




  

platform and fixed to a step motor that allows it to rotate. 
With this design, each medicine bottle is confined within a 
section defined by the spoke and edge wall. Medicines can 
then be easily pushed around by the rotating spoke, passing 
through the special section of the platform above the scale 
for weight measurement. We call this special section the 
“scale-top plane”.  

In order to weigh a medicine bottle, the scale-top plane is 
attached to the scale, while being barely separated from the 
remaining part of the platform (as shown in Fig. 4). In fact, 
when manufacturing the platform, we cut this section out of 
the larger round piece, grinded down the inside edges, and 
then attached it to the scale’s measurement tray. We used 
two rectangular plastic parts to lift it up to the same height as 
the main platform. In this way, a bottle can be pushed by the 
rotating spoke and seamlessly slide from the main platform 
to the scale-top plane surface, and can then be weighed by 
the scale without any interference from the rest of the 
platform.  
 The step motor is controlled by the microcontroller and 
moves only a fraction of a degree at each step. Thus we can 
accurately control the rotating spoke to push a bottle to the 
scale-top plane to be weighted.  

Figure 4: Model of the scale-top plane assembly fixed to the scale. When a 
medicine bottle is moved to this section of the platform, it can be weighed 
independently from the other bottles since the section is physically 
separated. The gray button pasted under the scale-top plane is the RFID 
reader. 

C. RFID Reader and Tags for Medicine Bottles 
There are many types of RFID tags available with 

different wireless transmission ranges, frequencies, sizes and 
costs. What we need are simple, low-cost passive RFID tags 
that can be attached to medicine bottles, and have a small 
data storage for storing medicine information. Since we do 
not need the tags to have a long data transmission range, the 
passive RFID tags can be purchased at a very cheap price. 
For our prototype, we purchased Texas Instruments (VA) 
13.56MHz RFID Transponders (Tag RI-I17-112A-03), 
which cost around $1 per tag. The cost is high because we 
only bought a dozen tags. In large quantities, each tag could 
be as low as 5 cents [10]. 

The tags we purchased have the shape and size of a US 
quarter coin, and are as thin as normal print paper. This 
enables us (or a pharmacist) to easily paste a tag onto the 
bottom of each medicine bottle.  

For the RFID reader, as shown in Fig. 5, we purchased a 
coin-size 13.56MHz mini RFID reader manufactured by 
Skyetek Inc. (SkyeModule M1-Mini) that has a read range 
of around 3 to 4cm. It is compatible with the RFID tags and 
can be mounted to the undersurface of the scale-top plane 

(as shown in Fig. 2 and 4). With this setup, when a medicine 
bottle is pushed across the scale-top plane, there is less than 
1cm distance between the RFID reader and the tag on the 
bottom of the bottle. This allows the reader to read and only 
read the tag of the bottle on the scale-top plane without the 
need to consider the possible interference from the RFID 
tags of the other bottles on the platform.  

We positioned the RFID reader such that it is able to read 
any size bottle pushed onto the platform by the rotating 
spoke. We incurred a problem when the user places a small 
medicine bottle in one of the inside corners of the scale top 
plane. Since the reader’s integrated antenna is so small, it 
would not acknowledge the bottle’s presence. Future 
development should improve the reader by using a slightly 
larger antenna. 

 
Figure 5: The coin-size mini RFID reader pasted on the bottom of the scale-
top plane for reading the tag on each medicine bottle. This RFID reader is 
only 25.4mm in diameter and 2.8mm in height. 

D.  Microcontroller 
The microcontroller we used in our prototype is the 

Arduino Mega [11], which is a microcontroller board based 
on the ATmega1280. It has all the digital/analog IO 
interfaces we need. Without any requirement on its 
computation speed, this microcontroller is small enough to 
fit in our prototype (behind the scale and under the rotation 
step motor), and it is cheap with a price of around $65.  

We also installed an Ethernet interface (NKC Ethernet 
Shield for Arduino Mega) to the microcontroller. This 
enables Internet access from the RMAIS system. With some 
simple networking programming, the system can send an 
alert email or a text message (such as to a cell phone) to its 
patient as a medication reminder, or to its patient’s 
healthcare provider as a noncompliance alert. The Internet 
connectivity greatly enhances functionality and could 
provide any network related functions we can think of in 
future development. 

E. LCD Panel 
The last component of RMAIS is the LCD panel. It is used 

to display medicine information of the bottle on top of the 
scale-top plane. This is similar to what is printed on the 
paper label, including medicine name, dosage, special 
instructions, etc. It is also used to display system information 
such as alert messages and the current time. In our 
prototype, the LCD panel only costs around $20. 

IV. RMAIS PATIENT OPERATION 
In this section, we present how a patient operates the 

RMAIS device. 
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A. Initialization   
When a patient brings the RMAIS device home, it needs 

to be initialized and input all existing medicine information 
into the system.  

The design of RMAIS makes the initialization a very 
simple step. Once the patient connects the device to a power 
and Ethernet line, it will automatically obtain an IP address 
from an Internet cable modem or wireless router in the same 
way as a normal computer. The microcontroller uses 
network time protocol (NTP) to connect to a predefined time 
server (there are many free time servers on the Internet) to 
automatically setup its clock time.  

After the clock is set, the patient can put her medicine 
bottles onto the scale-top plane one at a time. Once a bottle 
is placed on the scale-top plane, RMAIS uses the RFID 
reader to automatically read the bottle’s tag data, save the 
medicine information into memory, and then rotate the 
spoke to empty the scale-top plane for the next medicine. 
This user-friendly operation removes the burden of manually 
inputting all medicine information into the system. 

When the patient purchases a new medicine, she simply 
places it onto the scale-top plane, and RMAIS will 
automatically read it into the system.  

B. Medication Administration   
When it is the scheduled time for the patient to take one or 

more medicines, RMAIS will generate an alarm sound (our 
prototype has a small buzzer installed). It can also be 
configured to send out a text-message through its Ethernet 
connection to the patient’s cell phone or pager. In this way, 
the patient will surely get the reminder even if she is not 
close to the RMAIS device or has a hearing problem.   

With the Internet support, RMAIS can ensure medicine 
adherence even when the patient is not at home. Before the 
patient leaves for a trip, she pushes an “out of home” button, 
then takes any number of medicine bottles off the device 
with her. When it is the scheduled time to take medicine, 
RMAIS will send a text-message to the patient’s cell phone 
showing what medicine and what dosage she should take. 
After the patient comes back home and places those bottles 
back onto the device, RMAIS checks each bottle’s weight to 
determine if the patient has taken the right amount of 
medicine during the trip.  

When RMAIS sends out an alert to remind the patient to 
take medicine, it automatically activates the rotating spoke 
until the first medicine bottle for this time is pushed onto the 
scale-top plane. It then weighs the bottle and displays the 
medicine’s name and dosage on the LCD panel. Once the 
patient takes some pills out of the bottle and puts it back 
onto the scale-top plane, the bottle is weighed again. Based 
on the difference between the two weight measurements and 
each pill’s weight (pill weight is stored in the medicine’s 
RFID tag), RMAIS can know if the patient has taken the 
right amount of medicine.  

If the patient has not taken enough dosage of a medicine, 
RMAIS sounds its alarm and shows text reminding her to 
take the remaining dosage. If the patient takes too much 
dosage such that the overdose is dangerous, it will send a 
text-message to the patient’s healthcare provider.    

C. Constant Medication Monitoring 
Since RMAIS will be used by elderly patients who may 

not be familiar with operating electronic equipment, it is 
likely that they may respond in an unexpected manner. For 
example, a user may take a medicine bottle from the 
platform before prompted to do so, or the user may replace a 
medicine bottle on another section of the platform other than 
the scale-top plane. The software on our prototype is 
designed to handle these unexpected inputs and changes.  

Every time the user interacts with a medicine bottle, its 
weight is recorded and saved as its “most recent weight.” 
The next time that medicine is to be taken, its weight is 
compared to its most recent weight, and if any pills are 
missing, the caregiver is alerted. RMAIS can also recognize 
foreign bottles on the platform by comparing each bottle’s 
RFID tag against a list of known medicines as it passes 
across the scale-top plane. If the medicine is not recognized, 
it is automatically added to the system. 

V. CONCLUSION 
In this paper, we develop a practical medicine adherence 

intelligence system called RMAIS that can conveniently 
assist patients taking their medicines with the right dosage at 
the right time. We have developed a complete prototype that 
works as planned. The next step for us is to conduct a 
clinical trial, and push for commercialization of the system 
in order to make a real impact in improving the quality of 
healthcare and medication administration.   
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