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ABSTRACT 
FoneAstra is a low-cost, programmable device that extends 

capabilities of mobile phones. We show how our device extends the 

functionality of non-programmable, low-tier mobile phones that are 

most prevalent amongst people from low-income groups in 

developing regions. FoneAstra enables interesting mobile 

applications in a variety of domains ranging from participatory 

sensing to remote monitoring to healthcare.  The paper describes 

several applications that we are currently developing. As a first 

sample application, we demonstrate location tracking capability on 

low-tier mobile phones that are not programmable and do not have 

GPS capability. In prototype quantities, FoneAstra costs only $15. 

1. INTRODUCTION 
Hardware miniaturization and advances in embedded systems have 

resulted in the evolution of mobile phones from being voice and 

SMS communication devices to smart devices that have several 

sensors (motion, location etc) and communications and computing 

capabilities close to the level of desktop computers. In developing 

countries mobile phones are the de-facto computing platform 

because they run on battery power, can be easily secured on the 

person, and have a limited but familiar user interface. Interesting 

mobile applications have been developed that leverage the phone’s 

computing and communication capabilities ([10] [11], [18]). As 

phone prices drop, more users are able to buy smarter, more 

capable phones. However, surveys indicate that low-tier phones 

(especially Nokia phones) are the most prevalent amongst people 

from low-income groups in both rural and urban areas of 

developing countries ([19], [20]). While these phones (e.g. Nokia 

1110, 1200, 1650, etc.) are cheap and affordable, they have 

minimal hardware and support only basic telephony. Most lack a 

flexible programming environment as is available for Android and 

Windows Mobile on mid to high-end phones. This severely 

restricts the services that can be delivered to the more numerous 

users of low-tier phones. 

In this paper, we present a low-cost system we are developing to 

extend capabilities of low-tier mobile phones. We call our system 

FoneAstra (in Sanskrit, Astra means weapon or tool). Since 

software-only extensibility is not possible, our approach combines 

hardware and software to achieve the additional functionality. 

FoneAstra is a programmable accessory based on an ARM7 

processor that connects to a phone through the phone’s data port 

and communicates to it using a standard serial protocol. The serial 

interface exposes some cellular capabilities such as 

sending/receiving SMS, making/receiving phone calls, querying 

the cellular network for information, etc. We use the device for 

application specific computation and leverage the phone for user 

input/output and cellular communications. In prototype quantities, 

the device costs only $15. The low-cost of the device combined 

with its extensibility (both in enabling new hardware and software 

to be added to low-tier phones), makes it a versatile platform that 

we envision being used in many different application areas such as 

participatory sensing, healthcare, remote monitoring, etc. Section 4 

discusses in more detail the relationship of FoneAstra to prior 

work. 

Even though non-programmable, low-tier phones are currently 

more prevalent in low-income settings, it is reasonable to expect 

that this will change over the next several years and many more 

people will have access to more capable and programmable 

phones. It is important to understand that our approach is not 

restricted to low-tier phones. In fact, moving forward, we envision 

FoneAstra to play a critical role in extending capabilities for smart 

phones as well. Sensors are increasingly being integrated onto 

smart phones (e.g. sensors for light, motion, proximity, etc). 

However, there are applications for which the required sensor(s) 

might not be available in a phone available on the mass market. 

With the limited, standardized connectivity options available on 

smart phones (USB or Bluetooth), it might not be possible to 

connect arbitrary sensors to the phone. However, microcontrollers 

including ARM7, offer several connectivity options for interfacing 

with hardware (UART, I2C, SPI etc.). A future version of the 

FoneAstra will have a standard interface for connecting to smart 

phones (using USB so as not to require a separate power source as 

for a Bluetooth device) and will have capabilities to easily host 

arbitrary sensors. Healthcare in developing regions is one 

particular domain that we are very interested in exploring for this 

future work [7].     

The principal contributions of the work presented here are: 

- Extending the capabilities of low-tier mobile phones in a 

practical, low-cost manner to enable new classes of 

distributed sensing applications.  

- Adding wider and more scalable deployment possibilities 

to existing approaches such as wireless sensor networks 

and participatory sensing. 

- Demonstrate that the approach presented will also be 

useful for extending high-end mobile phones. 

The rest of the paper is structured as follows. Section 2 gives an 

overview of the FoneAstra platform. Applications currently being 

developed and planned for the near-term future are discussed in 

section 3. We compare our system to related work in section 4.  

Section 5 concludes the paper.  

2. SYSTEM OVERVIEW 
FoneAstra is based on NXP’s LPC2148 processor [24], an ARM7–
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based microcontroller. The ARM7 processor was chosen because 

of its low-cost, support for low-power modes, and rich I/O 

interfaces (UART, SPI, I2C, USB and GPIO). We added a memory 

card interface as well to enable the device to have persistent 

storage of data. One of the 2 UARTs available on the LPC2148 is 

used for connecting to mobile phone serial ports, while the other 

UART is used for firmware upgrades and application debugging. 

[2] provides details of the platform, including the schematics. 

The serial interface exposed by low-tier mobile phones is the key 

to extending the phone’s capabilities. GSM and CDMA phones 

typically implement an AT command interface ([25], [26]) that is 

accessible over a serial link. Additionally, if AT commands are not 

implemented on the phone, vendors usually implement their own 

proprietary protocols. For instance, low-tier Nokia phones 

implement the FBUS (Fast-Bus) [27] serial protocol instead of the 

standard AT command-set. These serial interfaces expose a rich set 

of capabilities including being able to query phone information 

such as the phone’s IMEI identifier and phone number, sending 

and receiving SMS messages, and initiating and answering phone 

calls programmatically, over the serial link. This enables 

FoneAstra to communicate with other user’s phones as well as 

services hosted in the “cloud”. Cellular information such as the 

current cell tower-ID and signal strength is also accessible over 

this interface; this information can be used to build location-aware 

services. Key presses on the phone generate DTMF tones; these 

can be captured on the device by using a DTMF decoder. This 

enables the use of key presses for user interactions with FoneAstra. 

Since FoneAstra can also be battery-powered, it can function 

independently when not connected to a phone. In this 

“disconnected” mode of operation, FoneAstra can be used to 

aggregate data in the field and then, when it is later connected to a 

phone, use the newly available connection to upload the data to a 

remote server. In the current implementation, FoneAstra 

implements a subset of the FBUS protocol to communicate with 

low-tier Nokia phones. The supported phones include currently 

shipping models like the 1209, 1661/2 etc, as well as older models 

like the 1110 and 1200.   

 

Figure 1: Basic FoneAstra Architecture 

We now discuss a few architectural instantiations of our system. 

Figure 1 shows the basic architecture of the system in which 

FoneAstra is connected to a mobile phone over the data port (this 

connector is called “Pop Port” on low-tier Nokia phones). The 

phone’s serial command interface is accessible over this link. 

Figure 2 shows the basic system enhanced with audio capabilities. 

The device in this figure has a DTMF decoder connected to the 

processor. This enables it to accept and interpret numeric keypad 

input from the phone. When the user is on the phone’s home 

screen, each numeric key press on the phone generates a unique 

DTMF tone. In addition to being transmitted over the cellular 

channel these tones are also available on the phone’s audio port. 

Hence, as shown in the figure, if the phone’s audio port is 

connected to FoneAstra, it would then be able to capture and 

decode the key presses from the phone. Additionally, FoneAstra 

can be connected to a headset enabling it to send audio prompts to 

the user. This capability would be especially useful for 

illiterate/semi-literate users.  

Figure 3 shows the system further enhanced with sensing 

capabilities. Sensors are shown connected to FoneAstra over the 

I/O peripheral interfaces available on the LPC2148. The 

configuration of Figures 1, 2, and 3 highlight different levels of 

capabilities possible with the same basic approach. 

 

Figure 2: FoneAstra Enhanced with Audio Capabilities 

 

 

Figure 3: FoneAstra Enhanced with Sensing Capabilities 

Figure 4 shows FoneAstra connected to a Nokia 1650 phone. This 

configuration adheres to the architecture depicted in Figure 1.  

We envision 2 different kinds of deployments of our system (cf. 

section 3 for applications). In one class of deployments, FoneAstra 

would be used as an extension module for phones that are carried 

by people. For instance, this could be used for tracking the location 

of users or act as a platform to enable urban sensing via mobile 

users. Since humans are involved in such deployments; usability 

and form factor of the accessory will require special attention. We 

plan to provide an integrated packaging via a simple phone clip-on 

that includes FoneAstra, making the system more usable/wearable. 

In another class of deployments, the system (phone + FoneAstra) 

will act as a programmable communications gateway for existing 

enterprise systems (e.g. asset tracking, cold chain monitoring, 

WSNs, etc). 

Our system offers some distinct advantages over currently 

available alternatives. The mobile phone ecosystem is already 

established and growing rapidly. By creating a small, low-cost 

plug-in for existing phones and cellular connections, we will be 

able to deliver value added services to mobile phone users and 

other systems that require cellular connectivity. For instance, 

within the WSN and urban sensing communities, systems have 

been proposed that leverage the cellular network for 

communicating with backend servers (cf. section 4). However, 

these systems either require a programmable mobile phone or a 



custom cellular modem module, often making the system cost 

prohibitive. Surveying the web yields that cellular modems cost 

around $100 [22]. Our system enables similar capabilities at a 

much lower cost, without requiring any changes to existing 

phones. When FoneAstra is manufactured at a larger scale, we 

estimate the total cost of the system to be under $30, including the 

low-tier phone. Additionally, since FoneAstra is based on a 

programmable platform, we are able to remotely reconfigure the 

system over the cellular network thus making the application easily 

upgradeable. Adding similar capabilities to a system based on a 

custom cellular modem further increases the cost of the system. 

 

Figure 4: FoneAstra Connected to a Nokia 1650 

Table 1 compares some relevant capabilities of our system with 

generic mid-tier J2ME and high-end smart phones (e.g. iPhone, 

NexusOne etc). It shows that with these capabilities, our platform 

has characteristics comparable to those of a smart phone at a much 

lower price point, while providing an extensible interface for 

connecting sensors. This makes it an attractive platform to build 

applications that require special-purpose sensing along with 

computing and communication capabilities (cf. section 3). While 

J2ME phones offer a rich set of APIs and have deep market 

penetration, FoneAstra offers some capabilities that are not present 

in J2ME.  First, J2ME offers limited/variable support for daemon 

operation, i.e., running programs in the background for continuous 

data collection.  The J2ME standard has no provision for daemon 

operation, though some phone vendors have proprietary extensions  

Table 1 Capability Comparison 

to enable it. Due to this limitation, it is not possible to track a user's 

day-to-day usage of the phone (e.g. numbers dialed on the keypad) 

using J2ME. A second limitation of J2ME is performance; Java 

may remain unsuitable for real-time operations such as audio and 

speech processing.  Campo et al [16] compare the image 

processing performance of a J2ME midlet to that of a native 

Symbian application. They show that the native application 

performs significantly better than the midlet. Finally, most of the 

capabilities in the table require midlets to be signed due to J2ME's 

security model.  While this is possible for advanced developers, it 

represents a practical hurdle for many projects. 

3. APPLICATIONS 
Having a general purpose, programmable extension to a mobile 

phone creates several interesting application possibilities. We 

discuss a few classes of applications in this section. Some of these 

are works in progress, while others are planned for future work.  

3.1 Location Tracking 
As mentioned previously, FoneAstra has access to the connected 

phone’s cell tower-IDs over the serial interface. We have used this 

information to create a (relatively low-resolution) location tracking 

application for the Nokia 1650 phone. The 1650 is a low-tier phone 

that does not have a GPS unit or a programmable run-time system 

to aid in collecting location data. In this application, FoneAstra is 

programmed to periodically query the phone’s current cell tower-

ID. This information is written into a file on the on-board memory 

card. We process the data offline to get the geographical 

coordinates of the cell towers using a Google Web Service [28], 

which gives an approximation of the trip route of the user.  Figure 

5 shows a location trace collected using this system from a 10 mile 

round trip that originated at Microsoft’s office building in 

Bangalore. While this is a sample application to demonstrate the 

capabilities of the system, a more realistic application might 

upload cell tower-IDs to a server in real time via SMS messages. 

The server could be part of a location tracking system deployed by 

an enterprise. The tracked entities could be users of mobile phones 

or assets in a supply chain. Operation ASHA [13] and LabourNet 

[5], two non-governmental organizations (NGO) operating in 

India, are interested in piloting our system to track their workforce 

who use predominantly low-tier mobile phones.  

 

Figure 5: Location Trace Obtained from FoneAstra Connected 

to a Nokia 1650 

3.1.1 Tracking in Disconnected Mode 
A slightly different flavor of tracking is enabled if the accessory is 

time-shared across multiple phones. For instance, in a shipment 
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tracking application, the accessory could be attached to the cargo. 

As the cargo crosses predetermined checkpoints, the staff could 

plug in their low-tier phones to the accessory, which would query 

the phone’s cell tower-ID and IMEI. This information could either 

be logged to the on-board memory card or sent to a remote server 

via an SMS. Such a system could also be used by NGOs to deploy 

a low-cost attendance tracking system. In this application, 

FoneAstra would be installed at a fixed location (perhaps at the 

NGO’s office) and the staff would plug in their phones into the 

accessory to log their attendance. 

3.2 Cold Chain Monitoring 
PATH [15] is a Seattle-based NGO that works to deliver healthcare 

services to the underprivileged in developing countries. They state: 

“Temperature and geography can get in the way of delivering 

lifesaving vaccines to children in remote areas.” One of their 

projects involves improving the vaccine delivery system or cold-

chain, which consists of refrigerators and cold storage units to hold 

vaccines as they are moved from the national store to health 

facilities. Since vaccines have strict temperature requirements, there 

is a need to remotely monitor the temperature of these storage units. 

Towards this, PATH is developing a custom, SMS-accessible, 

temperature monitoring device called SmartConnect [21].  

In collaboration with PATH, we are currently working on integrating 

temperature sensors onto FoneAstra for monitoring cold-chains. This 

will be an alternate solution to SmartConnect that leverages our 

device used in conjunction with a commodity, low-tier mobile 

phone. This application will use a FoneAstra device to monitor up to 

5 co-located cold-chain units. Under normal conditions, the device 

will periodically send SMS messages containing temperature data. 

These messages will be aggregated and logged at a backend server. 

Additionally, if temperatures deviate from a predefined normal 

range, the device will send warning messages. We expect to do a 

pilot deployment of this system during the summer of 2010. 

3.3 Phone Usage Logging 
Phone usage information (e.g. phone calls, SMS, location) is 

accessible to FoneAstra over the serial interface. This can be used 

to track phone usage and users’ travel patterns. This information is 

of great interest to researchers who study the use of mobile phones 

in developing countries. Current methods have relied on in-person 

interviews and retrieving call logs from carriers [1]. Using an 

automated, electronic logger for capturing usage information will 

facilitate new insights into how low-tier phones are being used. For 

instance, it would be possible to determine if correlations exist 

between phone usage and the location at which it is being used. 

With sufficiently large datasets it might even be possible to 

determine if correlations exist between phone usage and human 

dynamics or socio-economic status of users (similar to the Reality 

Mining project [8].) 

3.4 Hosting SMS-Accessible Services 
Using FoneAstra in conjunction with a low-tier phone enables 

users to create and publish services that are accessible over SMS. 

For instance, the device could interact with a user to aggregate 

information about crop prices and make this information available 

to buyers over SMS.   Essentially, turning any phone into an SMS 

service that responds to requests automatically (without a separate 

server). 

3.5 Healthcare  
The Change group [3] at the University of Washington is 

developing information and communication technologies (ICT) to 

help with the problems of under-served communities around the 

world. MDPhone [7], one of the projects within the group, 

envisions creating a smart phone-based medical platform to enable 

telemedicine and basic diagnostic assistance. Moving forward; 

FoneAstra will play a critical role in the MDPhone project as the 

platform that provides the required sensing capabilities. A future 

version of FoneAstra will have a standard interface for connecting 

to smart phones (using USB so as not to require a separate power 

source as for a Bluetooth device) and will have capabilities to 

easily host sensors that enable physiological 

measurement/monitoring and point-of-care diagnostics. This 

evolution will demonstrate the utility of FoneAstra in a smart 

phone-based ecosystem as well. 

4. RELATED WORK 
FoneAstra complements existing systems and approaches in 

different research areas. In this section, we discuss our system in 

the context of this related work.    

4.1 Wireless Sensor Networks  
Wireless Sensor Networks (WSN) have several low-cost sensing 

nodes and aggregator nodes that act as base stations. A base station 

is more expensive compared to the sensing nodes because it has 

more computational capabilities and typically has a long-haul 

connection to communicate with a backend server. Since 

FoneAstra provides low-cost computing and communications, with 

the appropriate RF interface, it could easily be deployed as part of 

a WSN and act as a networked base station. Basha et al [9] 

deployed a WSN to enable early warning of floods in Honduras. 

They used a custom RF solution for communications. Kim et al [4] 

deployed a WSN on the Golden Gate Bridge in San Francisco to 

monitor its structural health and used a laptop for the base station. 

In both of these deployments (and other similar deployments), 

FoneAstra could be programmed appropriately to be the base 

station of the WSN.   

4.2 Sensing on Smart Phones  
Currently shipping smart phones already have several sensors 

integrated into the device. Researchers have built novel platforms 

to further enhance the sensing capabilities of these devices and 

enable them to interact with existing WSNs and Body Sensor 

Networks (BSN). 

4.2.1 Extensions to Smart Phones 
Systems like [6] and [17] have been proposed to enhance sensing 

capabilities of smart phones. However, these systems have 

required modifications to the phone’s operating system. Our 

system, on the other hand, enables similar capabilities on low-cost 

phones, without requiring any changes to the phone itself. While 

we do not see any overlap here with our work on extending low-

cost phones, for our future work with smart phones, we will 

leverage lessons learned from these systems.    

4.2.2 Urban Sensing 
People-centric Urban Sensing has generated much interest within 

the sensor networking community in recent years [14]. The 

NSMARTS [12] project is building mobile phone centric platforms 

to enable large-scale urban sensing. However, their current work 

relies on programmable mobile phones that have Bluetooth. 



Although this is a promising approach, it limits wide scale 

deployments because it does not include users who own low-tier 

phones. We believe our system can fill this gap. This will be 

important especially for deployments in developing countries.  

4.3 Cellular Modems for SMS-based services 
Custom cellular modems are used in the industry to enable fleet 

management, cargo tracking and remote service delivery [23], 

much like the applications enabled by our system. However, since 

these modems are not manufactured at the same scale as mobile 

phones, their cost tends to be high (~$100) even for very basic 

models that do not offer a programmable run-time environment. 

Our solution can offer similar services (and much more because we 

use a general purpose programmable platform) at significantly 

lower costs, since we leverage commodity, low-cost mobile phones 

for communications. 

5. CONCLUSIONS AND FUTURE WORK 
In this paper, we have presented FoneAstra – an ARM7-based low-

cost, programmable accessory that we have built to extend 

capabilities of mobile phones. While applications currently being 

developed target low-tier mobile phones, our future work will 

show that FoneAstra adds value to the smart phone ecosystem as 

well. In prototype quantities, our device costs only $15.  

We have discussed how our system can add value to existing 

application areas like participatory sensing, remote monitoring, 

and healthcare. Moving forward, we will explore possibilities of 

integrating our system (phone + FoneAstra) with other elements of 

these application domains.  

With the flexibility and extensibility offered by our system, we 

believe it is highly likely to further both ICTD research and 

practice. Our next crucial step is to deploy applications in the field 

in collaboration with our NGO partners. 
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