come into place and in these situations more caution needs to be taken on the monitoring of the blood bags. These cases also require individual monitoring, but we also need to consider that this is an emergency situation, so the transport lead time also would be less, so it would also make sense to safely relax on certain monitoring, like monitoring the whole container using ambient might be sufficient.

6. Again if we consider another kind of emergency, where the volume of the bag transported is very less, but the time is critical. In such cases, one would clearly favour the Smart tags. The reason being the monitoring overhead is little since the volume is lower, also the container is not completely full.

7. Real Time location sensing (RTLS), is gaining in more attention in supply chains these days. Ambient tags provide this capability. The Real time location of a Ambient tag can be queried any time in the supply chain, this would be very much necessary in case of emergency cases as well as the normal scenarios.

Let’s only take these scenarios and see how the combination of these technologies will solve these problems and add value to the existing system

1. By Adding an Ambient tag to the package/transport container, it becomes possible to track the package as a whole along with the temperature data and the humidity data. Moreover the real time data can be fetched using a mobile phone also.

2. This is the main advantage. As long as the whole package is well within the temperature limits, the individual blood bags inside the package will also be under the limit. So there is no point in monitoring the entire package. This will reduce the complexity in the administration and monitoring. Individual data becomes critical only when the package temperature is exceeding the threshold limits. In such cases, the individual objects can be read for more details about their exposure. Also this is only for that defect package, not for all the packages.

3. Ambient tag can reduce the supply chain starvation for a package, by automatically alerting the administrator thro a SMS. This alert can be configured during the activation itself, saying like after 30 days if the tag is still active, and SMS needs to be sent. The tag also stores this info and after 20 days if the tag is still active, it will send a SMS to the admin, so that he can look at this and avoid starvation and this leads to efficient resource utilization.

4. This is also a critical problem as stated in the scenario 2, some times it becomes necessary to scan the individual blood bags if the transport nature is not reliable. The ambient tag itself can give a hint about the temperature; in those cases it is necessary that we use the smart tags also. This will help in assuring the quality of the blood bags.

5. This is a special case, where a large volume of blood is transported at very short time. Standards allow the blood bags to be exposed to room temperature (>10 degree Celsius) for about 30 minutes. Considering a emergency situation where thousands of blood bags are transported from nearby hospitals in a short time frame, it will not be possible to scan individual blood bags for temperature data, hence it will be a safe bet only to consider the ambient tag data and proceed with the transfusion process.

6. This scenario also favours the use of Ambient tag, but even in emergency if the transport lead time is slightly higher, it is better to use smart tags along with the ambient tags for ensuring quality.

7. This capability is the core part of the Ambient tag, irrespective of the scenario being emergency or a routine transport, RTLS will be necessary for providing location information of the blood bags to the hospitals and the logistics provider which will help in planning and estimating the receivable time.

We will now discuss the overall process design for the above described scenarios in general.

Overall Process before Transport

The Process before transport is pretty straight forward as we discussed in our previous design documents

Initially blood is collected in Blood bags and sent to storage from the Blood Collection units. These Blood bags are tagged with Smart Tags and sent for storage. The Smart tags are activated and they start to monitor the temperature of the blood bag. The probability of error in this process is minimal because mostly this process happens in-house or indoor.

When there is a request for transport, these bags will be put to a transport container and ambient tag will be added to the container. After this the container will be sent for transport.

By now, both the Ambient tag and all the smart tag inside the container are activated and are monitoring the temperature of the Container and the individual blood bag respectively.

This is the overall process for the Blood bag temperature monitoring before transport.
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Also it not necessary that the blood bags will be transported after collection, it is very much possible that they are just kept in the containers in a local storage. Transportation comes only to picture, when there is a request for an external hospital or in emergency situations. So in anycase, the bloodbags are collected in a container and kept in storage. Both the Ambient tags and the Smart tags are monitoring the temperature, the reasons and the scenarios will be discussed in the following sections.

Blood Transfusion Process

The blood transfusion process flow diagram is shown below,

When there is need for a blood bag, it is requested from the storage. The storage unit takes care of delivering the blood bag from the its own local store and arranges for necessary procurement procedures and ensures they get the blood bag in time.
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The Received Blood bag container will have a ambient tag, which is already monitoring the temperature of the whole container. On receiving the container, the ambient tag is read to get the temperature information of the whole blood bags inside it.

If the temperature of the container is well within the limits, (<5 degrees Celsius), then it means that the container has met the transport criteria for temperature and hence can be sent for consumption directly.

This saves lot of monitoring time and effort for the hospital, instead they would have been monitoring each and every blood bag inside the container for temperature data. This clearly explains the scenario 2 we discussed earlier.

But there are some cases, where the temperature of the container is relatively higher than the normal value. In those circumstances, there is a need for individual monitoring. For eg, if the container temperature is shown 10 degree Celsius, it does not mean that all the blood bags inside the container are exposed to that temperature. So it now imperative that we need to check the individual blood bags and analyse the data on a case by case basis. 

This also gives information about the individual donor, blood RH type etc, so it is not that this monitoring needs to be done only in high temperature cases, but also can be done when the load is not high or when there is a requirement to group the blood bags based in its properties like RH type, collection date etc. This explains the scenario 1 we discussed earlier.

For the Emergency cases, which we discussed in scenario 5 & 6, this holds true. In these cases, the exposure time of the blood bags to high temperature would be minimal and to avoid the monitoring overheads it will be a good idea to group the blood bags of same RH type and related collection dates together, so that it aides the emergency transfusion process. IN these cases, the ambient tag itself will carry information regarding the RH type of blood bags inside the container and a collection date common for all the blood bags.

For emergency cases, with less volumes of different blood bag types, there is no much choice but to use both these technologies to ensure the proper quality and transparent transfusion process.

Starvation Alert Process

This is an interesting scenario described earlier in point 3, this talks about the starvation time for a blood bag when in storage.

Blood bags can be kept in storage only for maximum period of 30 days, if it exceed more days than that, then it becomes usable. So it is very much important to consume the blood which has come first. So we would need to First In First Out queue kind of distribution process to avoid starvation. But this is typically hard to achieve in a supply chain, because of various reasons.

This can be achieved by the use of Ambient tags. If the ambient tags are configured to trigger an alarm or trigger an alert after certain time after activation, it will send out a alert if the tag doesn’t get deactivated with in that time.

Internally the tag will start a timer for the given time, when the timer overflows, (which means the tag is not yet de-activated) then an alert is raised. This alert will be received by admins and they will ensure that this package is processed on priority before other blood bags.
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Thus by the use of this technology we can prevent starvation of the blood bags and hence improve the usage efficiency.

RTLS – Real Time Location Sensing

This is again a important feature of the ambient tags, since they use the GSM modems within them for location tracking. This location tracking usecase was discussed in scenario 7, this is very important for hospitals as well as logistics providers to track timely delivery of the blood bags in case of emergency.

Once the Ambient tags on the container are activated, it becomes eligible for RTLS functionality. So from then on, administrator of the system can send a sms to this tag and receive information about the tag, since it uses a GSM modem for communication, the location information can be traced easily by identifying the signal tower area the sms is sent from.
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This data can be collected during the activation lifecycle of the ambient tag. This is one of the key value add to this system.

Why We did this Project
As we already stated, after studying different technologies and usecases, we identified few gaps in the existing systems due to desperate technologies. We tried to bridge the gap and try to solve the below mentioned problems, which would not have been solved with the previous implementations.

1. The Blood Bag is not always transported as a single unit; these are collected and transported as one unit, let’s call it as one package. Package may contain 1 to many blood bags and each of them can have varying properties like RH, donor, hospital etc,

2. Volume of Blood bags transported makes the monitoring of it difficult, considering a case where there is hundreds of blood bags processed each day, it means that the reader has to process hundreds of this data (which is already in thousands) and provide a quality view of it. When the volume is high this process becomes tedious.

3. Next reason would be the Supply chain starvation. Starvation is defined as the time for which the item is not picked up by anyone in a supply chain. Higher starvation time lead to expiry of the object (affects the shelf life of the blood bag). So it would be nice to have some kind of indication to the users, which package is starving.

4. Considering the fact that the blood bags are sent in packages and transported thro various transport vehicles, the temperature exposure to various blood bags in a container can be different and largely varies. This kind of scenario will particularly need an individual tracking of the blood bags.

5. Let’s take an emergency scenario where huge volume of blood bags needs to be transported immediately, in such cases, the emergency protocols come into place and in these situations more caution needs to be taken on the monitoring of the blood bags. These cases also require individual monitoring, but we also need to consider that this is an emergency situation, so the transport lead time also would be less, so it would also make sense to safely relax on certain monitoring, like monitoring the whole container using ambient might be sufficient.

6. Again if we consider another kind of emergency, where the volume of the bag transported is very less, but the time is critical. In such cases, one would clearly favour the Smart tags. The reason being the monitoring overhead is little since the volume is lower, also the container is not completely full.

7. Real Time location sensing (RTLS), is gaining in more attention in supply chains these days. Ambient tags provide this capability. The Real time location of a Ambient tag can be queried any time in the supply chain, this would be very much necessary in case of emergency cases as well as the normal scenarios.

Value addition to the existing system

Having discussed the various scenarios, we will now summarize the value add for the system these complimentary technologies provide.

1. Ensuring the quality of blood bags

2. Temperature monitoring along the whole supply chain

3. Reduce Starvation

4. Real Time Location tracking

5. Individual as well as Bulk monitoring capability

6. Reusability
7. End to End Visibility 

8. Real time temperature data

9. Configurable Alerts for Starvation

10. Real time status (GSM)
Conclusion
We studied the various RFID based temperature monitoring systems and their technology, based on it, we did a comparative analysis of both the technologies and identified pros and cons of each of them. From these findings we developed the overall process design for Blood bank, and identified the value add to the existing system because of the technologies complementing each other.
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