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Abstract 

Improving access to vital medical information by telemonitoring has been shown to improve patient health, prevent 

admissions and shorten hospital length of stay [1,2]. Telemonitoring systems are costly and not in widespread use. 

This paper investigates the feasibility of creating a low-cost, versatile telemonitoring system through the use of 

generic hardware, open source software [3] (OSS) and free data brokering services, by creating a working 

prototype. A low-cost, user friendly, widely available system could address the barriers that prevent widespread 

uptake of telemonitoring in healthcare.   

 

1. Introduction 

Our objective was to investigate the feasibility of a low-cost remote monitoring system suitable for healthcare application, by using open 

source software (OSS), free data brokers and low cost hardware. While there are commercial remote monitoring systems available [1], 

this technology is rarely utilised in New Zealand. 

Community remote monitoring has been shown to improve patient health with a reduction in hospitalisations and shorter hospital stays 

[1,2]. A low-cost, user friendly and widely available system could address the barriers that prevent uptake of telemonitoring in 

healthcare. 

A proof of concept prototype was constructed and evaluated. This system could be a precursor to a comprehensive commercial 

telemonitoring system.  

 

2. Method and Proof of Concept 

A prototype remote monitoring system was designed and constructed using low cost generic hardware and OSS. The cost of the 

hardware was less than $NZ100. Using free data brokering services (COSM [4,5], formerly Pachube) and free web-to-text services 

(Twitter [6] and Notifo [7]), running costs were minimal. This system was evaluated firstly for its ability to keep a continuous real time 

web-based data record and secondly for versatility of data entry. Data entry modes into this system included automatic continuous feed 

and manual entry. Manual entry by web browser or smart phone app was evaluated. The system was capable of sending text alerts when 

trigger levels are reached. This information could be reviewed via remote web-based access as ‘point in time data’ or graphically as a 

historical trend.  For illustrative purposes, the automatic feed was connected to a temperature sensor monitoring ambient temperature 

through the hardware ‘gateway’.  

Two methods of manual entry were evaluated. These were blood pressure entered by web browser and weight entered by smart phone 

app. Alerts for text notification were set at 28C. The system was evaluated with two weeks of data collection.  
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2.1. System Architecture 

The system architecture is illustrated in Figure 1. Automatic data feeds are routed through the hardware gateway and manual data feeds 

can be entered via web browser or a free iPhone app (Pachube data logger). The hardware gateway (Arduino [8,9]) which emulates a 

web client, processes the input data and connects directly to the Local Area Network (LAN) input of a router. Communication to the 

data broker (COSM) is through API (Application Programming Interface) calls. Data can then be retrieved (pulled) from any web 

browser, and text ‘alerts’ can be pushed from COSM via Twitter or Notifo to smart phone. 

 

2.2. The Gateway hardware 

The gateway acts as an independent web client. The hardware used is the Arduino microprocessor board that receives data from the 

sensors. This information is passed via an Arduino compatible Ethernet Shield directly to the router through the local area network 

(LAN) and the data is uploaded to COSM. Details of the of the gateway hardware is illustrated in Figure 2. 

 

2.3. The Input to the gateway (automatic feed) 

A high precision one wire protocol temperature sensor (Maxim DS1820) was interfaced to the gateway to provide an example of a 

continuous automatic feed and illustrate the capability of the gateway to handle complex input communication protocols.  

 

2.4. The OSS software 

All software used in the gateway is OSS. The platform for system development is Arduino’s Integrated Development Environment 

(IDE) version 1.0.1. Programming language used is in modified C/C++. A conceptual flowchart for the Arduino program is illustrated in 

Figure 3. 

 

2.5. The Middleware  

Information is stored by the data broker provider “COSM” creating the remotely accessible electronic record. This web based record 

also allows typed message communication between users.  

 

 
Figure 1 - Low cost telemonitoring system architecture 
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a) Schematic 

 

 

 
b) Assembled Gateway 
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c) Components 

Figure 2 - Gate hardware 

 

 

 
Figure 3 - Arduino software conceptual flowchart 
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3. Evaluation and Results 

System performance is illustrated in Figures 4 to 8 and table 1.  

 

 

 
Figure 4 - Graphical Illustration of the temperature continuous feed 

 

 
Figure 5 - Example of twitter alert received when temperature alert >28 degrees C. 
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Figure 6 - Example of Manual input entry of weight by free smart phone app. 

The electronic record can be formatted to show custom graphical displays which can be accessed live by direct link. 
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Figure 7 - Example of manual entry of blood pressure by web browser 
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Table 1 - Evaluation summary table 

 

System Sub System Description Cost User 

friendliness 

Availability 

Automatic 

feed 

Gateway: 

Arduino 

Hardware 

Accepts sensor 

input and 

automatically 

updates COSM 

with no user 

intervention 

$100 Very easy: 

Plug & play 

HW readily 

available; system 

will require 

construct 

Manual feed Direct entry 

via COSM 

web interface 

User enter 

parameters directly 

in COSM web 

interface 

Free Easy: direct 

entry on 

COSM web 

page 

Readily available 

Direct entry 

via iPhone 

apps 

User enter 

parameters by using 

an iPhone apps 

(Pachube Data 

logger)  

Free Easy: 

Intuitive 

interface  

Readily available 

Alerts Twitter Alerts set in COSM 

interface 

Free Easy Readily available 

Notifo Alerts set in COSM 

interface 

Free Basic 

supplier 

interface 

knowledge 

Readily available 

Data Server COSM  Accept data and 

provide real time 

remote monitoring 

with 30 days 

historical data 

Free Basic 

supplier 

interface 

knowledge 

Readily available 

 

 

 

4. Discussion 

During the trial period data handling modalities worked and the electronic record was reliable. In the authors’ opinion the system was 

simple and intuitive to use. 

 

4.1. The Gateway hardware 

There are a number of possible approaches to the ‘gateway’ hardware design: 

One approach would be to use a microprocessor board to handle the data from the sensors, passing it to a user computer with appropriate 

interfacing software. The computer would then upload the data to COSM as a web client. 

Another approach is to have a stand alone plug and play ‘box’, with the software preloaded. This would allow direct connection from 

the sensors to the router via the local area network (LAN) without a user computer. The result would be a ‘master gateway’ through 

which all linked sensors would pass. 

We opted for the latter approach as this creates a self-contained unit.  This prevents the need for user set up with a computer. The 

resulting simplicity and user-friendliness is an important factor in technology uptake. 

An alternative gateway design would be to avoid a ‘master gateway’ and rather use device specific gateways each independently linked 

to the electronic record via Wi-Fi links. Due to the small size and low cost of the gateway this is a feasible approach. This would allow 

sensors/ devices to operate independently and allowing mixing and matching to suit specific patient needs. (See Figure 8).  
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Figure 8 - Device specific gateways 

 
The Arduino microprocessor board and Arduino compatible Ethernet Shield are ubiquitous and cheap hardware entities.  

 

4.2. The Inputs to the gateway (automatic feed) 

Potentially, any sensor can be used with software changes to the gateway. The gateway is compatible with simple to complex sensor 

communication protocols. Depending on the sampling rate, 6 or more sensors could input into the hardware gateway. While a hard-

wired sensor was used in this demonstration, there are no anticipated barriers to using wireless sensor technology or reverse engineering 

interfaces with pre-existing medical devices. The evaluation of additional sensors or directly interfacing pre-existing devices to the 

hardware gateway is beyond the scope of this paper. It is recognised that additional sensors or the research and development required for 

reverse engineering pre-existing devices would increase costs. 

 

4.3. The Middleware  

COSM is an on-line database service, which allows developers to connect sensor-derived real time data streams to the internet. With a 

free account, real time data can be pulled or pushed (alerts) via any web browser or smart phone app. An unlimited number of data 

channels are supported and can be viewed over a 30 day historical trend. The COSM web interface allows two-way typed messaging 

between clinician and patient as a communication tool. 

 

4.4. Performance and application 

We have demonstrated that a versatile remote monitoring system can be constructed and operated for less than NZ$100. Our prototype 

was able to maintain an accurate web-based electronic record. This information could be reviewed as point in time information or 

historical trends from any device capable of web browsing. Data entry methods into the web based electronic record were versatile, 

supporting automatic continuous feeds, direct manual entry into the web browser and manual entry via a user friendly smart phone app. 

When alert levels were reached, the system reliably sent notifications through web to text interfaces (Twitter, Notifo).  

The success of our electronic record raises the possibility of keeping more extensive web-based electronic patient records using similar 

resources to minimise costs. 

We have not evaluated the data security or long-term reliability of our web based electronic record and there may be hidden costs to 

providing these at a satisfactory level. As this is a proof of concept we have not performed an end user trial. 

Smart phone use is becoming ubiquitous in our society. Smart phone technology incorporates a wide range of sensors and connectivity. 

Medical applications could be developed to exploit these capabilities. 

The main benefits of a freely available telemonitoring system in healthcare would be: Reduction in the need for in-home health care 

assessments; reduction in presentations to health care facilities; earlier recognition of clinical deterioration triggering time-critical 

intervention. Making telemonitoring affordable, user-friendly and widely available is likely to have a significant impact on healthcare. 

Telemonitoring is currently applied to improving chronic disease care in the community. There are other healthcare applications that 

may benefit from this technology, such as: Monitoring neutropenic chemotherapy patients in the community allowing early recognition 

of sepsis; premature infants could be monitored for growth, apnoea and sepsis; the family physician or Emergency department could 
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access the record of acutely unwell community patients to triage care or offer therapeutic advice; domestic caregivers and patients can 

be aware of health trends providing either reassurance or appropriate contact with health providers. Patient involvement in 

telemonitoring could promote responsibility for their health with improved compliance. 

This technology needs to be applied with care as there is a danger of increasing healthcare workload. This could arise through 

insignificant abnormalities triggering presentation. While telemonitoring enables access to vital health care information, this information 

is limited in comparison to in-person assessment by a healthcare professional. There is a danger that decisions made through 

telemonitoring could lead to harm through a loss of situational awareness.  

 

5. Conclusion 

Telemonitoring is a rapidly evolving healthcare tool able to facilitate decision making from afar. It has the potential to increase patient 

engagement with their health, foster inclusive decision making between patient and health provider and provide warning of 

deterioration, all within the home environment.  

Cost, complexity and availability are significant barriers to the widespread use of telemonitoring. We have demonstrated that these 

barriers may be overcome through the innovative use of low-cost, user-friendly freely available technology. 
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