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Abstract

Oral solid dosage forms, specifically immediate release tablets, are prevalent in the pharmaceutical 
industry. Disintegration testing is often the first step of commercialization and large-scale production of 
these dosage forms. Current disintegration testing in the pharmaceutical industry, according to United 
States Pharmacopeia (USP) chapter <701>, only gives information about the duration of the tablet 
disintegration process. This information is subjective, variable, and prone to human error due to manual 
or physical data collection methods via the human eye or contact disks. To lessen the data integrity risk 
associated with this process, efforts have been made to automate the analysis of the disintegration process 
using digital lens and other imaging technologies. This would provide a non-invasive method to 
quantitatively determine disintegration time through computer algorithms. The main challenges 
associated with developing such a system involve visualization of tablet pieces through cloudy and turbid 
liquid. The Computer Vision for Disintegration (CVD) system has been developed to be used along with 
traditional pharmaceutical disintegration testing devices to monitor tablet pieces and distinguish them 
from the surrounding liquid. The software written for CVD utilizes data captured by cameras or other 
lenses then uses mobile SSD and CNN, with an OpenCV and FRCNN machine learning model, to 
analyze and interpreted the data. This technology is capable of consistently identifying tablets with ≥ 
99.6% accuracy.  Not only is the data produced by CVD more reliable, but it opens the possibility of a 
deeper understanding of disintegration rates and mechanisms in addition to duration. 
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1. Introduction

Disintegration is an important first step in the delivery of oral solid dosage forms and, therefore, 
is a critical quality attribute for small molecule formulations in the pharmaceutical industry (An Overview 
of Disintegrants 2019; Desai et al., 2016). The disintegration test, which seeks to understand 
disintegration times, provides a basic assessment of the controlled breakdown of a tablet or capsule in a 
fluid environment prior to the release of the active pharmaceutical ingredient (API) in the human body. 
Execution of the quality assurance test is prescribed in the United States Pharmacopeia (USP) General 
Chapter <701> (United States Pharmacopeia 2020).  Despite being well-established, the disintegration 
test is limited in its ability to accurately measure the scientific disintegration process.  For instance, the 
disintegration process is known to occur through a duration of a variety of stages; however, the 
disintegration test disregards all timepoints except the last one. Additionally, the test relies on a human 
operator interpretation of end point either visually or through use of electrically conducting contact disks.  
However, visual determination is a data integrity risk due to subjectivity and disk contact usage interferes 
with natural tablet movement and particle separation. As a solution, this article introduces the Computer 
Vision for Disintegration (CVD) technology; the science behind why it is needed to improve the 
reliability, quality, and robustness of information collected during disintegration testing and the science of 
how machine learning technology can accurately identify pill or tablet particles.

Currently, oral solid dosage forms such as tablets or capsules are the predominant method of 
administration of active pharmaceutical ingredients to patients (Markl & Zeitler, 2017). Typically, the 
therapeutic load of API is relatively low compared to that of the excipients, which offer several assisting 
functions. Excipients are routinely used to maintain API potency, bioavailability, and stability. 
Specialized excipients such as glidants, lubricants, surfactants, and binders may be added to the tablet to 
improve its processing and compressibility during manufacturing. Excipients add tablet volume and bulk 
to facilitate handling, improve taste, and ease swallowing for better patient convenience and compliance.  
Additionally, there are some excipients that are added to alter the disintegration process directly.  These 
excipients, known as disintegrants, promote tablet particle dispersion and can cause a rapid release of API 
(immediate-release tablets) or a controlled release to modify the drug kinetics (sustained or extended 
release). The tablet composition, beyond the addition of excipients, can influence its disintegration 
process as well. API may be embedded in a polymer matrix that swells or degrades in a desired time 
frame or pH environment.  Tablets may also have a polymer coating that affects both mass transfer and 
tablet break down.  Tablet behavior when introduced into a fluid environment is, therefore, very 
dependent on its formulation. 

Disintegration is the mechanical breakdown of a tablet into smaller particles or granules, 
representing the disruption of interparticle interactions generated during tablet compaction. By first 
disintegrating, more internal surface area of the tablet is exposed to the surrounding liquid medium. The 
tablet thus dissolves more quickly allowing the API to be absorbed and utilized (Silva et al., 2018). Based 
on the disintegrants chosen, disintegration can occur via several mechanisms which include swelling, 
wicking or capillary action, and deformation among many others (Desai et al., 2016; Kumar & Garg, 
2014; Markl & Zeitler, 2017; Mesnier et al., 2013; Silva et al., 2018).  Different tablet types such as plain 
coated tablets, hard and soft gelatin tablets, etc., all disintegrate at different rates with different kinetics 
and particle morphology (Revision of Monograph on Tablets 2009; United States Pharmacopeia 2011). 

The process of disintegration can intersect with dissolution as a solid substance simultaneously 
disintegrates into small pieces while actively dissolving in a solvent. Dissolution is the process through 
which solid, gaseous, or liquid substances dissolve in a solvent to produce a solution (Abdelelah, 2015). 
For substances to dissolve in a solvent, the solute and the solvent must be compatible. The dissolution 
process is also a critical quality attribute for drug absorption measured using the dissolution test as 
defined in the United States Pharmacopeia (USP) General Chapter <711> (Löbenberg et al., 2000; United 



States Pharmacopeia 2020). This test analyzes multiple samples of solution for API concentration at set 
intervals and builds a profile of the drug release over time.

Currently, disintegration and dissolution tests are often used together in pharmaceutical 
development. Though the current disintegration test can only provide a relative and subjective 
disintegration time, this information is critical and is used in the process of selecting the identity and 
amounts of various excipients in the final drug tablet. Data beyond just disintegration time such as tablet 
and particle kinetics can be obtained from the dissolution test, but this is problematic still as it does not 
elucidate the disintegration mechanisms and is a much more time-consuming test to run. By increasing 
the amount of information the disintegration test can provide, it is possible the lengthy dissolution test 
could be omitted for Biopharmaceutical Classification System (BCS) class I and III drug tablets. These 
drugs are labeled in BCS categories according to which process is the limiting step to API adsorption. For 
BCS class I and III, the dissolution of API occurs faster than disintegration, thus disintegration is the rate 
limiting step. In these cases, the disintegration test could shift from being only a quality test to a product 
performance test as disintegration is a major barrier to drug absorption (Zhang & Hermans, 2020). 

A main challenge with the current disintegration test is its subjectivity, stemming from human 
dependence. Operators watch the tablet as it travels up and down through the fluid medium that quickly 
becomes cloudy and difficult to see through. Additionally, the data obtained from the human eye cannot 
be retrieved and easily referenced as the data resides in the mind of the operator alone. Furthermore, if 
tablets require a longer time to disintegrate, e.g., upwards of 30 minutes, operators can suffer from eye 
fatigue from intensely watching the repetitive machine (Eyestrain 2020). If tablets require a short time to 
disintegrate, e.g., less than 2 minutes, great care must be taken to ensure the true endpoint of 
disintegration is determined accurately and not missed.

One current industry accepted solution to automate the disintegration testing process involves the 
use of disks which are meant to maintain contact with the upper surface of the tablet (The International 
Pharmacopoeia 2019; United States Pharmacopeia 2020). These electrically conductive disks signal the 
end of disintegration once contact has been made between the disk and the bottom of the tubes that hold 
the tablets in the basket rack, which can only occur in the absence of appreciably large tablet particles 
(DT2 Disintegration Testing Apparatus 2013). A problem with this solution is the unknown effects of the 
presence of the contact disk on the tablet disintegration rate. The weight of the disk on the tablet 
(especially on tablets with lower densities) and the interaction of the disks with the tablet particles may 
result in artificially shorter disintegration times. For these reasons, contact disks cannot be used for all 
tablet types and still be representative of in vivo conditions. Additionally, contact disks as they are 
currently designed cannot capture the additional tablet disintegration kinetic and particle morphologic 
data which would be beneficial in investigating the and aid in troubleshooting throughout tablet 
formulation.

Several methodologies have been developed to collect kinetic, topographic, and mechanistic data 
of tablets in static fluid environments. The most common method of acquiring this data involves a tablet 
laying in a petri dish or steel mesh within a clear vessel of liquid with a camera and various lens add-ons 
positioned to view the tablet from the side or above (Amayreh et al., 2019; Desai et al., 2013; Nep et al., 
2017; Roberts et al., 2007). Other experiments have used optical cameras in addition to MRI, microscopy, 
and x-ray microcomputed tomography (XRCT) to visualize tablets in solution (Berardi et al., 2018; Desai 
et al., 2012; Ma et al., 2020). The images obtained from these methods were analyzed with image analysis 
software including ImageJ, VG Studio 2.1, Image ProPlus®, and MATLAB. Tablet diameter in the radial 
and axial dimensions were recorded as they changed with time via the various imaging technology. 
Plotting changes to the aspect ratio, the ratio between expansion in radial and axial dimensions, along 
with changes in time, allowed for the generation of tablet morphology curves (Amayreh et al., 2019; 
Berardi et al., 2018; Ma et al., 2020). In this way, swelling and expansion behavior of tablets due to 
disintegration could be analyzed and the effects of specific excipients on this behavior could be 



characterized. Additionally, an alternative definition of disintegration was outlined using particle analysis, 
where the end of disintegration was determined when the rate of new particle generation reached a drop 
off point (Mesnier et al., 2013; Wilson et al., 2011). 

While these technologies have increased general understanding and ability to analyze 
disintegration, they too are not without limitations. These studies have proven to be effective in obtaining 
disintegration mechanistic information but are not adequate for collecting data in an industrially relevant, 
USP compliant disintegration test. Some of the biggest challenges of collecting real-time USP compliant 
data are the fluid and mechanical motion. In the studies mentioned above, the experimental setup 
involved tablets remaining in stationary water. Not only is this not USP compliant, but it is not 
representative of the tablet break down process within the human body. In the USP test, the water, the 
disintegration apparatus, and the tablet are all moving. For a system to be able to extract kinetic 
information from the moving tablet, it must be continuously tracked. Swelling behavior and other 
disintegration morphology has been observed, but not in a dynamic environment as defined in USP 
<701>. Additionally, separate tests must be done to obtain dissolution rate, swelling, and solubility 
information. Dynamic disintegration testing using image analysis has been done for rapidly disintegrating 
tablets (RDTs) as opposed to orally disintegrating tablets (ODTs) and thus a different non-USP <701> 
compliant apparatus was used for the testing (Desai et al., 2013). Though particle analysis has been done, 
it was carried out using a new flow cell built specifically for this study (Mesnier et al., 2013).  Particles 
were in motion, but only in one direction as opposed to the random particle movement generated by the 
USP <701> compliant device. 

A promising solution to the problems raised above is to use machine learning (ML) to visualize 
tablets and determine the extent of disintegration. ML describes the process of learning to process new 
unfamiliar data simply by observing examples of familiar data and learning how they were successfully 
processed. In the CVD system, the specific type of ML algorithm used is a neural network which, unlike 
some other algorithms, does not require the human to specify which attributes or features to learn. The 
neural network is able to autonomously extract the essential information from the image needed to use to 
make its decision (Kavlakoglu, 2020). Neural networks have been used in disintegration and dissolution 
testing applications in the past, but only to predict disintegration behavior or tablet defects, not for use in 
real-time disintegration monitoring (Desai et al., 2016; Han et al., 2018; Ma et al., 2020). Finally, though 
multiple imaging systems were used (camera, particle lens, x-ray), only one of these technologies was 
employed at one time. These studies, though not immediately applicable to industry, provide the 
parameters of measurement used by CVD to obtain the additional kinetic and morphologic information 
desired.

To increase the reliability and in-vivo comparability of disintegration testing, Computer Vision 
for Disintegration (CVD) technology has been developed. CVD in general involves equipping the current 
industry-relevant disintegration testing system with several cameras and lens systems and processes the 
images using machine learning via neural networks. This technology and accompanying software have 
the ability to track tablets and tablet particles more reliably, in motion, and in real time to extract 
objective, quantifiable disintegration metrics. 

2. Materials and Methods

2.1. Materials

Disintegration videos were taken using a standard optical camera of film coated immediate 
release tablets undergoing the disintegration test in an industry environment. A 3D printed apparatus was 
designed and produced according to the specifications outlined in USP <701> as shown in Fig 1. The 
camera was mounted in the open space of the apparatus above the basket rack enabling it to take video of 
the tablets during the disintegration process. Water was used as the disintegration fluid. 



Tablets shown here comprised of non-clinical developmental batches of Segluromet (ertugliflozin 
L-pyroglutamic acid and metformin hydrochloride) at 2.5/1000 mg – 7.5/1000 mg formulations. Inactive 
ingredients include the excipients povidone, microcrystalline cellulose, crospovidone, sodium lauryl 
sulfate, and magnesium stearate. Povidone, microcrystalline cellulose, and crospovidone are all 
disintegrants and assist with tablet binding and compressibility as well. Crospovidone specifically has 
intrinsic swelling properties which promote initial tablet disintegration. Sodium lauryl sulfate and 
magnesium stearate serve as tablet lubricants which are needed during tablet formulation. The film 
coating contains hypromellose, hydroxypropyl cellulose, titanium dioxide, iron oxide red, and carnauba 
wax. This specific tablet is manufactured using the direct compression process which involves first 
mixing the API and excipients together followed by compression into a hard tablet with the dimensions of 
a 19.1 x 10.6 mm oval (European Medicines Agency Committee for Medicinal Products for Human Use 
(CHMP), 2018). 

2.2. Image Analysis and Algorithm Overview

In general, an image capture device takes multiple pictures of the tablet at moments when the 
tablet, being raised up and down repeatedly, achieves a target height. The images are stored in computer 
memory and later processed to identify the tablet against the noise of the surrounding fluid to determine 
whether it has completed the disintegration process. The disintegration end point is determined based on 
the principle of the background differential between properties of the tablet, namely color and shape, and 
the surrounding water. For this work, a NexiGo N930AF Webcam was used as an imaging capture 
device. This camera has a resolution of 1080p (1920×1080 pixels) and is Full HD (FHD). Images were 
extracted from a single video obtained in June 2020. Image extraction and analysis were performed using 
Python 3.8.10 and open-source packages. The video has a frame rate of 30 frames per second, and 3230 
frames were extracted. Frames were zero-indexed to match Python convention.

 It is not trivial for a computer vision sensor to differentiate between pixels of the tablet particles 
and pixels from the media, mechanical interferences, electronic noise, and other non-tablet sources. When 
the background differential is below a specific threshold, it indicates a definitive end of the disintegration 
process. For this reason, multiple tablets can be analyzed at a time. Overall, CVD leads to more accurate 
disintegration duration information backed up by retrievable quantitative data. A general overview for the 
CVD technology is shown in Fig. 2. The machine learning system developed for CVD uses neural 
networks to account for the challenges of tablet identification despite motion of the pill or tablet and its 
surroundings. A flowchart of the directory architecture is seen in Fig. 3. The two main components of 
initially developing this process involve preparing the dataset and modeling the workflow. The 
disintegration apparatus is outfitted with magnetic sensors, a raspberry pi and a digital camera that 
together capture images of the tablet. First, the disintegration test and CVD processor are started and the 
video capture component begins recording the disintegration of the tablet in frames. Once a full video is 
acquired, to create a training dataset, these frames are manually preprocessed, annotated, and labeled. The 
extracted tablet size and location metrics for each frame are stored as comma-separated values (CSV) in a 
data frame. The training or testing of the tablet detector algorithm is implemented using OpenCV 
functions to enhance each frame. Then, the MobileNet Single Shot Detector (MobileNet(v1) SSD) or 
Faster Regional-Convolutional Neural Networks (Faster R-CNN) convolutional neural net models detect, 
segment, and extract the tablet(s) found therein (Bradski, 2000; Howard et al., 2017; Ren et al., 2017). 
After tablet detection is done on each frame, an inference test is performed to determine if any tablet 
fragments remain in the frame. If the computer recognizes tablet fragments, the full tablet detection 
algorithm is repeated on each remaining fragment to measure its size and position. Once tablet fragments 
are no longer detected, video processing stops, and disintegration time is calculated and reported. The 



disintegration duration is calculated from the total number of frames that contained a tablet or fragment 
multiplied by the video frame rate. Hyperparameters are configured such as batch size and number of 
epochs in addition to the training pipeline. The Tensorboard model relies on previous training from 
experimental datasets. The trained Inference graph is exported, and the inference test is run on test data 
until the training is complete and the machine learning model accurately identifies tablet fragments. 

3. Results and Discussion

3.1. CVD Disintegration Analysis

The camera system and algorithm of CVD technology was developed to overcome the challenges 
of tablet visualization through turbid fluid. Fig. 4 shows examples of the images obtained by the camera 
disintegration video as they are processed and analyzed by CVD technology. The goal of this study was to 
train the software to have the ability to identify “tablet” pixels from “background” pixels. The results of 
this training are automatically generated by the software and are displayed in the green boxes 
superimposed on the disintegration testing images.  Fig. 5 shows a zoomed in view of the image analysis 
to increase visibility of the accuracy output generated by the software which are displayed in the green 
boxes in Fig. 4. The accuracy values that appear in the boxes (also tabulated in Table 1) reflect the 
validation results from the top 3 training runs with K-fold cross validation (K=2). Once the training of the 
model using the Mobilenet SSD network was complete, it generated two different random evaluation data 
sets from the given validation.csv image files and reported the metrics for tablet detection. The sets were 
compared to annotated tablet images which were created by manually marking the tablet detection 
boundary boxes using the LabelIMG software. This is the training data set. The other data sets are the test 
data where the machine identified the tablet location in K replicates (again K=2). The accuracy is defined 
as the percentage of pixels the machine correctly identifies as “tablet” present within the predicted green 
bounding box as compared to the manually annotated ground truth bounding box, in a set of validation 
images. To better understand what is meant by accuracy, take for example Fig 4 A .1. The computer has a 
detection accuracy of 99% on the left and 100% ground truth accuracy which is the manually annotated 
detection box on the right. This means that 99% of the predicted bounding box overlaps with the ground 
truth bounding box. The overall accuracy is the sum of accuracy of all the individual images in the 
validation set divided by the number of images in the validation set for that run.

Over the course of 2 years, hundreds of tablet disintegration experiments were done in total to 
establish and refine the CVD imaging technique. Once the model was developed, 41 experiments were 
conducted with tablets starting from the video capture stage and 11 experiments were completed through 
final processing.  The machine learning model component was trained over the course of a few months 
until each of the system outputs gave an accuracy of 97% or above in detecting tablet particles in the 
surrounding liquid. Currently, CVD has the ability to identify the presence of tablet pieces within the 
liquid medium to 99.6% accuracy, as seen in Table 1. As also depicted in Table 1, the median value of the 
accuracy of tablet recognition across evaluations was 100%. This distinction marks the success of the first 
and most challenging step in training CVD technology to determine disintegration time without manual 
intervention. The algorithms developed for this system overcome the challenges of the tablet in motion 
within a turbid liquid allowing it to be used in industry testing applications. 

3.2 Manual Validation of CVD Analysis

In addition to the accuracy values obtained by the CVD system, another test was performed to 
determine if the CVD results could quantitate the tablet over time. The images from Fig. 4 were scaled to 
the actual size of all materials in the disintegration test, and the image of what CVD determined was the 
tablet was extracted from the overall image. The area tablet image was then determined. The progression 



of the area of the tablet images over time were plotted to determine if CVD technology was capable of 
trending analysis of the tablet in the disintegration test. The tablet type, Segluromet, is here referred to as 
round tablet A. As determined by Fig. 6a, the size of the tablet is shown to decrease over time in a 
parabolic function, and the results of the graph of the size of the tablet (normalized area relative to round 
tablet A) versus time (seconds) are comparable to results of a disintegration test prior to the use of the 
CVD software. This investigation, along with the accuracy values, demonstrates that CVD has the 
potential to enhance the current disintegration test while still meeting USP specifications in an applicable 
industry setting. Fig. 6b was generated as a representative proof of concept for the claims proposed that 
CVD is able to capture additional, phenomenological, disintegration information that is necessary to 
analyze the differences and similarities between different tablets. As seen in Fig. 6b, different tablets 
display different break down morphology through the disintegration process. Disintegration behaviors 
that were recorded were validated through Gage repeatability and reproducibility (GR&R) experiments 
with n = 3 to determine the standard deviation. Though tablets A and B are the same shape, the difference 
in the curves is likely due to tablet B disintegrating via the swelling mechanism. This shows the potential 
future work that is possible using CVD technology, however, detailed comparisons between tablet 
kinetics and morphology that are possible with CVD technology are not within the scope of this study at 
this time.

3.3 Automated Validation of CVD Analysis 

Finally, following training of the tablet recognition software, it was necessary to validate that the 
automated method could determine disintegration endpoint as well or better than if the test were 
performed manually. Images were extracted from a single video obtained in June 2020. Image extraction 
and analysis were performed using Python 3.8.10 and open-source packages. The video has a frame rate 
of 30 frames per second, and 3230 frames were extracted. Frames were zero-indexed to be match Python 
convention. The overall approach to determine tablet size over time was to threshold and separate the 
light-colored tablet from the darker-colored background. A final binary image was summed to get the 
total number of pixels for the tablet. 

One of the earliest difficulties of image analysis was the motion of the system. As the apparatus 
moves, the distance from the tablet to the overhead camera changes, which confounds the total pixel 
intensity of each image. To overcome this issue, only frames that occur at or near the peak of the 
apparatus’ period motion were considered. The radius of the circle marking the outer lip of the holder was 
determined for each image and then plotted against frame number, as shown in Fig. 7a. Holder radii are 
largest when the apparatus is closest to the camera. A sinusoidal curve in circle radius is clear in Fig. 7b. 
The data was smoothed using a Savitzky-Golay filter from SciPy to remove high frequency noise, and the 
data is shown overlaid with the original data. Although the amplitude of the curve changes over time, it is 
not significant because only the relative locations of local maxima and the corresponding frames are 
necessary. Local maxima were found using SciPy, and the final peaks are also shown in Fig. 7b, 
coinciding with the peaks of the smoothed curve along the x axis. The average distance between peaks 
was 56 frames, or 1.87 seconds, which was expected. These figures together demonstrate the progression 
of what is being detected by the software as a signal in tablet size based off pixel intensity. The reason the 
signal fluctuates is because the tablet is moving and the position of the camera at the high point can only 
see the top of the tablet.  Smoothing the signal into a curve, allows for the motion to correspond to the 
motion of the apparatus. As the tablet reaches its consistently highest point, these images are extracted for 
comparison.  These are represented by the red dots. The high values of the red dots especially in the 
beginning of disintegration demonstrate just how much the tablet can move in the y-axis within water in 
motion. The 29 images corresponding with the consistent peaks were combined with 11 images from 
before the apparatus began moving to obtain the final dataset for plotting the peak intensity over time, as 
seen in Fig. 8. This figure shows the same data captured in Fig. 6a but with the higher resolution now 
possible using the algorithm. Eleven frames were selected exactly 50 frames apart from the first 501 
frames. In these images, the tablet is stationary, and the pixel intensity is consistent. 



However, the distance between the tablet and the camera in the stationary frames is larger than 
the distance at the peaks of motion. Two representative images are shown in Fig. 9, with highlighted 
circles to demonstrate the apparent size difference due to distance from the camera. Therefore, a scale 
factor was determined between the two lengths. This factor was used to adjust the pixel intensities of the 
stationary frames. The mean apparent radius of the tablet holder in the 29 peak frames and the mean 
apparent radius in the first 501 frames were divided to get the scale factor. 

To process the images before summing pixel intensity, images were cropped to just the holder 
region to reduce background interference. The blue channel of the images was extracted and blurred using 
a median filter. For most frames, the blue channel showed the greatest contrast between the tablet and the 
background. Median filtering reduces the average brightness of small bright areas in the holder. Finally, 
binary thresholding was performed to distinguish the bright tablet from the darker background. 

In the frames during which the apparatus is moving, the presence of fluid in the holder causes 
glare. The glare is often as bright as or brighter than the tablet, causing the size of the tablet to be 
overestimated. The glare was filled in using OpenCV. Glare regions were determined from the brightest 
regions of the red channel of the 1027th frame, one of the 29 frames used in the final analysis. A single 
representative mask was chosen for consistency because the areas with glare are also present in the rest of 
the frames. It conservatively reduced glare without filling in the tablet. The brightness of the glare regions 
was reduced in the blue channel image, after which median filtering and thresholding were performed. 
Examples of two images through each step of the workflow are shown in Fig. 10 and Fig. 11. The first 
image does not have glare, while the second does. A higher threshold was set for the second image to 
further reduce the effects of glare on final pixel intensity. 

Once again examining Fig. 8, pixel intensities can be used to model tablet disintegration over 
time. There is some variation in pixel intensities, but the overall trend is clearly downwards, which was as 
predicted. The tablet is not discernible after about 68 seconds.

While this method of analysis could be applied to the CVD tablet recognition algorithm in the 
future, some changes in data acquisition will be necessary first. The future camera or probe will need to 
be centered and will need to be closer to the tablet to avoid manually cropping the images. Next, a method 
for obtaining images of the tablet at only the top of the periodic motion must be implemented, and glare 
must be reduced.

3.4 Additional Disintegration Data Potentially Gained From CVD  

Accurately and consistently identifying tablet particles from the background of turbid water in 
motion is the most difficult hurdle CVD has had to overcome. Since accomplishing this, future 
applications are extremely clear and are now discussed. Because of the algorithms used in CVD 
technology, other lens types and probes can be used in addition to optical digital cameras to gather 
additional tablet behavior data from the disintegration test as seen in Table 2.  It is known that 
disintegration occurs through a variety of methods such as swelling or wicking, but these methods have 
yet to be visually seen in a USP compliant environment. CVD would allow not only the visualization of 
these mechanisms but would allow for their quantification. Using the tablet particle tracking technology 
previously discussed, it would be feasible for CVD to report dimensional measurements of the different 
tablet particles and document them over time thus providing more detailed tablet kinetics information in 
addition to shape and morphology profiles of tablet particles. 

With the addition of a probe-based particle viewing scopes which are already used in dissolution 
testing, particle distribution information can be gathered. These probes are capable of detecting the 
average disintegration particle range (178.0 – 621.5 μm) and are specifically designed for processes 
involving moving liquid (Quodbach & Kleinebudde, 2014). By determining the number of particles that 
are released at various points in the disintegration process, the alternative definition of the duration of 
disintegration can be evaluated. The inclusion of probes allows for the determination of disintegration 



duration by a shift and decline in the number of particles generated as there is no longer a large tablet 
from which particles are generated (Wilson et al., 2011). Using both definitions of disintegration and 
comparing the results would be one additional way to confirm that the results gained from CVD would be 
indicative of what occurs in the human body. 

 The addition of these two lenses is ideal, as they are also non-disruptive, no-contact methods to 
obtain tablet information over time, remove human interaction, and are compatible with the small spaces 
in the USP compliant disintegration apparatus. The final lens type considered was a thermal lens. The 
thought behind using this lens type was the idea that the difference in temperature of the tablet (room 
temperature 25°C) and the water (37°C) would be large enough to differentiate the tablet from the water. 
However, experiments showed that not only was this small difference in temperature not perceptible by 
the currently available thermal cameras, but only the heat radiation from the water that surrounds and 
constantly flows over the tablet is perceived. Other types of lenses are still being investigated.  

Additionally, by improving visualization of the tablet and continuous analysis, the software can 
be enhanced to record diameter measurements of tablet fragments in the radial and axial dimensions. 
Analyzing these measurements over time will reveal disintegration rate and physical tablet morphology 
changes.

CVD also has applications beyond disintegration such as aiding with troubleshooting issues with 
tablet behavior and hydrodynamics observed in dissolution baths. Because the information gathered from 
these tests is similar but operate differently to determine release rates, they can be considered orthogonal 
with additional refinement. One specific issue in dissolution testing that CVD could be useful is for the 
diagnosis of analysis of tablets that split into multiple pieces during dissolution analysis. This behavior 
can cause questionable spikes in the results gained from the dissolution test. With application of CVD 
technology in the appropriate environment, these data spikes could be explained because the tablet 
behavior would be more accurately seen and characterized.  A challenge to this that remains would be 
deriving API information. However, the availability of probes that exist has only been barely breached.  

4. Concluding Remarks
Disintegration testing is an integral product quality test conducted in the pharmaceutical and food 

and beverage industries. Though this test is important, little innovation has occurred to add more 
reliability to the somewhat subjective disintegration duration determination process. The methodologies 
that have come about in recent years that add automation and computer vision to this test have been 
effective but are not applicable in an industry setting due to incompliance with USP <701> testing 
requirements. To increase the reliability of disintegration testing, CVD has been developed as a method to 
be added onto the existing industry-relevant disintegration apparatus. In addition to mitigating the risk 
from a process prone to human error and operator eye fatigue, this technology can be used to gather data 
such as particle generation analysis, tablet morphology, and disintegration kinetics, that has never been 
seen before in an a USP <701> compliant environment. Initial proof-of-concept training of the CVD 
technology has shown the software to be capable of identifying and differentiating tablet particles from 
the water that surrounds it which is crucial to the determination of the duration of disintegration. Future 
optimization of CVD technology will prove to accelerate the tablet development and formulation process, 
by allowing for objective, physical feedback in disintegration experimentation, in addition to enhancing 
the disintegration test to be valuable as a product performance test for BCS I and III drug tablets in lieu of 
the dissolution test. In addition, the camera system can could be coupled to a dissolution bath where 
disintegration kinetics and dissolution kinetics are measured simultaneously. Furthermore, this 
development in CVD technology can lead to a reduction in the dependence on contact disks which have 
been known to skew disintegration rates for certain tablet types. New tablet morphologic and 
disintegration analysis methods, such as CVD, are sure to have profound impacts in the pharmaceutical 
and tablet development fields as the technology continues to be developed and perfected over time.
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Tables

Table 1 Title: Accuracy Metrics for Training Phase of the Tablet Detection Model

Table 1

          Training             A                 B              C       _        
           Eval 1          99    100    100    100     99    100             
           Eval 2          98    100    100    100     99    100    

         
Average:  99.58

The data are the % accuracy values for trainings.

Table 2 Title: Additional Imagining Technologies for Disintegration Analysis

Table 2

          Technology                  Question Answered                           Usable Data                                                             _        
           Optical/Digital                   Duration                      Aspect Ratio & Color Difference             
           LiDAR                       Morphology & Rate              3D Aspect Ratio
           Probe-based             Particle analysis & Rate       Particle Accumulation & Rate of Particle Size Change
    

This table displays the potentially usable disintegration data that can be gathered by various 
imaging technologies.
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Figure and Table Legends

Fig. 1:  Computerized image of USP <701> compliant disintegration testing apparatus. (A) The 
basket rack assembly alone in which tablets would be placed represented as orange oval, (B) The 
basket rack within the beaker and full apparatus.

Fig. 2. Schematic diagram of the strategy of CVD technology and general steps

Fig. 3. Directory structure for the model configuration

Fig. 4. Detected tablet images versus ground truth (original) tablet images. (A.1) Training 
example 1 and replicate early in the disintegration process. (A.2) Training example 1 and 
replicate towards the end of the disintegration process. (B.1) Training example 2 and replicate 
early in the disintegration process. (B.2) Training example 2 and replicate towards the end of the 
disintegration process.  (C.1) Training example 3 and replicate early in the disintegration 
process. (C.2) Training example 3 and replicate towards the end of the disintegration process.

Fig. 5.  Accuracy output values of detected tablet images versus ground truth (original) tablet 
images. (A.1) Training example 1 and replicate early in the disintegration process. (A.2) 
Training example 1 and replicate towards the end of the disintegration process. (B.1) Training 
example 2 and replicate early in the disintegration process. (B.2) Training example 2 and 
replicate towards the end of the disintegration process. (C.1) Training example 3 and replicate 
early in the disintegration process. (C.2) Training example 3 and replicate towards the end of the 
disintegration process.

Fig. 6. Graph of the change in tablet size normalized by the size of the Segluromet tablet by time 
(seconds) based on the image outputs from CVD. 

Fig. 7. Graph of the original ground truth raw data. As the tablet holder of the disintegration 
apparatus moved up and down in the liquid, the radius of the holder as perceived by the camera 
changed with the camera seeing a smaller radius when the holder was farther away and a bigger 
radius when the holder was closer. The changing radius of the tablet holder as was recorded and 
the exact radius seen in each image was plotted against frame number. 

Fig. 8. Graph of the original data smoothed using a Savitzky-Golay filter from SciPy to remove 
high frequency noise from the useable data which is seen in the sinusoidal curve. As in Fig 7, 
holder radii are largest when the apparatus is closest to the camera. 

Fig. 9. Graph of the smoothed data with local maxima and final peaks identified. This data 
shows when the tablet is at its highest point and thus when the image will be captured so that the 
camera position can be consistent. The tablet is identified by the red points. The highest tablet 
peak shows just how much the tablet can move in the y-axis in the initial stages of the 
disintegration test.

Fig. 10. Graph over the peak intensity over time. Pixel intensities were used to model tablet 
disintegration over time resulting in an overall downward trend as predicted.
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Fig. 11. Representative images to demonstrate the apparent radius difference (red circle) 
perceived by the camera due to change in distance from the camera.

Fig. 12. Examples of a tablet image as it is processed through the blurred, blue channel, and 
binary threshold steps of the workflow.
 
Fig. 13. Examples of a tablet image undergoing the disintegration test as it is processed through 
the reduced glare, blue channel, blurred, red mask and binary threshold steps of the workflow. 
The additional steps (reduced glare and red mask) are needed because the apparatus is in motion.

Table 1: The data are the % accuracy values for trainings.

Table 2: This table displays the potentially usable disintegration data that can be gathered by 
various imaging technologies.
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Tablet Size vs Time
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