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Abstract

Hyperspectral images (HSI) have hundreds of bands, which impose heavy
burden on data storage and transmission bandwidth. Quite a few compression
techniques have been explored for HSI in the past decades. One high per-
forming technique is the combination of principal component analysis (PCA)
and JPEG-2000 (J2K). However, since there are several new compression co-
decs developed after J2K in the past 15 years, it is worthwhile to revisit this re-
search area and investigate if there are better techniques for HSI compression.
In this paper, we present some new results in HSI compression. We aim at
perceptually lossless compression of HSI. Perceptually lossless means that the
decompressed HSI data cube has a performance metric near 40 dBs in terms of
peak-signal-to-noise ratio (PSNR) or human visual system (HVS) based me-
trics. The key idea is to compare several combinations of PCA and vid-
eo/image codecs. Three representative HSI data cubes were used in our stu-
dies. Four video/image codecs, including J2K, X264, X265, and Daala, have
been investigated and four performance metrics were used in our comparative
studies. Moreover, some alternative techniques such as video, split band, and
PCA only approaches were also compared. It was observed that the combina-
tion of PCA and X264 yielded the best performance in terms of compression
performance and computational complexity. In some cases, the PCA + X264
combination achieved more than 3 dBs than the PCA + J2K combination.

Keywords

Hyperspectral Images (HSI), Compression, Perceptually Lossless,
Principal Component Analysis (PCA), Human Visual System (HVS), PSNR,
SSIM, JPEG-2000, X264, X265, Daala

1. Introduction

Hyperspectral images (HSI) have found a wide range of applications, including
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remote chemical monitoring [1], target detection [2], anomaly and change de-
tection [3] [4] [5], etc. Due to the presence of hundreds of bands in HSI, howev-
er, heavy burden in data storage and transmission bandwidth has been intro-
duced.

For many practical applications, it is unnecessary to compress data losslessly
because lossless compression can achieve only two to three times of compres-
sion. Instead, it will be more practical to apply perceptually lossless compression
[6] [7] [8] [9]. A simple rule of thumb is that if the peak-signal-to-noise ratio
(PSNR) or human visual system (HVYS) inspired metric is above 40 dBs, then the
decompressed image is considered as “near perceptually lossless” [10]. In several
recent papers, we have applied perceptually lossless compression to maritime
images [10], sonar images [10], and Mastcam images [11] [12] [13].

In the past few decades, there are some alternative techniques for compressing
HSI. In [14], a tensor approach was proposed to compress the HSI. In [15], a
missing data approach was presented to compress HSI. Another simple and
straightforward approach is to apply PCA directly to HSI. For instance, in [3],
the authors have used 10 PCA compressed bands for anomaly detection. There
are also some conventional, simple, and somewhat naive approaches, to com-
pressing HSI. One idea known as split band (SB) is to split the hundreds of HSI
bands into groups of 3-band images and then compress each 3-band image sep-
arately. Another idea known as the video approach (Video) is to treat the 3-band
images as video frames and compress the frames as a video. The SB and Video
approaches have been used for multispectral images [13] and were observed to
achieve reasonable performance.

One powerful approach to HSI compression is the combination of PCA and
J2K [16]. The idea was to first apply PCA to decorrelate the hundreds of bands
and then a J2K codec is then applied to compress the few PCA bands.

In the compression literature, there are a lot of new developments after J2K
[17] in the past 15 years. X264 [18], a fast implementation of H264 standard,
has been widely used in Youtube and many other social media platforms. X265
[19], a fast implementation of H265, is a new codec that will succeed X264.
Moreover, a free video codec known as Daala, emerged recently [20]. In light of
these new codecs, it is about time and worthwhile to revisit the HSI compression
problem.

In this paper, we summarize our study in this area. Our aim is to achieve per-
ceptually lossless compression of HSI at 100 to 1 compression. The key idea is to
compare several combinations of PCA and video/image codecs. Three repre-
sentative HSI data cubes such as the Pavia and AVIRIS datasets were used in our
studies. Four video/image codecs, including J2K, X264, X265, and Daala, have
been investigated and four performance metrics were used in our comparative
studies. Moreover, some alternative techniques such as video, split band, and
PCA only approaches were also compared. It was observed that the combination

of PCA and X264 yielded the best performance in terms of compression perfor-
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mance (rate-distortion curves) and computational complexity. In the Pavia data
case, the PCA + X264 combination achieved more than 3 dBs than the PCA +
J2K combination. Most importantly, our investigations showed that the PCA +
X264 combination can achieve more than 40 dBs of PSNR at 100 to 1 compres-
sion. This means that perceptually lossless compression of HSI is achievable
even at 100 to 1 compression.

The key contributions are as follows. First, we revisited the hyperspectral im-
age compression problem and extensively compared several approaches: PCA
only, Video approach, Split Band approach, and a two-step approach. Second,
for the two-step approach, we compared four variants: PCA + J2K, PCA + X264,
PCA + X265, and PCA + Daala. We observed that the two-step approach is bet-
ter than PCA only, Video, and Split Band approaches, as perceptually lossless
compression can be achieved at 100 to 1 ratio. Third, within the two-step ap-
proach, our experiments showed that the PCA + X264 combination is better
than other variants in terms of performance and computational complexity. To
the best of our knowledge, we have not seen such a study in the literature.

Our paper is organized as follows. Section 2 summarizes the HSI data, the
technical approach, the various algorithms, and performance metrics. In Section
3, we focus on the experimental results, including the PCA only results, video
approach, split band approach, and two-step approach (PCA + video codecs).
Four performance metrics were used to compare different algorithms. Finally,

some concluding remarks are included in Section 4.

2. Data and Approach
2.1.Data

We have used several representative HSI data in this paper. The Pavia and
AVIRIS image cubes were collected using airborne sensors and the Air Force
image was collected on the ground. The numbers of bands in the three data sets
vary from one hundred to more than two hundred.

Image 1: Pavia [21]

The first image we had tested was the Pavia data with a 610 x 340 x 103 image
cube. The image was taken with a Reflective Optics System Imaging Spectrome-
ter (ROSIS) sensor during a flight over northern Italy. Figure 1 shows the RGB
bands of the Pavia image cube.

Image 2: AF image

The second image was the image cube used in [3] and it consists of 124 bands
and has a height of 267 pixels and a width of 342 pixels. The RGB image of this
data set is shown in Figure 2.

Image 3: AVIRIS

The third image was taken from NASA’s Airborne Visible Infrared Imaging
Spectrometer (AVIRIS). There are 213 bands with wavelengths from 380 nm to
2500 nm. The image size is 300 x 300 x 213. Figure 3 shows the RGB image of
the data cube.
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Figure 1. RGB image of the Pavia image cube.

Figure 2. RGB image of the AF image cube.

Figure 3. RGB image of the AVIRIS image cube.
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2.2. Compression Approaches

Here, we first present the various work flows of several representative compres-
sion approaches for HSI. We then include some background materials for sever-
al video/image codecs in the literature. We will also mention two conventional
performance metrics and two other metrics motivated by human visual systems
(HVS).

PCA only

PCA is also known as Karhunen-Loé¢ve transform (KLT). Comparing with
discrete cosine transform (DCT) and wavelet transform, PCA is optimal because
it is data-dependent whereas the DCT and WT are independent of input data.
The work flow is shown in Figure 4. After some preprocessing steps, PCA com-
presses the raw HSI data cube (/Vbands) into a pre-defined number of bands (r
bands) and those r bands will be saved or transmitted. At the receiving end, an
inverse PCA will be performed to reconstruct the HSI image cube.

Split Band (SB) Approach

This idea is very simple. The HSI bands are divided into groups of 3-band
images. Each 3-band image is then compressed as a still image with an image
codec. This approach has been observed to work well for multispectral (MS)
image cubes [13] where there are only nine bands. The work flow is shown in
Figure 5.

Video Approach

This approach is similar to the SB approach. Here, the 3-band images are
treated as video frames and then a video codec is then applied. Details can be
found in Figure 5.

We include some details for some of the blocks.
e Pre-processing

The preprocessing has a few components. First, it is important to ensure the
input image dimensions to have even numbers because some codecs may crash if
the image size has odd dimensions. Second, the input image is normalized to
double precision with values between 0 and 1. Third, the different bands are
saved into tiff format. Fourth, all the bands are written into YUV444 and Y4M
formats.
e Codecs

Different codecs have different requirements. For J2K, we used Matlab’s video
writer to create a J2K format with certain quality parameters. We then used
Matlab’s data reader to decode the compressed data and the individual frames
will be retrieved. For X264 and X265, the videos are encoded using the respective
encoders with certain quality parameters. The video decoding was done within
FEMPEG. For Daala, we directly used the Daala’s functions for encoding and
decoding.
e Performance evaluation

In the evaluation part, each frame is reconstructed and compared to the orig-

inal input band. Four performance metrics have been used.
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Figure 4. PCA only compression work flow.
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Figure 5. Work flow for SB and Video approaches.

Two-step Approach: PCA + Video

The two-step approach has been used in [13] [16] before. In [13], X265 was
observed to perform better in the second step. In [16], the second step was a J2K
codec. However, the study in [13] was for MS images rather than an HSIL

The work flow for the two-step approach is summarized in Figure 6. In the
second step, we propose to treat the PCA bands as a video.

Brief Review of Relevant Compression Algorithms

Instead of reinventing the wheels, we will use image codecs in the market and
objectively evaluate different codecs and eventually recommend the best codec
to our customer.

With the above in mind, we include a brief overview of some representative
codecs.

DCT based algorithms
e JPEG [22]:

JPEG is the very first image compression standard. The video counterparts are
the MPEG-1 and MPEG-2 standards.

e JPEG-XR [23]:

It was developed by Microsoft. The performance is comparable to JPEG-2000.
It is mainly used for still image compression.

e VP8 and VP9 [24] [25]:

These video compression algorithms are owned by Google. The performance
is somewhat close to X-264. We did include VP8 and VP9 in our study because
they are not as popular as X264 and X265.

o X-264[18]:

X264 is the current state-of-the-art in video compression. Youtube uses X264.
It has good still image compression.

o X-265([19]:

This is the next-generation video codec and has excellent still image compres-
sion and video compression. However, the computational complexity is much
more than that of X264. In general, X265 has the same basic structure as pre-

vious standards.
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Figure 6. Two-step approach to HSI compression.

Several studies concluded that X265 yields the same quality as X264, but with
only half of the bitrate. It should be noted that X264 and X265 are optimized
versions of H264 and H265, respectively.

e Daala [20]

Recently, there is a parallel activity at xiph.org foundation, which implements
a compression codec called Daala [20]. It is based on DCT. There are pre- and
post-filters to increase energy compaction and remove block artifacts. Daala-
borrows ideas from [26].

The block-coding framework in Daala can be illustrated in Figure 7.

In this study, we compared Daala with X264, X265, and J2K in our experi-
ments.

Wavelet- based algorithms

J2K is a wavelet [17] [27] [28] [29] based compression standard. It has better
performance than JPEG. However, J2K requires the use of the whole image for
coding and hence is not suitable for real-time applications. In addition, mo-

tion-J2K for video compression is not popular in the market.

2.3. Performance Metrics

In almost all compression systems, researchers used peak signal-to-noise ratio
(PSNR) or structural similarity (SSIM) to evaluate the compression algorithms.
Given a fixed compression ratio, algorithms that yield higher PSNR or SSIM will
be regarded as better algorithms. However, PSNR or SSIM do not correlate well
with human perception. Recently, a group of researchers investigated a number
of different performance metrics [30]. Extensive experiments were performed to
investigate the correlation between human perceptions with various perfor-
mance metrics. According to the results found in [30], it was determined that
two performance metrics correlate well with human perception. One image ex-
ample shown in Figure 8 demonstrates that HVS and HVSm have high correla-
tion with human subjective evaluation results. In the past, we have used HVS

and HVSm in several applications [11] [12] [13].

3. Experimental Results

Here, we briefly describe the experimental settings. In PCA only approach, a
program was written for PCA. The input is one hyperspectral image and the
number of principal components to be used in the compression. The outputs are
the PCA bands. The performance metrics are generated by comparing the origi-
nal hyperspectral image with the inverse-PCA outputs.

In the Video only approach, we used ffmpeg to call X264 and X265. For Daala,

we used the latest open-source code in Daala’s website. For J2K, we used the

DOI: 10.4236/jsip.2019.103007

102 Journal of Signal and Information Processing


https://doi.org/10.4236/jsip.2019.103007

C. Kwan, J. Larkin

o existing infrastructure

Té_ Tl _
= <

E™! 1 C-l ]
E E{FH° Ll #
& - nl_ -
£ [Jo[c 3
E 5 g
& E_r— Tn+1 a
= g E-[ |Q—l C-] §
- — o

S ™ | Tn+2_ =

: .
pre-processing post-processing

Figure 7. Daala codec for block-based image coding systems.

e
SSIM = 0.80, PSNR-HVS-M = 25.50 dB SSIM = 0.79, PSNR-HVS-M = 31.29 dB
SSIM says: “ This is better!” PSNR-HVS-M says: “ This is better!”

Figure 8. Comparison of SSIM and PSNR-HVS-M (HVSm). HVSm has
better correlation with human perception [30].

built-in J2K function in Matlab. In each codec, there is a quantization or quality
parameter (qp) that controls the compression ratio. We chose around 50 qp pa-
rameters in our experiments in order to generate smooth performance curves.

In the two-step approach, the PCA is applied first, followed by the video co-

decs.

3.1. Experiment 1: Pavia Data

PCA Only

Here, we applied PCA directly to compress the 103 bands to 3, 6, and 9 bands,
which we denote as PCA3, PCA6, and PCAY, respectively. From Figure 9, one
can see that PCA3 achieved 33 times of compression with 44.75 dB of PSNR.
The other metrics are also high. Similarly, PCA6 and PCA9 also attained high
values in performance metrics. This means that PCA alone can achieve reasona-
ble compression performance. However, if our goal is to achieve 100 to 1 com-
pression with higher than 40 dBs of PSNR, then the PCA only approach may be
insufficient.

Video Approach

As mentioned earlier, the video approach treats the HSI data cube as a video
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where each frame takes 3 bands out of the data cube. There are 35 frames in total
in the video for the Pavia data. We then applied four video codecs (J2K, X264,
X265, and Daala) to the video. Four performance metrics were generated as
shown in Figure 10. If one compares the metrics in Figure 9 and Figure 10, one
can see that Video approach is slightly better than the PCA only approach. For
instance, at 0.03 compression ratio, PCA3 yielded 38.2 dBs and the Video ap-
proach yielded more than 40 dBs in terms of PSNR. X265 performed better than
others at compression ratios less than 0.1.

Split Band (SB) Approach

Here, SB approach means that every 3 bands in the hyperspectral image cube
are treated as a separate image. We then applied four image codecs to each
3-band image. The averaged metrics from all 3-band images were computed.
Figure 11 summarizes the performance metrics. J2K has better scores in three
out of four metrics. Comparing the Video and SB approaches as shown in Fig-
ure 10 and Figure 11, one can see that the Video approach is slightly better. For
example, at a compression ratio of 0.05, J2K has 43 dBs (HVSm) using the SB
approach and X265 has 52 dBs (HVSm) using the Video approach.

Two-step approach

Two-step approach first compresses the HSI cube by using PCA to a number
of bands (3, 6, 9, etc.) The second step applies a video codec to compress the
PCA bands. We have five case studies below.
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Figure 9. Performance of PCA only: (a) PSNR in dB for Pavia; (b) SSIM for Pavia; (c) HVS in dB
for Pavia; (d) HVSm in dB for Pavia.
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Figure 12 summarizes the two-step approach (PCA3 + Video). It can be seen
that, at 0.01 compression ratio, the two-step approach can get above 40 dBs of
PSNR. The other metrics are also high. Daala has better visual performance
(HVS and HVsm) than others. We can also notice that the PCA3 + Video ap-
proach can attain much higher compression than PCA only, SB, and Video ap-
proaches. That is, the compression ratio can be more than 100 times compres-
sion with close to 40 dBs of HVSm in the two-step approach whereas the SB and
Video approach cannot achieve 100 to 1 compression with the same perfor-
mance metrics (40 dBs).

PCA6 + Video

Figure 13 summarizes the PCA6 + Video results. At 0.01 compression ratio,
the PCA6 + Video approach appears to be slightly better than that of PCA3 +
Video. X264 is better than others in three out of four metrics. In particular, at
0.01 compression, X264 has 45 dBs in terms of HVSm. This value is very high
and can be considered as perceptually lossless.

PCA9 + Video Approach

From Figure 14, it is clear that PCA9 + Video is slightly worse as compared to

the PCA6 + Video case. For example, at 0.01 compression ratio, PCA9 + Video
has 44 dBs in terms of PSNR whereas PCA6 + Video has 45 dBs of PSNR. X264

is better than other codecs.
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PSNR

32

HVS

PCA12 + Video

As shown in Figure 15, the performance of PCA12 + Video is somewhat sim-
ilar to PCA9 + Video.

PCA15 + Video

As shown in Figure 16, the performance of PCA15 + Video is somewhat sim-
ilar to PCA12 + Video.

Comparison of different combination of the two-step approaches

The performance comparison of different combinations of the two-step ap-
proaches is summarized in Table 1. First, we observe that PCA3 and PCA6 have
better performance than PCA9 to PCA15. Second, PCA6 has better performance
in X264 and Daala. Third, for PCA6, we observed that X264 is 3.16 dBs in terms
of PSNR better than J2K. In terms of HVSm, X264 is 4.2 dBs better than J2K.
This is quite significant. For PCA6, Daala has slightly better performance than
X264 and X265. However, we noticed that Daala took more computational times
than X264. Hence, for practical applications, X264 may be a better choice for

HSI compression.

3.2. Experiment 2: AF Image Cube

PCA only approach
Here, we applied PCA directly to compress the 124 bands to 3, 6, and 9 bands,
which we denote as PCA3, PCA6, and PCAJY, respectively. From Figure 17, one
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Figure 15. Performance of two-step (PCA12 + Video) approach: (a) PSNR in dB for Pavia; (b)
SSIM for Pavia; (c) HVS in dB for Pavia; (d) HVSm in dB for Pavia.
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Table 1. Performance comparison of different combinations of two-step approach. Bold
numbers indicate the best performing method for each column.

(a)J2K
Pavia PSNR SSIM HVS HVSm
PCA3 43.30 0.89 37.20 40.60
PCAG6 41.40 0.82 36.63 41.00
PCA9 39.20 0.78 34.50 38.50
PCA12 37.75 0.73 32.25 36.00
PCA15 37.00 0.70 31.00 34.00
(b) X264
Pavia PSNR SSIM HVS HVSm
PCA3 43.79 0.92 37.51 41.10
PCA6 44.56 0.89 39.99 45.20
PCA9 43.75 0.88 39.40 45.00
PCA12 43.50 0.88 39.25 45.10
PCA15 43.50 0.87 39.00 45.00
(c) X265
Pavia PSNR SSIM HVS HVSm
PCA3 43.67 0.95 37.5 41
PCA6 43.4 0.88 38.73 44
PCA9 41.65 0.86 37 42
PCA12 40.5 0.83 35.5 40.5
PCA15 40.15 0.82 35 39.8
(d) Daala
Pavia PSNR SSIM HVS HVSm
PCA3 43.54 0.92 37.70 41.20
PCA6 43.40 0.88 39.88 45.50
PCA9 42.05 0.87 39.00 45.25
PCA12 41.30 0.86 38.25 44.80
PCA15 41.00 0.85 38.00 44.30

can see that PCA3 achieved 42 times of compression with 40.7 dBs of PSNR. The
other metrics are also high. Similarly, PCA6 and PCA9 also attained high per-
formance, but lower compression ratios. This means PCA alone can achieve
reasonable compression. However, PCA only is not enough to achieve 100 to 1
compression.

Video approach

Comparing the performance of video approach (Figure 18) with the PCA on-
ly approach (Figure 17), one can immediately notice that the Video approach
allows higher compression ratios to be achieved. For instance, at 0.01 compres-
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sion ratio, X265 achieved about 38 dBs in PSNR. X265 performs well for small
ratios (high compression).

SB approach

Comparing the SB approach in Figure 19 with the Video approach in Figure
18, the Video approach is better. For instance, if one looks at the PSNR values at
0.05 compression ratio, one can see that the X265 codec in the Video approach
has a value of 44 dBs whereas the best codec (J2K) has a value of 41.5 dBs.

Two-step approach

Here, the PCA is combined with the Video approach. That is, the PCA is first
applied to the 124 bands to obtain 3, 6, 9, 12, and 15 bands. After that, a video
codec is applied to further compress the PCA bands.

PCA3 + Video

From Figure 20, we can see that the PCA3 + Video can achieve 0.01 compres-
sion ratio with more than 40 dBs of PSNR. Hence, the performance is better
than the earlier approaches (PCA only, Video, and SB). Daala has better perfor-
mance in terms of HVS and HVsm.

PCA6 + Video

From Figure 21 and Figure 20, we can see that PCA6 + Video is better than
PCA3 + Video. For example, at 0.01 compression ratio, Daala has 44 dBs
(HVSm) for PCA6 + Video whereas Daala only has 34.75 dB for PCA3 + Video.
X264 has better metrics in PSNR and SSIM, but Daala has better performance in
terms of HVS and HVSm.

PCA9 + Video

Comparing Figure 21 and Figure 22, PCA9 + Video is worse than that of
PCAG6 + Video. For instance, at 0.01 compression ratio, PCA9 + Video has 42
dBs (PSNR) and PCA6 + Video has slightly over 44 dBs of PSNR. Daala has bet-
ter scores in HVS and HVSm, but X264 has higher values in PSNR and SSIM.

PCA12 + Video

As shown in Figure 23, the performance of PCA12 + Video is worse than
some of the earlier combinations. For example, Daala’s HVSm value is 40 dBs at
0.01 compression ratio and this is lower than PCA6 + Video (Figure 21) and
PCA9 + Video (Figure 22). PCAI2 + Video is better than PCA3 + Video
(Figure 20).

PCA15 + Video

From Figure 24, we can see that PCA15 + Video is similar to PCA3 + Video
(Figure 20), but worse than the other PCA + Video combinations (Figure 21,
Figure 22, Figure 23).

Comparison of different combinations of the two-step approach

From Table 2, we have the following observations. First, PCA6 + Video com-
bination has the best performance for each codec. Second, X264 has the best
performance in PSNR whereas Daala has the best performance in HVS and
HVSm. Third, X264 is 1.45 dBs better than J2K for PCA6 case. As mentioned
earlier, X264 is faster to run than Daala. Hence, X264 may be more suitable in

practical applications.
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3.3. Experiment 3: AVIRIS Image Cube

PCA only approach

Here, we applied PCA directly to compress the 213 bands to 3, 6, and 9 bands,
which we denote as PCA3, PCA6, and PCAJY, respectively. From Figure 25, one
can see that PCA3 achieved 72 times of compression with 39.7 dBs of PSNR. The
other metrics are also high. Similarly, PCA6 and PCA9 also attained high per-
formance, but lower compression ratios. This means PCA alone can achieve

reasonable compression.

Table 2. Performance comparison of different combinations of two-step approach. Bold
numbers indicate the best performing method for each column.

(a) J2K
Air Force PSNR SSIM HVS HVSm
PCA3 40.31 0.92 33.39 34.76
PCA6 42.25 0.86 38.00 41.90
PCA9 40.25 0.76 36.10 40.00
PCA12 39.00 0.71 34.65 38.25
PCA15 38.20 0.67 33.75 37.10
(b) X264
Air Force PSNR SSIM HVS HVSm
PCA3 40.45 0.92 33.5 34.86
PCA6 43.7 0.90 39.55 43.75
PCA9 41.6 0.84 37.05 42
PCA12 38.85 0.71 34.22 37.61
PCA15 36.7 0.57 31.2 33.7
(c) X265
Air Force PSNR SSIM HVS HVSm
PCA3 40.41 0.92 33.48 34.85
PCA6 42.75 0.89 38.5 42.6
PCA9 40.75 0.82 36.4 40.5
PCAI12 38.98 0.76 34.19 37.7
PCA15 37.75 0.7 32,5 354
(d) Daala
Air Force PSNR SSIM HVS HVSm
PCA3 40.38 0.92 33.57 34.88
PCA6 42.80 0.89 39.70 44.25
PCA9 41.20 0.84 38.60 44.25
PCA12 38.75 0.75 35.53 40.15
PCA15 37.53 0.69 33.65 37.50
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Figure 23. Performance of PCA12 + Video approach: (a) PSNR in dB for AF image cube; (b)
SSIM for AF image cube; (c) HVS in dB for AF image cube; (d) HVSm in dB for AF image
cube.
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Video approach

Here, the 213 bands are divided into groups of 3 bands. As a result, there are
71 groups, which are then treated as 73 frames in a video. After that, different
video codecs are applied. The performance metrics are shown in Figure 26.
Comparing with PCA only approach, the video approach is slightly inferior. For
instance, PCA6 has PSNR of 44 dBs at a compression ratio of 0.028 whereas the
Video only approach has about 42.5 dBs at 0.028 ratio.

SB Approach

Here the 73 groups of 3-band images are compressed separately. The results
shown in Figure 27 are worse than the video approach. This is understandable as
the correlations between frames were not taken into account in the SB approach.

Two-step approach

We have the following five case studies based on the number of PCA bands
coming out of the first step.

PCA3 + Video

From Figure 28, the performance metrics appear to flatten out after a com-
pression ratio of 0.005. The maximum PSNR value is below 40 dBs. Other me-
trics are also not very high. Comparing with the PCA only, Video, and SB ap-
proaches, PCA3 + Video does not show any advantages.

PCA6 + Video

From Figure 29, we can see that PCA6 + Video has much better performance
than PCA3 + Video as well as PCA only, Video, and SB approaches. At 0.01
compression ratio, the PSNR values reached more than 42 dBs. Other metrics
also performed well. Daala has higher scores in HVS and HVSm. X265 is slightly
better in PSNR and SSIM.

PCA9 + Video

Comparing Figure 29 and Figure 30, we can see that PCA9 + Video has bet-
ter metrics than that of PCA6 + Video. For instance, at 0.01 compression ratio,
PCA9 + Video has achieved 40 dBs of HVSm (Daala), but PCA6 + Video has
38.5 dBs.

PCA12 + Video

Comparing Figure 30 and Figure 31, we can see that PCA12 + Video is
slightly worse than that of PCA9 + Video.

PCA15 + Video

Comparing Figure 31 and Figure 32, it can be seen that PCA15 + Video is
slightly worse than PCA12 + Video.

Comparison of different combinations in the Two-step approach

Table 3 summarizes the performance metrics of different combinations of the
two-step approach. First, PCA6 performed better than other PCA + Video com-
binations. Second, X265 performed better than other codecs. However, since
X265 requires a lot of computational power and X264 is only slightly inferior to
X265, it is better to use the PCA6 + X264 combination. Third, the HVSm values
in Daala and X265 are somewhat strange, but we could not find an explanation
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for that even though we repeated the experiments several times. This behavior
only happened in the AVIRIS data. Fourth, we noticed that X264 is 0.25 dBs in
PSNR better than that of J2K.

Table 3. Performance comparison of different combinations of two-step approach at 0.01

compression ratio for the AVIRIS data. Bold numbers indicate the best performing

method for each column.

(a) J2K
AVIRIS PSNR SSIM HVS HVSm
PCA3 32.35 0.68 29.8 31.6
PCA6 42.90 0.902 36.2 38.48
PCA9 42.57 0.88 36.9 39.9
PCA12 41.9 0.84 37 41.08
PCA15 41.95 0.8 36.25 40.5
(b) X264
AVIRIS PSNR SSIM HVS HVSm
PCA3 37.26 0.76 30.2 31.84
PCA6 43.15 091 36.43 38.68
PCA9 42 0.87 36.01 39.2
PCA12 40.85 0.82 354 39.1
PCA15 40.4 0.796 35.05 38.9
(c) X265
AVIRIS PSNR SSIM HVS HVSm
PCA3 37.24 0.79 30.10 31.70
PCA6 43.30 0.92 36.51 38.73
PCA9 41.93 0.88 35.90 38.90
PCA12 41.11 0.86 35.45 39.20
PCA15 41.00 0.85 35.50 39.50
(d) Daala
AVIRIS PSNR SSIM HVS HVSm
PCA3 37.27 0.78 30.75 32.49
PCA6 42.93 0.91 36.50 38.77
PCA9 42.20 0.89 37.10 40.20
PCA12 41.02 0.85 36.90 41.55
PCA15 40.75 0.84 37.05 42.30

DOI: 10.4236/jsip.2019.103007

118

Journal of Signal and Information Processing


https://doi.org/10.4236/jsip.2019.103007

C. Kwan, J. Larkin

55 : 1
— 0.95
50 0.9r
0.85 /,
0.8}/
g 9 12 orst]
g n 0.7}
40y 0.65
Jpee2000 0.6/ Jpe2000
357 B | 0.55 bers
| . | ‘—daala 05 . | | | —‘daala
0 0.05 0.1 0.15 0.2 0.25 0 01 02 03 04 05 06
Compression Ratio Compression Ratio
(a) PSNR (b) SSIM
60 ‘ 70
=)
wn wn
> >
T 1T
I f ——daala
20° - . 20 |
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
Compression Ratio Compression Ratio
(c) HVS (d) HVSm

Figure 26. Performance of Video approach: (a) PSNR in dB for AVIRIS image cube; (b) SSIM
for AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm in dB for AVIRIS
image cube.

54+ 1 —
52 0.95
50 0.9
48 0.85
46 1 0.81
Z 4 % 0.75
£ a2 12 07}
40 0.65
38y S — 0.6
361/ | 0.55(]
4t/ L . L [ — 0.5 . . . . . "
0 005 01 0.15 02 025 03 035 04 0 01 02 03 04 05 06 07
Compression Ratio Compression Ratio
() PSNR (b) SSIM
55 . ——————— 70 T
=)
2 2]
> >
e =
/ —— Jpeg2000] —— Jpez2000] |
—X264 |7 —— X264
{ X265 X265
‘1 daala ——— daala

20 . - - -
0 005 0.1 015 02 025 03 035 04
Compression Ratio

(d) HVSm

20 L . . |
0 0.05 0.1 0.15 02 025 03 035 04
Compression Ratio
(c) HVS
Figure 27. Performance of SB approach: (a) PSNR in dB for AVIRIS image cube; (b) SSIM for
AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm in dB for AVIRIS image
cube.

DOI: 10.4236/jsip.2019.103007

119 Journal of Signal and Information Processing


https://doi.org/10.4236/jsip.2019.103007

C. Kwan, J. Larkin

0.9
0.85
0.8
] 0.75 |
Z 2 07
4 %]
a 0.65
061 1
| — 00
———daala
33 I 1 L 1 L L L 0.5 Al " L L 1 L L
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Compression Ratio x107 Compression Ratio %107
(a) PSNR (b) SSIM
33
g
2] w0
> >
T =n
‘ —— Jpe2000 —— Jpes2000
250 % i
I daala ———daala
24 L : ‘ - : . '
0 1 2 3 4 5 6 7 3 4 5 6 7
Compression Ratio x107 Compression Ratio x107
(c) HVS (d) HVSm

Figure 28. Performance of PCA3 + Video approach: (a) PSNR in dB for AVIRIS image cube;
(b) SSIM for AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm in dB for
AVIRIS image cube.
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Figure 29. Performance of PCA6 + Video approach: (a) PSNR in dB for AVIRIS image cube;
(b) SSIM for AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm in dB for
AVIRIS image cube.

DOI: 10.4236/jsip.2019.103007 120 Journal of Signal and Information Processing


https://doi.org/10.4236/jsip.2019.103007

C. Kwan, J. Larkin

1
0.95
0.9
0.85
1 0.8
24
z Z 075
7] 1@
A~ «n 0.7
1 0.65 1
/ — 0.6
34 — Jpeg2000) | / — Jpeg200(
la ( daala
32 . : 05 :
0 0.005 001 0015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
Compression Ratio Compression Ratio
(a) PSNR (b) SSIM
40
2
S =
= S
jasi
24 _§£‘§E§_
200 0.005 001 0015 002 0025 003 0 0.005 0.01 0015 0.02 0.025 0.03
Compression Ratio Compression Ratio
(c) HVS (d) HVSm

Figure 30. Performance of PCA9 + Video approach: (a) PSNR in dB for AVIRIS image cube;
(b) SSIM for AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm in dB for

AVIRIS image cube.
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Figure 31. Performance of PCA12 + Video approach: (a) PSNR in dB for AVIRIS image cube;
(b) SSIM for AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm in dB for
AVIRIS image cube.
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Figure 32. Performance of PCA15 + Video approach: (a) PSNR in dB for AVIRIS image
cube; (b) SSIM for AVIRIS image cube; (c) HVS in dB for AVIRIS image cube; (d) HVSm
in dB for AVIRIS image cube.

4. Conclusion

In this paper, we summarize some new results for HSI compression. The key
idea is to revisit a two-step approach to HSI data compression. The first step
adopts PCA to compress the HSI data spectrally. That is, the number of bands is
greatly reduced to a few bands via PCA. The second step applies the latest vid-
eo/image codecs to further compress the few PCA bands. Four well-known co-
decs (J2K, X264, X265, and Daala) were used in the second step. Three HSI data
sets with diversely varying numbers of bands were used in our studies. Four
performance metrics were utilized in our experiments. We have several key ob-
servations. First, we observed that compressing of the HIS to six bands has the
best overall performance in all of the three HSI data sets. This is different from
the observation in [16] where more PCA bands were included in the J2K step.
Second, the X264 codec gave the best performance in terms of compression per-
formance and computational complexity. Third, the PCA6 + X264 combination
can be 3 dBs better than the PCA6 + J2K combination in the Pavia data at 100 to
1 compression and this is quite significant. Fourth, even at 100 to 1 compression,
the PCA6 + X264 combination can attain better than 40 dBs in PSNR for all of
the three data sets. This means the compression performance is perceptually

lossless at 100 to compression.
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