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Compression Techniques for BioFilm Optical Coherence Tomography (OCT)
Data
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Optical Coherence Tomography (OCT) is as a fast and non-destructive technology for bacterial biofilm imaging. However, OCT
generates approximately 100 GB per flow cell, which complicates storage and data sharing. Data reduction reduces data complications
by reducing the overhead and the amount of data transferred. This work leverages the similarities between layers of OCT images to
minimize the data in order to improve compression. This paper evaluates the 5 lossless and 2 lossy state-of-the-art compressors to
reduce the OCT data. The reduction techniques are evaluated to determine which compressor has the most significant compression
ratio while maintaining a strong bandwidth and minimal image distortion. Results show that SZ with frame before pre-processing is
able to achieve the highest CR of 204.6× on its higher error bounds. The maximum compression bandwidth SZ on higher error bounds
is ∼ 41𝑀𝐵/𝑠 , for decompression bandwidth, it is able to outperform ZFP achieving ∼ 67𝑀𝐵/𝑠 .
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1 INTRODUCTION

Biofilms are a growth that occur on ships by microorganisms, plants, and algae[7]. They can create drag penalties,
causing lower energy efficiency on crafts[7]. Optical coherence tomography (OCT) is a fast and non-destructive method
to image biological systems[8][12][10] including biofilms. OCT datasets are generally large[2], which causes difficulties
in storage and data transmission. Data reduction is needed for long-term storage and for data transfer to clusters for
analysis. This poster evaluates different methods for data reduction utilizing both various methods of pre-processing
and compressors (lossless and lossy) on OCT biofilm data to determine the most significant compression ratio (CR)
while maintaining strong bandwidth and accuracy.
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Fig. 1. Lossy Differences Calculation

Fig. 2. Differences Iteration

2 METHODOLOGY

In this poster we explore five lossless and two lossy methods for data reduction including ZSTD (lossless)[4], BLOSCLZ
(lossless)[1], LZ4/LZ4HC (lossless)[3], ZLIB (lossless)[5], SZ (Lossy) [6], and ZFP (Lossy)[9]. Each of these compressors
were tested with unaltered data and two pre-processing methods.

2.1 Evaluation Metrics

In data reduction, the most important metrics are size reduction, speed, and accuracy, which is denoted by CR, bandwidth,
and image distortion. The CR is used to show the effectiveness of different compressors and demonstrates how far
the data can be reduced. Compression/decompression bandwidth is the elapsed time for data to be compressed and
decompressed, respectively. SSIM is a metric for lossy compression that evaluates the structural degradation of image
quality during compression [11].

2.2 Data Pre-processing

To improve the CR, the 3D nature of OCT images is leveraged and tested with multiple pre-processing steps to reduce
the variation of data points. These methods include:

(1) Frame 0 Diff: The difference is calculated between the first frame of the OCT image and every subsequent image
frame. The resulting diff values are passed to the compressors (Figures 1 and 2).

(2) Frame before Diff: The difference of each frame is taken from the preceding frame. The compressors are given
the resulting differences of each frame (Figures 1 and 2).
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Fig. 3. Software Versions

(a) Lossless (b) SZ Lossy

Fig. 4. Difference Calculation

3 RESULTS

3.1 Pre-Processing

Utilizing pre-processing yielded negative compression on lower error bounds and a higher CR than unaltered data on
higher error bounds. Ldiff achieves the highest CR on higher error bounds with SZ but degraded in SSIM (Figure 4b).
ZFP and lossless was unable to benefit from pre-processing (Figure 4a).

3.2 Compressibility

Each of the compressors are run over the entire dataset on the Palmetto Cluster using software versions shown in
Figure 3, and the average CR are presented in Figures 5. Lossy compressors are evaluated over an error bound which is
used to set the accuracy of the data to analyze its effects on CR, compression bandwidth and decompression bandwidth.
The absolute error bound is varied between 1e-7 to 1e-1. As the error bound for the compressors increases, so does the
CR. The maximum CR achieved by SZ is 927.85x and by ZFP is 10.82x.

For lossless compressors, the best CR is ZSTD while performing average for compression bandwidth and decompres-
sion bandwidth (Figure 6). The frame before pre-processing is able to achieve up to an 8.707% CR increase on lossy SZ
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(a) Lossy CR (b) Lossless CR

Fig. 5. Compression Ratios

(a) Compression Bandwidth (b) Decompression Bandwidth

Fig. 6. Bandwidths MB/s

and a 4.56% increase on lossless compressors. SZ can achieve a higher CR when compared to ZFP, but its SSIM degrades
when the error bounds increase. ZFP has greater compression and decompression bandwidths compared to SZ.

3.3 Image Distortion

Lossless compressors perfectly preserve the data, while lossy compressors will lose information to improve CR. Lossy
compression achieves a higher CR at the cost of image distortion. Figure 7 shows the structural similarity index measure
(SSIM) over various error bounds. SZ begins degrading at 1e-2 while ZFP remains consistent.

4 CONCLUSION

To effectively analyze biofilm OCT images, data reduction is essential. These results show that although lossless methods
are perfectly preserved and reduced the data, they are slower and have less CR compared to lossy methods. We also
explored leveraging the 3D nature of the OCT by taking the difference between frames. Improvements on higher error
Manuscript submitted to ACM
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Fig. 7. Lossy Absolute Error Bound on SSIM

bounds shows how the volume data can be leveraged. Ldiff was able to achieve the highest CR on higher error bounds
with SZ. ZSTD yields the best CR for lossless compressors, while SZ is able to provide the best compression for lossy
compressors. ZFP was seen to have the higher SSIM, compression bandwidth, and decompression bandwidth when
compared to SZ. Lossless compressors trade compression time for smaller file size and lossy compressors trade data
distortion for smaller file sizes. In conclusion, this study shows SZ with Ldiff pre-processing is the best compressor for
the biofilm OCT dataset with higher CRs and bandwidths and also outperforms lossless methods.
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