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The test method looks beyond simply mea-
suring the amount of powder delivered 
through the mouthpiece by quantifying the 
capsule’s motion inside the inhaler. Since 
the capsule moves too quickly to be tracked 
by the eye or with a conventional camera, a 
high-speed video system was used to cap-
ture the capsule’s motion. We then used 
MATLAB® to analyze the images frame by 
frame and  summarize the results.

In a joint effort with MathWorks Con-
sulting Services, Alkermes developed a 
video capture and analysis  procedure 
that uses MATLAB and Image Process-
ing Toolbox™. The position of the cap-
sule was evaluated in each video frame. 
Comparison of adjacent video frames 
allowed us to characterize the linear 
and rotational motion of the capsule. 
Quantities such as the velocity, accel-
eration, and momentum of the capsule 

were computed. Series of frames were 
analyzed using signal processing. This 
approach provided information on the 
physical factors inf luencing the inhaler‘s 
performance.

Setting up the Test
We created inhalers with clear plastic 
components so that the capsule would be 
visible inside the aerosolization chamber 
(Figure 1). To enable the development of 

Figure 1. A standard inhaler (bottom) and a test inhaler (top).
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The AIR® pulmonary drug delivery technology being developed at Alkermes 

provides targeted delivery of small-molecule or macromolecule drug particles 

from an easy-to-use, capsule-based, hand-held inhaler. When the patient inhales 
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capsule and releasing dry-powder medicine for systemic or local delivery to the 
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■	 �MATLAB®

■	 Image Processing Toolbox™

■	 Signal Processing Toolbox™



2    MATLAB Digest www.mathworks.com

an algorithm for automatically processing 
the captured video images, we marked the 
capsules with a pattern consisting of two 
separate lines: an equatorial line traveling 
around the capsule’s circumference, and a 
slanted line that produces a sawtooth pat-
tern as the capsule is rotated (Figure 2). 
This design provided a continuous image 
for analysis. 

Videos were captured in grayscale at a 
rate of 10,000 frames per second and resolu-
tion of 256 x 256 pixels using a Phantom® 
Monochrome high-speed video camera 
from Vision Research. To assess the mo-
tion (in 2-D) of the major axis of the cap-
sule inside the inhaler, we determined the 
angle of the equatorial line for each video 
frame as the capsule was agitated within 
the chamber. The peaks and valleys of the 
resulting sinusoidal signal enabled us to de-
termine an amplitude and frequency of the 
wobbling motion of the capsule. A count of 
the number of peaks of the continuous saw-
tooth pattern, captured while the capsule 
was rotating, provided information on the 
rotational angular motion of the capsule.

Processing a Single Image
In the experiments, the capsule and inhaler 
were placed in several different orienta-
tions, ranging from horizontal to vertical, 
upright and inverted. In the image analysis, 
the video frames were always rotated so that 
the capsule appeared in a vertical orienta-
tion, with the equatorial line positioned be-
low the slanted line. Figure 3 shows a single 

frame from one of the captured high-speed 
video files. Regardless of the position of the 
inhaler in the video, the analysis was com-
pleted in the orientation shown. 

After reorienting the video data, each 
grayscale image was first thresholded us-
ing the graythresh function in Image 
Processing Toolbox to produce a binary, or 
Boolean, image (Figure 4).

Along with the white lines of the capsule 
pattern, Figure 4 shows several smaller ar-
eas produced by noise and glare from the 
experimental lighting. These smaller areas 
were identified using the regionprops 
function and then eliminated, leaving just 
the equatorial and the sawtooth lines.

Once the objects of interest had been 
clearly identified in the image, we used 
MATLAB to automate the analysis. 

We used a least squares fitting proce-
dure to compute a straight line through 
the equatorial line on the capsule. We then 
located the end points and midpoint of that 
line. A perpendicular line was then com-
puted from the midpoint of the equato-
rial line to the midpoint of the slanted line  

Figure 2. The capsule markings.

Figure 3. A raw image of the marked capsule in 
the inhaler.

Figure 4. Boolean image produced by auto-
thresholding the video frame.
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directly above. This relationship resulted 
in a measure of the distance between the 
equatorial and sawtooth lines along the 
major axis of the capsule.

As the capsule moved about the aero-
solization chamber, we used the midpoint of 
the least squares fitted line to track capsule 
position. The angle of the least squares fitted 
line was used to track capsule wobbling, and 
the peaks values in the distance between 
the equatorial and slanted line were used 
to track capsule rotations. We recorded the 
coordinates of the equatorial line midpoint, 
the distance between the equatorial and 
sawtooth lines, and the angle of the equato-
rial line for each frame (Figure 5), and saved 
the data in an Excel® spreadsheet.

Analyzing the Data 
Using MATLAB, we post-processed the 

stored data and produced summary results 
for each experimental run. A typical run 
lasted  about 1.5 seconds, with approxi-
mately 15,000 video frames being captured 
and analyzed for each test.

The frame-to-frame displacement of the 
equatorial line’s midpoint was measured 
using the Pythagorean theorem and the 
coordinates of the midpoint. Dividing the 

displacement by time between frames gave 
the velocity of the capsule. The changes in 
velocity between frames provided the ac-
celeration of the capsule. Power, momen-
tum, and impulse were also calculated 
based on these values.

We used Signal Processing Toolbox™ to 
compute a power spectral density (PSD) 
from the equatorial line orientation data 
(Figure 6). This allowed for quick identifi-
cation of the dominant frequencies of the 
capsule’s wobbling motion.

Once the image analysis and output 
data post-processing algorithms had 
been refined, we developed a GUI with 
MATLAB to streamline the execution of 
the processing (Figure 7). Before begin-
ning each analysis, we used the GUI to 
record information about the test, such 
as who conducted the experiment and 
when, as well as the inhaler orientation, 
test flow rate, and inhaler type. We added 
a feature that makes the application pres-Figure 5. Analyzed video frame.

Figure 7. The MATLAB based GUI for executing 

the analysis of the experimental video data.

Figure 6. Power spectrum density on a semi-log scale.
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For More Information 

■ ��Alkermes 
www.alkermes.com

■ ���Image Processing with MathWorks Tools 
www.mathworks.com/applications/
imageprocessing
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ent the first frame of the video when the 
video processing begins and enables the 
user to crop the image so as to remove the 
periphery and isolate the aerosolization 
chamber and the capsule. This cropping 
is subsequently applied to all the frames 
in the video.

Refining the Algorithm
The steps outlined in this article were dis-
tilled from an iterative experimental devel-
opment process in which the image analysis 
algorithms—and even the markings used 
on the capsules—were designed, proto-
typed, tested, and improved repeatedly. The 
interactive MATLAB environment stream-
lined the data analysis algorithm develop-
ment process by making it easy to try new 
approaches and techniques and immedi-
ately visualize the results. This allowed the 
algorithm to be built step by step and then 
refined as data was processed from more 
and more experiments.

Alkermes has already gained insight into 
how the capsule moves within the inhaler, 
and has correlated experimental variables, 
such as flow rate, to a variety of quantifi-
able features of the capsule motion.

The long-term objective is to identify 
aspects of the capsule motion that determine 
the amount, rate, and distribution of powder 
delivery. This information, along with other 
test results, will provide a foundation for op-
timizing future versions of the inhaler. ■

Resources 

visit 
www.mathworks.com 

Technical Support 
www.mathworks.com/support 

Online User Community 
www.mathworks.com/matlabcentral 

Demos 
www.mathworks.com/demos 

Training Services 
www.mathworks.com/training 

Third-Party Products  
and Services 
www.mathworks.com/connections 

Worldwide CONTACTS
www.mathworks.com/contact

e-mail 
info@mathworks.com 


