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Multimedia Applications in Industrial Networks:
Integration of Image Processing in Profibus

Victor M. SempereMember, IEEEand Javier Silvestre

Abstract—This paper analyzes the transmission of images propose for the scheduling of the transmission in real time com-
through Profibus for applications concerned with the processing munication systems over the standard SP-50 and P-NET, re-
of images integrated in control systems, by means of a detailed gpatively. In the field of robotics, the use of image processing

study of two real cases with different bandwidth requirements. . b . d 121-[16]. In electrical
We analyze the special features of an artificial vision system is becoming more and more common [12]-{16]. In electrica

making use of Profibus as a transport system, the scheduling of COmpanies [17] remote monitoring of the installations is used
the traffic in order to guarantee the delivery of the images and the in order to reduce the necessary labor for their control. In their
control traffic before their deadlines, the protocol used, and the analysis of the evolution of fieldbus, when it comes to distin-
compression techniques usable in this kind of system, which enable  ishing local area networks from industrial networks, Dietrich
us to reduce the necessary bandwidth for the applications without and Sauter [4] point out that the only difference today is the need
degrading the operation of the image processing application. . : P y ) ] y_
We prove that this integration is currently viable in applications ~ for industrial networks to meet real time traffic requirements,
with medium-sized bandwidth requirements, above 17 Mb/s, and so that neither the bandwidth nor the size of the packet will
coexisting with control traffic, while current control techniques  |imit the introduction of multimedia applications over these net-
prevent its use in systems with greater bandwidth requirements, ks As for networks with Timed Token Medium Access Con-
in particular in the application with 53 Mb/s requirements. trol, Kee-Yin [19] analyzes the scheduling of video sequence
Index Terms—Factory automation, machine vision, real-time transmission over these networks. This study focuses on the
systems, scheduling. scheduling schemes of video transmission that enable the im-
provement of MPEG video transmission. Concerning Profibus,
l. INTRODUCTION Tovar [5] analyzes the scheduling algorithms for the transmis-
. o sion of multimedia contents with or without quality of service
M ULTI![\AEPIA systemls :re ra_lpldly aé:qu:jnn? a Imort?Nre:(- QoS), integrating TCP/IP over the Profibus stack. The authors
. _evant role in several domains, and Industnal networ halyzed the capability of MAP 3.0 to transport multimedia in-
|n_the|r different hlerarchlca! levels, are no e_xce.pt|on .[1]_[7]' Irf"ormation [20]; performance analyses revealed a high degree of
.th'S. area thgre are two main types of application, visual moirﬁ'eﬁiciency due to the overhead introduced by the large number
|For|ng and IMage processing [61, [8]. AIthqugh both appllcaéf MAP layers. They have also studied the use of Profibus for
t'onf shﬁ_rehcertliun i'm'lam'es’ tthey d:ffer ,:E several k?yl e transmission of images with control purposes in several test,
pects, which makes It necessary to analyze them separately :ﬁyzing various aspects of this integration [6], [7] and [26].

Ta_?lr? I).' ¢ i f th licati th h industri The aim of the present paper is to demonstrate the viability
€ integration of these applications through In us.r.'%lf the implementation of a system for the transmission of im-
networ_ks prowdgs |mp0.rtant advar]tages with regard to W'”%es for control purposes through an industrial Profibus net-
reduptlon, CIM integration, _reductlon of the number of P"%ork. For that purpose an analysis has been carried out on auto-
cessing nodes, cost reduction, etc. Nevertheless, special

; i . Sted systems for the classification and quality control of fruit,
must be taken in order to assure that the introduction

. . ) L hich operate in real time and, being leading systems on the
multimedia traffic does not affect the normal functioning o P g g sy

th work. Anoth 1o b dered is th ?rket, are able to process 15000 and 3000 kg/h, respectively.
€ network. Another aspect to be considered IS the range, gly,;o system control and multimedia information clearly co-

;ppllcaftllogls \t/)vhe(rje th(re] lt'rarjts:r'nssmnhs.yrs]tem is pQSSIbIe, gfl@ﬂst, guaranteeing the temporal requirements of both types of
& avarab’e bandawidih imrations, which Wit require a care iﬁic, as long as a suitable traffic scheduling has been pre-

selection of the_compr_ession technigues to be used_(see Fig'\}i usly carried out. The repercussions for the use of different
The pracessing of images transported through fieldbus w mpression codecs have also been analyzed in detail, and a

. ) ; ? X ualitative and quantitative analysis of them has been carried
for the inspection of fruit. Shin [10] and Tovar [11] use V|deh . y

o - . ut, which enables us to select whichever codec depending on
transmission as an example of the validity of the strategies tr}% bandwidth consumed and the quality needs for image pro-

cessing.
. . _ The remainder of this paper is organized as follows. In Sec-
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TABLE |
CHARACTERISTICS OF THEAPPLICATIONS
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Monitoring

Image Processing

Resolution

(XY pixels)

Standard analog Video

Very variable (f™
application)

Number of images by

24 o 30

Very variable and not

second necessarily periodical
Compression Spatial and temporal Spatial redundancy
redundancy
Tolerance loss of images Yes No
Tolerance delays of Yes No
images
Bandwidth required for image transfer LS: LIGHT SYSTEM CONTROL INFORMATION
10000,00 IMAGE INFORMATION
— Usefulbandwidth st
of Profibus
1000,00 ——1024x1024x24
—— 1024x102458 EXT T-'TIG ) EXT TRIG
, 100,00 1 —— GA0X4B0X24 < 18 L
é" —— B40x480x8
10,00 —— 320x240x24
—— 320%240%8 INDUSTRIAL
1,00 A EEEEE—E——————— —+—176x144x24 PROCESS
e cerorgeerBgss g i
010 PROFIBUS 12 Mops
' Image Frecuency Capture
Fig. 1. Bandwitdh required for image transfer. :D\
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DRIVE
the layer architecture and the scheduling, the compression,
well as the protocol defined. In Section IV the scenario and
the measurements obtained are presented, and the conclusions

drawn are presented in Section V. FG: FRAME GRABBER

LS: LIGHT SYSTEM

IMAGE INFORMATION

mY =B B
—T?NFG mer |[FG 1]
Il. ARTIFICIAL VISION THROUGH INDUSTRIAL NETWORKS == ﬁ! =.

>

EXT TRIG
In a typical industrial artificial vision system we can find the

elements seen in Fig. 2(a). The system proposed replaces
connection of the cameras by means of the frame grabbers v
the processing nodes using a direct connection from the cam
to the Profibus network, the latter being in charge of carrying o
transport of images [Fig. 2(b)]. The motivation and most impo
tant field of application of the model presented is when variol
vision control cameras are used in an industrial process loce
connected to their processing nodes by means of the normal
terfaces in the vision systems (Camera Link, EIA-644, IEE
1394, etc.) and where the global load which represents the p
cessing of these images is achievable with a single process..
node. This depends on the resolution of images, the capture fre- (b)
quency, the complexity of the vision algorithms, etc., but givqf]g. 2. (a) Typical industrial artificial vision system. (b) Image transfer over
the important increases in the functions of general purpose pir@tustrial network.
cessors, the medium-/low-type applications to be found in this
category are constantly increasing. In these cases Profibus prerworks characterized by local processing of the information.
vides us with the capacity to transmit images to the processiRgr example, the Newton 9000 camera [33] incorporates an
node, in this way integrating within the same architecture artitmbedded MMX processor and Ethernet connection. Cognex
cial vision and the control of external actuators, and furthermoj@l] and DVT sensors [34] make cameras available with digital
providing an important economic saving in processing nodsignal processors (DSPs) or Motorola Power PC processors (for
and frame grabbers. example, the DVT 6000 model of the Cognex In-Sight 1010)
Other alternatives to the classic systems of artificial visicand Ethernet connection. These cameras also make a determined
provide intelligent cameras with connection to communicatiarumber of input/output signals available. Siemens [32] with the

INDUSTRIAL
PROCESS

CONTROL INFORMATION

PROFIBUS 12 Mbps

VALVULE
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models VS 110 and VS 710 provides equipment for simple ar
ficial vision systems with an 80486 processor and Profibus cc
nection.

All these devices provide a wide range of medium- ar
low-type capacities and network connection, but they a
expensive for systems with medium- and low-type loads. Als
in the majority of cases, the control signals are not integrated
the rest of the control systems, but use programming librari
specific to the different processor, which makes the changi
of acquisition sensors difficult, and does not give the flexibilit
provided by the programming of the vision algorithms in indus
trial computers. However, there is also the possibility of usir
libraries that are independent of the device (Intel, Microsof
and the programming of specific routines [18]. These systet
also require and high number of processing nodes, since ti
are included in the camera and are more limited with respect
the applications that can be developed.

Although the use of distributed intelligent devices is a
interesting option (given the evolution of micro computing an
communications networks, it can be expected that in two
three years the capacity will be available for the transmissi
of a large flow of high resolution control images for processing

Triggeyr

Triggexr
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BFiefIy described, and a new profile definition abridgment is
Mtroduced.

by a single high-capacity node. Being general purpose, theseTraffic Model

computers will always be more competitively priced than
those with specialised processors or distributed processog?%,
the system proposed in this paper is based on centraliZze
processing with image transmission by means of standay
networks. One such solution is offered by PPTVision [35], b
with the inconvenience of using a proprietary network, whic

limits its flexibility when choosing capture devices.

C

In the system proposed, only low-priority “services” are used,
e most of the cards on the market do not implement high
Hority services. Moreover, the analyses carried out in order to
arantee the transmission of the high priority traffic are not
%pplicable to image transmission, since their transmission, even
when compressed, usually needs more than one packet.

We use a network containiny master stations. There are

two types of station (control and image), which generate and

A. Synchronization of the Capture of the Image

consume three types of traffic.

One of the most important aspects in artificial vision sys- ¢ Real-time control synchronous traffic (input/output con-

tems, and which has a special relevance for our system, is the
signal that commands the camera to capture an image. Vision
systems enable us to command the capture by means of a soft-
ware trigger, or, more often, by means of an external synchro-

nism signal (EXT_TRIGG, Fig. 2) [30].

The use of the fieldbus for the transmission of this signal,
though this bus may be able to guarantee the delivery, might
generate capture with the subject partially or completely out of
shot, since it is not possible to maintain a constant and recog-
nized delay of these signals, due to the fact that, among other
aspects related to the traffic’s periodicity, the generation process
of this signal is asynchronous with the possession of the token

(Fig. 3).

I1l. SYSTEM ARCHITECTURE

Firstly, we are going to describe the traffic model used in the
system with the values defined in the real scenario and with the
layer model designed over Profibus; later, we describe the rules
used by the scheduler that operates above the FDL/MAC and
which guarantees the traffic’'s temporal requirements, and the

trol)

* There arem < N stations emitting synchronous
messages. Each one of these stations j emits a set
of n synchronous messagés, S, ..., .S,, which
give us a set of synchronous messages of the station
GMU = {S%J, Sé’, e Sﬁﬂ}. These messages have
a constant inter-arrival time. We will caﬂ’i(J the
periodic message pericﬁ;“ of stationy, this period
determining also its deadline.

« The length of each messa@é‘ of the stationj is
CZ.(J, which is the maximum amount of time neces-
sary to transmit the message. It is assumed in this
paper that the synchronous information always fits a
Profibus packet (0.3 ms). o

« EachS! is characterized bg! = (PY, V)

Real-time control asynchronous traffiche stations that
transmit asynchronous traffic also have the capacity to in-
troduce nonperiodic traffic into the system. However, in
this paper asynchronous traffic has been characterized as
periodic traffic with a determined constant inter-arrival
time.

architectural level employed. Finally we analyze the properties * Image traffic (image output, control input)

that the compression process must have in image processing
applications, the implemented communications protocol is

» There arep stations(p + m = N) that transmit
images. Each one of these stations emits a single
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TABLE I
CONTROL INFORMATION OF THE APPLICATIONS
N P M Application s”, Bandwidth for control
traffic
5 1 M°={s" }, |Classification| S” =(33.3ms,0.3ms) 57,6 Kbps
j=2,3,4,5 Quality S” =(47.6ms,0.3ms) 40,3 Kbps

flow of imagesI(*. The image sequence of eachestriction (2). Therefore, on this level the size of the emission
station has a constant inter-arrival time narfiéi.  buffer accepted by the scheduler will be determined, limiting
« The deadline of sequendé” is 7", for that purpose the number of active transmission SAPs, and
« The length of each sequeng is L(". not allowing the upper layers (packing or control application,
The control data for the scenarios used in Section |l are thodepending on the type of station) to send more packets until
shown in Table II. some space is released in the buffer.
Inthe scenarios used in Section lll, an architecture with levels
B. Scheduler Algorithm that can be seen in Fig. 4 has been used, where we can also see

The analysis of the temporal behavior of token-passing néther times that must be considered between the capture of the
works, and the special features introduced by Profibus, hadfeage and the control actions derived from its processing (3). A
been widely described and analyzed in [21]-[25]. Siemens Profibus DP 5613 card has been used with the libraries

Since in the proposed system only low-priority services afer developmentin C++ Profibus FDL. As for the PC which em-
used, it is necessary to implement a scheduling system that 8igtes the camera and the processing and control PC a Pentium
ables us to guarantee the delivery of periodic control traffic afti 800 Mhz has been used with the operating system Windows
of images before their deadline. The only possibility of guarag900. Over these systems two processes are executed: the Pro-
teeing the deadlines in these conditions is by introducing mediink process, charged with communicating with the card and
anisms that limit the transmission capability of the stations [${0ing the scheduling and packing of the data, and the ProfiVi-
according to the periodic traffic that each one of them mu8ton process, charged with the capture/compression in the trans-
carry. On this assumption we need a new value®pgr in mitter, and the decompression/processing in the receiver. Both
order to guarantee the best usage of the network and both imAg#e been programmed using Microsoft Visual C++ 6.0 using

sequence and periodic traffic deadlines. In this caBgza- has shared memory and event synchronization. Both have been ex-
been selected [26]: ecuted in the experiments as the only CPU client process and

m n p with real time priority. This will introduce minimum operating
Trer >» > cl > VU4 max {VU} +ON (1) system latency over the rest of the times (3). We are currently
j=1i=1 j=l-p working on the possibility of using Real-Time Extensions for
in order to guarantee that the space assigned to each one oMfiedows or Linux Real-Time.
stations in each rotation of the token is respectéd being the o
time window assigned to station j so that it can transmit part B Image Compression in Process Control
its LU in each possession of the token, and béinte latency  The compression of images for processing in control applica-
introduced by the token passing between the stations. tions must take into account three essential properties.
However, in order to be able to guarantee the deadlines, the. compression rateln the case of Profibus, and depending
condition must be fulfilled that the time consumed by all the o the network’s configuration, the usable bandwidth is
stations 3h0U|thl)e . ) between 40%-70% of the 12 Mb/s [29]. Moreover, part of
i this bandwidth will be reserved for control traffic. There-
Z Z cy + Z Vi < Py fore, it is evidently necessary to use compression tech-
g=te=t =t niques that enable us to use high compression rates so as to
be able to reduce the bandwidth required by image traffic.
¢ Quality: Compression techniques without loss obtain very
poor compression rates. Therefore, it is necessary to use
compression techniques with loss and to control the dif-
ference between the original image and the compressed

=1

)

C. Levels

In order to meet the temporal requirements of the traffic it
is necessary to limit the load that the stations can send through
the network each time they get the token. For that purpose it

is necessary to add a scheduler over the FDL/MAC Profibus
layer. This scheduling must be carried out offline and in a global
way (It has been demonstrated that it is not possible to reach
an optimally local synchronous bandwidth allocation scheme
[27], and so in order to implement a hard real-time system it is
necessary to know beforehand the characteristics of the traffic
that must move along the network, [28]).

For that purpose, stations will be assigned a time slot which
should be large enough to be able to transmit its periodic traffic
whenever it receives the token, while respecting the deadline

one, typically,

o oY () =)

Y p=1 y=1
2557
PSNRY) =10*1 —].
However, this value can be representative, and it is in

fact fairly often used as a video codec quality evaluation
parameter, but may be inadequate for a control process.

MSE(Y) =
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Fig. 4. Architecture levels.

Therefore it is necessary to carry out an empiric evaluaections, as well as the image transfer protocol, is described in
tion of the ratio compression rate/ quality reachable withig. 5 [6].

the selected codec.

 Latency introduced by the compression/decompressipn Profile

processesAvailable time is limited by a deadline that

can be very demanding. Therefore, the selected cod(?

will have to use up little time in doing its task, as well as

seeking a suitable compromise between compression rate

and quality.
Another important aspect to be taken into account in all these
parameters is the uniformity of the values obtained. Since it
is an image processing system for quality control, it has been
proved that these parameters present very uniform values re-
moving possible problems.

1)

E. Protocol

The Profibus data link level provides the necessary SDA and 2)
SDN services for the transmission of images analyzed in this
paper. SDA packets are used to carry out operations whose reli-
ability has to be guaranteed, while SDN packets are utilized for
image information transmission (in Table Ill the coding of in-
formation by means of up to 6 bytes in the data area of the SDA

The proposed system could serve as a basis for the future
Sfinition of a new application profile which would integrate
image capture systems in Profibus networks. The new profile
should cover two types of applications in such a way that the
majority of possible cases are covered.

Remote Monitoring (Type 1T:he capture device operates
asynchronously with the process distributed through the
network and operating uninterruptedly from the start until
the stop message are received. During this time it sends
images through the network toward the control system ac-
cording to the values programmed and with the maximum
rate respecting always the information control deadlines.
Remote Control (Type 2)fhe capture device operates
in such a way that is synchronised with the process by
means of an external trigger for the capture of each image.
These must be sent through the network within a pre-es-
tablished time limit (deadline) toward the control system
where they will be dealt with by the control devices.

packet and the coding used in the SDN packets can be observétie parameter to be considered in both cases are image size and
The protocol defined for the establishment and release of camompression rate. For the Type 1 there must also be considered
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TABLE Il
DATA FIELD OF THE SDN/SDA FACKETS

1 2 2 1 < n° bytes utilized
code
< 0 X Y 4bits / 4 bits negotiation
a compression/color
1 n° - - End of image
bytes
2 - - End of the communication
1 1 1 1 1 1
a
@ n° packet LSB n° packet MSB| byte 0 bzfe b%;e .. L. %;;f
P x g for the images, or 17.28 Mb/s for the ROI. The data of both
3 C x 5 o .
@ 3 3 n applications can be found in Table IV.
B - . . . .
o g b i Obviously, these transmission rates are unattainable for cur-
9 L] N o L . .
g server Gl E rent fieldbuses, which makes the need to compress/decompress
nag.raq neg. ind 504 (0) ,g the images inevitable.
—\ﬂpar.req,—.pa:.;nd ~ . . .
3 In order to analyze the maximum compression rate admis-
neg.conf neu-respk—‘;c;‘”# 4 sible by these applications, the following process has been fol-
lowed:
snd.reg| snd.ind| SND = .. . . . .
e —" i « obtaining the results of the applications with disk-recorded
—— if sequences of images;
1] . . - -
DA (1) rec.reqJrec.ind | 8% « obtaining an AVI, DIB-type (i.e., uncompressed) file of
snd.conf snd.resp f—— ack | o
| Il " M | | I these sequences;
b req Mb.and, SPA @) | : « applying various compression codecs to the AVI file;
ot | e AcK z « generating the original sequences starting from the com-
5 pressed AVIs, so these sequences will include the degra-
A

dation generated by the compression;

 obtaining the results of the applications with the new se-
Fig. 5. Image transfer protocol. guences.

the interval between keyframes, and the number of frames per Classification Application
second, and for the Type 2 the maximum image arrival rate andrhe tests carried out on the sequences of the classification

the deadline of each image. application have provided us with the results found in Table V.
As can be seen from this, JPEG 2000 codecs are those providing
IV. SCENARIO AND MEASUREMENTS the best compression rate, without degrading the operation of

The applications that make up the scenario selected to anal{f}gimage processing application, although they require a longer
this architecture are: an application for fault detection of tap®mPression and decompression time than with LEAD's JPEG.
olives and their classification into three categories (quality), afi@" the selection of the most suitable codec, the following rule
another application for the classification of olives by color (cladVill be used (see Fig. 4) in order to analyze the fulfillment of
sification). In both we propose the substitution of the current df1€ Process deadline:
chj;re]cture Ib%/ one It_otatl_ly based or€13 Zifsi;t())us (see Fig. 4). | tadq + teomp + tpk + timac + ttrans + fdese

e quality application uses a camera to analyze .
a matrix of 12x 4 cells (one olive per cell), so the region of tHproc + tamac + Tatrans < deadline. (3)
interest (ROI) to be transmitted and analyzed is of 680076 That is to say, the addition of all the times involved between
pixels [Fig. 6(a)]. This application captures images by mealtlse capture of the image and the transmission of the expul-
of an external synchronism, reaching a maximum capture raien packet must be lower than the arrival rate of the images.
of 21 images per second, which means the acquisition of Bmnthe proposed scenario, three PLCs emit control information
image every 47.6 ms. This requires a bandwidth of 154.1 Mb(g;®%5 = 240, P45 = 33.3 or 47.6), which gives us a sce-
taking into account 3 bytes per pixel (RGB). Considering onlyario with five master stations.
the region of interest, the necessary bandwidth is 53.22 Mb/sThe LEAD codec, even using JPEG, has the advantage of
The aim of the classification application is to separate greebtaining very low compression/decompression times, but it
olives from black ones, operating with 624140 images, and obtains an excessively large packet siz& { 300, see Table VI)
600 x 40 pixel ROIs [Fig. 6(b)], triggering the capture by means order to be able to work with a success rate near 100%,
of external synchronism at a maximum rate of 30 images p&hich in turn leads to achieving the worst global delivery time
second, i.e., one capture every 33.3 ms. This requires 63 Marsl prevents it from meeting the required deadline. As for
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Fig. 6. (a) Example of quality application. (b) Example of classification application.

TABLE IV
CHARACTERISTICS OF THECONTROL APPLICATIONS

Application |QUALITY

Deadline Channels

Size X Size Y |Frequency Bandwidth (Mbps)
I. Size 624 490 21 47,6 msec 12 154.10
ROI 600 176 21 53.22

Application |CLASSIFICATION

Deadline Channels

Size X Size Y |Frequency Bandwidth (Mbps)
I. Size 624 140 30 33,3 msec 40 62.90
ROT 600 40 30 17.28

JPEG 2000 codecs, in spite of their consuming longer time @amd the large number of bytes to be transmitted in order to main-
the compression/decompression of the image, this differerteén an acceptable success percentage, despite meeting the dead-
is compensated by a much smaller image size, which requitie restriction (24 + 79) x 300 u s= 24,9 < 47,6 ms given

some five times fewer packets to be able to transmit the imagiee rest of the times to be considered.

Choosing M-C20 and reserving image transmission windows

for 14 packets (800 Kb/s), applying (1) we determinethe V. CONCLUSIONS

to be used in all stations ) _ . _
The use of Profibus industrial networks for the transmission
Trrr 2 (4+14 4 14) X 300 ps+5x 9 us=9.645MS  of images in applications for image processing with medium
(the transmission time of a complete packet is 88Pand, thus, image resolution and transmission frequency requirements,
condition (2) is also met. such as the classification application (17 Mb/s), is feasible
by using the suitable codecs (800 kb/s, reduction 22:1). The
selection of these codecs must be empirical, since obtaining
Applying the same analysis to this application, the M-C10BSNR(Y,U,V) values above a certain value does not guarantee
codec provides the lowest classification error, 3%, with thibe correct operation of the vision processes, the most sig-
lowest frame size, 18 700 bytes, which requires 78.5 packeificant example of this being that the success percentage of
for its transmission (3.14 Mb/s, see Table VI). L10 (47.30, 42.29, 45.93) is lower than that obtained with |
These results prevent the use of the model proposed in this 200K (32.77, 40.14, 43.62). In this process in particular, and
plication, due to the high compression and decompression tinies JPEG 2000 codecs, PSNR(U;M39,40) values seem to be

B. Quality Application
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TABLE V
RESULTS OBTAINED FOR EACH CODEC IN THE CLASSIFICATION APPLICATION

Percentage
PSNR (Y) | PSNR(U) | PSNR (V) | Size frame t_ t, successes
Liv Cl1 C5 38.56 36 .53 39.92 6555.64 11.82 0.85 89%
L 10 47.30 42 .29 45.93 17310.20 2.11 1.16 99%
L 30 44.16 39.86 44.01 11180.50 1.90 0.95 96%
L 40 43.12 39.33 43.63 9930.05 1.87 0.94 96%
L 50 42.09 37.66 41.98 8703.45 1.67 0.79 88%

I T50K 28.90 38.89 42.11 1545.23 6.60 4.72 95%

I T60K 29.13 38.97 42.16 1607.61 6.60 4.72 96%

I T70K 30.24 39.28 42.50 1908.45 6.60 4.72 97%

I T80K 30.80 39.45 42.76 2063.20 6.60 4.72 98%

I TO0K 31.44 39.66 43.07 2278.68 6.60 4.72 99%

I T100K 32.77 40.14 43.62 2870.16 6.60 4.72 100%

I T150K 35.75 40.71 44 .50 4314.91 6.60 4.72 100%
M-C5 31.91 36.14 40.20 3076.70 5.02 2.75 75%
M-C10 37.43 37.76 41.26 1014.73 5.57 3.01 89%
M-C15 39.96 39.55 42.61 2250.02 5.56 3.15 96%
M-C20 41.36 40.48 43.83 3263.23 5.77 3.24 100%
Dx-C50 42.6536 37.85 42 .41 9177.04 2.91 2.03 78%

L: Lead MJPEG 1.0.0.11(http://www.leadtools.com) Parameter: Quality

I : Image Power JPEG2000 Codec (http://www.imagepower.com) Parameter: Target
Kilobytes per second

M: Morgan Multimedia MJPEG 2000 v1.28 (http://www.morgan-multimedia.com)
Parameter: Quality

Dx: DivX codec v3.11 (http://www.divxmovies.com/codec)

Times taken with a Pentium III 1.6 Ghz

TABLE VI
ANALYSIS OF THE DEADLINE IN THE CODES SELECTED IN THE TWO APPLICATIONS

tadq tcomp tpk tl mac ND tl trans tdesc tproc 2 mac t? trans Tcoca]
pack
Classifi- L10 e 2.11 [0.50[0.945" [ 72.73 [21.82 | 1.16 | 8.00 | 0.945°| 0.300 | <35.78
cation I € 6.60 | 0.50| 0.945 | 12.05| 3.61 [ 4.72 | 8.00 | 0.945 | 0.300 | <25.62
T100K
M-C20 e 5.77 |0.50| 0.945 | 13.71 | 4.11 | 3.24 ] 8.00 | 0.945 [ 0.300 | <23.81

" In the worst case, access time to the medium will be the addition to

the transmission of 3 complete information packets (3 PLC) and 4
rotations of the token (in no case is it necessary to wait for the
transmission of an image to take place, since station 1 is the one
transmitting images, and station 2 emits the control command after
finishing the processing of the received image, and before capturing
the following one).

t t t t N° t t t t

adg comp pk 1 mac 1 trans desc proc 2 mac tz trans Ttotal

Quality pack

M-C100 £ 17.03 10.50| 0.945 78.5 | 23.55]9.70 |13.00| 0.945 | 0.300 | <65.97
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enough, although the value of PSNR(Y) is slightly below 3the situation of the ejecting system in order to tolerate larger
dB. The video codecs have given the worst results, despite usitggdlines, or reducing the operation speed. This may make
each image as a different key frame; it is therefore obvious tlthe system more expensive or less productive, despite the ex-
they are not generally applicable to image processing systenstence of enough available bandwidth, and the meeting of
As for applications with high-resolution and image frethe deadline restriction due to the times used up in the higher
quency requirements, like the quality application (53 Mb/shevels of the application.
in which the image processing algorithm may be less tol- We are now working on the achievement of quality mea-
erant concerning the compression rate admissible for contsolrements for compressed images that are more suitable for vi-
processing (3.14 Mb/s, reduction 17:1)—it is not currentlgion processes, so that the characteristics influencing the image
possible to use codecs that enable their use without carryimgcessing algorithms are given more importance, such as the
out important modifications in the machine, such as delayimegradations of high frequency components that the edges of
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objects of interest usually have, or the defects within them, angb1]
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which are not adequately reflected in PSNR values.

We are working on the development of: an autonomous hard-
ware sensor for connection with Profibus; an algorithm enablinge2]
the performance of the scheduling implemented in this paper
online. This algorithm will be usable in both control and moni- 55

toring applications, where the network will be able to adapt on

line to periodic and image traffic requirements existing at an
moment.
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