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1.0 Introduct ion

Modern film sound-tracks are proving increasingly demanding to

exhibitors; not only is the theatre owner being asked to buy new front-

end decoding equipment for a variety of sound-track formats, but these

new formats are placing increasing demands on many aspects of

theatre sound.

Dolby I-aboratories has published a series of documents over the years,

discussing the requirements of each progressively improved sound-

track format the company has introduced. This booklet provides

guidelines for theatres trying to take full advantage of the most

common existing sound-track formats at the time of writing, and

anticipates what increasing demands the digital sound-track on Dolby

SR.D pr ints may present.

New Sound-track Formats

we should begin by re-iterating what seems fairly obvious to the

engineers involved in film sound-track technology, what is frequently

missed by some people involved in exhibi t ion, and is certainly

misunderstood bv much of the movie-going public -- the sound-track

format, mono, Dolby Stereo, Dolby Stereo SR, and now the digital

sound-track of Dolby sR.D, does not itself define how loud or quiet a

sound-track will be, or how extended the frequency response. The

film-maker determines the artistic extents of the sound-track, not the

format designer. The film-maker decides during the post-production

process how loud the loudest bits of his films should be, how quiet the

quietest -- how extended the frequency range should be, how wide the

stereo, and how loud the surround effects. The role of the inventor,

scientist and engineer involved in the technology of film sound is to

make it possible for the full artistic range of the director to be carried

on the film sound-track. And the role of the film exhibitor is to

ensure that this full sound-track capability can be reproduced in the

theatre.

-7-



t
t
r|
I
I
I
I
I
I
I
I

T
t
t
I
t
t
t
I

The two Dolby Stereo formats most challenging for theatre playback

are Dolby SR and the digital sound-track of Dolby SR.D release prints.

The analog SR format is in some respects less demanding of theatre

criteria, but in some areas, especially the A-chain, requires as careful

attention as the new digital sound-tracks. These guidelines discuss

these issues, and explain the minimum acceptable playback parameters

for both of these new high-fidelity sound-track formats.

-8 -



2.0 B-Chain

2.1 Dynamic Range Requirements

The most obvious feature of the new high-f idel i ty sound-tracks,
analog sR and digital sR.D, is a significant increase in dynamic range.
The potential for louder sounds requires attention to loudspeakers,
power amplifiers and sound isolation between screens. Iteproduction
of quieter sounds requires attent ion to sound isolat ion (again),  and
background noise.

2.L.1 Power Ampli f ier Size

1. Each channel of  the sound system should have a power handl ing
capabi l i ty easi ly capable of playing back an sR f i lm recorded at 100%
modulat ion level at  al l  f requencies throughout the audio bandwidth.
Th is  shou ld  be  the  very  min imum capab i l i t y  fo r  Do lby  d ig i ta l
piayback, and a crest factor (safety margin) may require a significant
increase in power ampl i f ier s ize.

The dialog level on both the analog and digital sRoD sound-tracks will
be at the same acoustic level as that of the dialog of a conventional
Dolby stereo film. occasional sound effect "stings" 

and music, though,
can have a levei far greater than found on conventional films, and
this increased peak level capability is one of the great advantages of
both anaiog sR, and the digital sound-track on a Dolby stereo sRoD
print. Depending on the signal content, the peak levels on an analog
sR sound-track can be 3dB higher, rising to 9 dB higher at frequency
extremes, as shown in Figure 2.1. The digital sound-track can provide
a peak level 12dB above conventional A-type Dolby stereo films; it is
also important to note that this peak level capability (around 103 dBC
for each stage/screen cirannel) is constant with frequency.

As a very rough guide, analog sR sound-tracks in small and medium
sized theatres, peak lc'vels will require power amplifiers for the screen

-9 -
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channels with total power output ratings of at least 250 watts. The
mono surround channel for SR playback will probably need at least 400
watts.

Large theatres wi l l  require

incremental  cost increase of

compared with a 250 watt unit

always install amplifiers with a

even more power however,  the

a 500 watt  pow-er ampl i f ier when

is trivial. If in doubt, a theatre should

power safety margin.

It is unlikely that any film mix will take full use of the sRoD digital

capability for more than an occasional "sting". But examination of
analog sR tracks shows regular clipping at 100%. so, for a very
minimum, power amplifiers should be able to reproduce the typical
levels of analog sR. More power is required if a safe margin is to be
provided for sR analog, and for playback of the digital Dolby stereo
sound-track.

Total insurance of enough power for a Dolby sR.D digital sound-track

can be derived from Fig. 2.2. unlike some optimistic nomograms for
power requirements, this model takes no account of room volume

and reverberation time. Transient sounds (of short duration) are not
augmented by reverberation, and the required power for a given

sound-pressure-level at a specific seat is directly controlled by the direct

sound field - an inverse-square law characteristic based on how far the
listener is from the loudspeaker.l

1 One of the diff iculties in calculating sound pressure levels comes from the
increased reverberation times in large rooms. This increased reverberation will
only be applied to steady-state, or quasi-steady-state, signals. Dialog is
mainly made up of short staccato sounds (l ike t 's, k's, p's). Consequently a mix
balance created in a small room, with a short reverberation time, wil i sound
different in a big room, with those music components with sustained sound.s
being augmented by reverberation. The dialog may sound relatively qtrieter
with respect to the music. sound pressure levels for the playback of Dolby
sJereo are set up using pink noise, a quasi-steady state signal ,o,r..u.
Theoretically, this means that in a big auditorium (say 1000 seats or more), the
music will play at the same level as in a small room, but the staccato elements
of dialog wil l play lower. It can be argued on a theoretical basis that in a
really big theatre, for dialog to have the same level as in a small theatre, the
reference SPL should be increased from 85dBC to (say) 86 or g7dBC. The result

-10-



The power requirement derived from Fig. 2.2 is the total power needed

for a screen channel. If the system is bi-amped (virtually essential) the

power for each HF and LF section should be approximately two-thirds

of that shown.

For an analog SR sound-track, power amplifier headroom capability

can be tested by installing a Cat. No. 85C Dolby pink noise generator

into the Dolby processor,  and assuming Fader 7 is the normal

operating level, turning the fader up by 3 points, i.e. up to Fader 10.

Examine the power amplifier output signal on the oscilloscope, and

conf irm that the signal is not c l ipped, which wi l l  be evidenced by

squaring of the signal peaks. Do not run this test for extended periods

of time, as loudspeakers could be damaged. The test should be repeated

for each stage loudspeaker channel.

To verify power amplifier capability for a fully modulated sR.D digital

sound-track, the following test can be used...

A tone burst generator is used to insert a signal into the theatre sound

system. The output level of the generator is set such that it would

generate a playback level in the theatre of 103 dB. Ideally, there should

be some means of br inging the level up from no sound to the

maximum 103 dB level at a reference seat two-thirds of the way back in

the house with a fader. The easiest way is to run the signal into the

cinema processor and then use the house fader to control the level.

The tone generator should be able to output tones at the following

frequencies: (for Left, Center, Right, and each Surround Channel)

63H2, 200H2, IkHz, 4kHz, and (for subwoofer) 50 Hz. The different

frequencies will give a better idea of the capabilities of the system if it

lLas speakers that have a def ic ient response and therefore need

excessive eq (which limits headroom). The tone should be gated with

a synchronous (zero crossing) switch that has an "on" time of 250 msec

(3/4 sec) and an "off" time of 2 sec. In regards to damaging speakers

from this high-level signal, the short "on" time with a relatively long

would be a consistent dialog
state signals, sustained music

playback level, but an increase in level of steady-
or effects.

-1 1-



"off"  t ime should al low for a real ist ic test of  the sound system

headroom without damaging the speakers (or, less likely, the amps) in

the process. A storage scope is connected to the output of the power

amp for the channel to be tested. The tone-bursts are switched on for

that channel and the fader turned up while observing the scope trace.

As the fader is raised to the 103 dB level look on the oscilloscope for

signs of the amplifier clipping. If the maximum level can be reached

with no sign of clipping and with no audible sign of stress from the

loudspeaker, the channel will probably be satisfactory for the demands

of a digital soundtrack.

2.1".2 New |iffy test film

An updated version of the well-known Jiffy test film is now available

from Dolby Laboratories. The new Jiffy test film contains both an SR

soundtrack and a digi tal  soundtrack. There are six minutes of

subjective audio tests, in some cases different for the analog and digital

soundtracks, which include high-level tone bursts for checking power

amplifier and loudspeaker capability. The test film also contains some

quick visual tests, to verify framing and checking for ghosting and

shutter problems.

2.2 Screen Loudspeakers

2.2.1Locat ion

The Left and Right screen loudspeakers should be mounted at the left

and r ight extremes of the screen width when the masking is ful ly

opened fo r  p ro jec t ion  o f  a  2 .35 :L  (C inemascope)  aspec t  ra t io

anamorphic picture. I f  screen masking covers these loudspeakers

when a L.85:L picture is being projected, high-frequency attenuat ion

due to the screen masking should not exceed 2 dB at 8 kHz.

-12-



The obvious intention of many elements in a stereo sound-track is

that a sound should seem to emanate from the same location as the

related picture irnage. when an actor closes a door at the left of the

picture, the sound of the closing door should come from the same

location; when \,ve see a trumpet player close to the right edge of the

screen, the sound shoutrd come from the same side of the screen. The

object ive of stereo sound is to place the apparent sound source

sufficiently close to the image of the trumpet, in a way such that sound

and picture together seem "real".

Listening to music in the home places no specific demands that stereo

width be accurately defined -- there is no picture to which the sound

should match. Typically, though, the two loudspeakers will subtend a

total included angle of around 60 degrees to the listener. In the home

the distances from the loudspeakers are short, and the room surfaces

(furnishings) are absorbent --  as a result  the l istener wi l l  hear

dominantly the direct signal frorn the loudspeakers.

In a commercial theatre, however -- no matter how small, and no

matter how absorbent the materials on the walls and ceiling - the path

lengths are so much greater that what most of the audience hears with

non-transient material is dominantly reverberant information coming

from many directions, reflected from many room surfaces. This is

why with a typical theatre layout, measurements show that at best only

in the first row or two of seats does the near-field direct signal

dominate.

As a result, from a prime seat where ,n" ,.*"., subtends an ideal

projection angle of 45 degrees, the listener may hear an acoustic width

of only 25 or 30 degrees from loudspeakers typically 40 degrees apart,

mounted at the screen ends. Further back, dominance of the

reverberant field increases, and acoustic width therefore narrows still

rnore. Indeed, in the back rows of most theatres, so much directional

information is lost and the sound becomes so diffuse that few, if any,

spot effects can be directly associated with the action on the screen.

- 13-



This progressive attenuation of stereo width towards the rear of the

house explains the requirement for maximum possible width in

loudspeaker placement. As films are mixed to match picture in the

dubbing theatre, it is difficult to conceive of situations where the

screen is so large, and the reverberation so short, that the sound image

is too wide for any of the audience not sitting in the front one-or-two

rows.

This requirement for maximum stereo width holds equally true with

the narrower screen image of a 1.85:1 movie, and to the maximum

width of a 2.351 anamorphic pr int .  Even though the masking has

moved in to sharp-matte the 20"/" narrower picture image, the widest

possible audio image should be retained in this way, the

sound/picture match will "work" for the largest possible percentage of

the audience.

Some years ago, narrowing the masking and covering the left and

right loudspeakers when projecting a 1.85:1 picture caused major audio

problems. (Not surprisingly, when considering the high-frequency

attenuation resulting from black felt!) Happily, new techniques and

materials have been developed to answer the problem. Black muslin,

or acoustically-transparent, loudspeaker grille cloth (as used for high-

fidelity loudspeakers) stretched over an "open" frame can be used for

an insert covering the small area of the masking obscuring the high-

frequency horns. For new theatres, masking cloth (Harkness 2000M)

has been developed which appears matte blact, is acoustically virtually

transparent and is only slightly more expensive than the black felt it

makes obsolete.l

But even if acoustically transparent masking cloth is used, care should

be taken that the hard mounting edge (typically plywood) which

supports the cloth does not cover any part of the horn mouth. Care

should also be taken that cloih folded back on itself at the mounting

edge does not attenuate the high-frequencies, and that "bunching"

r Harkness Screens, The Gate Studios, Station Road, Boreham Wood, Herts WD6 1DQ, England,
Tel: 081 953 3671,, Fax: 081 207 3657.
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masking cloth in front of  a loudspeaker can cause severe high-

frequency attenuation.

2.2.2Loudspeaker Type

Figure 2.2 can also be used for guidance as to suitable loudspeaker

types. Manufacturers' l i terature should be consulted as to the

maximum power handling capability of a given loudspeaker. While

there are several manufacturers offering a wide variety of loudspeaker

types, most quality theatres today are installing bi-amplified systems,

with a constant directivity high-frequency horn and a direct radiator

cone diaphragm-vented box low-frequency unit.

2.2.3 Loudspeaker Wal ls

Since the earliest days of loudspeaker design, it has been recognised

that low-frequency response can be assisted by mounting the

transducer in a plane baff le.  An inf ini te sized baff le puts the

transducer in what is termed a 2 pi space. This better bass efficiency is

why the classic cinema loudspeaker for many years, the Altec 44, was

provided with "wings", plane wooden sheets mounted on either side

of the LF unit. This concept was extended in the late seventies, when

three or five ,A,4 units would be connected with a wooden frame with a

solid plane baffle connecting each unit. A similar idea was used by

Tomlinson Holman with the THX loudspeaker systeml, where the

loudspeaker system is mounted in a wal l ,  covered with sound

absorbent material. This baffle gets close to the theoretically perfect 2

pi baffle, but if the wall extends from floor to ceiling it can also

effectively cancel transmission of rear screen echoes, as discussed later.

2.2.4 Cross-overs

A bi-ampl i f ied system, with act ive cross-overs, is an essent ial

requirement of any high-quality contemporary theatre sound system.

ltHX is a registered trademark of Lucasfilm Ltd.
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The most important reason for bi-amping is the capability of power

handling of bass and treble simultaneously. In addition, an active

cross-over enables a smooth characteristic over the cross-over region,

with minimum phase discontinuity. Active cross-overs also make

possible a signal delay to the low-frequency unit, improving coherency

of arrivals of HF and LF signals in the seating area, and further

improving signal phase continuity around the cross-over region.

2.2.5 Stage Loudspeaker Characteristic Curve

The B-chain frequency response of the Left, Center and Right screen

channels should conform to the wide-range characteristic defined in

1502969. The response should extend smoothly from 40 or 50Hz at low

frequencies to significantly beyond L0kHz, and ideally as far as 16kHz.

The level difference between any two locations in the normal seating

area, measured in 1/3 octaves from L50H2 to 10kHz, should not exceed

3dBl.  See Figure 2.3.

The quality of a theatre's B-chain can be assessed in two areas: first,

how closely the curve matches the required frequency response; and

second, how uniformly the same response is maintained throughout

the seating area. Matching the required response almost certainly

requires use of bi-amplification and an active cross-over. The required

uniformity of response will normally make use of constant directivity

high-frequency horns mandatory.

A complete discussion of B-chain equalization techniques can be

found in each Dolby cinema processor manual.

rIn most theatres, the reverberant field dominates in most of the normal seating
area. In small rooms, however, with a seating capacity of less than, say, 150
seats, that sector of the audience seated closer to the screen receive a signal
dominated by the direct field. ln such cases, inverse square law losses can cause
a noticeable fall-off in energy over the first few rows of the theatre, and may
make it impossible to sustain the quoted 3dB figure. In these small theatres,
the installer should verify a smooth fall-off with distance from the screen, and
an even distribution laterally across the seating area.
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Note: ihe USA national equivalent standard to 1502969 is ANSI

PH22.202M, and the British Standard is BS5550:7.4.1.

2.2.6 Measurement

There is a discussion of B-chain measurement techniques in each

Dolby cinema processor manual. Until the last few years, it was

normal practice to use a single calibrated microphone, placed in a
"normal" seat location, asymmetrically located with respect to the

theatre's centrelines, and set approximately two-thirds of the way back

in the theatre. See Figure 2.4. A conscientious installer would then

move the microphone to an alternative location, and "average" the

equalisation for the best overall results.

In recent years, microphone mutltiplexers have come into increasing

prominence,  typ ica l l y  w i th  f  our  ca l ib ra ted  mic rophones.

Measurement of four locations in the theatre results in a much more

even equalisation throughout the seating area. Practical experience

suggests that best results are achieved with the microphones placed

substantially in the reverberant field, in a layout such as that shown in

Figure 2.5. Again, care should be taken not to place microphones on

each central axis of the theatre, where standing waves can cause

aberrant conditions.

In mixdown, dubbing theatres, and small review rooms used for print

quality control, where the listening/viewing area is small with respect

to the size of the room, the microphone locations should be located

within the area of interest.

The microphones should normally be mounted at listener's head

height. However, if the seats have high backs, the microphones

should be raised up so that they are at least 9 inches above the top of

the seat, thus avoiding any grazing effects.

-17-



2.3 Surround Loudspeakers

2.3.L Number and Location

The first step in determining the number, type and location of

surround loudspeakers, is to consider the l ikely power handl ing

requirements. Dolby SR, for example, can require a peak level in the

middle of the auditorium of a minimum of 92 dBC with normal

program, and as much as 6dB more if the sound-track were used to its

ful l  low-frequency l imits.  For an SR.D digi tal  sound-track, the

equivalent level is 103dBC for a mono surround playback, or 100dBC

for individual left and right surround strings of a stereo surround

instal lat ion. Assuming no assistance from reverberat ion ( ie the

maximum peak level is that required to deliver a transient sound, see

sect ion 2.1.1 above),  the dimensions of the theatre can be used to

calculate the total loudspeaker power required.

The first thing to do is to calculate the total electrical power required.

In some cases the proximity of the surround speakers to a wall may

contribute to their efficiency. However, this factor has been omitted

from the present calculation since it is only valid for low and middle

frequencies and only if the speakers are against a wall and not spaced

away from the actual hard surface.

The desired maximum rms sound pressure level at the listeners' ears

is 100 dB per surround channel for a stereo surround configuration.

The total electrical power required from each side's power amplifier is

given by

/  Lp-S+20loe r \
l - - l

wart.s = Io\ lo )

where

Lp = desired SPL (100 dB in this case)

S = spe;rker sensitivity , dB SPL at 1 meter distance for i watt input

r = distance from wall to centerline of theater in metres

See Figure 2.11
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Having determined the total electrical power required per side, we

must now find out how many speakers are required to handle this

amount of power. The number of speakers N is calculated from

N= electrical power (calculated above) diuided by the power rating per

speaker

This is the minimum number of speakers per surround side required

to handle the necessary power. A greater number of speakers may be

required to secure good uniformity of coverage of the audience area.

In practice, the number of speakers required is the larger of the two

numbers derived from coverage requirements and power handling

ability.

The speakers should be connected in series/parallel so that they all

receive equal power and the impedance presented to the power

amplifier is around 4 ohms. Most well-designed modern amplifiers

will drive 4 ohm loads with a somewhat higher power output than

they will a B ohm load, but as this ability is a function of the details of

each amplifier, the manufacturer's data should always be consulted.

Some amplifiers will drive impedances lower than 4 ohms; again,

consult the manual or manufacturer.

It may be desirable in some installations to arrange the series/parallel

connecticln so that the rear-most speakers receive slightly less power

than the front ones. This is done to match the lower sound level

heard from the screen speakers in the rear of the auditorium. In

general, this practice is most appropriate in long rooms with short

reverberation times.

Next, consider that this power has to be shared by a given number of

loudspeakers, which should be spread about the back wall, and the two

rear side walls of the theatre. Optimum sound balance between

channels dictates that surround loudspeakers should be evenly spread

from half-way back from the left side-wall, through the auditorium

back wall, to a point half-way up the right wall. This configuration
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takes account of the ratio of screen to surround sound pressure levels,

u.,d uiro seems subjectively optimum when the visual dominance of

screen activity is taken into account. (See Figure 2.6). Avoid placing

any surround speakers further forward than 50% or 60"/, of the way

from the rear to the front of the house. Placing speakers too close to

the screen results in surround sound blending into screen sound for

audience in the middle part of the house (especially when the "draw"

of visual screen action is taken into account -- see Figure 2.7).

2.3.2 Loudspeaker Type

Manufacturers' literature should be consulted for the power handling

of a given surround loudspeaker, and this determines the number of

speakers required.

Select ion of a sui table type of loudspeaker,  though, demands

assessment of more than just power handling capability. Diffusion is

also a major requirement of surround channels,  meaning that

surround signals should never appear to come from a point source.

This means that a large number of loudspeakers are always preferable

to a few, regardless of power handling.

Avoiding local izat ion to a local speaker wi l l  a lso be assisted by

selecting a speaker without too wide a dispersion, as an excessively

wide dispersion will cause a domination of high-frequencies at the seat

closest, or directly under, a given loudspeaker. For this reason, three-

way bookshelf-type units should be avoided, as wide dispersion is one

of the intended design parameters of these units, primarily designed

for the home for music listening.

2.3.3 Mounting Angles

Some types of loudspeakers intended for surround use are mounted in

a box with a built-in down angle. Care should be taken not to accept

this fixed angle as correct for any given auditorium. Depending on the

mounting height, the angle should be set to achieve the most uniform
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response across a lateral row of seats. In cases where a low ceiling

results in the surround speakers being mounted lower than would be

desirable, any downward cant would make a bad situation worse,

enhancing local isat ion to the nearest loudspeaker for those seats

closest to the walls. In such a situation the loudspeaker drivers should

be aimed horizontally, getting a percentage of the dominant direct

signal above the heads of listeners in the closest seats.

2.3.4 Characteristic Curve

The surround B-chain frequency response should conform to ISo2959

from 125 Hz to 8 kHz, after correction for near-field response. The

level difference between any two locations in the normal seating area,

measured in 1/3 octaves from 150 Hz to 8 kHz, should not exceed 3dB.

Below 1.50H2 i t  may not be possible to achieve this 3dB tolerance,

depending on the equal izer in use. Care should be taken, though, to

achieve the smoothest possible response at these lower frequencies.

Matching the surround character ist ic to the target curve wi l l

invar iably require equal izat ion, ei ther with an opt ional module

available from Dolby Laboratories, or in the case of the cP50, use of an

outboard free-standing equaliser. Achieving satisfactory uniformity

requires a moderately large number of surround loudspeakers.

ceiling-mounted loudspeakers are unacceptable, as all fi lms are mixed

assuming a horizontal  surround f ield;  in addit ion, a very large

number of ceiling speakers would be needed to achieve uniform seat-

to-seat response.

The bandwidth of the surround channel on a stereo optical film is

intentionally band-limited to around 7 kHz, to avoid the risk of

operational problems such as bad sound-head azimuth, and excessive

impulse noise with worn prints. SR.D digital sound-tracks, though,

and occasional 70mm magnetic prints have full bandwidth discrete

effects on the surround track, and this will require analysis of

surround loudspeaker response beyond 8 kHz. Surround equalization

is more or less essential for quality theatre sound, as otherwise panned
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sounds cannot move smoothly around the theatre, or from front-to-

back. For information on updating older Dolby cinema processors, see

Section 5.0 below.

Several psycho-acoustic mechanisms combine to cause the perceived

response from surround speakers to differ from that of the screen

loudspeakers.

First, the surround information comes from a multiple array of

loudspeakers, as opposed to a single source. Second, part of the signal

comes from behind the listener, and the ear/brain combination reacts

differently to sources behind the head. Finally, and probably of greatest

significance, the average movie-goer selects a seat two-thirds of the

way back in the theatre, and in a conventionally shaped theatre is thus

normally much closer to the surround loudspeakers than to the

speakers behind the screen. As a result, near-field response will be a far

greater percentage of the surround signal than the screen signal, where

far-field components normally dominate.

This large number of var iables means that the ideal correct ion

characteristic will be unique for each theatre. Figure 2.8 shows how

the X-curve of 1502969 should be modified for surrouncl use in a

typical theatre, where most of the audience is closer to surround

loudspeakers than to the screen.

2.3.5 Measurement

Measurement microphones should be left in the same location as

when used to measure the screen channels. In addition, they should

normally be left at the same orientation. A stereo surround set-up

should be measured and equalized independently for the left and right

channels.

Reference level (generated with a Cat. No. 85 Pink Noise Generator) is

85 dBC for each stage loudspeaker. A monaural surround channel

should also be set to 85 dBC, a procedure described in each Dolby
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cinema processor manual. with a stereo surround installation, for

Dolby SR.D or Dolby Stereo 70mm, the left and right surround chains

should each be set to 82 dBC at the reference pink noise level.

2.4 Sub-woofers

The instal lat ion must include sub-woofer(s),  dr iven by dedicated

power amplifiers--analog SR signals have to be derived from a bass

extension module in the cinema processor.

Both Dolby Stereo 70mm magnetic and Dolby SR.D digital have

dedicated low-frequency channels, requiring sub-woofers -- and one of

the main benefits of Dolby sR with optical sound-tracks is the

improvement in signal handling at frequency extremes. Figure 2.1

shows the relat ive peak level capabi l i t ies of an SR sound-track

compared with those of mono and conventional Dolby Stereo. The

significant increase in potential low-frequency signal energy requires

the use of dedicated sub-woofers. Existing theatre bass bins (such as .{4

units) are nOt acceptable.

With a Dolby digital sub-woofer track, the potential levels are even

higher. Monitor levels are set for 10 dB of "in-band gain", as shown in

Figure 2.9. This level setting procedure requires use of a real-time

analyzer. Attempting to use a sound-level meter for sub-woofer level

setting is extremely unreliable, for several reasons:

a) Different sub-woofers have different effective low-pass filters,

either caused by cabinet/speaker design, or by an actual low-pass filter.

Even though the frequency range of interest is only up to 120 Hz with

an SR.D track, the varying out-of-band components above I20 Hz can

lead to variations of 3 or 4 dB when read on a sound level meter.

b) There can be a substantial variation between meters at low

frequencies, where C-weighting is not necessarily accurately followed.

c) Room nodes can affect the loudness perceived by a sound

level meter, whereas the eye can easily see the effect of nodes when

viewing the analyzer.
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As real-time analyzers are always needed to adjust notch-filtering of

room nodes, as described in Section 2.4.4, use of an analyzer instead of

a sound-level meter does not affect installation time.

Many theatres which have been equipped with sub-woofers over the

last fev,' years have adequate relative low-frequency loudness when

compared with stage channels at mid and low-levels. Some contain

limiters such that if overloaded go smoothly into saturation without

any clipping distortion-in such a case the signal may not sound

distorted, but the peak levels are not correctly replayed. Badly designed

sub-woofers, though, show significant distortion components at all

levelsl , and non-linear frequency response. The bandwidth of the

digital sub-woofer channel on a Dolby digital sound-track extends from

5 Hz to 720 Hz. A linear sub-woofer acoustic response is desirable

from, say,25 Hz to 720Hz The 120 Hz sound-track cut-off is extremely

steep, so a suitable sub-woofer need have little response above this

frequency.

2.4.1 Location

While sub-woofer location is not critical, a single unit should not be

mounted on the centre-line of the theatre. If two sub-woofer cabinets

are used, they should be mounted asymmetrically; ie thev should nof

be mounted equal ly spaced ei ther side of the centre- l ine as for

channels 2(Le) and 4(Re) of a 70mm system. This asymmetr ic

mounting reduces stimulation of standing waves derived from room

dimensions.

To achieve maximum power, two sub-woofers should be mounted as

close together as possible, thus achieving cross-coupling. Standing two

sub-woofers to one side of the centre channel loudspeaker is probably a

reasonabie solution. On the other hand, if the target is to reduce the

level of spot resonances, the two units should be separately mounted

lFor background information see Engebretson, Low-Frequency Sound
Reproduction, }AES May 7984, and Fielder and Benjamin, Subwoofer
Perfortnance for Accurate Reproduction of Music, |AES, |une 1988.
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at, say, one-third of the way frorn the left wall, and one-fifth of the way

from the right wall, though this, of course, will require more power.

2.4.2 Need for Bass Extension with Dolbv SR

Modern main-channel loudspeaker systems have better low-frequency

performance than systems designed a few years ago. However, extreme

low frequency signal information requires special processing when

derived from an optical sound-track, in order to suppress "streaking"

noise and other processing artifacts. This circuitry, and a parametric

equalizer to smooth out the primary room node, is contained on the

optical bass extension module -- Cat. No. 160 or Cat. No. 560 in CP50

and CP200 units, Cat. No. 247 in CP55 units, and Cat. No. 441 in CP65

units. Also, see Section 5.0 below for information on retrofit modules

for Dolby SR.D digital playback.

2.4.3 Tuning

All cinema processor sub-woofer driver modules contain a simple

parametric equalizer. This should always be used, as every room will

have at least one dominant resonant frequency, which if not damped

will lead to a characteristic low-frequency "ringing" every time the

sound-track contains extreme low frequency information. Instructions

for adjusting the parametric equalizer can be found in each Dolby

cinema processor manual.

2.4.4 P ow er Requirements

For the playback of an analog optical soundtrack the subwoofer

channel power requirements are not substantially different than a

stage channel, i.e. an amplifier of the same power rating as one used

for the front stage channel should be adequate.

For playback of an SR.D soundtrack however, the power requirements

for the subwoofer become more demanding. Two factors work

together to raise the required amplifier size. One factor is the
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headroom avai lable in the subwoofer channel.  Like the boom

channels on a Dolby Stereo 70mm mag print, the subwoofer channel is

recorded 10 dB lower than the other channels on a digital soundtrack.

The cinema processor is then adjusted to playback 10 dB higher, this

providing 10 dB more headroorn to produce effects like explosions and

stings at more realistic levels. This level requirement irnplies an

amplifier power requirement 10 dB or 10 times more than any other

channel.

In addition, though, the subwoofers normally used for cinemas are

less efficient than the stage speakers. Most of the models used are at

least 3-5 dB less efficient than contemporary direct radiator stage

speakers. This means at least an additional 3 dB or two times more

power because of the lower efficiency of these speakers. Combined, the

requirements become difficult - 13 dB or 20 times the power rating of

one of the screen channel amps. Figure 2.10 is an outline of the power

requirments of the subwoofer channel depending on the size of the

auditorium and can be used to determine the amps needed. As can be

seen from the chart, it makes sense to use a model of subwoofer that

has good efficiency since this will keep the power requirements

smaller. However, be aware of claims of unusually high efficiency for

subwoofers.

In loudspeaker design the laws of physics limit the maximum amount

of efficiency improvement that can be achieved without a tradeoff in

either low frequency response or enclosure size. In other words, for a

given size of speaker enclosure the efficiency of a system can be

increased but only at a loss to the low frequency performance of that

system. This is why bass bins for stage speakers that are about the same

size as subwoofers are more efficient but they cannot reproduce the

deep bass that can be produced by a true subwoofer design.

Fortunately, there are ways to make the amplifier demands more

reasonable. Sometimes it can be relatively easy to get increased

headroom from the existing system. For example; if the system

presently has two subwoofers each rated at 8 ohms and one stereo amp
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with each half driving one sub, it may be possible to wire the two subs

in parallel and connect them across the amp running in a bridged

mono mode. If the amplifier is of good professional quality with the

capability of driving the equivalent of a 2 ohm load on each channel, it

is possible to get as much as 4-5 dB more headroom by simply rewiring

the subwoofers in this fashion.

As mentioned earlier, multiple subwoofer units can be grouped to take

advantage of mutual coupling. If the units are placed together ideally,

doubling the number of subwoofers gives an extra 3 dB of output

Ievel due to efficiency gained by mutual coupling. Figure 2.10 shows

the reduct ion in the ampl i f ier power needed i f  more than one

subwoofer is used, assuming that they are mutually coupled. As an

example, if the system is as above with each half of a stereo amp

driving a single 8 ohm subwoofer, two more subwoofers can be

installed (mounted close to the other two for coupling) each wired in

parallel with each of the other two, it can provide as much as 6 dB

more headroom than before. Half of the gain is due to the efficiency

increase of doubling the number of units and the other 3 dB comes

from the greater power output of the amplifier when driving a 4 ohm

load on each channel instead of 8 ohms. Of course, one can always just

buy more and/or bigger amps. This however,  quickly becomes

unwieldy if the system is something like 10 dB deficient, and it is

usually more practical to increase the efficiency of the system as well.

The placement of the subwoofer can also be critical if increasing the

efficiency of the system is needed to keep the amplifier requirements

practical. Generally speaking the units should be mounted as close as

possible to as many boundary surfaces (read walls and floor) as

possible. This means that the subwoofers should be installed (coupled

together) at least on the floor and if possible next to the back wall

and/or the side wall behind the screen. Unless the back wall behind

the screen is appreciably greater than 10 feet behind the screen it is

more desirable to have the subs back up against the wall on the floor

instead of up next to the masking. The increase in efficiency is

preferable to the small delay in the bass signal because of the
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subwoofer being slightly behind the stage speakers. Corner mounting

of sub-woofers in this way, however, may lead to a more pronounced

primary room resonance. A further increase in efficiency would result

from having the unit on the floor, and mounted in a baffle wall that

extends to the dirnensions of the screen, this of course would help the

bass response of the stage channels in their proper locations as w-ell.
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Figure 2.9 Sub-Woofer Level Setting
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3.0 A-Chain

3.1. Analog

3.1.1 Frequency Response

The equalized A-chain frequency response, measured at the Lt and Rt

pre-amplifier outputs, should be flat to within +1 dB from 30 Hz to
'l.4kHz. When a pink noise test film is used, and the pre-amplifier

response measured in third-octaves, the output should be f lat up to

and including the 12.5 kHz band, and no more than 3dB down in the
'l.6kHz band.

Later versions of optical pre-amplifier boards installed in Dolby theatre

equipment exhibit improved stability, and better linearity and phase

response at high-frequencies. CP50 and CP200 units should ideally be

updated with CN108 pre-amplifier cards of Revision C. All CP55 and

CP65 unit pre-amplifiers have adequate performance. See Section 138

below.

A complete discussion of A-chain alignment can be found in each

Dolby cinema processor manual.

3.1".2 Slit

This bandwidth specification ideally requires a projector sound-head

slit height of around 0.00075". A slit height of 0.00100" is unacceptable

as impossibly large amounts of hf boost are needed to achieve a flat

response above 10 kHz. A slit height of less than 0.00050" performs

better at high frequencies, but the need for increased pre-amplifier gain

may make the system more prone to spurious interference resulting

from stray light landing on the solar cell.l

r Most prrojector manufacturers offer retro-fit slit lens assembleies with a slit height of 0.00050 or
0.00075'. In addition, slit-lens assemblies for a variety of projectors are manufactured by Sankor Ltd.,
distributed by Marble Company Incorporated, P.O. Box 150080, 427Hart Lane, Nashville, TN 37276,
T el: 675 -227 -7 77 2, 800-7 29 -5905, Fax : 6 1 5-228-1 301.

-29-



The pink noise on current Cat. No. 69 optical test film has a frequency

response nearly flat up to 16 kHz, as shown in the calibration chart in

Figure 3.1. The old black and white Cat. No.69 test f i lm has been

replaced by two new test films. Cat. No.69T (Dolby Tone) and Cat.

No.69P (pink noise) are both now printed on color stock, which

represents release print behavior more accurately. The color stock

fades, however, so the test films should be replaced after about six
months of use.

3.1.3 Exciter Lamp/Supply

The exciter lamp supply should have a regulated output.

An unregulated exciter lamp supply results in gain variations, bad

decode tracking, and can cause audible hum.

A well-designed regulated supply will have a ripple level of less than

3%.

3.1.4 I l luminat ion Uniformitv

The projector sound-head opt ical  assembly should provide uniform

i l luminat ion across the sl i t .  when measured with a snake-track test

f i lm, output var iat ions should not exceed + 2dB from the average

level.

lJneven illumination along the slit is frequently the cause of bad -

quality optical sound playback. Level-dependent distortion and bad

stereo imaging are the two most obvious results.

The most likely causes of uneven illumination are:

Dirty optics or slit

Misaligned optics

Dirty or carbonized exciter lamp

Insufficient voltage for exciter lamp
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and less likely:

Uneven slit width resulting from bad machining

One method of checking illumination uniformity is to run a scanning

beam uniformity test film (snake-track) loop (SMPTE Test Film No.

P35-SB or equivalent), and to evaluate the summed Lt and Rt pre-

amplifier outputs (or the center channel processor output with the

unit set to mono, Format 01) with an AC milli-voltmeter, or preferably

an oscilloscope.

A new test film is also available from Dolby Laboratories to check

i l luminat ion uniformity quickly and simply. The Cat.  No.566 test

film provides an instant visual display of any illumination problems

and only requires the use of a real-time analyzer.

3.1..5 Wow and Flutter

The projector should exhibit no audible wow or flutter.

Most contemporary first-class projectors have sound-heads designed

and manufactured to a quality such that wow and flutter will not

prove a problem. Badly maintained older projectors and some inferior

contemporary designs, though, can have severe sound-head transport

speed problems -- detectable speed variation is one of the few failings

that can render a well-aligned A-chain playing an SR optical film

audibly inferior to a 16-bit digital system.

It is generally accepted that flutter should be less than 0.15% DIN

weighted to be inaudible. Measurement methods I are described in IEC

386, and a suitable test film is available from the SMPTE (No. P35-FL).

A subjective test for wow and flutter is contained in the Jiffy test film

from Dolby Laboratories, Cat. No. 251.

1A suitable meter for measuring wow and flutter is
Instruments, ]apan-Model Number LFM-39A

- J l -
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If cleaning and lubrication of the sound-head is carried out according

to the manufacturer's recommendations, and the measured flutter is

stil l unacceptable, a skilled mechanic should be consulted. In some

cases, machining and balancing the flywheel and sound-drum, or the

rebuilding of bearings, can reduce the problems to an acceptable level.

3.2 Digital

It is impclrtant to note that factors such as mechanical alignment,

i l luminat ion uniformity,  and pr int  c leanl iness which affect sound

quality of analog playback in a more-or-less linear way, may have no

immediate audible effect in digital playback, but serve to reduce the

margin for error when defects such as scratches or dir t  are

encountered.

Figure 3.2 shows, in symbol ic form, the effects of misal ignment,

uniformity of il lumination, wear, and cleanliness on the reproduction

of analog and digital prints.

3.2.1 Al ignment

Digital soundheads manufactured by Dolby Laboratories are factory

aligned, and no on-site adjustments to the soundhead should be

required. Verification of correct alignment is described in the DA10

d ig i ta l  f i lm sound processor  ins ta l le r ' s  manua l .  Mechan ica l

alignment of the Soundhead with respect to the projector film path

may be verified by threading a length of film through the Soundhead

and observing equal tension on each edge.

3.2.2t/Vow and Flutter

The elimination of flutter components at frequencies greater than 96

Hz which are not present in the master recording is inherent in the

reproduction of sound by the digital processor. This is because the

output sample rate is held constant for the duration of a perforation.
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Lower frequency flutter and wow from mechanical inperfections are

attenuated by digital fi ltering of the sample rate generator control

function. Steps in sample rate are limited to approximately 0.005%, a

factor of around 30 below the audible minimum. A much higher
"slew rate" of about 6.4% / second (about L semitone / second) is

permitted during projector ramp-up to speed in order to avoid getting

out of synchronization with the picture.

Although digital processors from Dolby Laboratories are designed to

track projector speed variations with a range from -7"/" at 24 fps to +7oh

at 25 fps, best performance will be obtained by maintaining projector

speed as closely as possible to the intended speed as recorded.

3.2.3 I l luminat ion Uniformitv

The illumination source for Dolby Digital Soundheads is a tungsten-

halogen projector bulb. Uniformity of il lumination may be verified by

observing the video signal at  the DA10 on a 25MHz osci l l iscope,

triggered by any Dolby digital signal; the process is fully described in

the DA10 and DA20 Instal l ion manuals.  I l luminat ion should be

uniform over the width of the perforation area to within +0.5 Volt.

3.2.4 Exciter Lamp / Supply

The digital soundhead exciter lamp supply should be a DC regulated

power supply set for 11 Vdc, supplying approx. 6 Amps for each lamp

and fan. Polarity must be observed, not for the lamp, but to ensure that

fan rotation is correct. In an emergency, any DC supply with adequate

capacity and regulation of 3"/" or better will serve.

3.2.5 Soundhead and Surround Delav

Proper adjustment of Soundhead Delay and Surround Delay are

critical to setup of the Digitai I'rocessor. Complete procedures for delay

adjustments are contained in the DA10 and DA20 Installer's Manuals.

It should be noted that the optimum surround delay setting for a
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digital processor is different from that for surround playback of an

analog surround track. The requirement for playback of a digital

surround channel is to achieve coherent arr ivals of screen and

surround sounds over the opt imum seat ing area. For an analog

sound-track, s l ight ly greater delay is required, so as to achieve

maskingl of any crosstalk from front channels to the surrounds.

Figure 3.3 provides a table of approximate delays for digital surround

delays. Aproximately 15mSec should be added to these numbers for

anaiog surround delay settings. In a small theatre, the height of the

surround speakers should be taken into account, bearing in mind that

the table is based on the difference in path lengths at the optimum

seating area to the screen channels and the closest surround

loudspeakers.

rFor a discussion of how acoustic masking is used to suppress crosstalk in 4:2:4
matrix systems, see "MultiChannel Audio and Surround Sound in the Movie
Theatre and in the Home," Dolby Pub. No. 588/8292

-34-



I ' l[t::lt=l[:!j. .1 Flr=I.a... - !11 r 
"il i j rjr,l: :i l: l! rSri f.:tt ' l

[,.][::.::;]"f;:E:,'': 1,..':i f,l I L :!:L 1l' t:tt:.1-f E.,a 5:,1i 
- 

t-.i:i*-;

Figure 3.1 Gat. No 69 Pink Noise Frequency Response

t
Aud ib le
Qua l i t y

t
Audib le
Qual i ty

Problem*
DIGITAL

Increasing Increasing

Figure 3.2 Analog versus Digital Problem Audibil i ty



Width (in

20 30 40 50 60 7A 80 90 100 1 1 0 120 130 140
20 1 0 1 0 1 0 1 0 1 0 l n 1 0 1 0 1 0 1 0 1 0 1 0 1 0
30 1 0 1 0 I \ J 1 o 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
40 20 20 20 20 20 20 20 20 20 20 2A 20 z v

50 30 20 20 20 20 20 20 20 20 20 20 z v z v

60 30 30 30 30 30 30 30 30 30 30 30 30 ?n

70 40 30 30 30 30 30 30 30 30 30 30 30 30
80 50 40 40 40 40 40 40 40 40 40 40 4A 40
90 50 50 40 40 40 40 40 40 40 40 40 40 40

100 60 50 50 50 50 50 50 50 50 50 50 50 trn

1 1 0 70 60 60 50 50 50 50 50 50 50 50 50
120 70 70 60 60 50 50 50 50 50 50 50 50 50
130 80 80 70 70 60 60 60 60 60 60 60 60 60
140 90 80 80 70 70 60 60 60 60 60 60 60 60
150 90 90 80 80 80 70 70 70 70 70 70 70 70
160 100 100 90 90 80 80 70 70 70 70 70 70 70
170 1 1 0 100 100 90 90 80 80 80 80 80 80 80 BO
180 1 1 0 1 1 0 100 100 100 90 90 80 80 80 80 80 BO
190 120 120 1 1 0 1 1 0 100 100 90 90 90 90 90 90 90
200 1 3 0 120 120 1 1 0 1 1 0 100 100 100 90 90 90 90 90

Length
(in

feet)

Length
(in

metres)

width
1 0 1 5 20 25 30 35 40 45 50

1 0 20 20 20 20 20 20 20 20 20
1 5 20 20 20 20 20 20 20 20 20
2A 30 30 30 30 30 30 30 30 30
25 40 40 40 40 40 40 40 40 40
30 50 50 50 50 50 50 50 50 50
35 60 60 50 50 50 50 50 50 50
40 BO 70 60 60 60 60 60 60 60
45 90 BO 70 70 70 70 70 70 70
50 100 90 80 80 80 BO 80 80 80
55 1 1 0 100 90 90 80 80 80 80 80
60 120 1 1 0 1 1 0 1 0 0 90 90 90 90 90
65 130 124 120 1 1 0 100 1 0 0 100 100 100
70 140 140 130 120 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0
75 150 150 140 130 120 120 1 1 0 1 1 0 1 1 0

Figure 3.3 Digital Surround Delay Setting



4.0 Acoustics

4.l Criteria

4.1.1 Noise Floor

The steady-state theatre noise floor should preferably be below NC25,

with NC30 the worst case acceptable. Intermit tent increased noise

floors should not exceed NC35.

Dolby SR and SR.D sound-tracks can

well as louder peaks than conventional

these subtle components requires extra

levels in the theatre.

contain very quiet sounds, as

film sound-tracks. Playback of

attention to background noise

Background noises can be broken into two types: steady-state noise,

caused by HVAC equipment, refrigerators, projector noise and distant

traffic rumble; and intermittent noise, caused by adjacent traffic noise,

aircraft noise, footfall and adjacent screen breakthrough.

Figure 4.1 details the frequency characteristics of a family of NC curves

in the range of interest. It should be noted that these curves show the

NC figures for noise measurements made in whole octave bands, as

conventionally used for background noise measurements. Figure 4.2

shows a family of curves for use in third-octave bands.

Normal techniques for background noise measurements are intended

to quantify steady-state noises, and may not adequately define the

annovance of "chatter" noise, such as running projectors. Such noises

should be subjectively inaudible in the seating area.

Reference: SMPTE RP141 -- Background Acoustic Noise Levels
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4.L.2 Reverberation Time

The reverberat ion character ist ic for a theatre should be within the

ranges shown in Figures 4.3 and 4.4.

Certain acoust ic parameters di f fer depending whether a space is

intended for music performance (a concert hall), or film sound-track

reproduction (a cinema). The most obvious of these is reverberation,

which in the cinema should be effectively as low as possible, and in

the concert hall may consciously be extended in the design, to improve

the subject ive loudness of the music,  and to make a more pleasnnt

sound. In the cinema, the pr ime requirement is a more accurate

sound; reverberat ion needed to make the sound more pleasant is

added during the mix during sound-track product ion. As most

dubbing theatres are now moderately small, with short reverberation

times, the mix will add adequate reverberation for all replay theatres.

Within reason, the reverberation characteristic of a theatre should be

as short as possible. Excessive reverberation results in coloring of the

sound and reduced intelligibility of the dialog. Assuming a theatre is

built with sound absorbent material on all surfaces, the resultant

reverberat ion character ist ic wi l l  increase with room size, in

consequence of greater reflection time delays caused by increased path

lengths. Figure 4.3 shows the recommended reverberation time at

500 Hz for varying room volumes.

In normal rooms, absorbency is lowest at low frequencies and greatest

at high frequencies, especially as attenuation in air increases with

frequency. As a result, reverberation time will normally increase at

low frequencies, and become increasingly shorter at high frequencies.

This changing characteristic should be smooth, and above 150 Hz, if

measured in third-octaves, there should be no reversals; i.e. no higher

band should show a higher reverb-time.

Figure 4.4 shows the acceptable range of reverberation time change

with frequency. This is a scaling curve, and the value at a given
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frequency should be multiplied by the optimum reverberation time at

500 Hz found from Figure 4.3.1

4.1..3 Reflections

Optimization of reverberation time, though, is not enough to ensure

good acoustics. A good theatre design will also avoid resonances and

reflections. Good practice dictates that the front of the loudspeaker

wall should be heavily damped with sound absorbing material, and

even more important, that the rear wall of the auditorium should be

heavily damped. Any theatres stil l using ,A.4 type loudspeakers with

wings should apply sound absorbing material to the front surface.

Acoustically absorbent material can be added to an existing theatre, but

new theatre designs should also consider issues such as minimum

port glass size (see below), as too large a glass area in the projection

room wal l  can cause both picture and sound-ref lect ion problems.

Other sound ref lect ion problems can come from converted old

theatres with proscenium arches which face the screen, and ceiling

beams and vertical column faces reflecting sound from the screen.

4.1.4 Early Lateral Reflections

Another difference in acoustic requirements between cinema and

concert  hal ls relates to the desirabi l i ty of  ear ly lateral  ref lect ions

(sounds that reflect off the side walls at the front of the auditorium).

In a concert hall, with a music performance, these reflections can be

attractive, adding to stereo width, and giving the music more "body".

But the same effect with dialog in a cinema can be disastrous to speech

intelligibility, as the central speech image becomes diffuse, and there

are multiple delayed reflections. For this reason, the side walls at the

front of  a cinema should be as absorbent as possible, and the

loudspeakers should have a spatial response tailored to minimise the

amount of signal which can hit the side walls (especially at frequencies

above, say, 500H2). The controlled directivity from use of horns is the

I Reverberation time measurement techniques are discussed in ISO3382.
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only practical way this can be achieved. Direct radiator cone

loudspeakers are not suitable for stage loudspeaker use, as not only

will energy be reflected off the side-walls, but signals will also be

reflected off the ceiling, further muddying dialog clarity.

4.L.5 Rear Screen Damping

No behind-screen acoustic reflections should be audible in the seating

area.

Behind screen echoes have historically been responsible for many of

the intelligibility problems with cinema sound. The most effective

method of achieving screen front/back isolat ion is to mount the

loudspeakers as integral elements within a well-damped wall; this will

block all but the lowest frequency back-screen audio. The front surface

should be covered with acoustic absorbent material, damping any

front/back reflections in the auditorium.

A wal l  also creates a perfect plane baff le,  as descr ibed in classic

loudspeaker design literature, thus significantly improving extreme

low-frequency response and linearity. This is one of the reasons that a

loudspeaker wall is one of the major elements of the THX loudspeaker

system.

Without an isolation wall, attenuation of behind-screen reflections

becomes much more difficult. The first and most obvious requirement

is that the high-frequency horns should be mounted as close as

possible to the rear of the projection screen, minimizing acoustic

reflections off the screen surface itself. (The front of the horn should

never be more than an inch or two from the screen.) Next, each

loudspeaker assembly should be draped with substantial acoustically

absorbent material, wrapping the entire assembly up against the

screen. Finaliy, as much of the cavity surface area behind the screen as

possible -- rear wall, side-walls and ceiling -- should be covered in

absorbent material.
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One further consideration relating to systems without a loudspeaker

wall is that the front surface of any large area bass bins, (and even

more important, if fitted, the speaker wings), should have absorbent

material mounted on front surfaces with cut-outs for the woofers.

Without such material, significant reflective "ping-pong" 
echoes can

build up between the screen and the parallel rear wall of the theatre.

4.2 New Theatre Design

Interior acoustics are of most importance for dialog intelligibility.

Excess reflected sound can result in flutter echoes or reverberation

which diminishes dialogue intelligibility.

It is not necessary to provide specific sound-reflecting surfaces in

motion picture theatres. Most of the surfaces can be sound-absorbing.

Some might argue that it would become difficult to sustain adequate

loudness; sui table modern power ampl i f iers and loudspeakers,

however,  can easi ly be selected which provide enough power.

Experience indicates that sound-absorbing rooms promote excellent

speech intelligibility provided they are reasonably quiet.

Sound-absorbing material can be used to reduce reverberation and

control echoes. Standing waves can result in low-frequency room

resonances which accentuate a "boomy" quality. Standing waves can

be controlled using sound-absorbing material with an air space behind,

such as a lay- in cei l ing.

4.2.1 New Theatre Location

Select a quiet iocation to reduce the costs of construction to prevent

noise intrusions. Areas and adiacencies to avoid:

a) Next to window glazing.

b) Building service areas such as toilets, mechanical

electrical rooms and elevator equipment rooms.
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c) Other noise generating adjacencies.

Remember to review the use of spaces above and below the theatre for

potent ial  noise generat ion. Avoid locat ions beneath equipment

rooms, and dance and exercise studios, or above parking garages or

subway train lines. Airport flight paths, truck loading areas, and busy

traffic intersections should also be considered during site selection, as

the increased cost of adequate sound isolation may be significant.

Never locate a theatre below a curb-mounted air handler with direct

bottom inlet and discharge, unless the ductwork is fully enclosed in

special sound attenuation construction.

4.2.2 Ceilings

In order to avoid excessive bass, specify a lay-in ceiling with sound-

absorbing tiles having an NRC rating of 0.90 or greater. The tiles are

typically comprised of 1.5" thick fiberglass with a painted glass cloth

facing.

4.2.3 Floors

Unless absolutely impossible, aisles and f loors should always be

carpeted.

4.2.4 Walls

Sound Transmission Design Criteria

Walls, doors and floor/ceiling constructions are rated for their sound

transmission properties according to ASTM Standards 890, E336, and

C413 which result in a single figure of merit rating system known as

Sound Transmission Class, or STC.

The selection of appropriate STC ratings needs to be made on the basis

of the background noise criteria selected in the theatre and the level of
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noise anticipated in the adjoining spaces. Continuous background

noise can play an important role in perceived sound isolat ion by

masking transmitted sound. The sum of the STC rating plus NC

rating should always equal or exceed 95 at common walls between

theatres. Other sources of intrusive noise should be evaluated.

Al l  sound-rated part i t ions must incorporate ful l  height s lab-to-

structure framing containing fibrous insulation and gypsum board

sealed airtight at the head and sill with a bead of acoustic sealant. All

penetrations must be sealed airtight and recessed boxes fully enclosed.

Four-gang and smal ler junct ion boxes can be sealed using sheet

caulking on the back and sides, as shown in Figure 4.5. Larger boxes

can be effectively sealed using one-hour fire-rated gypsum board

construction. Comply with the standards outlined in ASTM Standard

8497, "Installation of Fixed Partitions of Light Frame Type for the

Purpose of Conserving Their Sound Insulation Efficiency."

Figure 4.6 shows minimal and typical multiplex demising wall designs

necessary to achieve acceptable auditorium isolation.

Table 2 below presents sui table STC rat ings. Note that higher

numerical STC ratings transmit less sound, and higher NC ratings

permit louder background sound due to the ventilation system.

Table 2: STC Ratings for Common Walls Between Theatres

Minimum in-situ

STC Rating Noise Criteria Description

STC 60 NC 35 Minimum Standard

STC 65 NC 30 Typical

STC 70 NC 25 Desirable
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In order to avoid sound "flanking" 
the walls, continuous metal roof

decks  are  d iscouraged w i thout  gypsum board  ce i l ings ,  and

independent floor slabs with an elastic joint are required at srC 65 and

greater walls.

Figure 4.7 shows a more sophisticated wall design, used to ensure

isolation between projection rooms and auditorium -- a construction

of this type can be a major element in isolat ing projector and

machinery room noise.

Sound-Absorbing Wall Treatments

The wall behind the audience should be covered in sound-absorbing

material entirely.

Typical sound-absorbing panels are comprised of 1.5" thick glass-fiber-

core wrapped in porous fabr ic having inherent f lame-resistant

properties. Panels are available with fabric edge wrapped conditions

and with resin hardened edges, metal, or wood frames. Complete pre-

fabricated sound-absorbing panels are available.

If the side walls are not angled, avoid hard flat parallel gypsum board

surfaces facing one another across the room, particularly in the

audience area at ear height, in order to avoid flutter echoes.

4.2.5 Seats

Choice of seat design can have a significant effect on acoustic quality,

especially in the small theatre. This becomes obvious when standing

at the screen and looking at what the loudspeaker "sees" -- a major

part of the sound field will be seats, or optimistically, audience.

First, a seat should be chosen which will be sufficiently damped as to

offer no reflections to the screen. If the seats have fold-up bases

(squabs), the undersurface should be damped. Never use seats with a

plastic or metal reflective undersurface.
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Next, an ideal seat has acoustic properties that do not change when a

person sits in it; ie the absorption with respect to frequency does not

change. In this way, regardless of what percentage of the house is filled

with audience, the frequency response wili be the same. Better quality

seat manufacturers will provide information on this subject; contact

Dolby Laboratories for information on testing procedures if you wish

to carry out your own evalrrati<in.

The most sophisticated seat selection will also consider high-frequency

grazing at the top of the seat, and low-frequency aberrations caused by

the potentially resonant chamber under a row of seats.

4.3 Background Noise

4.3.1HVAC Design

General Layout

Mechanical  equipment having rotat ing parts should not have any

direct physical contact with the walls or ceilings of theatres.

Do not locate air-moving devices in the ceiling plenum directly above

the theatre. This includes heat pumps, fan-powered boxes, variable air

volume boxes (VAV), fan coi l  uni ts (FCU), exhaust fans, and air

handlers (AHU).

VAV boxes may be located above theatres only i f  the cei l ing is

comprised of at least one layer of 5/8-inch thick gypsum board. Other

equipment should be reviewed for its radiated sound level if it must

be located above the space. Avoid using fan-powered VAV boxes due

to high levels of radiated noise.

Locate air-moving devices above storage rooms, corridors or the

projection room. If for some reason they nrttst be located over the

auditorium, placement at a corner where they are supported by two

load-bearins walls or a structural column will be of great benefit.
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consideration could also be given to the use of stanchion supports on

the roof. Noise from the air-handler is transmitted in two ways: direct

transmission of rumble through the building structure, and airborne

noise through the ducted air. If air-handlers have to be mounted on

the roof at auditorium corners as described, extend the ducting as far as

possible before a downturn to reduce airborne noise.

All air handlers and projector exhaust fans must be vibration isolated.

Agnin, never locate air-handling devices on the roof directly over the

theatre.

Air  Handl ing and Distr ibut ion

Review supply air diffuser selections and specify an NC rating five

points less than required.

Lav out supply air ductwork and registers to have equivalent duct

lengths between diffusers and the fan.

Only those ducts, pipes and conduits essential to serve a specific

auditorium space should be allowed to penetrate its walls.

Supply Air Ductwork

Provide an exclusive duct branch and zone system to serve each

auditorium/screen so as to avoid crosstalk.

Size ductwork mains over the theatre to have one-inch thick internal

duct liner.

The discharge sound level of the supply fan being used should be

reviewed in order to specify the appropriate duct length and/or sound

attenuator.
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Excess turbulence generated noise may be avoided by

turns; provide long radius elbows. If unavoidable,

turning vanes.

Dampers

using 90 o duct

specify air-foil

Dampers should never be located directly behind the face of the air

distr ibut ion device.

Plumbing and Piping Systems

Avoid locating plumbing and rainwater leaders in the walls or ceiling

spaces of the theatre.

Any piping located in the walls or ceiling of the theatre space should

be attached with resilient mountings.

Provide a clearance between pipes and gypsum board or other finish

surfaces. Do not allow pipes to make rigid metal-to-metal contact

between ceiling hanger wires, supports, framing, or other structure to

which finishes are attached.

Penetrations

Ducts penetrating the sound-rated wall or floor/ceiling construction

should be in an insulated sleeve packed with one-inch thick mineral

wool fire safing and sealed on both sides using backer rod and

acoustical sealant.

Piping penetrations less than three inches in diameter should be

sealed using acoustic sealant fil l ing a 1/4-inch clearance. Larger pipes

should be treated similar to ducts.

Avoid any back-to-back penetrations, such as electrical panel boards,

junction boxes or fire extinguisher cabinets. Offset penetrations two

stud cavities.
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4.3.2 HVAC Maintenance

Regular HVAC maintenance is essential to ensure the minimum

noise level the system is capable of. Bearings should be lubricated, and

belt tension and condition verified, at manufacturers' recommended

intervals; most important, fi lters should be cleaned on a scheduled

basis. Dirty filters have been found responsible for a theatre noise

f loor 10dB above the measured f igure at the t ime of system

instal lat ion.

4.4 Sound Isolat ion

4.4.L Ceilings and Floors

A suspended gypsum board ceiling must be specified if:

a) Air-handl ing equipment is located above the room (a

concrete floating floor may be necessary in the equipment room).

b) The floor above the theatre is uncarpeted.

c) The floor slab above is not at least six inches of regular weight

concrete.

d) The Sound Transmission Class of the f loor/cei l ir ,g

construction will be inadequate using a lay-in tile (i.e., lightweight

wood frame construction).

Provide mineral wool or fiberglass insulation above all gypsum board

ceilings.

The above analysis should also be conducted on the floor/ceiling

assembly below the theatre. Gypsum board ceilings are generally

necessary in lightweight wood frame construction where concrete is

not used.
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4.4.3 Doors

Doors are among the most likely paths of noise intrusions. Vestibules

are the most rel iable means to obtain adequate noise reduct ion

without extensive care in specif icat ion and qual i ty assurance

procedures during construction, including performance verification of

the actual instal lat ion. The vest ibule should be carpeted, have a

sound-absorbing lay-in ceiling, and have full-height walls which are

insulated and faced with wall carpet.

A very simple test for obvious sound leakage is to switch off

auditorium lights and look for any visible light leakage around the

doors.

Table 3: Typical STC Ratings for Sound-Rated Doors

STC 35 1-3 / 4 inch thick solid-core

r,r.'ood door with double

gasketing at the head and

fambs and fixed threshold

with door bottom.

Use only at vestibule or

guarded entry conditions.

STC 412 2-1/ 4 inch thick sound-rated

wood door and adjustable

neoprene head and jamb

gasketing with flat threshold

and automatic door bottom.

Use only at carpeted

corridors which are

designated as quiet zones.

STC 49 2-L / 4 inch thick insulated

steel door having tandem

offset magnetic gaskets at the

head and iambs with cam-lift

hinges and flat threshold.

Require manufacturer's

authorized representative to

supervise installation and

prepare punch list.
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Figure 4.5 Junction Box Treatment

GYPSUM BOARD

1/4" GAP. CAULK AIRTTGHT
ALL AROUND PERIMETER

OUTLET BOX PADS WRAPPED
AROUND JUNCTION BOX TO
SEAL AIBTIGHT

NOTE:
SEPARATE JUNCTION BOXES ON
OPPOSITE SIDES OF THE WALL
BY 16" MINIMUM.

MASONRY
GROUT SOLID AND SEAL SURFACE

1-112" SEPARATION

BATT INSULATION

GYPSUM BOARD

a) BETTER THAN MASONRY ALONE

b) PREFERRED FOR SR.D

Figure 4.6 Recommended Demising Wall Design
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5.0 Cinema Processor Updates

5.1CPs0

While theoretically the CP50 could be updated for the playback of the

Dolby SR.D sound-track, the cost of labour and material necessary

approach the cost of a new Dolby CP65, and so such an update

approach is strongly discouraged.

5.2 CP55 and CP200

Many boards in cinema processors manufactured by Dolby Laboratories

have been replaced from t ime-to-t ime with new versions with

superior performance. Taking full advantage of the specifications of a

Dolby SR and SR.D film will require updating selected boards.

Matrix decoders. Significant improvements have been made by Dolby

engineers over the years in the technology used to decode the four

channels (L,C,R and S) from the two tracks on the film. Current

rnodules provide stable inter-channel separat ion adequate to be

indistinguishable from discrete sound-tracks with much program

material. As "discreteness" is frequently quoted to be superior with

70mm magnetic when compared with simple matrix decoders used

with 35mm stereo optical, updating to the latest technology is well

worthwhile for SR plavback.

Current (since 7992) production versions of the Cat. No. 150 decoder

module are Revision E. Currently acceptable modules date back to

Revision D, which was introduced at Serial Number 12000. In addition

to superior decoding performance, the current modules have

increased headroom for all channels, and a low-noise surround delay

circuit -- both of benefit with the wider dynamic range of Dolby SR

fi lms. Cat.  No. 150 modules of revisions A, B, and C should be

replaced; old Cat. No. 116 decoders are certainly unacceptable for SR

playback.
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Optical pre-amplifiers. Later versions of optical pre-amplifier boards

installed in Dolby theatre equipment exhibit significantly improved

high-frequency response, improved stability and better linearity and

phase response at high frequencies. CP50 and CP200 units should be

updated with CN108 pre-ampl i f ier cards of Revision C, which was

introduced with Serial  Number 11570. Al l  CP55 and CP65 unit  pre-

amplifiers have adequate performance.

Dynamic range. Dolby SR and Dolby SR.D playback may also justify

updating other modules in older CP50 and CP200 cinema processors.

Some early boards have performance specif icat ions more than

adequate to play back conventional mono and Dolby Stereo films, but

exhibi t  headroom and noise f loor character ist ics which could be

improved for the new sound-tracks. Cat. No. 64 equalizer modules of

Revision B, for example, have a significantly lower noise level than

earlier variants.

Cat. No. 441. This surround/sub-woofer card provides two channels of

surround equal izat ion and the required capabi l i t ies for stereo

surrounds and a sub-woofer channel for the playback of an SR.D

sound-track. This module is for use in a CP55, r,vhere it replaces the

Cat.  No.241 module.

Cat. No. 560. Provides the same functions as the Cat. No. 44L above, for

use in a CP200, where it replaces the Cat. No. L60.

Cat. No.517. Replaces the Cat. No. 1,L7 in a CP200. Essential to handle

the greater dvnamic range of modern sound-tracks. Provides greater

dynamic range, lower distortion and additional features for playback of

Dolby SR and SR.D.

Cat. No. "t37L. Link card required for use with Cat. No. 517 output

card -- replaces Cat. No. 1.37 in a CP200.
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6.0 Picture Issues

Picture project ion qual i ty should conform to exist ing publ ished

standards.

Needless to say, instal lat ion of a Dolby SR decoder to achieve

improved sound quality in a theatre will not affect the quality of the

p ic tu re  image.  But  as  a  la rge-screen h igh-de f in i t ion  p ic tu re

presentation can be damaged by inadequate sound, the full fidelity of

Dolby SR sound can only be achieved with the complement of a well -

projected picture. The movie-going experience can only be ful ly

realised when picture quality and sound quality are matched.

Selection of state-of-the-art lenses, non-reflective angled port glass, and

the  ins ta l la t ion  o f  th ree-b laded shut te rs  can prov ide  rad ica l

improvements in perceived picture quality.

6.1 Screen Size

There are obvious trade-offs with selection of too small or too large a

screen. As the picture gets larger,  the audience becomes more

involved in the story, begins to feel they are participating and not just

witnessing. But as the picture gets larger, the visibility of picture flaws

-- grain, jr*p and weave, become more apparent. Back in 1953,

Twentieth Century Fox did some fundamental research into screen

size, during the development of Cinemascope (with its 2.35:1 aspect

ratio). While granularity has been improved since the fifties with

modern f i lm stocks, jump and weave of the picture image remain

essentially unchanged, even with modern projectors. The conclusion

then was that the ideal picture size should be that which subtends a

lnrizantnl nngle of 45 degrees at the prime seat. Given an empty

theatre, a movie-goer by-and-large selects a seat two-thirds of the way

back, on the centre-line of the house, and as result the ideal geometry

is set as sholvn in Figure 6.1. Obviously, discussion of screen size in

terms of feet or metres becomes a secondary dimensional issue,
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depending on the size of the theatre. The key dimension is the angle

subtended at a prime seat.

This is one area where select ion of a picture parameter in a new

theatre design directly affects the sound. Assuming the loudspeakers

are mounted at the ieft and right extremes of a Cinemascope screen

image, this 45 degree angle makes possible a fairly smooth sound field,

with reasonable stereo imaging throughout the theatre (assuming a

sensibly short reverberation time, as discussed in Section 4.1.2 above).

screens much wider than this aspect rat io wi l l  not only exhibi t

excessive picture flaws at seats in the front of the theatre, but will

exhibit subjectively excessive stereo "ping-pong". 
screens with an

aspect ratio narrower than this ideal 45 degree figure will lead to a

sound essentially mono in the back of the house, especially if there is

excessive reverberation. This effect can easily be detected in old

theatres badly twinned a few years ago, with a dividing wall built

straight down the micldle of the house.

No layout of surround speakers, mono or stereo, can compensate for

an incorrect stereo balance, left to right, across the screen.

If the ideal Cinemascope screen subtends an angle of 45 degrees at the

prime seat,  and granular i ty,  jump and weave are the control l ing

parameters, the ideal screen ratios for other formats can be derived. In

the USA, 1.85:1i  is the most popular shoot ing format,  but i t  is

apparent that this ratio is very inefficient in terms of use of the film

frame. Blown up too large, a 1.85:1 f i lm wi l l  reveal excessive

granularity. For this reason, a best compromise with 'scope and 1.g5

screen sizes is to set the picture height the same, and only to adjust the

horizontal masking, as shown in Figure 6.2. Maintaining the same

width and adjusting vertical masking, will degrade the quality of the

1.85 image, showing up every picture flaw and excessive granularity.

iThe ANSI standard for picture dimensions is PH22.I95.
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In Europe, 1.66:1, is a popular shooting format. This is clearly a much

more efficient use of the film frame, and here the screen height can be

increased without excessive picture problems. Figure 6.3 shows how a

theatre would equip for an ideal presentation of 'scope, 1.85:1 and

I.66:7 aspect rat ios. Obviously this requires both vert ical  and

horizontal adjustable masking.

In the US, where normal ly onlv 2.35:1 'scope and 1.85:1 f i lms are

presented, only adjustable horizontal masking is needed to ensure

optimum picture quality. The speaker location should be set at the

extremes of the 'scope 
screen, so care should be taken that neither the

masking nor the masking edge-mounting damage the high-frequency

response when a 1.85:1 movie is presented.

Over the last few years, a few theatres in the USA have installed

screens with a fixed 2:1 aspect ratio, chopping off the sides of a 'scope

picture, and tl 're top and bottom of a 1.85:1 picture. This bad practice

should be strongly discouraged, as with a 1.85:L picture, in particular,

significant picture action is likely to be clipped.

6.2 Screen Type

Many of the decisions taken in theatre design are based on cost -- not

surprisingly when considering the building and operation expense of a

modern multiple-screen complex. But when one considers that the

purpose behind movie-going is to see a picture, compromises in the

quality of the image on the screen seem inappropriate. The cost of a

larger lamphouse may seem significant during theatre building, but

will soon seem trivial on an ongoing basis, especially with improved

patron recognition of superior presentation.

Gain screens provide improved illumination, but only on a reflected

aris from the projector lens" Someone sitting on the centre-line of the

theatre will see a brighter image on the centre of the screen, but the

illumination will fall off towards the edges. Viewers seated to one side

of the theatre will see a brighter image towards the side of the screen
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on which they are seated, but the illumination will fall off significantly

on the opposite side of the screen.

Only matt-white, non-gain screens can achieve uniform illumination

across the ent ire screen n' idth, regardless of the uiewer's locat ion.

Cain screens only make sense for special  appl icat ions where the

viewer is seated on axis (such as sl ide or video one-on-one AV

presentations). Depending on theatre shape, matt-white i;creens may

place an additional requirement that the wall surfaces by the screen are

dark, and do not allow excessive reflection. See scetion 6.5 below.

Next, modern good quality lenses have been developed over many

years to achieve an in-focus image over a flat screen. Curved screens

in a single dimension (ie a horizontal wrap) would require virtually

impossible lens geometry to achieve optimum focus throughout the

screen area. And whi le lenses could be developed to achieve

approximate focus throughout the area of a two-dimensionally curved

screen, such a shape may wel l  have several  sound and picture

problems; first, the illumination will not be uniform throughout the

seating area, and, more pertinent for this document, such a screen has

to be solid (without perforations) requiring separation of high and

low-frequency loudspeaker units, with consequent dispersion and

damage to the sound image.

6.3 Light on Screen

For many years, the nominal screen luminance figure in the USA has

been defined as 16 foot-lamberts. Many theatres fall short of this

figure, by design or accident - with inadequate lamp-house capability,

worn-out lamps, or mis-aligned equipment. A few films have been

released "timed" assuming theatres projecting at 12 foot lamberts. A

very simplistic analysis of this trend shows a most obvious fl,aw - 16

leads to 12, then 8, 6 etc, and sooner or later no light on the screen at

all! But more seriously, 16 foot-lamberts was not a random selection.

The nature of current film stocks is such that a projection luminance

of 16 fL ideally balances between black and white saturation conditions.
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For example, films timed for 10 fL and projected at i.0 fL will look

correct at mid-density, but the film is so light that all bright shots will

loose graduation, and will tend towards clear film.

Not only should the centre-screen luminance be 16 fL, but the

luminance across the screen should be uniform, as described in the

relevant standards. A fall-off of 20% at the screen edges is the

maximum acceptable.l

6.4 Color Temperature

The optimum screen color temperature is 5400oK, with a good theatre

tolerance of +200oK. See SMPTE 196M, attached.

6.5 Reflected and Ambient Light

Reflected light should not exceed 0,25%.

6.6 Forthole Design

Porthole design affects both picture and sound. First, good design

practice makes the size of the porthole and viewport the very

minimum necessary. Large port apertures act as acoustic reflectors

bouncing sound back towards the screen, and can also result in a large

amount of ambient light leakage from the booth worklights.

Good acoustic practice requires a double-stud isolation wall between

auditorium and projection booth. With such a wall design, there

must be no hard coupling between the two walls, as typified in the

design shown in Figure 4.7. Both projection and viewing ports should

be double-glazed to achieve sound isolation. Regardless of the wall

structure, projector noise will escape through any single sheet of

projection glass.

lsee ANSI PH22.796:screen Luminance, included in Appendix.
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Port glasses should be angled to reduce lateral reflections; as a worst

case example, internal reflections from a single port glass set at 90o to

the l ine from lens to screen wi l l  result  in numerous ref lect ions

leading to a soft screen image apparently out-of-focus. A good result

will be a front glass set at perhaps 70 forward from the lens angle, and

a rear (auditorium side) glass set at 15o backwards.

Care should be taken over the quality of glass used, and optimum

projection requires coating to further avoid internal reflections.l

Figure 6.4 shows a front-and-back pair of port glasses optimised to

avoid internal reflection problems.

6.7 Shutters

Three-bladed shutters raise the flicker frequency such that white skies

on the screen will seem essentially flicker-free. While pan flicker will

stil l occur, the stability of white areas is significant in terms of

reduction of "picture fatigue". While the cost pof purchase of three-

bladed shutters is relatively low, increased illumination is required to

compensate for the shorter "on" time. This could become really

significant if the existing lamp-house is running near its maximum

rating, and a larger lamphouse is required.

IIn the US, a suitable material is "Water White Glass," available from Schott
Glass, 400 York Avenue, Duryea, Penn. Both sides of the glass should be coated
with "Photopic HEA--Multilayer Anti-reflection Coating #6035001" by
Optical Coating Laboratory, Santa Rosa, CA, or by approved equivalents.
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7.0 Test Films

7.L Sound

7.1".L Analog

Cat 69P

Pink Noise on color stock

Cat 697

Dolby Tone on color stock

Cat97

Leftlright test film for solar cell alignment

Cat 1.51 and Cat 1518

The Cat. No. 1518 is an optional alternative to the

existing Cat. No. L51. Unlike the 151, the L5LB utilizes

band l imited frequency pink noise on front and

surround channels, making it easier to achieve timbre

matching. Engineers may find this film easier to use in

practice than the Cat. No. 151., though both films will be

available for the time-being.

Cat 556

Lack of illumination uniformity along the slit is a major

cause of distortion and inadequate high-level high-

frequency response with analog soundtracks. Until now

the only method of measuring uniformity was with a

snake track, a difficult and cumbersome procedure. This

new test film only requires use of a real-time analyzer,
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and prov ides an instant  v isual  d isp lay of  any
illumination problems.

7tl,.2Digital

Cat 1010: Synchronization test film

Enables setting of sound deray to match picture sync
with digital sound reader varying projector mounting locations.
Contains digital "pip", analog "pip", picture sync mark, and
frame/sprocket markers for visual verification.

Cat 101L: Channel Identification test film

Contains verbal identification for each main channel
(Left, Centre, Right, Left Rear and Right Rear), and a low frequency
tone for sub-woofer.

7.2 Picture

7.2.1RP40

35mm picture test film, manufactured by the sMprE. used for
checking focus, lens resolution and aspect ratios.

[SMPTE RP105: Picture Jump and Weave]

7.3 General Purpose

7.3.7|iffy

This is an updated version of the well-know n llffy test film,
now containing both an sR sound-track, and a digital sound-track.
There are six minutes of subjective audio tests in some cases different
for the analog and digital sound-tracks. The test film also contains
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some quick visual tests, to verify framing and check for ghosting and

shutter problems.

7.4 Trailers

7.4.LCat. No.451 Mancini trailer. Dolby Stereo SR, 1.85:1 aspect

ratio. A one minute helicopter journey across the Columbia Gorge

with a stirring orchestral score written by Henry Manicini.

7.4.2Cat. No. 3185/3235 Train Trailer. Dolby Stereo SRrD for

use in Digital equipped theatres. A 60-second sound effect fanfare to

introduce a Dolby Stereo digital feature.
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8.0 Other Information

8.1 Equipment Manuals

The following manuals are equipment manuals are available from

Dolby Laboratories:

8.1.1CP55

8.1.2 CP6s

8.1.3 CP200

8.1..4 SRA5

8.1.5 DA10

8.1.6 DA20

8.2 Standards

8.2.1 ANSI202M 0502969)

8.2.2 Light on Screen and Reflected/Ambient Light. SMPTE

196M-1993

8.2.3 Measurement of screen luminance SMPTE RP98

8.2.4 Projected Image Quality of 70-, 35- and 16-mm Motion-

Picture Projection Systems

SMPTE EG }].994

-67-



SMPTE and ANSI documents can be ordered from:

SMPTE: 595 West Hartsdale Ave.

White Plains, NY 10607

(In the USA, the SMPTE can also provide ISO and IEC

documents)

ISO documents can be ordered from:

ISO: Central Secretariat, Case Postale 56

CH-1211 Geneve

Switzerland

IEC documents can be ordered from:

IEC: 3 Rue de Varembe, Case Postale 13L

CH-1211 Geneve

Switzerland

8.3 Other Information Sources

8.3.1 Technical |ournals and Magazines

Technical information on motion picture sound, and theatre

sound systems and installation can be found in a wide variety of

journals and magazines. The best known are:

SMPTE Journal:

Society of Motion Picture and Television Engineers (SMPTE)

595 West Hartsdale Ave.

White Plains. NY 10607

Film |ournal:

244tNest 49th Street, Suite 305,

New York. NY 10019
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Box-Office Magazine:

6640 Sunset Blvd., Suite L00

Hollywood, CA 90028

Image Technology (incorporating Cinema Technology):

tsritish Kinematograph, Sound and Television Society (BKSTS),

547-549 Victoria House, Vernon Place

London WC1B 4DT

England

Journal of the Audio Engineering Society:

AES

60 East 42nd Street, Room 2520

New York, NY 10165-2520

8.3.2 Inter-Society Committee

This committee meets irregularly, and has a membership from

all aspects of the motion picture industry, producers, theatres, and

equipment manufacturers. Discussions are of technical issues of

current interest -- for example, the committee has been heavily

involved in discussions relating to the adoption of 6000 feet shipping

reels for motion picture distribution in the USA.

Contact: ]ohn Mason

Eastman Kodak Company

6700 Santa Monica Boulevard

Hollywood, CA 90038

Tel.: 213-464-6131.

8.3.3 TEA

The Theatre Equipment Association provides a forum for the

interchange of information between equipment manufacturers and
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equipment dealers. The membership is largely from the USA, with

increasing representation from overseas. The TEA also hosts an

annual seminar series covering motion picture industry issues

ranging from theatre sight lines to crowd control at the concession

stands. Communication is by mail, and at an annual convention held

each summer at a different location in the USA.

Contact: The Theatre Equipment Association

244\Nest 49th Street, Suite 305

New York, NY 10019

8.3.4 THX

THX is a division of LucasArts Ltd which publishes a set of

criteria for theatre performance. They provide regular training courses

for the measurement of theatre performance, and for the installation

of THX loudspeaker systems.

Contact: THX Division

LucasArts Ltd.

PO Box 2009

San Rafael. CA 9491.4

8.4 Dolby Technical Help

8.4.1Training Courses

Dolby Laboratories provides regular training courses for theatre

equipment installers, theatre operations staff, and studio personnel.

Course material contains specif ic information about theatre

equipment installation, and much of the material discussed in these

guidelines. The courses are held several times a year, in different

locations in the USA. and in London.
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Contact:

US Address:

UK Address:

Dolby Laboratories Marketing Department:

100 Potrero Avenue

San Francisco, CA 94L03

Phone (415)558-0200

Fax (415)863-1373

Wootton Bassett

Wiltshire SN4 8QJ England

Phone 01793-8421,00

Fax01793-842101

8.4.2 Dolby Technical Help Hot-Line

In the USA, technical help is available:

Monday-Friday 8.00am - 5.30pm (Pacific Time) (415)558-0200

(Outside of business hours for theatre emergencies

caII: (415)554-8537)

Reference test films for measurement of illumination uniformity,

scanning beam location and picture test films are available from

several sources, including:

SMPTE:

595 West Hartsdale Ave.

White Plains, NY 10607

DEFA: OPTRONIK GMBH

August-Bebel-Strasse 26-53

D 14482 Potsdam

Tel: 49-331-9652472

Fax: 49-331 -9652471.

-65-



Theatre Check List

B-Chain

Stage Power

Stage Loudspeaker Location

Stage Characteristic Curve

Surround Speaker Number/Location

Surround Power

Surround Characteristic Curve

Sub-woofer Power / Linearity

Sub-woofer Location

A-Chain

Analog Frequency Response

Analog Wow-and-Flutter

Analog Illumination Uniformity

Digital Il lumination Uniformity

Digital Exciter Lamp Voltage

Digital Projector Delay Set

Digital Surround Delay Set

Acoust ics

Noise Floor:

Reverberation Time

Reflections/Damping

Masking Cloth

Measured

OK

il
tl
t
t
t
t
t

Checked

OK

t

t

n

D

D
D
t

t

D
t

il
t
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Measured

OK

Checked

OK

Processor Updates

Cat. No. 108C

Cat .  No.648

Cat. No. 150E

Cat. No. 441

Cat .  No.560

Cat .  No.517

tl
t
tl

t
t
t
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Dolby Laboratories acknowledges with thanks permission from the SMPTE to reprint the

documents in the appendix to this manual.



SMPTE STANDARD

for Motion-Pictures -

B-Chain Electroacoustic Response -
Dubbing Theaters, Review Rooms,
and Indoor Theaters

ANSI/SMPTE 2O2M-1991
Revis ion and Redesignal ion ol

ANSt  PH22 .202M- . t 984

1 Scope

This standard specifies the measurement methods
and  cha rac te r i s t i c  e lec t roacous t i c  f requency
response of the B-chain of motion-picture dubbing
theaters, review rooms, and indoor theaters whose
room volume exceeds 150 m3 (5297 ft1. lt is intended
to assist in standardization of reproduction of motion-
picture sound in such rooms. lt does not apply where
the recorded sound is intended for reproduction under
domestlc listening conditions, i.e., for radio broadcast-
ing, television broadcasting, tape, or disc. This stan-
dard does not cover that part of the motion-picture
sound system from the transducer to the input termi-
nals of the main fader, nor does it cover the electro-
acoustic response characteristic of motion-picture
theater subbass loudspeakers (subwoofers).

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions of
this standard. At the time of publication, the edition
indicated was valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standard
indicated below.

ANSI 51 .13-1971 (R1986), Methods for the Measure-
rnent of Sound Pressure Levels

3 Definitions

3.1 complete sound reproduction system: Rep-
resented diagrammatical ly in f igure 1 and used
in indoor  theaters and rev iew rooms and in
motion-picture sound post-production faci l i t ies

Page 'l of 9 pages

such as dubbing theaters,  mix rooms,  and ADR
studios.  The complete system is  genera l ly  con-
s idered to  consis t  o f  an A-chain and a B-chain.

3 . 2  p r e e m p h a s i z e d  a u d i o  t r a c k :  A n  a u d i o
record,  e i ther  magnet ic  or  photographic ,  con-
ta in ing h igh- f requency boost  equal izat ion which
is  in tended for  p layback over  deemphasized
theater playback systems to curve N of this stan-
dard. A deemphasized theater playback system
makes use of a combination of projector sl i t-
he igh t  l osses ,  e lec t r i ca l  f i l t e r s ,  l oudspeaker
frequency response, screen losses, and auditorium
acoustics to rol l  off high-frequency noise due to
the magnetic or optical sound track.

3.3 wide-range audio t rack:  An audio record,
e i t h e r  m a g n e t i c  o r  p h o t o g r a p h i c ,  w h i c h  i s
in tended for  p layback over  theater  p layback
systems al igned to curve X of this standard.
Such a track is typical ly recorded without f ixed
pre-  and deemphasis .  Frequent ly ,  companding
noise reduction is employed, and is used with
complementary decoding in playback, to reduce
the effects of noise due to the magnetic or opti-
cal sound track.

3.4 A-chain (transducer system): That part of a
motion-picture audio system, as shown in f igure
1,  extending f rom the t ransducer  to  the input
terminals of the main fader.

3.5 B-chain (finalchain): That part of a motion-
picture sound reproduction system, as shown in
f igure 1,  commencing at  the input  terminals  of
the main fader and terminating in the l istening
area defined in f igures 3 and 4 at which sound
pressure measurements are taken.

CAUTION NOTICE: This Standard may be revised or withdrawn at any timo. Tha procadures of the Slandard Oev6loper toquire thal aclion be takon to reatl irm, roviso,
or withdraw this standard no latgr than tive ysars trom the date of publication. Purchaso6 ol standards may recoivs cuttent informalion on all standards by call ing ot
writ ing the Standard Developer. Prinlad In USA.

Copyright O 1991 by THE SOCIETY OF
MOTION PICTURE ANO TELEVISION ENGINEERS
595 W- Hartsdala Avs., While Plains, NY '10607

{91 4} 761 -1 1 00

.-, Anerican llalional Slandard

A N S l 7 C 1 2 9 1 / 1 6
Approved

October30.1991
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and equalizers

Figure 1 - Complete theatrical

3.6 p ink noise:  A s tochast ic  s ignal  hav ing a
con t i nuous  spec t rum w i th  equa l  ene rgy  pe r
equal  logar i thmic in terva l  o f  f requency,  and wi th
a Gaussian probabi l i ty  d is t r ibut ion of  instanta-
neous ampl i tude.  (See 4.4. )

3.7 wide-band pink noise: Pink noise having a
bandwidth exceeding the normal  acoust ic  f re-
quency range.  A su i tab le test  s ignal  should
have a f requency response f la t  to  wi th in  t  0 .5 dB
when measured in  14 -octave bands wi th  center
f requencies f rom 25 Hz to  20 kHz wi th  an in te-
grat ing averaging technique.

3.8 electroacoustic response: The electro-
acoust ic  response of  the B-chain is  the spat ia l ly
averaged sound pressure level  measured in  1/3-

RMS

Screeu

Auditorir::n
acor:stics

sound reproduction system

octave bands expressed in decibels with respect
to  reference level  when wide-band p ink noise is
appl ied to  the input  terminals  of  the main fader ,
preceding the power ampl i f ier .  (See f igure 1. )
The reference level is the average level of the
e lec t roacous t i c  response  o f  t he  1 /3 -oc tave
bands over the frequency range from 400 Hz to
2 kHz. The electroacoustic response is com-
puted as a spat ia l  average over  the l is ten ing
area us ing one of  the methods g iven in  annex
4.4.

4 Method of measurement

4 , 1  T h e  e l e c t r o a c o u s t i c  r e s p o n s e  s h a l l  b e
measured wi th  the equipment  ar ranged in  accor-
dance wi th  f igures 2,  3 ,  and 4.  (See annex A.)
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Figure 2 - Method of measurement of B-chain
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Figure 3 - Theater auditorium

4.2 Sound pressure level (SPL) vs. frequency
measurements (see annex A)  shal l  be made as
fo l lows:

(a) In dubbing theaters or mix rooms, at each of the principal
l istening posit ions, such as at the posit ion of each ol the
mixing personnel, and at the producer's location.

(b) In review rboms and review theaters, at a sutf icient
number  o f  pos i t ions  to  cover  the  l i s ten ing  area  and to  reduce
the  s tandard  dev ia t ion  o f  measured pos i t ion- to -pos i t ion
response to less than 3 dB, which wil l  typical ly be achieved
wi th  four  pos i t ions .

(c) In indoor theaters, at posit ion S as shown in f igure 3 and
posit ion R as shown in f igure 4 should i t  exist,  and at a
suff icient number of other posit ions to reduce the standard
,deviat ion otmeaswed posi l ion-to:posit ion response to less
than 3 dB, which wil l  typical ly be achieved with four posi-
t ions ,  bu t  avo id ing  those aber ran t  loca t ions  descr ibed in
A.4 .

4.3 l t  is recommended that measurements be
made at  a  normal  seated ear  he ight  between
1.0 m and 1.2 m (3.3 f t  and 4.0 f t ) ,  but  not  c loser
than 150 mm (6 in) from the top of a seat, and
not  c loser  than 1.5 m (4.9 f t )  to  any wal l  and
5.0 m (16.4 f t )  f rom the loudspeaker(s) ,

4 .4 A su i tab le s ing le loudspeaker  audi tor ium
sound pressure level with wide-band pink noise
is 85 dB SPL C-weighted and slow reading (See
annex  A .10 ) .  The  measured  l eve l  i n  any  1 /3 -
octave band can be used directly i f  i t  exceeds
the background noise in the band by at least 10 dB.
lf  the background noise is between 4 dB and 10
dB below the test signal, the measurement may
be corrected using the techniques described in
ANSI  S1 .13 -1971 ,  t ab le  4 .  (See  annex  A .4 . )

ANSySMPTE 2o:lM-1991

Figure 4 - Theater balcony

4.5 A system for playing contemporary stereo
fi lms wil l  general ly employ four wide-range chan-
nels: screen left,  center, and right loudspeaker
systems,  and a surround channel  loudspeaker
system genera l ly  employ ing a number of  ind iv id-
ual loudspeakers spaced around the room for
uniform coverage. Each of these channels is to
be measured and adjusted in turn.

5 Characteristic amplitude responses
with respect to frequency

5.1 With the sound system set for playback of
preemphasized audio tracks, the electroacoustic
response of the B-chain shall  be to curve N in
table 1 and f igure 5 within the tolerances given.

5.2 With the sound system set for playback of
wide-range audio t racks,  the e lect roacoust ic
response of the B-chain shall  be to curve X in
table 1 and f igure 6 within the tolerances given.

5.3 l t  is recognized that many older sound sys-
tems currently present in theaters cannot meet
the center l ine of  the s tandard over  the fu l ly
extended frequency range. The response stan-
dard has been updated over the years to account
for the changes in technology which permit a
wider frequency range, but note the precaution
on excessive equalization of these older sys-
tems in  A.8.
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Table 1 - B-chain characteristics

Center frequencies
of 1i3-octave bands

Hz

Level
Curve N

d B
Curve X

I
- 1

0
U

0
0
0
0
U

0
0
0
0
0
0
U
n

0
-1
-2
-3
-4
-5
-6
-7
-9

-1  1

Tolerances
+ d B

40
50
63
80
1 0 0
125
1 6 0
200
250
3 1 5
400
500
630
800
1 000
1 2s0
1 600
2000
2500
3 1  5 0
4000
5000
6300
8000

1 0  0 0 0
1 2  5 0 0
1 6 0 0 0

-8
-5
-3
-1
0
0
0
0
n

0
0
n
U

0
0
0
0
0

- l

-2
-3
-5
-8

-1  1
_:

3
3
3
3
3

3
3
\'
,5

3
3
3
3
3
3
3
3
3
3
3
3
o

o

3
3
3

7
b

4

a

'J

e

2
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3
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J
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3
3
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4
5
o

dB
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0
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Hz
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L  2  3 . 1 5  5  8 1 0
kHz

2 . 5  4  6 . 3
NOTE - Tolerances are based upon 1/3-octave measurements. lf 1/'l -octave measurements are used, reduce the tolerance

by 1 dB.
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Figure 5 - Curve N of B-chaln



dB

+ 4

+ 2

0
- 2

- 4

-10

-t2

-t4

-16

-18
-20

40 63 100
Hz

50 80

Annex A (informative)
Addit ionaldata

A.1 Factors outslde the scope ol thls standard

Compliance with this standard is a necessary but not suff i-
c ien t  cond i t ion  fo r  the  ach ievement  o l  h igh-qua l i t y  sound
reproduction in review rooms and theaters. Subjective judg-
ments  o f  sound qua l i t y  a re  in l luenced no t  on ly  by  the
frequency response of the B-chain which is the subject of
this standard, but also by such factors as:

(a )  A-cha in  per fo rmance,  inc lud ing  f requency  respons€,
s igna l - to -no ise ,  wow and f lu t te r ,  and the  l i ke ;

(b) electr ical performance ol th€ sound system, including
headroom to  c l ipp ing ,  hum and no ise ,  and the  l i ke ;

( c )  r o o m  a c o u s t i c s ,  i n c l u d i n g  r e v e r b e r a t i o n  t i m e  v s .
lrequency, echoes and behind screen rel lect ions, back-
ground no ise ,  and in t rus ive  no ise ;

(d) placement ol loudspeaker sources vs. picture;

(e) loudspeaker distort ion, and many others.

Therefore i t  is essential that the A-chain be correctly al igned
within th€ tolerances of exist ing standards by the use ol the
appropriate photographic or magnetic test f i lm and that
relevant electr ical deemphasis be applied (see annex B).
For monitoring during recording, where magnetic masters
are prepared with preemphasis for making photographic
negat ives ,  see  ANSI /SMPTE 214M-1984.  The o ther  fac to rs
l isted above should also be given due attention.

- 6

- 8
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2 .5  4  6 .3  10  16
NOTE - Tolerances are based upon 1/3-octave measurements. lf 1/1-octave measurements are used, reduce the tolerance

by 1 dB.

Figure 6 - Curve X of B-chain characterist ic

t 2 3 . 1 5 5
kHz
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This standard was prepared in the belief that an extended
and uniform frequency response is a fundamental compo-
nent of good sound quality.

A.2 Prellmlnary checks

Preliminary checks for gross acoustic errors should be made
pr ior  to  measur ing the e lect roacoust ic  response as de-
scribed in this standard. Typical checks include verif ication
that  the loudspeaker being measured is  c lose enough to the
screen to avoid any behind-screen echoes, and verif ication
of speaker polarity. A wide-band pink noise test signal can
be sent to combinations of loudspeakers (L and C, L and R,
C and R) as a simple verif ication ol consistent loudspeaker
polarity. The correct polarity (in-phase) condition is the one
producing the greatest bass response trom the sum.

Evaluation ol unilormity of loudspeaker distribution patterns
can be crudely evaluated by ear using a wide-band pink
noise test signal. A more exhaustive numerical analysis.of
uniformity can be derived by analyzing th€ point-to-point
respons€ as measured in A.5.

A-3 Theater changes trom curve N to curvo X

lf a theater wishes to change lrom curve N to curve X, it is
necessary to make suitable adjustments to the photographic
A-chain in order to reproduc€ conventionally recorded audio
records. A companding noise reduction system is normally
used for recording and reproducing photographic tracks
when used with curve X.
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A,4 Oualifying the accuracy of measurements

A.4,1 Type of measurement

Measurements  o f  sound f ie lds  f rom loudspeakers  in  rooms
can take  many fo rms.  Tone burs t ,  fas t  Four ie r  t rans form,
t ime-de lay  spec t roscopy ,  and max imum length  sequence
ana lys is  may a l l  p rove  use lu l ,  espec ia l l y  dur ing  the  des ign
phase o f  a  loudspeaker  sys tem,  Much o f  the  ana lys is  con-
duc ted  w i th  these methods  has  the  ob jec t  o l  reduc ing  the
effect of room acoustics on the measurements. Analysis of
p ink  no ise  w i th  a  cons tan t -percentage bandwid th  rea l - t ime
spect rum ana lyzer ,  such as  a  1 /3 -oc tave  rea l - t ime ana lyzer ,
on  the  o ther  hand,  inc ludes  the  in f luence o f  room acous t ics
and has  been found to  be  most  use lu l  in  day- to -day  a l ign-
ment  o f  sound sys tems.  Trad i t iona l  rea l - t ime ana lys is  has
been improved in  re l iab i l i t y  by  the  method ou t l ined  in  th is
s tandard  th rough the  use  o f  spa t ia l  and t ime averag ing ,
wh ich  can y ie ld  typ ica l  d i f fe rences  as  smal i  as  *  1  dB f rom
one se tup  o f  the  equ ipment  to  another .

A.4.2 Background noise

S e e  4 . 4 .

A,4.3 Maximum sound pressure level cautlon

The sound pressure  leve l  sha l l  no t  be  so  grea t  as  to  r i sk
damage to  loudspeakers .

A4.4 Microphone response, directivlty, and mounting

The mic rophones.used fo r  theater  measurements  a re  sub-
jec ted  to  th ree  sound f ie lds ,  a l l  o f  wh ich  must  be  measured
appropr ia te iy .  They  are  the  d i rec t  sound f ie ld  f rom the  loud-
speaker ,  ear ly  re f lec t ions ,  and the  reverberant  sound f ie ld .
Substan t ia l  e r ro rs  can be  in t roduced by  us ing  mic rophones
which  have la rge  d iaphragms,  o r  wh ich  have cav i t ies  in  f ron t
o f  the  d iaphragm,  pr imar i l y  because the i r  response to  d i rec t
sound f ie lds  and d i f fuse  sound f ie lds  i s  d i f fe ren t .  There fore ,
smal l  d iameter  ca l ib ra ted  mic rophones are  pre fer red  fo r
accuracy  over  la rge  d iameter  types ,  bu t  la rge  d iameter  ones
can be  used fo r  approx imate  cond i t ions  so  long as  the i r
ca l ib ra t ion  is  known,  and the  ang le  o f  inc idence o f  the  d i rec t
sound is  equa l  to  tha t  o f  the  ca l ib ra t ion  cond i t ions .  (But
there may well  be a dif ference in cal ibrat ion for screen vs.
surround loudspeaker systems due to the dif ferent nature of
the  sound f ie lds  l rom these sources . )

Pressure  ca l ib ra ted  measurement  mic rophones are  pre-
ferred to free-f ield types, since free-f ield microphones are
genera l l y  used fo r  measurements  where  sound f rom one
d i rec t ion  predominates ,  such as  in  anecho ic  measurements .
Pressure measurem6nt microphones are typical ly adjusted
for f lat response for dif fuse-f ield sound, and their response
rises on axis. Since many measurements are made of typical
systems at around the cri t ical distance, where the sound
pressure contr ibution of the direct and reverberant sound
fields are equal, i t  is important to f ind that angle between
the direct sound and the diaphragm lor which the response
is  th€  f la t tes t .  Th is  ang le  i s  90 ' in  typ ica l  12 .5  mm (0 .49  in )
pressure  measurement  mic rophones,  so  they  wou ld  nor -
mally be used pointed at 90' relat ive to the direct sound.
Using even smaller diameter microphones has the advan-
tage o f  reduc ing  the  d i f fe rence in  response o f  on-ax is  sound

and d i f fuse- f ie ld  sound.  Us ing  typ ica l  record ing  mic ro-
phones causes  prob lems,  s ince  the i r  ca l ib ra t ion  lo r  mixed
sound f ie ld  cond i t ions  is  usua l ly  unknown.

Some mic rophon€ mount ing  hardware  and conf igura t ions  in
common use may cause er ro rs  up  to  i  2  dB in  measured
f requency  response o f  the  d i rec t  sound,  due to  sound re -
f lec t ions  f rom the  mount ing  equ ipment  en ter ing  the  capsu le .
The best mounting hardware has small  dimensions and is
ar ranged so  tha t  f i r s t  o rder  re f lec t ions  f rom i t  a re  re f lec ted
away l ro rn  the  mic rophone capsu le .

The f requency  response o f  the  measurement  mic rophone
sha l l  be  known th rough ca l ib ra t ion  under  cond i t ions  s imi la r
to  i t s  use .  In  par t i cu la r ,  the  measurement  mic rophone sha l l
be  adequate ly  omnid i rec t iona l  and ca l ib ra ted  to  be  f la t  when
measur ing  a  mix tu re  o f  d i rec t  and d i f fuse  sound f ie lds  us ing
the  same mount ing  ar rangement  used in  p rac t ice ,  and the
ang le  o l  l la l tes t  d i rec t  f ie ld  response sha l l  be  known f rom
the ca l ib ra t ion  procedure  and employed in  mak ing  measure-
ments .

A.4.5. Spatlal averaging

A spatial average of dif ferent posit ions within the room, yet
ta l l ing  w i th in  the  p lacements  g iven in  4 .2  and 4 .3 ,  g rea t ly
improves  the  re l iab i l i t y  o l  equa l iz ing  the  sound sys tem,  due
to  lessen ing  the  in f luence o f  spec i f i c  room modes in  the
bass ,  and reduc ing  the  e f fec t  o f  lack  o f  un i fo rmi ty  o f  h igh-
f requency  ou tpu t  o f  loudspeakers  in  the  t reb le .

Care  shou ld  be  taken tha t  none o f  the  mic rophone p lace-
ments used in calculat ing the spatial average are extraordi-
nary .  Pos i t ions  shou ld  be  avo ided wh ich  are  exac t ly  on
lateral or transverse theater centerl ines, or are under the l ip
o f  a  ba lcony .  Mic rophone pos i t ions  employed in  a  spat ia l
average shal l  be distr ibuted among a range of posit ions in
la te ra l  and t ransverse  d i rec t ions  to  min imize  the  in l luence
of  any  par t i cu la r  room mode,  bu t  the  po in ts  shou ld  l ie  w i th in
the  requ i rements  o l  4 .2  and 4 .3 .  The min imum spac ing  o f
the  mic rophones in  an  average sha l l  be  1 .0  m (3 .3  f t ) .

The calculat ion of a spatial average shal l  be done by the
sum of the squares ol the sound pressure levels as fol lows:

N
. 1 -  / L k \ -L -  l 0 l o g r o I  x ,  )  a n t i l o g l o l ;  I  f' t  r : i  \ ' t  /

where N is the number ol posit ions and L1 is the sound
pressure level at each posit ion. For four posit ions, the %-
octav€ by 7g-octave average would be computed as fol lows:

. , t t l s k 1 4
S P L -  l o l o g t O [  (  

1 )  
(  t O  1 0 +  1 O  1 0 +  1 0  1 0 * 1 s  1 0 1  1

where L1 equals the sound pressure level in a l2!-octave
band at posit ion 1, L2 equals the sound pressure level in the
same yg-octave band at posit ion 2, etc. l l  the range ol sound
pressure levels is within 4 dB, simple ari thmetic averaging
may be used. Large standard deviat ions may indicate sig-
ni l icant acoustic or loudspeaker coverage problems.
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A.4.6 Temporal averaging

Stochas t ic  s igna ls  such as  p ink  no ise  cause a  f luc tua t ing
sound pressure  leve l .  The leve l  f luc tua t ions  become more
severe  as  the  bandwid th  o f  measurement  i s  decreased and
as the center frequency of the measurement is lowered. In
order to obtain high accuracy with such a nonsteady-state
test signal, i t  is uselul to perform temporal averaging on the
data obtained from a lr !-octave band spectrum analyzer. At
least two methods are widely used for temporal averaging,
RC-type averaging in the detector circuit  of the analyzer,
and calculated averaging in an integrating real-t ime an-
alyzer. With a calculated averaging method, accuracy can
be very  h igh  i f  the  measur€ment  i s  adequate ly  long.  The
min imum averag ing  t ime o f  a  convent iona l  rea l - t ime an-
a lyzer  shou ld  be  such tha t  measurements  even a t  low f re -
quencies are readable with an accuracy better than the
to le rances  o f  the  s tandard .  l t  i s  recommended tha t  measure-
ments  be  t ime-averaged over  a  per iod  o l  no t  less  than 20  s
in  the  lowest  f requency  bands lo r  accuracy  w i th in :1  dB.

A.5 Methods of measurement

At least two methods of measurement are recognized as
providing appropriate data for the evaluation of the electro-
acous t ic  response o f  the  B-cha in .  For  each o f  the  methods ,
genera te  w ide-band p ink  no ise ,  and app ly  to  each loud-
speaker  channe l ,  le f t ,  cen ter ,  r igh t ,  and sur round,  in  tu rn .
The methods  o f  measurement  a re :

(a) Measure the electroacoustic response with a set of four
typ ica l l y  ca l ib ra ted  mic rophones connected  to  a  mic rophone
mul t ip lexer  sw i tch  (no t  a  mixer ) ,  the  ou tpu t  o f  wh ich  is
connected to an audio-frequency l23-octave band spectrum
analyzet. Posit ion the set of cal ibrated microphones accord-
ing to A.4.5. Temporal ly average the data for a suff icient
amount  o f  t ime to  o roduce a  s tandard  dev ia t ion  under  1  dB.

(b )  Measure  the  e lec t roacous t ic  response w i th  a  ca l ib ra ted
microphone and an audio-frequency 7s-octave-band spec-
t rum ana lyzer  a t  each o f  a  number  o f  loca t ions  and compute
the  spat ia l  average,  as  spec i f ied  in  A .4 .5 .

Other methods which conlorm to the accuracy of the given
methods may be employed, such as use of a l t-octave band
fi l ter set and a voltmeter, measuring each l /e-octave band
level for each response posit ion in turn and mathematical ly
computing the averages. Measurement in whole-octavo
bands is now rarely employed, because of the ready avai l-
abi l i ty of }3-octave analysis equipment.

Not6  tha t  the  p ink  no ise  source  shou ld  be  an  e lec t r i ca l  no ise
generator, not an optical or a magnetic pink noise test f i lm,
s ince  the  use  o l  tes t  f i lms  in  a l ign ing  the  B-cha in  w i l l  cause
accumulating errors, and in many theaters, the active or
passive A-chain deemphasis cannot easi ly be disabled.

4.6 Acoustlcal and psychoacoustlcal offects

The electroacoustic response result ing from a loudspeaker
situated behind a motion-picture screen, or from an array of
loudspeakers used for the surround sound channel in the
auditorium, is affected by various factors belore th€ sound
is  perce ived by  a  l i s tener .  These inc lude the  fo l low ing
acoustical and psychoacoustical eftects:

ANSUSMPTE 2O2M-1991

(a)  A t tenuat ion  o f  h igh  f requenc ies  caused by  the  screen fo r
the  w ide-band screen channe ls .  Wi th  convent iona l  theater
loudspeakers  and normal ly  per fo ra ted  screens ,  the  a t tenu-
ation on axis is 3 dB between 5 kHz and 8 kHz, with a 6
dB/octave characterist ic rol loff  at higher frequencies. This
h igh- f requency  a t tenuat ion  is  typ ica l l y  tess  o l f  ax is  by  a
smal l  amount .  O ld  screens ,  where  acous l i c  t ransmiss ion  is
degraded by  a i r -borne  par t i cu la te  mat te r  c logg ing  the  per -
fo ra t ions ,  can  severe ly  degrade h igh- l requency  per fo r -
mance.

(b )  A  room ga in  reverbera t ion  component  added to  the  d i rec t
s igna l .  l t  shou ld  be  no ted  tha t  s ince  reverbera t ion  in  la rge
rooms takes  a  f in i te  t ime to  bu i ld  up ,  th is  component  i s  on ly
measurab le  w i th  quas i -s teady-s ta te  s igna ls ,  such as  p ink
no ise .  For  accura te  measurement ,  the  sound f ie ld  must
have reached s tas is  fo r  the  reverberant  component  to  add
fu l l y  to  the  d i rec t  sound.  Th is  component  has  a  f requency
reSponse propor t iona l  to  lhe  reverbera t ion  t ime vs .  f re -
quency  charac ter is t i c ,  and w i l l  be  most  s ign i f i can t  on  sus-
ta ined program mater ia l  l i ke  he ld  mus ica l  chords .

(c )  H igh- f requency  a t tenuat ion  in  the  a i r ,  p ropor t iona l  to
s igna l  pa th  length .  Th is  p rocess  app l ies  to  d i rec t  sound
through on ly  one pa th ,  and to  ihe  reverberant  component
th rough the  average compos i te  pa th  length  o f  sound.  The
resu l t  i s  tha t  w i th  a l l  o ther  fac to rs  he ld  cons tan t ,  lo r  s teady-
s ta te  s igna ls  in  more  reverberant  spaces ,  the  sound w i l l  be
du l le r ,  w i th  ro l led  o f f  h igh  f requenc ies ,  s ince  the  average
path  length  o l  the  reverbera t ion  component  i s  longer  in  the
more reverberant room.

(d)  Rows o f  sea ts  have been shown to  cause d ips  in  the
f requency  response o f  sound f ie lds  a t  near  g raz ing  inc i -
dence.  The d ip  i s  usua l ly  in  the  range o f  80  Hz to  125 Hz,
depend ing  on  the  d imens ions .

(e )  A l l  pub l i shed exper imenters  have lound tha t  in  a  la rge
room,  a  f la t  response near - f ie ld  loudspeaker  i s  sub jec t ive ly
best matched by a distant loudspeaker having a rol led-off
h igh- f requency  response in  s teady-s ta te  measurements .
The source of the need for this measured rol loff  appears to
be the  d i f fe r ing  in te rac t ion  o f  the  sound f ie ld  w i th  the  head,
p innae,  and ear  cana l  be tween a  d is tan t ly  o r ig ina t ing  sound
f ie ld ,  and one or ig ina t ing  c lose  by ,  o r  by  d i f fe rences  be-
tween t rans ien t  and s teady  responses  caused by  the  mech-
an ism descr ibed in  (b )  above.  S ince  the  need fo r  such an
apparent rol loff  with steady state signals is shown, this
standard documents the response for best interchangeabil-
i ty of product across many auditoriums.

To account for (b) and (c) above, the measured character-
ist ic to maintain subjectively identical response wil l  di l fer
s l igh t ly  accord ing  main ly  to  aud i to r ium s ize  and reverbera-
t ion t ime. The measured response by the method of this
standard should have a sl ightly attenuated high-frequency
characterist ic in a large theater when compared with table
1  and f igures  5  and 6 ,  when compar ing  aud i to r ia  us ing  the
same absorption/frequency characterist ics, due to the nat-
ural ly longer r€v€rberation t ime of the larger theater. In the
same way,  there  shou ld  be  a  s l igh t ly  e leva ted  response in
a small  theater. Table A.1 gives approximately suitable
correction factors which should be added numerical ly to the
charact€rist ic given in tabl€ 1 and f igures 5 and 6.

Corr€ctions for auditorium size are not normally requlred
below 2 kHz, as a result of a l latter reverberation vs. fre-
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quency  charac ter is t i c  typ ica l  a t  m id- range f requenc ies ,  and
the  longer  in tegra t ion  t ime o i  the  ear  a t  low f requenc ies .
More  accura te  de terminat ion  o f  the  above cor rec t ion  fac to rs
fo r  a  par t i cu la r  aud i to r ium can be  deduced l rom measure-
ment  o f  the  reverbera t ion  t ime vs .  f requency  charac ter is t i c .

Whenever  poss ib le ,  the  e lec t roacous t ic  response shou ld  be
measured w i th  the  aud i to r ium's  typ ica l  opera t iona l  humid i ty ,
s ince  humid i ty  var ia t ions  are  a  s ign i f i can t  component  o f
day- to -day  var ia t ion  in  p roper ly  opera t ing  modern  sound
sys tems.

Table A.1 - Approximate correction factors for
auditorium size, dB

A.7 Troubleshooting

Wi th  good acous t ic  des ign  and modern  loudspeakers  w i th
un i fo rm coverage,  no t  on ly  shou ld  the  overa l l  spa t ia l l y  aver -
aged e lec t roacous t ic  response fa l l  w i th in  the  to le rances
spec i f ied  in  c lause 5 ,  bu t  the  response fo r  each pos i t ion
shou ld  a lso  fa l l  w i th in  those to le rances .

Prov ided tha t  the  B-cha in  meets  the  to le rances  spec i f ied ,
the  e lec t roacous t i i  f requency  response fo r  sound reproduc-
t ion  shou ld  be  sa t is fac to ry  fo r  a l l  t ypes  o l  photograph ic  and
magne l ic  record ings ,  p rov ided the  add i t iona l  i tems out l ined
in  A .1  a re  g iven a t ten t ion .

Care  shou ld  be  taken tha t  dev ia t ions  f rom the  curve ,  a l -
though w i th in  the  to le rance area ,  do  no t  cause a  tona l
imbalance. Broad, low-Q effects have been shown to be of
more  perceptua l  s ign i f i cance than nar rower ,  h igh-Q e f fec ts ,
wh ich  have even grea ter  ampl i tude.  For  example ,  a  s i tua t ion
where  the  overa l l  bass  response is  a t  one ex t reme o l  the
to le rance,  and the  t reb le  response a t  th€  o ther ,  shou ld  be
avo ided.

l f  ex t reme amounts  o f  e lec t r i ca l  equa l iza t ion  are  requ i red  to
br ing  the  response in to  conformi ty  w i th  the  s tandard ,  o r
e lec t r i ca l  equa l iza t ion  is  requ i red  wh ich  is  s ign i f i can t ly  a typ-
ica l  fo r  the  loudspeaker  sys tem in  use ,  each e lement  o f  the
B-cha in  shou ld  be  examined to  de termine the  cause o l  the
prob lem,  wh ich  may be  inc luded in  the  fo l low ing  l i s t :

(a) faulty power ampli f ier;

(b) incorrect or laulty loudspeaker performance;

(c) incorrect location, orientat ion, or direct ivi ty of the loud-
speaker ;

(d) room acoustical defects;

(e) incorrect adjustment of the loudspeaker crossover net-
work (relat ive level of the bass and treble loudspeaker
drivers), crossover wir ing polari ty reversal,  relat ive t ime
displacements betw€en drivers due to dif ferent geometries;
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(t) obscured perforat ions in the screen;

(g )  da ted  loudspeaker  des ign ,  unab le  to  per fo rm accord ing
to current soecif icat ions.

l f  the  B-cha in  cannot  be  brought  in to  conformance w i th  the
curve  X charac ter is t i c  descr ibed in  th is  s tandard ,  bu t  i t  i s
found possible to achieve conformance to the curve N char-
acterist ic, there st i l l  may be playback problems when play-
ing material intended for a curve N environment. Sound,
records  are  preemphas ized accord ing  to  the  in tended p lay-
back  env i ronment  -  those in tended fo r  p layback  over  curve
N sys tems w i l l  have grea ter  h igh- f requency  preemphas is
than those in tended fo r  curve  X sys tems.  Th is  inc reased
preemphas is  may revea l  power  ampl i f ie r  o r  loudspeaker
de{ ic ienc ies  in  a  B-cha in  wh ich  are  no t  ev ident  when the
system is being tested with a f lat frequency response test
s igna l  such as  p ink  no ise .

Some h igh- f requency  loudspeaker  d r ivers  exh ib i t  more  d is -
to r t ion  than o thers ;  th is  may cause a  sub jec t ive  change in
h igh- f requency  response wh ich  w i l l  no t  be  ev ident  f rom the
tes t  o rocedures  descr ibed in  th is  s tandard .

Because the  measurements  dea l  on ly  w i th  the  s teady-s ta te
proper t ies  o f  the  aud i to r ium,  acous t ica l  de lec ts  such as
backs tage or  aud i to r ium echoes are  no t  accounted  fo r  in  the
measurement  p rocedure .  A t tempts  to  use  these measure-
ment  resu l ts  as  a  bas is  fo r  ma jor  equ ipment  redes ign  in  a
theater Jound defective have to be preceded by ascertaining
tha t  no  grave acous t ica l  fau l ts  a re  p resent .  Poss ib le  p rob-
lems are  l i s ted  in  A .1 .  Methods  lo r  f ind ing  or  e l im ina t ing
such faults are not covered in this standard.

A.8 Equallzatlon

Adjustment of the electroacoustic response to curve X for
record  mon i to r ing  and p layback  o f  w ide- range sound t racks
wi l l  normal ly  requ i re  some e lec t r i ca l  equa l iza t ion ,  typ ica l l y
rr3-octave, which approximately corresponds to the cri t ical
bands  o f  human hear ing .  The fo l low ing  po in ts  shou ld  be
noted :

(a )  A  c rossover  ne twork ,  i f  used,  shou ld  be  ad jus ted ,  i f
ad jus tab le ,  to  the  smoothes t  response be fore  equa l iza t ion
is attempted. l f  an electronic crossover is employed before
the  power  ampl i f ie rs ,  i t s  ga in ,  and the  ga in  o f  the  fo l low ing
power  ampl i f ie rs ,  shou ld  be  se t  w i th  a  due cons idera t ion  lo r
the best headroom and signal-to-noise rat io.

(b) Equalization above 8 kHz should not normally be at-
tempted w i th  o lder  loudspeaker  des igns  wh ich  exh ib i t  rap id
rol loff  beyond 8 kHz.

(c) Extreme equalization Jor low-frequency modes should be
avoided, since the low frequency modes, part icularly below
100 Hz, are. often very narrow response anomalies which
cannot normally be corrected with the relat ively broader
lr '3-octave-band equalizer without audible consequences at
frequencies away from the modal one.

(d) A correction may be nec€ssary to the basic curve prom-
ulgated by this standard when equalizing the surround chan-
nel due to the dif ferences between screen and surround
loudspeakers. Among these dif ferences are the lact that
surround channel loudspeakers are routinely placed closer
to typical s€ating locations, increasing the rat io of dir€ct-to-
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reverberant  sound f ie lds ;  the  screen loudspeakers  approx i -
mate  a  po in t  source ,  whereas  the  sur round channe l  uses  an
array of loudspeakers; and the radiat ion patterns of the
loudsoeakers are dif ferent b€tween screen and surround
loudspeakers. The correction necessary wil l  tend toward an
increase in  the  measured h igh- f requency  response o l  sur -
round loudspeakers compared to screen loudspeakers.

A.9 Uniformity ol sound pressure level from dlflerent loud-
speakers

App ly ing  the  same vo l tage o l  w ide-band p ink  no ise  a t  the
input of the B-chain for each loudspeaker systom in turn
shou ld  y ie ld  spat ia l l y  averaged sound pressure  leve ls  wh ich
are  equa l  w i th in  :  1  dB (see A.4)  as  measured on  a  C-
weighted and slow-reading sound level meter. ln the event
tha t  the  aud i to r ium exh ib i ts  s t rong low- f requency  room
modes which could signi l icantly af lect wide-band noise level
measurements ,  A-we igh t ing  shou ld  be  used when match ing
loudspeaker  leve ls .

A.10 Spectrum level

Whi le  85  dBC is  commonly  used as  a  w ide-band s igna l  leve l
re fe rence (see 4 .4) ,  on  some ana lyzers  i t  may be  conven ien t
to use as a preferred sound pressure a decade level such
as 70 dB SPL in each 1/3- octave band in the range 50 Hz
to 2 kHz. In this case, with the overal l  response on curve X,
the sum of al l  the 1/3-octave bands wil l  add to approximately
83 dBC.
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A.11 Future work

As f irst noted in A.6, i t  is recognited that more uniform
perceived loudness and spectral bals6qg from instal lat ion
to  ins ta l la t ion  wou ld  be  promoted by  account ing  fo r  the
fol lowing factors:

(a) reverberation t ime vs. frequency;

(b )  loudspeaker  rad ia t ion  pa t te rn  vs .  f requency ;

(c) the consequent direct-to-reverberant rat io at l istening
pos i t ions  w i th in  the  space due to  (a )  and (b ) ;

(d) an accurate method to quanti fy the measured dif ference
in  f requency  response be tween sur round and screen chan-
ne ls  as  descr ibed in  A .8 .

The goal is to have constant perceived loudness and fre-
quency  response f rom ins ta l la t ion  to  ins ta l la t ion ,  and f rom
pos i t ion  to  pos i t ion  w i th in  an  ins ta l la t ion ,  us ing  th is  s tandard
and contemporary dubbing stage practice as a reference.
Th is  goa l  may be  promoted by  keep ing  cons tan t  w i th in  the
ear  cana l  the  spec t rum leve l  and response th roughout  one
and across many instal lat ions. As equipment becomes avai l-
ab le  capab le  o f  mak ing  reverbera t ion  t ime measurements ,
the results of such measurements. combined with informa,
t ion  on  the  loudspeakers ,  may be  used to  add cor rec t ion
factors to the curves to promote greater uniformity.

ANSI /SMPTE 214M-1984,  Mot ion-P ic tu re  F i lm (35-mm) -
Photographic Audio Reproduction Characterist ic
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SMPTE STANDARD

for Motion-Picture Film -

Indoor Theater and
Review Room Projection -
Screen Luminance and Mewing Conditions

ANSYSMPTE 196M.1993
,urtr ?r"Jl'll3#

1 Scope

This standard specifies the screen luminance level,
luminance distribution, and spectral distribution (color
temperature) of the projection light.for theatrical, re-
view-room, and nontheatrical presentation of 16-, 35-,
and 70-mm motion-picture prints intended for projec-
tion at 24 frames per second. This standard also
specifies review-room viewing conditions. lt is the
purpose of these specifications to achieve the tone
scale, contrast, and pictorial quality of the projected
print that will be of the quality intended during its
production.

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions of
this standard. At the time of publication, the edition
indicated was valid. All standards are subject to revi-
sion, and parties to agreements based on this stan-
dard are encouraged to investigate the possibility of
applying the most recent edition of the standard indi-
cated below.

Cl E 5002-1 986, Colorimetric Observers

3 Projector operating conditions

Measurement of screen luminance shall be made with
the projector in normal operation (with shutter run-
ning), with its lens set at focus position, but with no
film in the aperture. The measurement of spectral
distribution (color temperature) of the projection light
is best made with the shutter momentarily stopped
and held open, and with no film in the aperture.

Page't ol 3 pageg

4 Photometer type

Screen luminance shall be measured with a spot
photometer having the spectral luminance response
of the standard observer (photopic vision), as defined
in CIE 5002 (see annex A.4). The acceptance angle
of the photometer shall be 2' or less. The photometer
response to the alternation of light and dark on the
screen shall be to integrate over the range of 24 Hz
to 72 Hz and display the arithmetic mean value.

5 Luminance level

5.1 Measurement location

To simulate audience viewing, screen luminance
measurements shall be taken from the center of the
seating area at a height of approximately 1 m (39 in)
above the floor. To ensure reasonable luminance at
other seating locations, measurements shall also be
taken from the center and each end of the middle row,
and shall be within the limits given in 5.3 or 5.4.

5.2 Theater nominal luminance

Theater screen luminance shall be nominally 55
cd/m2 (16 fL) measured at the screen center. The
luminance of the screen sides and corners shall be
measured at a distance of 5% of the screen width from
the screen edges. The readings shall be taken from
each location specified in 5.1.

5.3 Theater luminance limits

Theater screen luminance at the screen center shall
be between q1 cdlmz (12 fL) and 75 cdlmz (22tL).
Luminance at the screen sides shall be 75% to 90%
of the screen center luminance.

CAUTION NOTICE: This Standard may be r6vis6d or withdrawn at any time. Tho procedures ol the Standard D8vetopor rsquirs that action be tak€n to reattirm, reviss,
or withdraw this standafd no later than livs y€ars trom the dato of publication. Purchassrs ot standards may rgceive currant intormalion on all slandards by call ing or
wnting th6 Slandard O€velopor Printgd in usA.
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5.4 Review room luminance and llmits

Review room screen luminance shal l  be 55 cd/m2 t
I cdlm2 (16 fL t Z tL) at the screen center. The
luminance of the screen sides and corners, measured
as described in 5.2, shall be at least 80olo of the screen
center reading.

6 Luminance distribution

The screen luminance shall be symmetrically distrib-
uted about the geometric center of the screen. The
luminance of any point on the screen between the
center and the edges, as measured from any seat in
the middle row, shall not exceed the screen center
reading (see annex A.2).

7 Spectral distribution

7.1  For  35-  and 70-mm pr in ts ,  the  l igh t  re f lec ted
f rom the  screen in  rev iew rooms and pr imary
t h e a t e r s  s h a l l  h a v e  a  s p e c t r a l  d i s t r i b u t i o n
approx imat ing  tha t  o f  a  b lackbody a t  a  co lo r
temperature of 5400 K t  200 K, the use of short-
a rc  o r  carbon-arc  l igh t  sources  be ing  assumed.
For  genera l  theaters ,  the  co lo r  tempera ture  sha l l
be  5400 K t  400 K.

7 .2  16-mm pr in ts  a re  made fo r  p ro jec t ion  w i th
e i ther  a rc  o r  tungs ten  i l l uminant .  When the  in -
tended i l luminant  cannot  be  spec i f ied  un ique ly ,
16-mm prints should be evaluated at 5400 K.

8 Multiple proiector adjustment

8.1 Same format

The resultant luminance from all projectors intended
for use in the cont inuous sequent ial  v iewing of
material of the same format shall not vary by more
than 7 cd/mz (2 fL).

Annex A (informative)
Addit ionaldata

A.'t Luminance level llmlts

Acceptab le  luminance leve ls  a re  l im i ted  by  a  min imum
value  be low wh ich  the  v isua l  g rocess  becomes less  e f t i -
c i e n t  a n d  b y  a  m a x i m u m  v a l u e  a b o v e  w h i c h  ( a s s u m i n g
a  s h u t t e r  f r e q u e n c y  o f  4 8  f l a s h e s / s )  f l i c k e r  b e c o m e s
ob jec t ionab le .  The permiss ib le  luminance range is  l im i ted
by  the  c r i te r ion  tha t  a  good re lease pr in t  must  p rov ide
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8.2 Different formats

The resultant luminance from projectors intended for
use in a sequential system of viewing material of
different formats shall not vary by more than 14 cdlm2
(4 fL) (see annex A.5).

8.3 Temperature

The apparent color temperature of the projection light
from projectors intended for continuous sequential
operation shall be consistent within a total range of
400 K. For 16-mm projection with light sources with a
color temperature of less than 3500 K, the range shall
be limited lo 7o/o or 200 K.

9 Review room viewing conditions

All observers in a review room shall be located within
a standard observing area which shall be:

- within the limits of a 1S' angle on either side of a
perpendicular to the center of the screen, in both
the horizontal and vertical planes;

- at a distance of 3 picture heights t 1 picture height
from the screen.

10 Stray light

10.1  No s t ray  l igh t  o r  i l l umina led  area  w i th  lumi -
nance grea ter  than 3 .4  cd lmz (1 .0  fL )  sha l l  be
v is ib le  f rom the  normal  observ ing  area  o f  the-
aters or review rooms.

10.2  Screen luminance due to  s t ray  l igh t ,  as
descr ibed in  annex  A.6 ,  sha l l  be  less  than 0 .257o
of  the  screen center  luminance fo r  rev iew rooms
and pr imary theaters and less than 0.50% for
other theatr ical  project ion faci l i t ies.

acceptab le  qua l i t y  when pro jec ted  a t  any  luminance w i th in
t h e  s p e c i f i e d  r a n g e .  U s e r s  a r e  r e m i n d e d  t h a t  s c r e e n
l u m i n a n c e  m a y  d e c r e a s e  a s  a  f u n c t i o n  o f  b u l b  a g e ,  d i r t
o n  o p t i c s ,  d i r t  o n  s c r e e n ,  e t c .  P r o j e c t i o n  e q u i p m e n t
s h o u l d  b e  c h o s e n  t o  h a v e  m o r e  t h a n  s u f f i c i e n t  l i g h t
ou tpu t  to  meet  the  spec i f i ca t ions  in  th is  s tandard  over  a
p e r i o d  o f  t i m e .  U s u a l l y ,  a r c  c u r r e n t  i s  a d j u s t e d  t o  c o m -
pensate  fo r  changes in  l igh t  ou tpu t .
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A.2 Light incident on the screen

Misad jus tment  o f  the  pro lec to r  i igh t  source  op t ica l  sys tem
may cause luminance read ings  taken a t  var ious  loca t ions  in
the  seat ing  area  and on  var ious  areas  o f  the  screen to
exceed the  screen center  read ing  taken as  descr ibed in
c lause 5  (ho t  spo ts ) .  To  avo id  th is  poss ib i l i t y ,  i t  i s  des i rab le
to  measure  d i rec t l y  the  l igh t  f rom the  pro jec to r  fa l l ing  on  the
screen.  Th is  may be  done by  measur ing  the  inc ident  l igh t
across  the  screen sur face  watn  a  foo tcand le  meter  and
ad jus t ing  the  l igh t  source  op t ics  to  ensure  tha t  no  area  on
the  screen rece jves  inc ident  l igh t  g rea ter  than the  screen
cen ler .

A.3 Normal print

To  prov ide  in te rchangeab i l i t y  in  mot ion-p ic tu re  p ro jec t ion ,  i t
i s  des i rab le  tha t  p r in t  qua l i t y  con forms to  tha t  o f  a  normal
pr in t  so  tha t  theaters  can opera te  a t  known pro jec t ion  con-
d i t ions  and w i l l ,  thereby ,  be  ab le  to  exh ib i t  p ro jec ted  p ic -
tu res  o f  good p ic to r ia l  qua l i t y .  l t  has  no t  been poss ib le  to
spec i fy  th is  normal  p r in t  in  te rms o f  i t s 'op t ica l  dens i ty  and
other  obJec t ive  measurements  because o f  the  d i f f i cu l t ies  o f
spec i fy ing  ar t i s t i c  qua l i t y  in  sc ien t i f  i c  te rms.  Accord ing ly ,  the
normal  p r in t  i s  de f ined as  tha t  p r in t  wh ich  conveys  the
des i red  ar t i s t i c  impress ion  when pro jec ted  under  rev iew
room cond i t ions  as  descr ibed bv  th is  s tandard .

A,4 Meter acceptance angle and riesponse

A photometer  w i th  a  photop ic  spec t ra l  response a l lows use
of  a  we l l  known s tandard  response fo r  a l l  pho tometer  man-
u fac turers .  A  mesop ic  (par t ia l l y  dark  adapted)  response
might  be  be t te r  bu t  no  s tandard  has  been se t  fo r  the  mesop ic
observer  unde i  typ ica l  sc reen v iewing  cond i t ions .  When
enter ing  a  theater  f rom day l igh t ,  we f ind  i t  d i f f i cu l t  to  see
others  in  the  aud ience a l though they  see us  because they
are  par t ia l l y  dark  adapted .  The degree o f  adapt ion  var ies
wi th  the  f i lm sub jec t  mat te r .  A  typ ica l  ̂f i lm reduces  the
average screen luminance f rom 55 cd /m2 to  5 .5  cd /m2 (16
fL  to  1 .6  fL ) .  The res t  o f  the  theater  i s  much darker .  Because
of  inc reased b lue  sens i t i v i t y  o f  the  eyes  (Purk in je  e f fec t )  as
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one Decomes somewhat  dark  adapted ,  a  photometer  w i th  a
photop ic  response may g ive  read ings  on  a  xenon i l lumina ted
screen and a  carbon-arc  i l l umina ted  screen tha t  a re  the
same,  a l though many observers  see the  xenon i l lumina ted
screen as  the  br igh ter .  The xenon-arc  spec t rum has  a  peak
in  the  b lue  reg ion  where ,  because o f  the  Purk in je  sh i f t ,  there
is  inc reased sens i t i v i t y .  A  representa t ive  mesop ic  curve
may be  deve loped and adopted  In  the  fu tu re .

A.5 Matching luminance of different formats

I t  may be  necessary  to  ad jus t  p ro jec to r  l igh t  ou tpu t  to  com-
pensate  fo r  the  d i f fe ren l  aper tu re  s izes  and magn i f i ca t ions
used when pro jec t ing  d i f fe ren t  fo rmats .  The pro jec to r  l igh t
source  shou ld  be  capab le  o f  ach iev ing  the  spec i f ieo  screen
luminance fo r  the  fo rmat  w i th  the  leas t  l igh t  e f l i c iency  (usu-
a l l y  nonanamorph ic  w ide  screen) .  Ad jus tment  may be  made
by chang ing  arc  cur ren t  o r  by  the  use  o f  a t tenuators  in  the
l igh t  beam to  reduce the  screen luminance to  the  recom-
mended va lue  when pro jec t ing  more  l igh t -e f f i c ien t  fo rmats .

4.6 Stray llght

St ray  l igh t  i s  measured by  compar ing  the  center  sc reen
luminance descr ibed in  c lause 5  w i th  the  luminance o f  the
image o f  an  opaque tes t  ob iec t  p laced in  the  center  o f  the
projector aperture. The test object preferably should have a
diameter ol 5o/o of frame width, and should not exceed 1Oolo.
The balance of the prolected beam is attenuated by any
su i tab le  neut ra l  dens i ty  f i lm tha t  p roduces  th rough the  nor -
mal  p ro . iec t ion  sys tem an average screen luminance equa l
to  10% of  the  luminance o f  the  screen as  de f ined in  5 .1 .  A l l
sources  o f  i l l umina t ion  in  the  aud i to r ium,  such as  ex i t  and
a is le  l igh ts ,  shou ld  be  used in  the i r  normal  manner  wh i le
s t ray  l igh t  i s  be ing  measured.  Excess ive  s t ray  l igh t  o r  f la re
shou ld  be  cor rec ted  to  ensure  proper  p r in t  con t ras t .

A.7 Other applications

Spec i f i ca t ions  fo r  d r ive- in  theater  sc reen luminance are
covered in  SMPTE RP 12.

SMPTE RP 95-1989,  Ins ta l la t ion  o f  Ga in  Screens

SMPTE RP 98-1990,  Measurement  o f  Screen Luminance in
Theaters
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