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7.0 Recommendations for data storage 
 

The following section will detail algorithms that may be employed to store and 
retrieve data on a mote which employs the FAMA/TDMA hybrid MAC protocol for 
data transfer. 

7.1 Characteristics of the Data 
Let us first and foremost characterize the types of data that the mote may need to 
store; 

• Configuration Parameters – this could be some system specific or mote 
specific data, such as mote firmware version, mote ID, etc. It should be noted 
that these parameters will require a relatively small amount of memory. As 
such the microcontroller’s internal EEPROM may be employed for this 
purpose. 

• Sensor Data – Sensor data may be either be read periodically or when a 
particular even occurs. Since the mote maybe out of radio range of the base 
station for extended periods of time, ample space is required to store the data. 
Therefore an off-chip memory will be required  

7.2 Selection of off chip non-volatile memory 
Since a large amount of memory is required, the NAND flash device becomes the 
obvious choice for the off chip non-volatile memory. Two types of NAND flash are 
available for this purpose; 

• Flash Memory IC – such as the AT45DB041 found on the MICA2. These 
memory chips generally provide a serial interface such as I2C (Inter-Integrated 
Circuit) or SPI (Serial Peripheral Interface). A separate flash file system 
component will have to be executed by the mote. 

• Flash Memory Card – such as SD, MMC or CF, which have an internal 
controller that carries out wear levelling. To the uninformed user, the memory 
card appears to be no different to any other block device, such as a hard disk. 
A general purpose file system can be employed. Due to their wide spread use 
in electronic devices such as digital cameras and mobile phones, memory 
cards are widely available. 

The mote employs an 8-bit micro-controller as the main controller. Running TinyOS 
and the processor intensive MAC protocol will be a heavy burden on this controller. If 
a NAND memory IC were to be used, a flash file system would also have to be 
executed on the mote. This would further increase the CPU loading. Additionally, in 
case the memory IC is damaged, replacing the part may require de-soldering.  

By employing a memory card, the burden of wear levelling can be offloaded on to the 
memory card itself. Memory cards are designed to be fitted into special memory card 
holders. Therefore replacement of a faulty card would be quite simple and can even 
be carried out by a layperson. 

The cheapest and most widely available memory card at the writing of this document 
was the SD family of memory cards. Although there are several variants of this type 
of memory card, all of them provide a common interface. The hardware interface 
provided for these cards is a simple SPI port found on many microcontrollers. 
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7.3 Data storage/retrieval algorithm 
Most memory cards come pre-formatted with the FAT16/32 file system. The reason 
behind this is that, embedded system designers generally allow users to un-plug the 
memory card from the embedded device and to plug it into a PC. But in the 
application under review, no such requirement exists. Therefore a very simple file 
system which is nothing more that a collection of records may be employed for this 
purpose. 

When records are generated, each new record is placed in RAM. When enough 
records have accumulated in RAM, the record collection can be written to a new flash 
block. Information on the next sector to read from/write to is kept on the internal 
EEPROM of the microcontroller. Although limited space is available on the internal 
EEPROM, the number of erase/write cycles is much larger than flash memory. 

Additionally a copy of next block of data to be sent over the radio is also kept in 
RAM. When a mote has come within range of a base station and has registered with 
the base station, it will read out this block of data from RAM, and transmit the data 
over the radio in a single upload cycle. Once the block of data has been transmitted, 
the node will deregister from the network, copy the next block of data to RAM and 
update the relevant data structures held in the EEPROM. After this, the node will 
again try to register with the base station in order to send data. This process can 
continue, until there are no more data block to be transmitted or until a threshold has 
been reached. 

 
7.4 Hardware interfacing 
Assuming an SD memory card is employed, a resource constraint will emerge given 
that both the radio transceiver and the memory card requires an SPI port to 
communicate with the microcontroller and since the current microcontroller 
(ATMega128) only has one SPI port. 

When communicating with the radio transceiver the microcontroller serial port will 
have to act as a SPI slave. When communicating with the memory card the 
microcontroller serial port will have to act as a SPI master. This eliminates the 
possibility of sharing the SPI port between the two devices. Given these constraints, 
there are two possible methods of interfacing the microcontroller to the memory card. 

• Use a second controller – in this option, the memory card is interfaced to the 
SPI port of a second much cheaper microcontroller). The main controller and 
secondary controller can be interfaced using a serial port. This option has a 
number of problems, such as increased cost due to extra components and 
larger board size. 

• Use software SPI – In this option a bit banged (software) SPI port is 
implemented. Although significant work is involved with implementing a 
software SPI port, once implemented the solution will be stable and cheaper 
than the alternative. 


