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Abstract Storing and streaming hyperspectral images (HSI) re-
quires significant resources. One suitable strategy of reducing
this resource utilizations is the use of compression algorithms.
In this work, we benchmarked Bzip2, Gzip, LZ4 and lzf algo-
rithms on a dataset of HSIs of lightweight plastic packaging and
achieved a lossless compression as high as 96.7% compared to
the original filesize.

Keywords Near-infrared spectroscopy, Hyperspectral image,
Lightweight plastic packaging

1 Introduction

In recent years, the analysis of infrared (IR) spectral data has become
significant in waste management. Among the various IR techniques,
near-infrared (NIR) spectroscopy has gained particular importance as a
reliable solution for sorting different types of plastic [1]. Near-infrared
hyperspectral image (HSI) includes more information of the spectral
domain as the number of sub-bands they cover goes over 100. This
means each pixel shows a spectrum, which enables a detailed spec-
tral analysis and use of sophisticated classification models for inline
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material characterization [2]. However, this higher dimension intro-
duces a challenge when the recorded HSIs are transferred or stored.
For example, an image with dimension of 1000 × 312 × 220 requires
about 130 megabytes of storage space. With an acquisition rate of 300
frames per second (FPS), this will add up to 3.3 terabytes of data for
a full day of recording, rendering the acquisition of raw spectral data
in industrial processing scenarios infeasible. To tackle the storage chal-
lenge, Deore et al. developed a two-stage lossy compression algorithm
that uses spectral decorrelation and discrete wavelet transformation
(DWT) [3]. Beside lossy compression, lossless compression algorithms
such as Bzip2, 7zip and Gzip have shown promising results on satellite
hyperspectral images [4]. One solution to improve compression per-
formance is taking advantage of properties of near-infrared HSIs like
replacing values of pixels in HSI which are not important for further
analysis, i.e. spectra of background pixels in HSI of material being
transported on a conveyor belt. Here, we benchmark four of the most
common lossless compression algorithms Bzip2, Gzip, LZ4 and lzf on a
dataset of HSIs of lightweight plastic packaging post-consumer waste
in two scenarios (with and without background suppression) to find
an efficient compression pipeline for such HSIs.

2 Material and Methods

2.1 Dataset generation

The hyperspectral imaging camera used to record the dataset was an
EVK HELIOS NIR G2–320 EVK Kerschhaggl GmbH (Raaba, Austria)
with a wavelength range of 990 nm – 1678 nm with a spectral resolu-
tion of 3.1 nm/band. In total 170 HSIs were recorded, the details about
polymer type and number of sample are in Table 1, each HSI has a spa-
tial resolution of 312 and spectral resolution of 220, and was recorded
with 300 frames per second. The G2-320 measures and records lines, so
to create images we used the GenICam interface of the camera to read
the lines from the camera’s buffer and append them together to create
the hyperspectral images (Fig 1).
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Table 1: Dataset structure and number of samples per class

Packaging polymere # of samples filesize (GB)
Polyethylene terephthalate (PET) 95 8.896

Polypropylene (PP) 50 4.056
High Density Polyethylen (HDPE) 25 2.445

2.2 Compression algorithms

Here the following lossless compression algorithms have been inves-
tigated, Gzip [5], Bzip2 [6], lzf [7] and LZ4 [8]. As these methods are
lossless, the reconstructed spectrum remains identical to the original
before compression. However, as it is crucial for the compressed file
to be decompressed within a reasonable time, the decompression time
was also measured. The Python implementation of the mentioned al-
gorithms were used on a computer equipped with an Intel® Core i9
14900 and 128 GB of RAM, for storage a 2 TB NVME SSD.

2.3 Background suppression

To improve compression performance, through a preprocessing step,
the objects are detected using scikit-image [9], and their bounding box
is calculated and all the pixels, which lie outside the bounding box
are considered as background and were given the value of zero over
all channels, the pipeline is illustrated in Fig 2. The time required for
object detection was also taken into account as part of compression
time.

2.4 Performance assessment

To assess their performance, each near-infrared HSI was compressed
once with and once without background suppression using all the four
algorithms. To compare the performance of benchmarked compression
algorithms, the compression ratio (CR) (1) and compression speed for
each HSI were calculated, and then the mean and standard deviation
(std) over the whole dataset were derived.

Compression Ratio (CR) =
Original File Size − Compressed File Size

Original File Size
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(I)

HDPE

(II) (I) (II) (I) (II)

PP

PET

Figure 1: Sample images from dataset, (I) columns illustrate the RGB image and (II)
columns visualize the HSI as a grayscale image (for each pixel an average was
calculated )

(1)
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(I)

HDPE

(II) (III) (I) (II) (III) (I) (II) (III)

PP

PET

Figure 2: The pipeline for suppressing background pixels. (I) columns visualize the HSI
as a grayscale image (for each pixel an average was calculated), (II) columns are
binary images of the grayscale image with detected objects and their bounding
boxes and (III) columns depict the grayscale images of the HSIs with sup-
pressed background.

3 Results and Discussion

3.1 Compression performance without background suppression

The achieved CRs for no background suppression scenario varies be-
tween 58.9 % and 90.1 % with Bzip2 performing the best, while LZ4
only achieved an average CR of 58.9 %. As seen in Table 2, Bzip2
achieves the highest CR with Gzip, lfz and LZ4 following. For both
Gzip and Bzip2 a compression level parameter can be defined: for Gzip
it defines the search window and the intensity of Huffman tree opti-
mization and for Bzip2 it changes the block size used for compression.
Varying the compression level parameter of both Gzip and Bzip2 algo-
rithms indicates that for Bzip2 on average only 2.1 % higher CR are
achieved, for Gzip on the other hand a 6.2% increase in CR is observed.
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Table 2: Compression results without background suppression (highest mean values are
bolded)

CR Speed [MB/s]
mean std mean std

Algorithm Compression level

Bzip2

1 88.0% 2.0% 15.3 1.8
2 88.8% 1.8% 13.3 1.9
3 89.2% 1.7% 12.7 2.1
4 89.5% 1.6% 12.2 2.1
5 89.7% 1.6% 11.5 2.1
6 89.8% 1.5% 11.0 2.0
7 90.0% 1.5% 10.5 2.0
8 90.0% 1.4% 10.2 2.0
9 90.1% 1.4% 9.7 1.9

Gzip

1 76.4% 2.6% 85.3 11.3
2 77.7% 2.5% 75.0 9.6
3 79.2% 2.6% 55.0 6.3
4 80.9% 2.6% 56.2 7.1
5 81.7% 2.6% 41.5 5.0
6 82.4% 2.7% 27.6 2.7
7 82.6% 2.7% 19.3 1.9
8 82.6% 2.7% 10.0 1.4
9 82.6% 2.7% 8.9 1.3

lzf - 64.5% 3.3% 135.6 29.2
LZ4 - 58.9% 2.8% 157.0 38.9

Beside CR, the compression speed should also be evaluated. Though
Bzip2 achieves higher CR, it is much slower in comparison to other
algorithms, which raises the concern for its real-time implementation.

3.2 Compression performance with background suppression

Suppresing the background in HSIs improves CR, on average the CR
attained by algorithms were improved by 11.1 %, the maximum im-
provement in CR was for LZ4 with a 30 % increase of CR. As for com-
pression speed, both Gzip and Bzip2 achieve more throughput, but lfz
and LZ4 slow down. Table 3 illustrates the results for compression with
background suppression. The first observation is an evident increase
in CR for all algorithms, with Bzip2 achieving CR as high as 96.70 %, an
explanation would be the decreased variance in HSI with background
suppression and existence of repetitive zero values in the HSI, these
enable the compression algorithms to achieve higher compression ra-
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Table 3: Compression results with background suppression (highest mean values are
bolded)

CR Speed [MB/s]
mean std mean std

Algorithm Compression level

Bzip2

1 95.6% 2.4% 32.6 11.0
2 96.0% 2.2% 29.7 10.6
3 96.2% 2.0% 27.7 10.3
4 96.4% 1.9% 26.4 10.1
5 96.5% 1.9% 25.4 9.8
6 96.6% 1.8% 24.5 9.5
7 96.6% 1.8% 22.5 9.3
8 96.7% 1.8% 22.0 9.1
9 96.7% 1.7% 21.0 9.2

Gzip

1 91.7% 3.9% 100.3 29.1
2 92.0% 3.8% 100.4 26.9
3 92.2% 3.7% 99.7 29.2
4 92.7% 3.6% 84.6 18.4
5 92.8% 3.6% 78.8 19.6
6 92.8% 3.6% 72.3 19.4
7 92.8% 3.6% 72.9 20.6
8 92.8% 3.6% 66.6 21.2
9 92.9% 3.6% 60.7 20.7

lzf - 88.2% 5.5% 96.5 35.7
LZ4 - 89.1% 5.3% 103.3 32.0

tios. When it comes to compression speeds, for gzip and Bzip2 a subtle
boost in speed can be seen, but for lzf and LZ4 a decrease is observed.
Also, changing the compression level parameter for Bzip2 and gzip
leads to minimal improvement of CR, so it is not necessary to sacrifice
compression speed to achieve lower sized HSIs. Interestingly, lzf and
LZ4 achieve a CR close to 90 % while maintaining a fast compression
speed.

3.3 Decompression performance

When compressing a file, it is also important to evaluate the decom-
pression performance, specially how fast the original HSI can be re-
constructed. In Table 4 the mean and standard deviation of decom-
pression time and decompression speed are shown for the dataset in
case of no background suppression. LZ4, lzf and gzip achieve much
higher decompression speeds compared to Bzip2, it is also worth not-

7



A. Maghmoumi et al.

Table 4: Decompression results for compressed HSIs without background suppression.

Speed [MB/s]
mean std

Algorithm Compression level

Bzip2

1 87.90 16.97
2 98.81 6.44
3 97.67 6.15
4 92.82 10.56
5 69.31 12.17
6 76.56 17.86
7 88.78 5.68
8 67.42 13.01
9 60.08 9.09

Gzip

1 279.63 13.23
2 269.41 16.94
3 281.21 19.54
4 284.03 18.47
5 253.21 26.06
6 303.50 25.14
7 297.71 24.76
8 302.87 21.76
9 290.21 22.52

lzf - 320.00 23.33
LZ4 - 292.23 23.33

ing that different compression levels does not affect the decompression
speed of gzip algorithm. The results for decompression of HSIs with
suppressed background are presented in Table 5, showing a noticeable
boost in the decompression speed. Bzip2 gained the most boost, with
an average 285.7 % increase. For Gzip, lzf and LZ4 an average boost of
about 30 % can be concluded.

4 Conclusion

The dense 3D array structure of near-infrared hyperspectral images
makes their storage particularly challenging. To tackle this, we have
benchmarked four of the most common lossless compression algo-
rithms on a dataset of HSIs of lightweight plastic packaging and shown
that if the background pixels are suppressed before compression the
achieved compression ratios of all four algorithms increases. The best
algorithm was Bzip2 with a CR as high a 96.7 % while maintaining
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Table 5: Decompression results for compressed HSIs with background suppression.

Speed [MB/s]
mean std

Algorithm Compression level

Bzip2

1 257.41 60.06
2 254.68 56.12
3 247.25 53.40
4 247.33 55.24
5 239.33 52.74
6 237.85 56.33
7 229.05 53.70
8 222.04 52.44
9 221.86 54.25

Gzip

1 440.73 51.74
2 429.08 53.49
3 423.07 48.67
4 407.50 45.86
5 366.34 67.48
6 338.38 45.36
7 411.94 47.61
8 403.80 50.92
9 404.44 42.64

lzf - 492.63 59.37
LZ4 - 395.68 21.77

an acceptable compression speed, Gzip also achieved CRs higher than
90 % with much faster compression speed, showing its feasibility for
a real-time implementation. However, a real-time implementation de-
pends highly on the equipment, in our case for recording with 300
FPS we would need a compression speed of 39.28 MB/s, which is still
lower than the slowest settings of Gzip. In conclusion, two pipelines
can be introduced depending on use case, for non-real-time applica-
tions a pipeline of first suppressing background and then using Bzip2
algorithm for compression is suggested but if real-time performance is
deemed then Gzip should be utilized for compression at cost of higher
storage requirement. For future work our results could be used for
comparison with lossy algorithms and the trade-off between compres-
sion performance and classification results.
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