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Purpose

My goal is to develop a methodology to collect footage and 
perform 2D motion tracking of small organisms using user-
friendly software and equipment.

Context

• Motion tracking small organisms is often part of the data 
collection process in biological research. This traditionally 
involves:
• Programming knowledge;
• Specialized software and equipment; or
• Manually documenting observations.

• Multiple programs already exist for analyzing the footage from 
stationary cameras. Computer vision is primarily used for 
detecting and tracking objects in surveillance footage and as a 
tool in film-making. My research attempts to use these pre-
existing programs in new ways, namely as a tool to analyze 
scientific footage.

Procedure

• The sample “small organisms” used for this research were Hydra, 
small, fresh-water organisms of the phylum Cnidaria and 
class Hydrozoa ranging from 1-20mm in length. The body is 
crowned by up to 10 or 12 tentacles. We used both brown hydra 
and green hydra (Chlorohydra viridissima), which obtains its green 
color from symbiotic green algae. Hydra move by contracting and 
extending; our research attempts to track these movements.

• To address the goal of using accessible software and equipment 
to collect footage and perform motion tracking, the software and 
equipment used for this project are limited to those available for 
check-out from the Rice Digital Media Commons (DMC). 

• The research was divided into two main stages, as outlined below:

Footage Collection

Software Comparisons

Conclusion

1. Ideal fps depends on the small organism; more frames per second may be needed for fast moving organisms

For those with programming knowledge, Matlab offers the most 
advanced capabilities and has the potential for greatest accuracy in 
both detecting and tracking objects. 
But for those without programming knowledge, AE is the best 
alternative. AE also provides predictable, clean data because the 
user can manually reposition the tracker as needed. 
Future research includes collecting footage with a lens magnification 
filter and testing OpenCV’s tracking potential.
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Equipment:
• Canon EOS Rebel T3i DSLR with 

EFS 18-55mm f/3.5-5.6 IS lens
• Resolution: 5184 × 3456

• Alternate: Canon Vixia HF M500 
Camcorder
• Resolution: 1920 × 1080

• Flexible LED light strip
• Standard tripod
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Footage Collection

• Determining the optimal 
lighting setup and camera 
placement 

• Testing different recording 
devices to collect footage of 
sufficient quality for motion 
tracking

• Key Variable: frames per 
second (fps)

Software Comparison

• Use hydra footage to 
compare the motion tracking 
capability of different 
applications  

• Record issues
• Return to footage collection 

stage to refine the footage 
collection process

Each set of footage was tracked using the Adobe After Effects (AE) 
internal tracker, ImageJ’s wrmtrack plugin, and Matlab’s “Motion-
Based Multiple Object Tracking” sample code. 
In each case, footage was first processed through AE which involves 
cropping, scaling, adjusting contrast, and outputting in required 
formats. For instance, ImageJ only works with 8-bit grayscale image 
sequences. Adobe Photoshop was also used for background 
subtraction, as needed.

The three applications were compared based on four main criteria.
Evaluative Criteria:
• Interface ease-of-use: how easily can a new user navigate the 

application and perform necessary motion tracking functions?
• Processing Time: how long does it take for the application to 

perform motion tracking calculations and output results?
• Advanced Capabilities: can the tracking be customized and 

enhanced assuming coding knowledge is available?
• Accuracy: how well does the application actually follow the 

movement of the hydra? Evaluated by watching the tracking 
labels superimposed on the hydra footage.

Three sets of footage collected: 
A. Canon DSLR at 1 fps 
B. Canon DSLR at 0.2 fps (i.e. 1 

frame per 5 seconds)
C. Canon camcorder at 30 fps

Adobe After Effects

ImageJ

Matlab

Processing stages. Raw image (Left) ; Adjusted contrast (Center); Background subtraction (Right). 

Diagram of optimal equipment setup. The hydra are 
contained in the petri dish. The camera’s distance from the 
petri dish is the minimum focusing distance for the 
particular lens used.

• Powerful GUI with drag-and-drop 
placement of tracker positions

• Long processing time
• Limited advanced capabilities
• Accuracy depends on user 

placement of track points and 
manual adjustments throughout 
tracking process

Screenshot from AE. Movement of hydra is indicated by 
the trail of track points from previous frames. The initial 
position of the tracker was manually placed.

• Difficult user interface; 
incompatible with most video 
formats

• Auto-detection of hydra
• Long processing time
• Limited advanced capabilities
• Wrmtrack plugin can identify hydra 

but cannot calculate movement

• Difficult user interface
• Auto-detection of hydra
• Fast processing time
• Advanced capabilities available
• Potential for greatest accuracy

Screenshot from ImageJ. Required input format for 
wrmtrack plugin is binary (B&W) image sequences. 4 out of 
5 hydra correctly identified. 1 false detection in upper right.

Screenshot from Matlab. Yellow bounding boxes are 
created around the detected hydra as video is processed 
frame by frame. There are issues when hydra overlap.

Program Ideal Footage1 Accuracy Advanced 
Capability Ease-of-Use Speed

After Effects 1 fps; DSLR ★★ ★ ★★★ ★

ImageJ 6 fps (dropped 
frames); Camcorder ★ ★ ★ ★★

Matlab 0.5 fps; DSLR ★★ ★★★ ★ ★★★


