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Introduction
Studying organisms such as zebrafish is important for improving the 

understanding of cardiovascular disease. However, imaging live hearts is difficult 

because the heart is constantly moving. One technique that is used to image live 

zebrafish hearts is prospective optical gating. This technique involves capturing 

images at specific times in the heart’s motion, so it requires a method of 

predicting the motion of the heart.

The project aim was to improve the prediction method by using a data processing 

algorithm called the Kalman filter. It was hypothesised that this algorithm would 

improve the quality of the images captured using prospective optical gating. 

Motivation

In 2019, coronary heart disease was the single biggest cause of death 

in Scotland1. In total, cardiovascular disease is estimated to cost the 

Scottish economy up to £1.8bn each year2, and so it is vital that our 

understanding of the heart is improved. 

Zebrafish are one of the most important sample organisms for studying 

the heart. This is partly because their embryos are transparent, and so 

the live heart is easy to image. Insights into the development of the 

human heart can be gained by studying the growth of these transparent 

zebrafish embryos. If the study of zebrafish is improved by using the 

Kalman filter, there is potential that it could lead to a better 

understanding of how to prevent and treat cardiovascular disease. 

Top 4 Causes of Death 

(Scotland, 2019)1
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The problem with the linear prediction algorithm is that it 

can be easily thrown off by inaccurate phase 

measurements, resulting in the fluorescence camera 

capturing images at the wrong time. It was hypothesised 

that the Kalman filter would solve this problem.

The Kalman filter is a data processing algorithm 

developed by Rudolf E. Kálmán. It produces an estimate 

of a system’s state based on noisy input data. First used in 

the Apollo space program, it is now often used in tracking 

and guidance systems, such as GPS.

The general structure of the Kalman filter is a cycle made 

up of a “predict” stage and an “update” stage. If set up 

properly, it should be able to produce mathematically 

optimal predictions. 

Prospective Optical Gating

The best way of visualising the structure of a 3D object like the 

beating heart is by constructing a 3D image. One method of doing 

this is by capturing a series of 2D images and then stacking them 

of top of each other. Each 2D image must be captured at the same 

phase of the heart’s motion in order to produce a consistent 3D 

image. This process is called prospective optical gating.

The Kalman Filter

To ensure that each 2D image is captured at the correct time, a prediction 

algorithm is required. This algorithm uses previous measurements of the 

heart’s phase to predict when the next 2D image should be taken. 

For example, Taylor et al4 used a brightfield camera to constantly monitor the 

phase of the zebrafish heart, passing phase values to a simple linear 

algorithm. This linear algorithm produced phase predictions which were used 

to decide when to trigger a high-quality fluorescence imaging camera, which 

then captured images at the correct time. These 2D images could then be 

combined into a final 3D image.
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Results and Next Steps

Once the Kalman filter had been implemented in code, it 

was tested using data from previous optical gating 

experiments. These tests produced promising results.

Prediction algorithm performance when 

given inaccurate phase measurements

When given accurate phase measurements

The above graph demonstrates that if accurate phase 

measurements are used then both the linear and the Kalman 

filter algorithms behave similarly. However, if the phase 

measurements are inaccurate and “jumpy” then the linear 

algorithm will produce problematic predictions. In contrast, 

the Kalman filter algorithm is able to “smooth out” the noisy 

measurements, producing much less volatile predictions.

Next, the Kalman filter was integrated with the existing optical gating 

code5. This allowed it to be tested using a simulated real-time case of 

optical gating. Again, this produced promising results.

Predicted trigger times 

(linear prediction)

Predicted trigger times (Kalman filter prediction)Ideally, the trigger times graph

(shown on the right) should be 

smooth and regular. This is the 

case for the Kalman filter, which 

suggests that it is able to produce 

consistent predictions from 

inaccurate phase measurements. 

In contrast, the corresponding 

linear graph is more irregular and 

full of glitches.

Sources

These results demonstrate that the Kalman filter has the potential to 

significantly improve the performance of prospective optical gating. The 

next step is to test the filter in the case of a fully real-time experiment, 

since all the testing so far has used previously recorded data.

Phase measurements

Linear prediction predicts inaccurately 

Kalman filter predicts robustly
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