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Concatenation of compression codecs
— The need for objective evaluations

C.J. Dalton (UKIB)

In this article the Author considers,
firstly, a hypothetical broadcast
network in which compression
equipments have replaced several
existing functions — resulting in
multiple-cascading. Secondly, he
describes a similar network that has
been optimized for compression

technology.

Picture-quality assessment methods

- bqth qonvent/onfal a_nd new, fied for still-picture applications ithe printing in-
Subjective and objective — are dustry and was adapted to motion video applica-
discussed with the aim of providing tions, by encoding on a picture-by-picture basis.
background information. Some Various proprietary versions of JPEG, with higher
proposals are put forward for compression ratios, were introduced to reduce the

objective evaluation together with Etorage requirements, and alternative systems

o ) ased on Wavelets and Fractals have been imple-

’n’_t’a/ obser Va_tlons when Congat_(i'n- mented.Due to the availability of integrated hard-

ating (cascading) codecs of similar ware, motion JPEG is now widely used for off-

and different types. and on-line editing, disc servers, slow-motion sys-
tems, etc., but there is little standardization and
few interfaces at the compressed level.

The MPEG-1 compression standard was aimed at
mmm ], [ntroduction progressively-scanned moving images and has

beenwidely adopted for CD-ROM and similar ap-
Bit-rate reduction (BRR) techniques — commonlyplications; it has also found limited application for
referred to asompressior- are now firmly estab- broadcast video. The MPEG-2 system is specifi-
lished in the latest generation of broadcast televically targeted at the complete gamut of video sys-
sion equipments. tems; for standard-definition television, the

MP@ML codec — with compression ratios of 20:1 yriginal language: English
Early applications of compression in broadcastand greater — is now firmly established by the P '
studio equipments were mainly limited to off-line DVB standards for satellite, cable and terrestrial tnis aricle is adapted from a
editing and similar processes using the JPEGransmissions. Significantly, MPEG-2 specifiggpe presented by the Author at

. L . . . . he EBU/IAB Seminar “Made to
compression system. JPEG was originally specithe interface data-stream, thus providing interna- measure’, November 1996.
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tional standardization of interfaces at compressett is assumed that the acquisition ENG camera
levels. would have an integral digital tape or disc-based
recording system which uses compressiog).(C

MP@ML is not suited for studio applications, due '@ Present preferred format is tape and there are
to the 4:2:0 digital encoding it uses and alsg’®W many format options, ranging from the mod-

through its use of a lengthy frame structure GroujgSt COmpression rates of professional 4:2:2-based
of Pictures (GOP), which is not convenient for SYStems to the higher compression rates of sys-

editing or other frame-accurate studio processed¢Ms developed from the consumer VHS and
A professional or studio level has now beenPVC video recorder formats. Most of these tape
introduced, MPEG-2 422P@ML, which has moreformats, together with the single disc system to be

modest compression ratios of between 5:1 angemonstrated so far, have field edit options. The
15:1. and short GOPs. which allows frame-accuSOUrce video signal, reconstructed to 270 Mbit/s

rate processing while maintaining a high picturef””'rate SDI, must be linked as a contribution to

; ; i ; i the studio centre. It is unlikely that the full data-
uality with multi-generation capabilities. e
g y 9 P rate can be accommodated on this link and, thus,

_ compression (& would have to be used: the op-
The natural progression of development andjons available here range from, for example,

introduction of new technologies will, time, en-  ETg) 34, 17 or 8 Mbit/s DCT systems to 8 Mbit/s
courage the rationalization of compression sysypeG-2.

tems to a few types, probably based on the family
of MPEG-2 MP@ML and 422P@ML specifica-
tions. In the meantime, broadcasters are face™

with a large selection of different equipments, Abbreviations
promoted by different vendors all claiming partic- - g2op@mL
ular operational, cost-saving and performance ac 4:2:2 Profile at Main Level

vantages or improvements over the more conver .~ ransfer mod
tional uncompressed techniques. synchronous transter mode
BRR Bit-rate reduced

How can a user decide on how and where to ado] CCIR (ITV) International Radio
compression systems, and what are the economi Consultative Committee
operational and performance implications? How pet

) ; ) . Discrete cosine transform
is the picture quality to be measured and can it b

predicted in complex systems? DvC  Digital video cassette
ENG Electronic news gathering
o _ ETSI European Telecommunication
mmm 2 Application of compression Standards Institute
systems GOP Group of pictures
ISO International Standards

By way of example, two illustrations will be con-
sidered for a broadcast chain from source to trans
mission. The examples are hypothetical and ma ITU-R  International Telecommunication
appear somewhat complex but could be represel Union, Radiocommunication Sector
tative of a large national digital network, compris- JPEG  (ISO) Joint Photographic Experts

Organisation

ing several regional production and transmissior Group

centres. Inthe f|r_st example, individual processe: \iosaic Methods for Optimization and
throughout thehain have been replaced by equiv- Subjective Assessment in Image
alent systems which incorporate internal com- Communications

pression but interfaced at the standard digital lev : :
els of ITU-R Recommendations BT.601 [1] and WIREE ((EIO) 1 el (et s Eenp
BT.656 [2]. The second example considers a sim MP@ML Main Profile at Main Level

ilar chain, but conceived on an overall integratec pgnr

peak signal-to-noise ratio
strategy.

RMS Root-mean-square

. . SDDI Sony) serial digital data interface
B 2.1, Conventional broadcast chain (Sony) serial digi !

SDH Synchronous digital hierarchy
The complete chain is illustrated kig. 1 which SDI Serial digital interface
has been annotated ,Cwhere compression : : :
products might replace conventional digital SMPTE (Tl;i)vi?ocr;egof SUCIERICOEi e
: . . N . gineers
installations. Typical options are outlined below.
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The received decoded contribution, now back apromotions, and network idents from a presenta-

270 Mbit/s, may require temporary storage, possition video server, again using JPEG compression

bly within a video server. Although uncom- (C;). This server may also function as a tempo-

pressed working is possible, economic considerrary store for pre-recorded programmes.

ations and maximum storage capacity will

demand the use of compressiom)(@hich most  The final output from the studio centre is digitally

likely will be based on motion JPEG. Further distributed tathe regional centres which, for econ-

editing with other contributions might be re- omy of bandwidth, might use compression at 140

quired,using a workstation with integral disc stor- or 34 Mbit/s (G), depending on the distribution

age,also based on motion JPEGy®ut commu-  medium available, i.e. fibre or satellite.

nicating to and from the temporary storage unit at

full-rate 270 Mbit/s SDI. At the regional centre, the decoded full-rate SDI
signal will require the insertion of local regional

Within the studio centre, communications and Stu_material or commercials from a compression-
: . . . based presentation server)CAlternatively, the
dio production processing are likely to use full-

signal may be temporarily stored, for time-delay

tions cannot function with compressed si na@ourposes, within the same server or on a digital
P 9 VTR which uses compression (.

However, within the production process, JPEG
compression (9 '”_”'ght be present for slow-mo- The final regional output is then subject to secon-
tion effects or similar, and material to and from an

: . - dary distribution and transmission to the viewer.
archive may be subject to digital VTR compres-|, "5, 4oing “two further compression systems

sion (G). could be involved: the first for communication to

the transmitter, possibly using ETSI DCT(L
Selection of the produced programmes for netand the second for final conversion to the com-
work distribution is controlled within a presenta- pressed transmission format.¢f which, in all
tion area which may also insert commercialsprobability, will be MPEG-2 MP@ML.
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The piece-meal incorporation of equipments us422P@ML would be recommended, by reason of
ing compression systems, as illustrated above, s standardization and the expected operations
clearly not ideal. In this particular example, therethat should be possible in the compressed domain.
are some twelve different compression systems dfor final transmission, and for contribution where
which ten or eleven could be concatenated in theandwidth is at a premium, it will be necessary to
complete chain from source to transmission. Theise MPEG-2 MP@ML compression or similar.
most significant disadvantages of this network, inLikewise, the interface specification is not impor-
no particular order, are: tant as it is assumed that, within an operational
area or a complete studio centre, all equipments
a) The signal quality is reduced due to the concatpperating in the compressed domain would be
enation of different types of compression co-linked by a studio centre network or bus structure
decs, operating over a wide range of com-such as Ethernet, SDDI, Fibre Channel etc., using
pressed data-rates. Each codec contributes i&DH, ATM or a similar transport protocol.
own approximations or noise error signals,
which can accumulate with concatenation. TheThe acquisition ENG camera and the field edit
total error will be dominated by the codec with System could incorporate any compression system
the greatest compression but this can be erfut preferably would use a standard 422P com-
hanced by earlier coding errors. Compressioression (g which would also be that used

coding failure could occur with certain types of throughout the complete chain. Ideally, the con-
picture material. tribution link to the studio centre will accommo-

date the associated 422P data-rate of 20 -

b) With a large number of different compression50 Mbit/s. However, the available link may have
systems and equipment vendors, there are nexcess or limited capacity in which case the com-
economies in capital equipment purchases. municationcould be faster than real time, or slow-

h £ diff . er than real time. If live contribution is essential
¢) The number of different compression systemsy i 4 |imited-capacity link, then it will be neces-

place extra demands on operational staff Or ORary to compress the signal furthepC

the protocol requirements of an automation

system. At the studio centre, the received signal — restored
éf necessary to the originah@ompression rate —
could beconnected via the studio compressed net-
work to a temporary storage video server. This
sjerver will also hold other source material or
dtpnsferred archives which have been restored or
converted tdhe G rate where necessary. Further
editing can be conducted within workstations,
probably operating internally with more highly-
gompressed signals 4); but the final conforming
would take place within the temporary video serv-
er at the main €compression rate.

d) Training of maintenance staff is increased du
to the number of different systems.

The only apparent advantage of the piece-me
over a long period.

With regard to the overall picture quality of this
example broadcast chain, it is clear that som
form of objective quality rating for individual co-

decs would be desirable, together with rules fo
the accumulation of ratings when a number of co

decs are concatenated. Before embarking on WRill need to operate at full-rate SDI (270 Mbit/s)

discussion of quality assessment, it is WOrth cong, e the greatest flexibility for studio process-

sidering a possible alternative to the above “Coming. A possible method of achieving this flexibil-

pression islands in a digital sea” scenario, Whicnty is via a second studio centre network or bus,

will reduce the number of concatenated codecs '%perating at the full SDI rate. with a number of

the broadcast chain. compression codecs transferring data between the
compressed network and the SDI network. The

As with the conventional chain, studio production

B 22 Integrated broadcast chain number of codec transfers between the two studio
using compression networks can be minimized through the availabil-
technology ity of a video server, or VTRs, operating with full-

rate uncompressed SDI signals and normally as-
Fig. 2 is a conceptual diagram for a completesigned to the production studio. The server could
broadcast chain, from source to transmissionalso provide slow motion and other production ef-
which uses compression technology, and digitafects that require storage. The routing of signals
interfaces for the transfer of data in a compressefetween the studio networks, via the compression
format. codecs, could be automatic by reason of integral

signalling which will identify the format of the
The actual compression format is not relevantouted signal as being either compressed or full-
here although use of a family such as MPEG-2ate SDI. Archive material may be compressed or
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full-rate and would also be automatically routedbe effected directly on the compressed signals, but
over the appropriate studio network. In the eventfull uncompressed production operations would
it should be possible to limit the number of codecalso be available if more sophisticated presenta-
transfers between the studio networks at the Ction isrequired. Once again, the objective is to re-
rate to just one or two, thereby minimizing theduce the number of compression codec opera-
number of concatenated compression codecs uséidns. The final output from the studio centre
during studio production. would be distributed digitally to the regional
centres at the compressedr@te, which is feasi-
In a similar manner, the presentation area whictple for most distribution media.
selects the programmes and inserts the commer-
cials, promotions and idents for distribution overWithin the regional centre, the presentation area
the national network would work from either the would be similar to that of the main centre de-
compressed or the full-rate SDI studio networksscribed above. Compresseddhd full-rate SDI
The presentation area would also have access tocal networks would both be available, and local
compressed and uncompressed video serversegional material or commercials could be
Simple presentation-switching operations couldswitched at compressed level, or at full SDI level

Cq C, & SDI Cq
o Video VTR Presentation
Acquisition server archive server
C1 Contribution . 7y y Y
[If link y Compressed-rate vy
| serial interface (Cy)
& C1(C) Y y Y
4 . Codec Codec
Edit
Field
edit v Full-rate SDI
C,(C
1(C3) ) v
Slelly s Presentation
production server
Studio Centre
Primary
o distribution
Transmission
Cy
Cq
Cq, & SDI Cq
Presentation
VIR server
Secondary
distribution \ \
\
C Y 1
Codec
Full-rate SDI
\
Presentation
Regional Centre
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for more complex presentation. Conversion of# 3.1,  Static test waveforms —

the regional output signal fromy@ompression objective assessment

to the transmission format could occur at the out-

put of the regional centre or at the transmitter,Traditional methods of evaluating a broadcast

depending on the capacity of the secondary disvideo system have used a suite of standard test

tribution links and the number of transmitters inwaveforms and it might be considered that these

the region. Itis believed that conversion betweeriechniques can be extended to digital compres-

MPEG-2 422P@ML and MPEG-2 MP@ML is sion systems. However, the static nature of these

feasible without decoding to full-rate 270 Mbit/s tests will not fully exercise the compression algo-

SDI. rithms. Even when the test signals are digitally
generated and also digitally interfaced to the sys-

The complete chain just described is purely_tem ur_lder test, there is little random or quantiz-
theoreticallthough some pilot production centres ING NOise to stress the system further.
which operate on similar principles have recently
been commissioned. The objective of reducingligh-energy frequency-domain signals, such as
the number of concatenated codecs has bediveep omulti-burst, may reveal pre-filter charac-
achievedand, in the worst case, is four or five with teristics or — in the case of simple compression
the possibility of an additional different format if Systems — buffer-overload or coding limitations.
the source contribution link has insufficient ca-Nevertheless, a complete conventional automatic
pacity. The advantages of this network are: test on a compression system will normally indi-
cate exemplary objective performance, even on
a) the number of concatenated codecs is minisystems which reveal subjective shortcomings on
mized:; normal programme material. Many of the stan-
) _ o ) dardtest signals were devised to provide an objec-
b) high picture quality is assured since most co+jve figure, based on a subjective assessment, at a
decs are of the MPEG-2 422P@ML type; time when distortions were limited to analogue

. linear and non-linear parameters — the temporal
c) there is an economy of scale due to use of uni

fied standard compression equipment. domain being of little significance.

d) the operations are integrated; m 32 Moving test sequences —
e) maintenance is simpler and rationalized. subjective assessment

A possible disadvantage of the intearated a Assessment of early BRR systems gave rise to the
P g 9 b oncept of subjective evaluation using moving

proach ighat, in the short term, such a system ma st sequences.  Inevitably there were manv se-
only be available via single vendors who are offer- q : y y

ing proprietary features. This may be consideredU€Nces preferred by various proponents, mainly

advantageous to some users but, with the passaﬁétraaed from standard programme material to

of time, these features should become less signifu'tgzl'ght’ or maybe to hide, certain system attrib-
cant aequipment designs merge towards compat- "

ible standards. . . .
In an attempt to standardize subjective evaluation,

a library of sequences was developed jointly by
.. the EBU and CCIR (now ITU), suitable for the
mm= 3. Objective fassessment of testing of compression systems developed for use
compression codecs within the standard telecommunication hierarchies
. of 34 and 45 Mbit/s. These libraries have achieved
Qurr_ently, .the_asses.sment of compression system§de circulation and many of the specially-
is still subjective which, of course, for the broad-gevised — but nevertheless, realistic — sequences
cast viewer is the main aim. Indeed, many pictureyre widely used. Typically common are “Mobile
defects are hidden by the picture transition or theyng Calendar” and “Renata with Butterflies”, both
content with which they are associated. Howevergf which contain high-saturation moving detail,
the broadcaster requires more information on thgong with realistic camera attributes of noise and
manner in Wh!Ch a compression system may haVl%lg. A further but atypical sequence “Diva with
modifiedthe picture, and the subsequeréets of  Nojse”, which was specifically devised to be ex-
further compression or other broadcast processqfemely testing, is also frequently used to reveal
[3]. system deficiencies. The library also contains
some simplerexjuences such as “Susie”, a portrait
New assessment techniques are evolving but, bef a lady using a telephone, which should be trans-
fore discussing some possibilities, is it worth con-ferred through a compression codec with little if
sidering the various methodologies in current useany distortion.
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Assessment of these moving sequences is by suls-not a sequence suitable for subjective testing but
jective viewing, using one of the standardizedmay offer possibilities for objective evaluation.
methodologies. Such evaluation is time-consum-

ing, requiring special viewing conditions, a large The well knowrzone plate patternan have tem-
number of observers and, preferably, independergoral components and has been used for codec
evaluations in more than one assessment centrevaluation to reveal certain properties by subjec-
There has been some progress in the developmetive evaluation. Once again, it is not suitable for
of viewing models [4][5][6][7] which have a fair full subjective testing and there are no standard
correlation with subjective results, but the Authorprocedures for objective evaluation. However,
feelsthat it may be some time before such a modethe zone plate pattern offers possibilities for new
can be simplified for universal acceptance and apanalytical techniques.

plication. Quality issues are not confined to the

studio; the viewer’s tolerance to distortion is alsOgg 3 3 Moving test sequences —

important. This issue is being addressed by a Eu-
ropean Commission RACE project, MOSAIC,
which is developing reliable methods for subjec-The time-consuming nature of subjective testing,
tively judging the picture quality of long-duration gallied with the fact that the test principle is based
picture sequences, using untrained observers (segly on visible artefacts, implies that the broad-
the article commencing quage 128]). caster still requires some form of objective evalu-
ation of codec performance. There are two re-
ﬂuirements for an objective rating:

objective assessment

An alternative, synthesized, moving sequence [9

— available now from a digital generator and alsoy) A rating which correlates with subjective eval-
from a D1-format videotape — is designed to test " | 5tions, so that the broadcaster can forecast the

the limits .Of the JPEG, MPEG-1 and MPEG'Z viewer's acceptance of compression artefacts.
compressiorodecs. The sequence contains com-

ponents for analyzing the probable algorithm con$) An objective rating for the absolute value of
tent of a compression system and its comparative compression-coding errors, and rules for accu-
performance. Byeason of the artificial content, it ~ mulation when codecs are concatenated. With

Coded bit-
Video In stream Out
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— ubtraci Quantize length coder F——
Inverse
quantize
@ Encoder
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DCT
> Add
Motion comp. |
prediction
Coded bit- Decoded
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—> length ti DCT > Add >
decoder quantize

EBU Technical ReviewSpring 1997

Dalton

@ Decoder

Motion comp.

prediction

Figure 3
Motion-compensated
DCT encoder and
decoder.

37



Figure 4
Cumulative error
noise for concaten-
ated ETSI 34 Mbit/s
codecs.
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such a tool, the broadcaster can ascertain thatextreme test sequences such as “Diva with Noise”
defined level of picture quality can be main- exhibit high error noise components.
tained throughout a broadcast chain and can

predict the level of concatenation at which fail- AN interesting procedure for analyzing the modi-
ure may occur. fication is tohighlight the output picture with false

colours, or similar pixel-sized markers, where er-
rors exceed a pre-determined levehisiconfirms

¢ o th Vi ; f the dif that most modification occurs at transitions or
one of examining the activity or entropy of the dif- .o ¢ of high activity, due to picture content or

ference between the predicted and the instanteh-oise_ The “noise” nature of the difference signal

NEous signals within the feedb_ack path of a COM31o0ws objective analysis by means of noise mea-
pression encoder. This technique has been us

&Rrement and spectral analysis, using standard in-
successfully to confirm the criticality of test se- P ySiS, 9

sout reli int | i th dstrumentation. The noise measurement gives an
quencesput relies on Internal access 1o e encoly g te error value whereas the spectral analysis
er which is not always possible. It is possible,

h ‘ biract th tem inout and out an give information on the nature of the errors,
owever, 1o subtract the systeém Input and OUlpYle “+ansitional, blocking etc. which, in turn, could

signals which, by reason of the general architeCyerermine a form of weighting function for the
ture of compression codecs, is similar to the €Ny oise measurement

coder prediction signal (sé€g. 3). The input/

output difference signal is the error signal noisethe choice of picture sequence and the exact
and is defined as the Peak Signal to Noise Ratighethod of quantifying the noise measurement is
(PSNR). A codec with low errors has a highstj|| under investigation. For the measurements
PSNR. The error signal noise is bipolar and hageported here, a 10-second segment of “Mobile
S|m|lar prOpertI.es to more COﬂVQntlona| V|deOand Calendar” was used — being typ|cal of a real
noise, the amplitude of the error beings dependem{amera source with moderate detail and move-
on the “busyness” antropyof the signal. A digi- ment — and the noise was measured as the mean

tally-generated static test signal has negligible oRMS value over the duration of the sequence.
no error noise, whereas a moving sequence has

noise which depends on picture content.

A possible technique for objective evaluation is

mmm 4. Concatenation of

. o compression codecs
Computer graphic sequences tend to exhibit noise

at transitions or changing areas, but large noiseA number of error-signal noise measurements
free areas have negligible errors. Camera-sourcdthve been conducted on single and concatenated
pictures, with low levels of residual random noise,codecs, mainly on different realizations of the
exhibit an overall compression error noise togethETSI 34 Mbit/s video codec [10], as it is regarded
er with picture content contributions. In the limit, as typical for codecs based on DCT and temporal

dB

0 Digital interfaces between all transfers

Analogue interface between 3rd and 4th transfer

10

RMS error noise relative to first transfer

14

1 2 3 4 5 6 7 8

Number of codec transfers
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prediction. Codecs for MPEG-2 MP@ML were
not generally available at the time of the investiga-
tion.

Original / 1st Generation

When codecs are concatenated, the overall PSNR
is a function of several factors, the most important
being:

a) The PSNR generally accumulates according tc
a root-mean-square law (séig. 4). Thus for
two similar codecs, the PSNR is reduced by
approximately 3dB. For dissimilar codecs, the
PSNR of the higher compression unit domi-
nates but errors from the lower compression
unit can still reduce the overall PSNR.

b) For codecs which are completely identical in
all coding parameters (including frame or GOP
synchronization), the PSNR is determined by
the first codec only, except if there are picture
alterations (processing) between codecs which
modify the level, spatial or temporal position
(shift, or picture size and shape) etc., in which
casethe overall PSNR accumulates by the root-

mean-square law. the noise spectrum for the first, second and third Figure 5

: . concatenations. The strong harmonic compo- Spectrum of error
¢) A high error-rate codec, with a low PSNR, maynents which arise with later generations, indicate  noise for ETSI

cause a following codec to limit in the redun-|qcking due to errors in the low-frequency com- 34 Mbit/s codecs.

dancy removal process, resulting in visibility nonents ofhe DCT blocks. Such blocking is sub-
of the processed picture blocks. jectively disturbing and thus the spectral presence
. . would indicate that an adverse weighting factor

A further technique for data reduction is to pre-gnouid be applied to the noise measurement.
process or pre-filter the picture signal prior to the
maincompression algorithm. There can be simplerhis summary can only offer an approximate indi-
filtering of the colour components — for example, cation of the complex processes which occur
horizontal filtering (4:1:1) and vertical filtering \vhencompression codecs are concatenated. Vari-
(4:2:0) — or more complex spatial and temporalyys investigations have been reported [11][12]
filtering which could include dropping the alter- [13] and work continues on techniques for the ob-

nate fields. Concatenation of different pre-filter- jective assessment of compression-codec perfor-
ing processes can result in a further loss of picturghance [14][15].

quality.

Forthe present, it is important to state, once again,
As mentioned above, the spectrum of the errothat the piece-meal incorporation of compression
signal noise can indicate the nature of the errorsystemsnto an existing broadcast chain should be
and this is well illustrated ifig. 5which shows undertaken with caution and with due regard to
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the number of different types of codec that may be [5] Voran, S. and Wolf, S.: The development

concatenated.

mmm 5. Conclusions

With the adoption of broadcast equipments that

incorporate compression techniques into the pro-[g]

duction and transmission environments, it is im-

portant to consider the cumulative effects of con-

catenating compression codecs throughout the
broadcast chain.

By considering alternative scenarios, it has been
demonstrated that the piece-meal adoption of
compression equipments of dissimilar types with-
in existing large analogue or digital environments
could lead to operational difficulties and the deg-
radation of picture quality. The eventual adoption

of an integrated scenario, using standardized (8]

MPEG-2 422P@ML codecs for studio applica-
tions and MPEG-2 MP@ML codecs for transmis-
sion, will result in the efficient application of com-
pression-based products.

Objective methods of assessing a compression
system are clearly required, ideally in conjunction
with the tools to predict the overall performance

of cascaded codecs within a broadcast networky o

Methods of making objective evaluations of
equipments which incorporate compression have
been discussed briefly, with an indication that
techniques are currently in development which, in
turn, will lead to the availability of instrumenta-
tion for objective measurements.
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