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CNN-based Blood Pressure Digitization In Highland Guatemala Using A Cellphone Camera

OVERVIEW
● Collecting Blood Pressure (BP)  in resource poor locations is difficult
● Novel approach to capturing BP using a phone camera for wireless, 

non-intrusive monitoring of patient.
● Particularly important for pregnant women with hypertension

Figure 1: App to capture blood pressure readings being used by traditional birth 
attendants in Highland Guatemala, as featured by MSN Global Citizen. [1]

Figure 2: Steps of image transcription using cellphone camera

MATERIALS AND METHODS

Image Transcription:
● A 3 layer convolutional neural network 

(CNN) model developed to transcribe 
images into numeric values

● Model  simultaneously learns (i) the digits 
and (ii) where to look for them.[2][4]

● Each CNN layer followed by batch 
normalization, max pooling, dropout 
layers

● All digits are estimated at once using a 
softmax dense layer

Figure 4: Transcription stepss of  blood pressure meter image into numerical value

Artificial Dataset Generation
10,000 artificial BP images augmented with realistic noises(rotation, 
crop, blur, parallax, reflections, contrast) created using blank BP  
monitor image with no reflections/glare and a LCD font image

Performance of 2 models is measured on a held out data set of 25% of images 
each labelled either as “good quality” (N=428) or “bad quality” (N=1675)
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Good quality 
(N=428)

Systolic 88.8 2.9 91.1 3.0

Diastolic 90.7 1.4 93.0 0.6

Bad quality 
(N=1675)  

data

Systolic 65.5 9.1 69.4 8.9

Diastolic 69.0 6.3 73.3 2.9

CONCLUSIONS REFERENCES

ACKNOWLEDGEMENTS
This work was supported by the National Science Foundation, Award #1636933 (BD Spokes: SPOKE: SOUTH: 
Large-Scale Medical Informatics for Patient Care Coordination and Engagement) and the National Institutes of Health, 
the Fogarty International Center and the Eunice Kennedy Shriver National Institute of Child Health and Human 
Development, grant number 1R21HD084114-01 (Mobile Health Intervention to Improve Perinatal Continuum of 
Care in Guatemala). This work was part of a study approved by the Institutional Review Boards of Emory University, 
the Wuqu’ Kawoq I Maya Health Alliance, and Agnes Scott College (Ref: IRB00076231 - ‘Mobile Health Intervention 
to Improve Perinatal Continuum of Care in Guatemala’) and registered as a clinical trial (ClinicalTrials.gov identifier 
NCT02348840).

1. MSNBC Global Citizen, 'App Saves Lives of Maya Women In Guatemala', Documentary online at: 
http://tinyurl.com/t8wdup 5 Posted Sept 5 2017.

2. Goodfellow, Ian & Bulatov, Yaroslav & Ibarz, Julian & Arnoud, Sacha & Shet, Vinay. (2013). Multi-digit Number 
Recognition from Street View Imagery using Deep Convolutional Neural Networks.  

3. Boris Martinez, Enma Coyote Ixen, Rachel Hall-Clifford, Michel Juarez, Ann C. Miller, Aaron Francis, Camilo E. 
Valderrama, Lisa Stroux, Gari D. Clifford and Peter Rohloff. mHealth intervention to improve the continuum of 
maternal and perinatal care in rural Guatemala: a pragmatic, randomized controlled feasibility trial. Reproductive 
Health 2018 15:120, 2018 July 4    

4. Kazmierczak K, ‘GasPumpOCR’, (2017), GitHub Repository

● A scalable, non-intrusive wireless monitoring of hypertension in pregnant 
women is possible using the  proposed approach

● Addition of bad quality Guatemala images with different noise factors 
help improve prediction accuracy by modelling the noisy image 
components   

● The estimation accuracy obtained in these experiments can be further 
increased by improving noise removal techniques in preprocessing

● 8403 images collected by traditional birth attendants of rural Guatemala, of 
which 1706 are labelled good quality readable by multiple over-readers[3]

● In addition to that, 10,000 augmented artificial images of single BP LCD are 
created with realistic noises

FUTURE RESEARCH
Future investigation will be conducted in following areas:
● Digit-by-digit evaluation of misclassifications at each place value in number  
● Study characteristics of different types of bad quality Guatemalan images
● Differentiate images based on quality

Generation of Single LCD images:
● Preprocess image under test and extract systolic, diastolic and heart rate 

LCD images by contour detection
● Corresponding single LCD binary frames fed to classification model

RESULTS

Figure 3: Steps to generate augmented artificial single LCD dataset
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