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Home - Based Device That Performs a Urine Test at 
Lab Level of Accuracy

Non-invasive disease testing plays a vital role in helping people diagnose their health without having to be intruded 
by multiple medical tools. By doing so, chronic diseases can be prevented long before they attack. One of the 
simplest and easily implementable ways to do so is by performing colorimetric analysis to daily urine color, in which 
people compare their urine-color changes in 24-hour span to better understand the hydration level.  With proper 
adjustmentadjustment of water intake depending on hydration level, chronic kidney diseases, diabetes type-II, and many more 
can be prevented. However, daily monitoring of urine color has proven to be a gruesome and tedious process to do. 
Besides the hydration level, urine also contain numerous other biomarkers which can be used 
to diagnose diseases. At home, people usually implement dipstick urinalysis to perform early 
screening for diseases such as diabetes due to its convenience and affordability. However, the 
results are highly dependent on proper urine sampling, correct interpretation of color observed 
ffrom dipstick paper, and precise timing to read the color. This means that the person who is 
performing the task must not only spend a lot of time but also be well trained to attain an 
accurate and reliable reading, thus undermining the potential of dipstick urinalysis.  In this 
research project, a solution to tackle the problems above and augment the results’ reliability 
provided by performing urinalysis.

INTRODUCTION

Figure 2. Aspects of dipstick urinalysis that are prone to user error

Figure 1. Standard dip and wipe 
disptick urinalysis technique

The aim of this project is to improve patients’ understanding about their health by performing daily urinalysis at home with lab-level 
accuracy. The end goal of this research can be achieved by researcher by : 
   1. Invent fully automatic home-based urinalysis system which is affordable and can be easily integrated with current toilet design
   2.Track and Improve patients’ well being by constantly analyzing their urine biomarkers and color

OBJECTIVES

We divide this research into 3 main phases. In the first phase, we design a novel urinalysis system based on the information 
gathered from our literature review of past research papers and observation of the current toilet system. The research 
moves on to the second phase which is the product development stage. We develop the product on iterative basis, 
meaningmeaning we build, test and evaluate repetitively such that the result of each process is better than the previous version. 
After at least two iterative processes, the project comes to the final phase which is testing and final evaluation. At this stage, 
we deploy our product in real toilet environment and perform testing with real patients. After the deployment, we will be 
able to evaluate whether the whole design has successfully achieved the objectives of this project.

METHODOLOGY

Figure 3. This project execution process

Figure 5. 3D CAD showcasing a scenario of our automated 
urinalysis device installed on a toilet bowl

Figure 4. System diagram

Our novel urine analysis work in 5  steps :
1. Urine sample collector collects urine sample
2. Peristaltic pump sucks urine and drop urine to 
dipstick paper
3. Camera capture dipstick color pad changes 
4.4. Utilizing linear interpolation curve fitting algorithm, 
our    device will determine glucose concentration level 
and urine colour of the urine sample
5. Test result is send to smartphone app and phone will 
synchronize data with server whenever there is internet 
connection

Figure 6. 3D CAD close up of the urinalysis device (left) and 3D 
CAD cross section shows on the position of the camera (top)

Figure 8. 3D CAD 
showcasing segmented 
view of the Urine collector

IMPLEMENTATION & SYSTEM DIAGRAM

Linear Interpolation Curve Fitting

1. Convert RGB to CIE-LAB color space
2. Determine node B and C
3. Calculate distance C to x
4. Calculate the concentration score

Figure 7. The usage of linear interpolation algorithm 
to interpret dipstick colour and determine glucose 

concentration in the urine sample
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RESULT AND DISCUSSION

Figure 11. The setup 
of our automated 
urinalysis device in 
contemporary toilet 

bowl 

App Integration

Figure 13. Our in-house developed App display data 
collected from the urinalysis device for user to keep 

track their urine glucose concentration. 

Product Iteration

Figure 9. Iteration of urine collector (above) and 
Iteration of the automated urinalysis device (left)

Figure 10. RGB value (first row) and LAB value 
(second row) for each urine colour

Urine Colour Classification Technique

Personalize Health Insight from Urine Data

Safety Level

Safety Level

Figure 12. The urine colour data that researcher collected (left) and used as a working scenario of 
water intake recommendation system (right)

Physical device was made using STM32F4 micro-controller, 
peristaltic pump, pipe to collect urine, and servo motor to 
perform centrifugation of the urine when performing dipstick 
analysis. For easy visualization, ILI9341 LCD is placed on the 
device so the user can directly see the result of the urinalysis. 
The device casing and urine collected for the bowl is 
designeddesigned and 3D printed such that it can easily be integrated 
in any toilet’s design for both male and female users. 

On the app side, it  connects to our device seamlessly and 
provides a convenient tool for users to see their health trends 
with a beautiful visualization. It also provides users 
recommendations on how to improve their health, for 
instance suggested extra water intake.

In the future, the following procedures can be implemented to improve the 
performance of the our novel automated urine analysis device.
1. Add 3 way valve to enable self cleaning system feature which is essential for long term installation of the device
2. Remove battery and design self power system to enable practical toilet instalation
3. Improve the accuracy of our analysis by collecting more urine data and utilizing a more robust computer vision algorithm

FUTURE IMPROVEMENTS

Fully automated home-based urinalysis system with lab level accuracy can be realized, in which the accuracy of dipstick testing is compared. This self-designed 
system, which consists of a device to perform the urinalysis and app for users to keep track of their urine data can be easily integrated into daily life without 
intrudingintruding them when urinating. In addition to performing dipstick testing, hydration level can also be analyzed to provide suggestion for the users on how much 
water intake they should take daily which is very important to prevent chronic diseases such as CKD (chronic kidney diseases), Diabetes type-II and so on.  From 
the researcher’s urine collected in 40 days span, it can be seen that different people have different variations of daily hydration level and this in turn highlighted 
an importance in having a personalized urinalysis system to fend of chronic diseases.  In the future, with more personal urine data and better hardware, more ac-
curate data can be obtained fcurate data can be obtained from the urine and better analysis for the users’ future health prediction and tracking.

CONCLUSION 
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