Birth Record Communicator: A Pathway to Automated Health Data
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AbstractThe problem of child malnutrition remains persistently high in the developing world particularly among the ultrapoor in the South Asia. Bangladesh, like most other countries in this region, does not have any database for birth
records. Most of child births are still taking place at home with the help of a midwife and consequently no
systematic records related to birth are maintained. The two most significant factors contributing to childhood
malnutrition are low birth weight and premature delivery. In order to have a good understanding of the problem
and develop appropriate intervention mechanisms we need a comprehensive database of birth records containing
birth weights and gestation ages of the newborns. An application domain that makes use of wireless sensor network
technology can be found in the area of above discussed medical monitoring. This field ranges from monitoring
patients in the hospital using wireless technology in order to remove the constraints of tethering patients to big
bulky, wired monitoring devices to monitoring people in their everyday lives to provide early detection and
intervention for various types of disease. This paper discusses how can we automate the process of getting child
birth weight from the remote with the help of wireless technology and modern microcontroller technology.
Introduction
Low birth weight has been defined by the World Health Organization (WHO) as weight at birth of less than 2,500 grams
(5.5 pounds). This is based on epidemiological observations that infants weighing less than 2,500 grams are
approximately 20 times more likely to die than the other babies. It is more common in the undeveloped and
developing countries than the developed ones and it contributes to a range of poor health outcomes.
Reducing the low birth weight incidence by at least one third by the year 2010 was one of the major goals in ‘A
World Fit for Children’ program, the declaration and plan of action adopted by the United Nations General
Assembly Special Session on Children in 2002. The reduction of low birth weight also forms an important
contribution to the Millennium Development Goal (MDG) for reducing child mortality. Activities towards the
achievement of the MDGs will need to ensure a healthy start in life for children by making certain that women
commence pregnancy healthy and well nourished, and go through pregnancy and childbirth safely. Low birth weight
is therefore an important indicator for monitoring progress towards these internationally agreed-upon goals.
One of the major challenges in measuring the incidence of low birth weight is the fact that more than half of infants in the
developing world are not weighed. In the past, most estimates of low birth weight for developing countries were based
on the data compiled from health facilities. However, these estimates are biased for most developing countries because
the majority of newborns are not delivered in facilities, and those who are present there only a selected sample of all
births. More importantly, they may form the portion of the society who is more aware or conscious about the child and
mother’s health than the people who have this delivery at home. So these study may be biased and not reflect the actual
scenario. To address these issues effectively, we are suggesting here a very low cost automated system which will help us
to gather real birth weight of the infants.
Related Works
Large field surveys are a common feature of the health research landscape. In low and middle income countries where
capacity and administrative problems with the collection of health data are common, surveys are often the only way to
collect reliable data 1,2. Paper based data collection has been the standard method for decades but errors are frequent,
storage costs are prohibitive, and the costs of double data entry are high. Electronic methods of data collection have
been developed in order to merge the process of data collection and data entry. Handheld devices such as personal
digital assistants (PDAs) are increasingly being used instead of paper and pencil methods of data collection 1,3. PDAs
are not without problems of their own, however, including the challenges associated with having to download data
(often to expensive laptops in the field). In addition, data can be corrupted if PDAs are damaged, or data can be lost if
PDAs are misplaced or stolen.

Wireless and mobile phone technologies have the potential to overcome some of these limitations. Moreover, they can
be adapted for use in field research settings. Low and middle-income countries lack the infrastructure in many research
field settings to accommodate adequate fixed line internet access, whereas wireless networks allow access to
telecommunications in a region where fixed lines remain limited. In Africa, mobile users account for 83 per cent of
telephone subscribers, a higher proportion than any other region in the world 4. South Africa leads the continent in
mobile penetration with 36.4 mobile phones per 100 population 5. Use of mobile phones is widespread even in remote
areas of rural South Africa 6.
The use of mobile technology as a research instrument is in its infancy, however. Studies conducted in developed
country settings have investigated the use of cell phones on the patient end to generate feedback for improved chronic
illness care and monitoring 7,8,9, increased medication compliance 10 and smoking cessation 11, or reduced missed clinic
visits 12,13 Additionally, other studies have investigated the use of cell phones on the provider end to transmit images for
documentation 14 or diagnostic purposes 15,16,17,18. However, few studies have investigated the use of mobile phones as a
data collection tool in low income countries. One demonstration project in Peru showed that a cell phone-based system
could be used to collect real-time data on adverse events occurring during the course of a randomized trial. The
Millennium Villages Project has also begun efforts to use mobile phones to monitor livestock health, facilitate the
timely transfer of patients to appropriate health facilities, and support community health workers in the field. Finally,
there are numerous reports, but few published studies exist.
In the context of poor research infrastructure and of increasing demands for large scale health surveys, the affordability
and availability of mobile phones and wireless networks make them a viable alternative to traditional paper and pencil
methods and even PDAs. In this paper we report on the use of mobile phones technologies in Bangladesh using health
workers to collect birth weight data of infants. We investigated the feasibility, the ease of implementation, and the
extent to which health workers with little experience in electronic data collection could be trained and successfully
supervised to collect data using mobile phones in a large health survey.

Our system - Birth Record Communicator
The ‘Birth Record Communicator’ that we have devised is essentially a weighing machine embedded with a
communication device. Additionally the module will have provisions for accepting two external inputs: Sex and
Gestation age. For Male/Female we propose having two separate buttons rather than a single toggle, effectively
eliminating the problem associated with default bias. For gestation age we will have 4 buttons (suggesting months of
pregnancy) marked 6, 7, 8 and 9+, instead of providing a numeric keypad. For the communication module we have
used a GPRS modem ($50) (giving us future capabilities to upload the gathered data to a web-server instead of
depending on text messages). The different inputs: weight, sex, gestation age will be collected and transmitted to the
mobile phone with the help of a micro-controller (we used PIC16). Our module also has a small LCD display that will
show the information for verification. Once verified, pressing a ‘Send’ button will form a text message and send the
message. The message will be captured by another mobile phone connected to the remote server hosting the database.
The information, gathered manually, is prone to errors due to inadequate data entry skills and possible recall bias of the
midwives. The acquired data is subsequently subjected to deliberate or inadvertent corruption. We believe,
empowering the midwives with adequate technology to
a) Record the essential information related to a birth, e.g., date, sex, gestation period (months) and most
importantly, the birth weight, accurately and reliably and
b) Communicate the information to a central repository
will contribute greatly in the development of a birth record database. This may be a major step towards appreciating the
nature and extent of the malnutrition problem. So, the project involves development of the followings:
(a) A Web based Information system for monitoring the birth weight of each region.
(b) SMS interface for integrating SMS messages from the midwife using either 2nd Generation mobile
systems (GSM/CDMA) or GSM Modem with the Information system.
(c) The Microcontroller based weight machine which will help the midwife to collect the weight and other
relevant information and send it to the central Information system i.e. SMS server.

System Overview

Figure 1:- Data Flow Diagram of the System
It is quite obvious that the data collection start from the remote site with the help of our weight machine.
a) Weight Machine
The weight machine includes the following modules.
1. A flat comfortable bowl to place the infants.
2. On board interface to communicate with midwifes.
3. A small LCD display.
4. A transducer for collecting the weight.
5. A Microcontroller for two way communications
a. One end for transducer and communication with the user
b. Another end for sending information to the SMS server
Now we will discuss each parts of the machine in details.
b) A flat comfortable bowl to place the infants
Since we have to place the infants somewhere to measure is weight our weight machine must have a comfortable bowl
to place the infants there.
c) On Board interface to communicate with midwifes
As our main concern is to remove the assumption that our midwife are quite learned to send text message we have
to design an interface that is at the same time quite successful to send all the necessary data and also have a minimum
number of button to press. Our interface board consists of the following type of keys:a. Keys for sex identification
We have two different keys named as M and F for male and female respectively. Two separate
buttons rather than a single toggle, effectively eliminating the problem associated with default inputs.
b. Keys for gesture periods
For gestation age we have 4 buttons (suggesting months of pregnancy) marked 6, 7, 8 and 9+,
instead of providing a numeric keypad.
c. Keys for clearing the screen
Once a data is sent to the server, the midwife can clear the previous data to collect the data for the new
one by pressing the clear button
d. Keys for sending SMS
Finally, a key for sending SMS to the remote site.
d) A small LCD display
To know whether the information is being correctly inserted, we have also provided a small LCD display containing the
sex, gesture period and weight of the infants.

Figure 2:- Front Side of our weight machine

Figure 3:- Back Side of our weight machine

e) Microcontroller
The heart of our system is the microcontroller which is actually automating the process of collecting weight,
communicating with the midwives and send SMS to the server. Microcontroller has two different tasks in our system
de as described below:
i)
Transducer and user interface end:
Since the transducer gives the weight in a very weak analog signal, it is necessary to amplify the signal using
OpAmp before converting it into the digital signal. After the amplification of analog signal we pass it on to the ADC
(Analog to Digital Converter). After the weight is being displayed on the LCD display, the job of the
microcontroller is to interact with the users i.e. midwives to receive the gestation period and sex information.
ii)
Sending SMS end:
The SMS end of the server does the job of sending sms to the central server. We have use the AT Command set in
the GSM Modem to do this part. The AT command and other microcode are burnt into the microcontroller for the
purpose.

Figure 4:- Protocol Stack for Remote Sites

iii) Energy Source for the remote site
The energy need of our module will be satisfied through a rechargeable battery (9V), providing power to the
microcontroller circuitry and the mobile phone. A separate charging dock for the device is planned that may be
connected to either a conventional (AC) outlet or, in case that is not available, through a small (5 Watt) solar panel.
f) Base Server
The data, once received by the server will be extracted and entered in a database. Subsequently, the data is available
through a web server for real-time global access and may be used for GIS mapping.

Figure 4:- Protocol Stack for Base Sites

System Implementations
The proposed overview of this system is the direct implementation method. Here it is proposed that the gathering birth
weight Information can be totally automated by the newly developed system. Health issues like birth weight are a
serious issue and we tried to take every possible measure to ensure minimum chance of human intervention and error.
This is to ensure adequate measurement of birth weight of infants as it excels current health care system into high and
qualitative health care administration.
Conclusion
Providing midwives with a conventional weighing machine and a mobile phone, and also training them how to send the
gathered information through a text message may solve the same problem with little less cost but depends heavily
on the communication and technical skill of the midwives. This approach is also subjected to errors both at the data
acquisition phase (taking weight reading) and the data entry phase (typing the text message). Having a machine that
captures the birth weight automatically eliminates the human error associated with taking the reading. Moreover, for
information other than weight, the well-marked buttons that only need to be pressed, effectively eliminate the need
for the health workers to be able to read and write, as many of them, lacking conventional education, do not have
adequate communication skills. In addition, a structured, button-driven input mechanism will limit the scope of making
mistakes in gathering birth related data.

References
1. Seebregts CJ, Zwarenstein MF, Mathews C, Fairall L, Flisher AJ, See-bregts C, Mukoma W, Klepp KI: Handheld
computers for survey and trial data collection in resource-poor settings: Develop-ment and evaluation of PDACT, a
PalmTM Pilot interviewing system. Int J Med Inform 2009.
2. Shirima K, Mukasa O, Schellenberg JA, Manzi F, John D, Mushi A, Mrisho M, Tanner M, Mshinda H, Schellenberg D:
The use of personal digital assistants for data entry at the point of collection in a large household survey in Southern
Tanzania. Emerg Themes Epidemiol 2007, 4:5.
3. Lane SJ, Heddle NM, Arnold E, Walker I: A review of randomized controlled trials comparing the effectiveness of hand
held computers with paper methods for data collection. BMC Med Inform Decis Mak 2006, 6:23.
4. White D: Telecommunications: A dynamic revolution. 2006 Financial Times
5. Vodafone Policy Paper Series: Africa: the impact of mobile phones. Vodafone Policy Paper Series, No. 2 2005.
6. Skuse A, Cousins T: Managing distance: rural poverty and the promise of communication in post-apartheid South Africa.
J Asian Afr Stud 2007, 42(2):185-207.
7. Cho JH, Lee HC, Lim DJ, Kwon HS, Yoon KH: Mobile communication using a mobile phone with a glucometer for
Glucose control in Type 2 patients with diabetes: as effective as an Internet-based glucose monitoring system. J Telemed
Telecare 2009, 15(2):77-82.
8. Shapiro JR, Bauer S, Hamer RM, Kordy H, Ward D, Bulik CM: Use of text messaging for monitoring sugar-sweetened
beverages, physical activity, and screen time in children: a pilot study. J Nutr Educ Behav 2008, 40(6):385-91.
9. Anhøj J, Møldrup C: Feasibility of collecting diary data from asthma patients through mobile phones and SMS (short
message service): response rate analysis and focus group evaluation from a pilot study. J Med Internet Res 2004, 6(4):e42.
10. Cocosila M, Archer N, Haynes RB, Yuan Y: Can wireless text messaging improve adherence to preventive activities?
Results of a randomised controlled trial. Int J Med Inform 2009, 78(4):230-8. Epub 2008 Sep 7
11. Rodgers A, Corbett T, Bramley D, Riddell T, Wills M, Lin RB, Jones M: Do u smoke after txt? Results of a randomized
trial of smoking cessation using mobile phone text messaging. Tob Control 2005, 14(4):255-61.
12. Leong KC, Chen WS, Leong KW, Mastura I, Mimi O, Sheikh MA, Zail inawati AH, Ng CJ, Phua KL, Teng CL: The
use of text messaging to improve attendance in primary care: a randomized controlled trial. Fam Pract 2006, 23(6):699-705.
Epub 2006 Aug 17
13. Koshy E, Car J, Majeed A: Effectiveness of mobile-phone short message service (SMS) reminders for ophthalmology
outpatient appointments: observational study. BMC Ophthalmol 2008, 8:9.
14. Razdan S, Johannes J, Kuo RL, Bagley DH: The camera phone: anovel aid in urologic practice. Urology 2006,
67(4):665-9.
15. Frean J: Microscopic images transmitted by mobile camera-phone. Trans R Soc Trop Med Hyg 2007, 101(10):1053.
Epub 2007 Jul 30
16. Vital Wave Consulting: mHealth for Development: The Opportunity of Mobile Technology for Healthcare in the
Developing World. Washington DC and Berkshire UK: UN FoundationVodafone Foundation Partnership; 2009.
17. Piek J, Hebecker R, Schütze M, Sola S, Mann S, Buchholz K: Image transfer by mobile phones in neurosurgery.
Zentralbl Neurochir 2006, 67(4):193-6.
18. Zimic M, Coronel J, Gilman RH, Luna CG, Curioso WH, Moore DA:Can the power of mobile phones be used to
improve tuberculosis diagnosis in developing countries? Trans R Soc Trop Med Hyg 2009, 103(6):638-40. Epub 2008

