N

N

Fast zonal DCT-based image compression for wireless
camera sensor networks

Leila Makkaoui, Vincent Lecuire, Jean-Marie Moureaux

» To cite this version:

Leila Makkaoui, Vincent Lecuire, Jean-Marie Moureaux. Fast zonal DCT-based image compression
for wireless camera sensor networks. 2nd International Conference on Image Processing Theory, Tools
and Applications, IPTA 2010, Jul 2010, Paris, France. pp.126-129, 10.1109/TPTA.2010.5586798 .
hal-00546911

HAL Id: hal-00546911
https://hal.science/hal-00546911v1
Submitted on 15 Dec 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00546911v1
https://hal.archives-ouvertes.fr

Fast Zonal DCT-based image compression for Wireless
Camera Sensor Networks

Leila Makkaoui, Vincent Lecuire and Jean-Marie Moureaux
Centre de Recherche en Automatique de Nancy (CRAN)
Nancy-Université, CNRS
Campus Sciences, BP 70239
F-54506 Vandceuvre-les-Nancy Cedex, FRANCE

e-mail: {leila.makkaoui, vincent.lecuire, jean-marie.moureéa@xran.uhp-nancy.fr

Abstract— This paper deals with image compression over compression scheme which takes into account the DCT energy
Wireless Camera Sensor Networks (WCSNs) in order to decreas compaction property that allows to discard high frequency
the energy consumption of sensors and thus to maintain a 1ong ¢efficients. This is based on zonal coding, which reduces th
network lifetime. As the radio tranceiver is the most power geedy " ' .
components of sensor nodes, it seems natural to consider $gs number of DCT coefﬁCle_nts to be computed, quar_mze(_j and
compression before transmission as the appropriate answeto €ncoded, and hence which reduces the computation time at
the problem of energy consumption. However, the limitationof ~each stage of the whole compression chain. Our scheme relies
Senk30f nOd?szh terms of m_emo?’ a_fhwe”_ as FlJ_rOC;SS?:ngee‘bn both a lifting scheme approach as proposed by Loeffler
makes most of the compression algorithms inapplicable. o :
the most popular methods such as JPEG or JPEG2000 can yield n [1]. ?‘”d the process of _only a small pred_etgrmmed set of
a higher energy consumption than when transmitting uncom- C_Oeff'c'ems as proppsed in [3], [10]. Combining these two
pressed images. Here we propose to solve this problem by thekinds of methods yields the design of a fast zonal DCT-
design of a fast zonal DCT-based image compression algorith based image compression algorithm. It allows an efficient
which allows an efficient tuning of the trade-off between enmgy tuning of the trade-off between energy consumption and enag

consumption and image distortion, as shown by experimental yistortion, as shown by experimental results provided @ th
results provided in the paper. paper 7

Keywords— Image compression, Discrete Cosine Transform, . ) )
Zonal coding, Wireless sensor networks, Energy conservaii. Note that if fast DCT algorithms as well as zonal techniques

have been intensively studied in the literature [1], [2], [8],
[9], [3], [5], [8], there is no work, at our knowledge, that
I. INTRODUCTION combines both approaches, especially in the WCSNs context.

: . ) Thus, our contributions are threefold :
The increasing development of Wireless Camera Sensor

Networks (WCSNs) allows today a wide variety of appli- « Two zonal DCT techniques have been compared, one
cations such as object detection, localization, trackiamy using a square shape and the other a triangle shape ;
counting. WCSNs have been intensively studied in the liter-» Fast Loeffler-based DCT performance is evaluated with
ature for the last years especially under the angle of energy respect to both shape and dimension of the DCT selected
consumption for still image transmission as well as for vide area ;

transmission. Indeed, image-based applications yieltréms- ~ « Performance of our proposed compression chain in terms
mission of large data volumes which make the camera nodes as Of energy consumption is measured by using an exper-
well as the nodes forwarding data towards the sink consuming imental platform which makes reference in the field of
much more energy than nodes collecting and forwardingscala WCSNSs.

data such as, e.g., a 2-byte long temperature. As the radio

transceiver is one of the most power greedy components of Il. PROPOSAL

sensor nodes, compression seems a natural answer to thﬁqage compression schemes based on the 2-D 8-point
image transmission problem over a WCSN. Unfortunately, thecT are very popular but this transform is computation-
resource limitation of sensor nodes in terms of memory @lly intensive, and hence is energy consuming. There are
processor speed makes most of the compression algorithigny works about how to reduce the computation cost of
inapplicable. For instance, Ferrigno et al. have shown In [fhe DCT transform. Most of them are based on the sparse
that the energy consumption involved by popular algorithmgetorizations of the DCT matrix. In the 1-D DCT domain,
such as JPEG, JPEG2000 or SPIHT could be even greater than Loeffler-Ligtenberg-Moschytz (LLM) algorithm [1], vt
for the uncompressed image case. As a consequence, Spqqi%ultiplications and 29 additions, is the most efficient (1
challenges for energy-efficient image compression in WCS'N%JItipIications is the theoretical lower bound). The flovagh
must be addressed to maintain a long network lifetime.  of the LLM algorithm is shown in Fig. 1. The 2-D DCT can

In this work, we propose an efficient JPEG-like losspe obtained by applying first the 1-D DCT over the rows then



over the resulting columns. Using the LLM algorithm, thighe 8 rows then over the resulting columns.
requires 176 multiplications and 464 additions. Becausk mu
tiplications are time-consuming operations, some algor#

such as BinDCT [4], Cordic DCT [6] and Cordic Loeffler DCT |pc| 5 | 3 | © e s|2|@
[9] approximate multiplications with add and shift opeoais, g |-1]1|-s5 g |-1]1
at the expense of increasing the image distortion. Amon|_c, [ 2 sl o

them, the Cordic Loeffler DCT algorithm, with 38 additions
and 16 shifts (i.e., 608 additions and 256 shifts for the 2-I
DCT), provides the best trade-off between the computation;
complexity and the image distortion. In the 2-D DCT do-
main, Feig and Winograd proposed one of the fastest 8-poi
DCT algorithms, with 94 multiplications and 454 additions
[2]. This clearly outperforms the LLM algorithm. Direct 2-
D approaches actually have a lower arithmetic complexity
than row-column approaches but the processing of large data Fig. 2. Zzonal 2-D 8-point DCT withk=4 for different patterns.
vectors causes register values to be stored temporarily in

memory if the CPU does not have a sufficient number of

(a) Square pattern (b) Triangle pattern

registers. This can degrade execution speed drastically. Based on the related works about fast DCT algorithms and
zonal DCT algorithms, we now propose to combine these
<101 - o o) x0; WO approaches to address the problem of energy consump-
i ] \ 7J ><: tion in WCSNSs, i.e., in resource-constrained, battery-gmst
¥ ® O, u ¥4 wireless cameras. This is referred to Bast Zonal DCT.
<21 o X ><;: o <2 We took the LLM algorithm as the starting point for our
\/ \/ \7/ / >\ ~ >@;§;: analysis but the same study could be applied to other fast
X131 OO, o) xel DCTs. As said before, zonal DCT consists in computing
>< «n  only the most significant DCT coefficients, in other words
\ the low frequency coefficients. The number of coefficients to

x31 - be computed is defined by the parameter=rom the LLM
8-point algorithm, this consists in reducing the number of
outputs tok. An example is shown in Fig. 3 for the case
x1 - wherek=4. With k=4, the number of operations is reduced to
9 multiplications and 24 additions. Compared to the origina
Fig. 1. Flow graph of the LLM 8-point DCT algorithm. LLM algorithm, the computational savings for the 1-D DCT
can seem small, 2 multiplications and 5 additions only. For

Another approach for reducing the computation cost of tige 2-D DCT however, the computational savings are clearly
DCT transform is referred to as zonal coding. In zonal codingigh, 68 multiplications and 176 additions, i.e., around438
only the coefficients within a specified region are encodeti affduction for each kind of operations.
transmitted. In [3] for instance, only a subset of the 64 DCT
coefficients have to be computed, quantized and encodegl. Th?O] -
are the ones inside the upper-left square portion of &ize S ?
with k£ < 8 (see Fig. 2(a)). The other coefficients are omitte x ®
(i.e., they are implicitly set to zero at the decoder siddje T s \ / \ T
smaller the parametér, the lower the computation time in the
DCT, quantization, and encoding stages is. Effects of waryi ==
parametek and the quantization level on energy consumpno X
latency, image quality, and bandwidth are studied in [5]. | “ /\ /
[10], the same principle is applied but, here, the concern xts:
shape is delimited by a right-angled triangle included ie tt / \ /
previously mentionned portion square (see Fig. 2(b)). As
result, only 2k(k + 1) DCT coefficients are assumed to be =
important instead ofk?. Notice that compared to the use
of a square pattern, a triangle pattern leads to reduce the Fig. 3. Zonal coding with the LLM algorithmk4).
computation time in the quantization and encoding stages
only. Whatever the pattern, the computation time in the DCT
stage remains the same. Indeed, the 2-D 8-point DCT will beTable 1 shows the numbers of operations required for
achieved in the both cases, by first applying 1-D DCT ovelifferents values of:.
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Table 1 Number of operations for a 8-point DCT.

Operations per 1-D DCT Operations per 2-D DCT

multiplications | additions || multiplications | additions

LLM (reference) 11 29 176 464
Zonal LLM (k=7) 11 28 165 420
Zonal LLM (k=6) 10 26 140 364
Zonal LLM (k=5) 9 25 117 325
Zonal LLM (k=4) 9 24 108 238
Zonal LLM (k=3) 3 23 88 253
Zonal LLM (k=2) 6 20 60 200

DCT friangle—based Zonal DCTkES)
PSNR= 34.28 dB PSNR= 34.28 dB
IIl. PERFORMANCE EVALUATION

The performance of our proposed algorithm has bee
evaluated considering a JPEG-like compression chain, tha
is including the quantization and Huffman tables that are
recommended in the Annex of the JPEG standard [11]. In th
following, we discuss about performance of the two proposed
approaches regarding quality of the reconstructed images
well as execution time and energy consumption. ¥

Experimental results in terms of quality are given in Figure |
4 which represents image Lena encoded at 0.5 bpp by regul&*’ , :
DCT, as well as both square-based and triangle-based zonal Squars'sbﬁpsgf §fn§| SBC T46) T"anglsékﬁéf ng r(])ég‘;l EBC THES)
DCT for different values of. Obviously, even if the overall vi-
sual quality is good, image distortion increases @kecreases
for both proposed methods. Furthermore, as we can see in thy
figure, square and triangle shapes provide approximately t
same level of quality (visually speaking and with respech®
PSNR) for large values ¢ (i.e., 6 and 8 here). On the other
hand, for small values of the square-based method offers a
better performance, which is normal since more coefficienty
are processed. Note that the same tendency has been obsery
for other values of the coding rate.

To discuss execution time and energy consumption, We Square-based Zonal DCF#4) Triangle-based Zonal DCTkE4)
have considered the well-known Telos [12], an ultra-low PSNR= 33.52 dB PSNR= 31.79 dB
power sensor plateform developed by the University of Cal
ifornia, Berkeley. Telos mote consists of a MSP430 16-
bit microcontroller and a 802.15.4-compliant CC2420 radio
transceiver. The microcontroller operates down to 1.8V and
consumes 3 mW in active mode (clock speed of 8 MHz).
The radio transceiver has a transmit power of 35 mW a
0 dBm and provides a data rate of 250 kbps. The num
ber of cycles was obtained using the WSim simulator (seq
http://gforge.inria.fr/projects/wsim/). This simulatprovides
full instruction set support for the target processor, eycl
accurate and precise simulation of peripherals such aggime Square-based Zonal DCE%2) Triangle-based Zonal DCTkE?2)
or wireless chipsets. PSNR= 28.19 dB PSNR= 27.35 dB

Table 2 gives both execution time and energy consumigd- 4. Lenaimage coded at 0.5 bpp by regular DCT, Triangleetd and
. . quare-based zonal DCT for different valueskof
tion related to the proposed square-based and triangkdbas
approaches for different values &t Using classical JPEG
compression, in other words when the 64 DCT coefficients of
each block are computed, quantized and coded (see LLM IIBET cost (in cycles) for a given value @f is the same for
in table 2), the MSP430 microcontroller requires 43.8 ms twoth zonal shapes while the quantization cost significantly
encode one block, which yields a 132 energy consumption. differs in favor of the triangle shape. Let us consider for
As expected, the DCT step is the most computational costxample the results related k¢6. The square-based approach
(about 70% of the total cost). As mentionned previously, tHeee S-6 line) underlines a decreasing cost (in cycles)whic




Table 2 Execution time and energy consumption for a 8-point DCT kiloc . . .
energy consumption of sensors and thus to maintain a long

DCT | Quanti. | Coding | Total || Time | Energy network lifetime. The two (square and triangle) approaches
(cycles) | (cycles) | (cycles) | (cycles) || (ms) | (nJ) that are both referred to as fast zonal DCT-based image
LLM 246863 23980 79830 350673 43.8 132 . .. .
T8) || 246863 | 14895 | 77058 | 338816 || 42.4 | 127 compression, allow an efficient tuning of the trade-off bestw
(S6) || 234303 | 14782 | 76926 | 326011 [| 40.8 | 122 energy consumption and image distortion, as shown by exper-
(T6) | 234503 | o898 | 7oras | 819944 | 400 1 120 imental results provided in this paper. In a next future our
(S4) || 217455 | 8136 | 75094 | 300685 || 37.6 | 113 ' resufts provi In this paper. Xt luture ou
(T-4) |[ 217455 | 6225 | 62667 | 286347 || 35.8 | 107 works will be concerned by transposing these results torothe
(S-2) 169503 4190 38167 211860 26.5 79 H H H
T2 1169505 | 3576 | 53044 206123 | 255 77 fast implementation methods of the literature and to othaf r

sensor plateforms.
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IV. CONCLUSION

In this paper we have proposed and evaluated two image
compression methods dedicated to transmission over \Bgele
Camera Sensor Networks (WCSNSs) in order to decrease the



