
SMPTE Tutorial Paper 

Guidelines for the Design of Effective Cine Theaters 
(Part I of a Proposed SMPTE Engineering Guideline) 
By William Szabo 

Present-day cinema technology provides the motion-picture theater 
exhibitor with projection and sound equipment capable of  displaying 
high-yuulity images with clean, ful l -  frequency sound. Yet, many pa- 
trons are denied this f u l l  realization of the f i l m  producer’s art because 
the  theater designer has failed to provide the proper environment f o r  
experiencing the wonderful world of illusion that is the art of  cinema- 
tography. Good design has often been compromised by “practical” 
.voIution.v and the belief that effective cinemas are not economically 
Jijasible. Contrary to this beliej; many effective cine theaters have been 
designed j b r  museums, universities, visitor centers, and Worlds Fairs by 
creative teams of architects, acousticians, and motion-picture engineers 
lit reasonable cost. Similar results could be achieved f o r  the f i l m  exhibi- 
tor by architects and their consultants based on the parameters and 
criteria contained in this paper. 
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Figure 7 .  Anthropometfic dafa -- field of vision. 

30 

he effective cine theater is a place T in which everyone can see and 
hear well. The Appendix lists the ar- 
chitectural parameters which must be 
addressed by the designers and the 
criteria recommended here. 

Image Size 
Although there is validity in dis- 

cussing image size in terms of visual 
acuity or camera lens perspective, a 
criterion in terms of how much of the 
viewer’s field of vision is occupied by 
the image may be more responsive to 
the filmmaker’s intent and the view- 
er’s subjective impression. In an earli- 
er paper, “Some Comments on the 
Design of Large Screen Motion-Pic- 
ture Theaters,”’ the anthropometric 
data shown in Fig. 1 was used to sug- 
gest that the screen appeared large 
when it occupied a substantial portion 
of the viewer’s horizontal and vertical 
field of vision. Our experience indi- 
cates that the screen image will ap- 
pear small if the image occupies less 
than 15% of the viewer’s vertical field 
of vision or approximately 30% of the 
horizontal field of vision. Geometry 
for determining the viewer’s field of 
vision and an analysis of some select- 
ed viewing distances are given in Figs. 
2 and 3. 

Viewing Angle Distortion 
It is evident that as the viewer’s line 

of sight to the screen deviates from the 
perpendicular, circles become el- 
lipses, squares become rhombuses, 
and all shapes become distorted (Fig. 
4). This subject was treated in detail 
by Dr. Reubens Meister,* who con- 
cluded that 45” was the limit of toler- 

Prcscnted t i t  the 124th S M P T E  Technical Conference 
(paper No. 124-7YA) in New York City on Novcniber 
I I, 1982. William Szabo is presidcnt. Will Szabo 
Associates. New Rochelle, N.Y.  This  article was re- 
ccived.luly 25.19HS.Copyright @ 1986 bytheSociety 
of Motion Picture and Tclcvision Engineers. Inc. 
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able viewing-angle distortion. He pro- 
vided a simple geometric construction 
for outlining the seating area which 
falls within the prescribed limits (Fig. 
5), which he termed iso-deformation 
lines. 

Visibility 
To see well, every viewer should 

have an unobstructed vertical and 
horizontal sightline to the image on 
the screen (Figs. 6 and 7). I f  screen 
images are to fill 30" of the most dis- 
tant viewer's field of vision and up to 
80" of the nearer viewer's, it is evident 
that looking between the heads of the 
row immediately ahead, as in 2-row 
vision, does not permit a view of the 
entire screen. Thus I-row vision is the 
most desirable for the effective cine 
theater . 

Although the technique for deter- 
mining the slope of the seating risers, 
using either drafting or analytical 
methods, is well known (Fig. 8), con- 
siderable confusion exists with re- 
spect to the value given (c), the so- 
called eye-to-top-of-head dimension. 
Whereas t he actual eyc-to-the-top- 
of-the-head distance is fairly constant 
at 4.3-in. average (range = 3.5 in. to 4.6 
in.), the location of a seated person's 
eye with respect to the top of the head 
of the person in front differs from the 
average (Fig. 9). Thus, if the riser 
height is to be determined by Yn - K ,  
K = 3 ft .  8 in. typically, then the value 
of c must be obtained from c' = A - B 
(Fig. 9). We recommend c = 9 in. to 
10 in. to be used in the analytical 
method. Cramcr and Booth7 have 
shown that when c = 7 in., the prob- 
ability will be that 80% of the viewers 
will have satisfactory 1 -row vision. 
We suggest c = 7 in. as a minimum. 

Since the floor slope will also be 
determined by the location of the aim- 
ing point (0), and the location of the 
front row of seats, (XI ) ,  the place- 
ment of the bottom of the screen is 
important. Our experience has been 
that 5 to 6 f t  above the first row of 
seats is satisfactory, provided a 6-ft 
standing person does not interrupt the 
projection beam. If no subtitles arc to 
be used, the aiming point may be 
placed approximately 10% of the im- 
age height above the bottom of thc 
image. This superimposes the heads 
in front onto the screen, which some 
viewers find desirable. I f  subtitles are 
to be used, the aiming point should be 
the bottom of the screen image. 

The plot of the equation in Fig. 8 is 
a parabolic curve whose slope will 

SMPTE Journal, January 1986 

PLAN - 
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Section 
D = Most distant viewer 
H = Image height (screen height) 

W = Image width (screen width) 
= K X H K = Aspect ratio (format) 

OH = Horizontal field of vision, degrees 
= 2 X ARCTAN (1 /2  W i D) 

Ov = Vertical field of vision, degrees 
= ARCTAN (H i D) 

Figure 2.  Geometry for determining the viewer's field of vision subtended by the image. 

Format Ov OH D Remarks 

2.35 37.6 16.1 3.45H 1.46W Szabo, 1984 
1.85 30.0 16.1 3.45H 1.86W 
1.37 22.5 16.1 3.451-1 2.50W 
2.35 35.9 15.0 3.73H 1.59W NlKFl, 19618 
1.85 27.8 15.0 3.731-1 2.01W 
1.37 20.8 15.0 3.73H 2.72W 
2.35 28.0 12.0 4.70H 2.00W Meister*and 
1.85 22.3 12.0 4.70H 3.43W Philipss 
1.37 16.5 12.0 4.70H 3.43W 
2.35 26.4 11.3 5.00H 2.12 Vivier, 1965'O 
1.85 21.0 11.3 5.00H 2.70W 
1.37 15.6 11.3 5.00H 3.65W 
2.35 19.5 8.35 6.81H 2.90W Soule, 1980ii 
1.85 15.5 8.35 6.81H 3.70W 
1.37 11.5 8.35 6.81H 5.00W 

Figure 3. Field of vision for selected viewing distances normalized for 2.35, 1.85, and 1.37 
aspect ratios. 
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usually exceed the aisle slopes iillowcd 
by local codes. Steps in the :lisle the scating Icvcls. 
should then be used to obtain the re- 
quired seating levels with appropriatc 

trancition segments to join aisles with 

Row spacing ( d )  should be not less 
than 30 in .  back-to-back with 36 to 40 

S C R E E N  

J !  
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f igure 4. Viewing angle distortion 

I N G  ANGLF ( S t 1 ? 0 N l l  CONt 
TO Bt ClJNSlIIUC It0 A T  

I OPPOSI Tr IOP lCI)RNEH OF 

INTrRSFr I I O N  OF CONF 

-PLANr OF V I E W F I I ' i  

PLAN - 

f igure 5. Construction of the viewing angle iso-deforrriatioii line. 
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in.  providing greater comfort. The 
width of seats should be not less than 
19 in.  with 20 to 21 in.  providing 
greater comfort. 

When I-row vision is not feasible, 
seats should be offset as determined 
by a careful sightline study to the 
screen vcrtical centerline. The  total 
number of seats in a row will bc deter- 
mined by local codes, nominally 14 or 
IS ,  unless continental seating is used. 
I f  seating layouts arc done by the sup- 
plier, as is the usual case, the architect 
should ensure that the work meets 
these criteria. 

('omfort 
Although i t  is usually assumed that 

ventilation, heating, and cooling will 
provide for human comfort, frcquent- 
ly these conditions arc compromised 
for reasons of economy. Thus operat- 
ing costs must be considered during 
the design phase of the effective cine 
theater and accepted by the owner as 
an essential part of the theater's de- 
sign. 

I n  addition to ensuring that every- 
one will see well, seating in the effec- 
tive cine theater must avoid physical 
discomfort, which occurs when the 
vcrtical viewing angle to the top of the 
screen image is excessive or the lateral 
viewing angle to the centerline of the 
screen requires uncomfortable head 
and for body position. 

Sincc the normal line of sight is 12 
to 15' below the horizontal, seat 
backs should be tilted to elevate the 
normal line of sight approximately 
the same amount. For most viewers, 
physical discomfort occurs when the 
vertical viewing angle to the top of the 
screen exceeds 35O, and when the 
horizontal line of sight measured be- 
tween a perpendicular to his scat and 
the centerline of the screen exceeds 
I S o .  To compensate for excessive lat- 
eral viewing angles, the seat rows 
should be angled o r  curved as shown 
in Fig. 10. 

Projection Angle Distortion 
When the projector is placed in a 

position other than normal in  relation 
to the screen, shapes are distorted as 
shown i n  I'igs. 1 1  and 12. Note that 
the equation shows distortion to be a 
function of screen size, projection dis- 
tance, and the projection angle. Our 
experience suggests that 5% is a toler- 
able maximum limit for projection 
angle distortion, with 3% preferred. 

Architectural Distractions 
In  1947, Ben Schlanger, an cnii- 
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nent cinema architect, said “What we 
need is a theater in which a person can 
sit down and look at a picture and not 
be conscious of the physical shelter in 

which he is enjoying the p i ~ t u r e ” . ~  
That dictum is valid today. 

When the picture illuminates the 
screen, the light from the screen illu- 

A 

B 

After lzenoura 

A: 1-row vision = single-row vision = every-row vision. 
Vertical sightline passes over the heads of the persons in the first row 
ahead. 

Vertical sightline passes between the heads of the persons in the first 
row ahead and over the heads of the persons in the second row ahead. 

B: 2-row vision = double-row vision = every-other-row vision. 

figure 6. Vertical sightlines. 

- 5.8 in. Av. female” 
male“ 

Row 
Spacing 19 in. 

30 in. 24.4 
32 in. 23.0 
34 in. 21.6 
36 in. 20.5 
40 in. 18.4 
42 in. 17.5 

Seat Width 
20 in. 21 in. 

26.3 28.1 
24.7 26.4 
23.3 24.9 
22.0 23.5 
19.9 21.2 
18.9 20.2 

figure 7. Horizontal viewing angles for 2-row spacing for selected seat widths and row 
spacings. 
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minates the walls and ceiling as well 
as the seating area. Nothing in the 
room’s dccor should distract the view- 
er’s attention from the projected im- 
age. This does not say that the interior 
cannot be made to appear attractive 
and inviting. However, interior fin- 
ishes should be non-reflective and of 
low chrominance. Varying the inten- 
sity of colors so that the darkest hues 
are in the vicinity of the screen has 
proved effective. 

The question whether the screen 
should be masked in black or be “free 
floating” is, in our opinion, a matter 
of preference. In theaters using more 
than one film format, the need for 
variable masking would lead to the 
choice of black masking all around. 
Aisle lights and exit signs required by 
safety codes can be a serious source of 
distraction, and circulation patterns 
for patrons entering and leaving may 
cause undue distractions. These ar- 
chitectural elements must be careful- 
ly evaluated in the design of the effec- 
tive cine theater. 

Acoustical Environment 
Technical advances in film sound 

recording and reproduction make it 
increasingly apparent that the acous- 
tical environment of the cine theater 
is critical to the patron’s full enjoy- 
ment of modern films. Recent re- 
search indicates that special consider- 
ation must be given to the following: 

Freedom from flutter echo, spur- 
ious room resonances, and focusing. 

Special absorptive treatment of 
the wall behind the screen loud- 
speakers and the rear wall of the the- 
ater to avoid undesirable reflections 
and phase cancellations. 

Elimination of those elements 
considered desirable in the live the- 
ater, which preferentially support the 
loudness and “color” the sound of live 
music. 

Background noise: The noise lev- 
el in the theater due to air condition- 
ing and other mechanical sources 
must be equal to or less than the Noise 
Criteria Curve NC30 of the Ameri- 
can Society of Heating, Refrigerat- 
ing, and Air Conditioning Engineers 
(ASHRAE) for each octave band. 

Acoustical isolation: To elimi- 
natc objectionable noise from adja- 
cent theaters (in the case of multi- 
ples), the  projection booth and 
outside sources, walls, ceilings, floors, 
and doors must be designed with suit- 
able noise reduction based on industry 
standard sound transmission coeffi- 
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Xn 

After Meister (2) 

figure 8 Analytical method for sightline study 

- 2- TL& 
A* B” 

Seat to Top of Head 
(Inches) (Inches) 

Female Male Female Male 

Average 32.9 36.0 28.8 31.5 
Small 29.7 33.4 26.3 29.0 

Seat to Eye Level 

Large 34.9 38.5 30.2 33.9 

A-6 A = Large male 12.2 in. Without slump 

A-6 A = Average male 7.2 in. Without slump 

A-6 Per classic texts 4-5 in. (10-12.8 cm) 

6 = Small female 

B = Average female 

on theater design 

14.2 in. With slump 

9.2 in. With slump 

‘ After Dreyfus5 and Jones’ 

- ~~~ ~ 

Figure 9 Anthropometric data for sightline study 

cicnt (STC)  ratings in the mid-60s 
and 70s. A table summarizing some 
information pub1 hed by Lucasfilni 
is reproduccd in  g. 13 to guide the 
acoustician. A local survcy of ambicnt 
strcct and ovcrflight noise should also 
bc available. 

Revcrberation: t i g .  14 shows the 
Luca s f i 1 m pre f c r r ed rev c r be r a t ion 
time for the 500 H z  octave band. Ide- 
ally, the revcrberation time would bc 
cqual for all frequencies. Although 
this is not realizable in most motion- 
picture theaters,  t he  acoustician 
should strive to achieve a smooth de- 
cay for all frequencies with an ab- 
scnce of base “overhang.” 

Loudspeakcr position: For repro- 
duction of multi-track sound records 
in theaters showing 35mm 1.85:l and 
2.?5:1 formats, it is recomrncnded, by 
the Lucasfilm studies, that when 
thrce behind-thc-scrccn speakcrs are 
used they be positioncd as required 
for the 2.35:l format and that acous- 
tically transparent material be used 
on the trailing cdgcs of the 1.85:l 
masking. Alternately, fivc loudspcak- 
ers may be used behind the screen, 
t w o  of which are positioned for the 
2.35 format, and two for the 1.85, 
with onc pair switchcd off depending 
on thc format being used. 

Equalization: Whether octave 
band cqualization will be required in 
the film sound B chain is a decision to 
bc made by thc motion-picture engi- 
neer or acoustician. Whcn equaliza- 
tion is required, thc house curve char- 
acteristic shall be as described in 
ANSI PH22.202M- 1984, B Chain 
Charactcristics, Widc Range (Curve 
X )  or as specified by the equipment 
manufacturer (Dolby). 

Appendix 

Guidelines for the Design o f  Effective 
Cine Theaters 

A .  7 h c  effective cine theater i s  ;I place 
wlicrc cvcryonc c;in scc and hear well. 

I .  / r u q i ,  .Size. I l ow large should thc 
scrccn image be? 

The imnpc on the scrccn should subtcnd 
not  less than 15‘!/,~0l‘thc r n o s t  distant vicw- 
cr’s vcrtical field of vision. and approxi- 
m;itcly 30% of h i s  hori7ontal field of vi- 
sion. 

2. Viewirrg Arrg/c I ~ i s t o r ~ i o r r .  What  i s  
the tolcr;iblc l im i t  of distortion duc to the 
position of tlic vicwcr w i th  respect to the 
projected i rnapc? 

All scats should be contnincd w i th in  i i  

4 5 O i so-dc fur m i  t i  o t i  I i nc. 
3 .  V i s i h i l i t ~ ~  ( S w t i t r g  lii.wr.s t r r i r l  .S’ i~hr-  

I i t r c ~ s J .  Ilocs cvcry vicwcr have n n  unob- 
structed hor i ion ta l  and vertical sightl ine 
t o  the projected image’? 
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ROW 4 .  

SCREEN 

Figure 10. Construction for seating row angle and seating row radius of curvature. 

Seating slopes and/or seating risers 
should be designed for I -row (singlc-row) 
vision. I f  2-row vision is used, seats should 
be staggered. 

When using the analytical method, the 

head dimension, should be 9 to 10 in. and 
not less than 7 in,; the aiming point should 
bc the bottom of the screen when subtitles 
are to be used, or 1 0 %  of the itnagc height 
above that point when no subtitles will be 
used. 

Rows should be spaced not less than 30 
in. back-to-back with 36 to 40 in. prc- 
ferrcd unless otherwise required by code 
(for continental seating). 

Scats should be not  less than I9 in. sidc- 
to-side, wi th  20 in. preferred. (For pseu- 
do-staggered seating use 19, 20, and 21 
in.) 

4. Cotp!/brf. I s  the ventilation, heating, 
and cooling capacity adequate for con- 
tinuous h u m a n  comfort'? I)ocs the design 
ofscuts provide a natural  posture for vicw- 
ing the projected image'? Docs the vertical 
viewing angle to t h e  top of the projected 
itnagc require ;in uncomfortable hcnd po- 
sition? Does the Iiitcral viewing angle to  
the centerline of the screen require ;in 

uncoinfortable head and/or body posi- 
t io ti '? 

t l V A C  systems should bc designed and 
operated for patrons' comfort whenever 
the theater is occupied. 

Scat backs should be tilted approxi- 
mately 12" to raise the normal downward 
line of sight to the horizontal. 

The nearest viewer's vertical line of 
sight should not cxcccd 35" from the hori- 
zontal to the top of the projected image, 
and. preferably should bc 15" to the hori- 
Lontal centerline of the screen image. 

For the sidc seats, the latcral line of 
sight to the screen centerline, nicasurcd 
from ;I perpendicular to  the scat row, 
should not cxcccd 15". 

5 .  Projection Anglc Di.stor/ioti. tlow 
rnuch is the iniugc distorted due to the 
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value of c ,  the so-called eye-to-top-of- 

IMAOE 

I . ORTHOGONAL PROJECTION (NORMAL TO SCREEN) 

VERTICAL PROJECTION ANGLE DOWN 

HORIZONTAL PROJECTION ANGLE R I M  

IMAGE 

IMAGE 

COMPOUND PROJECTION ANGLE DOWN 8 RIGHT 

IMAGE 

Figure 1 1 .  Projection angle distortion. 

position of the projector (projection an-  
gle)? What are the tolerable limits ofdis- 
to r t  ion? 

Image distortion due to thc horizontal 
or vertical projection angle should not ex- 
ceed S%, and 3% tiiaxiniutn is preferred. 

6 .  .4rcAi/t~c~rrral llistrtrctiori. Do any of 
t he t h c;i te r 's i  ti t c r ior arch i t cc t u ra I l'ca- 
turcs distract the viewer's attention from 
the projected image'? 

Interior finishes. lighting required for 
s;iicty, and patron traffic should be dc- 

signed to mininiizc distractions for the 
patrons vicwing the scrccn. 

7.  A(.ousticrr/ Etirirot/rwtit.  Do the the- 
;ILCI.'S acouxtics unsure t h a t  evcryonc will 
hear well'? 

The theater should be frcc of flutter 
echo. spurious resonances, focusing, and 
:ill clctiients which will prcfercnti;illy sup- 
port loudness or color thc sound. 

Background noise from al l  sources 
should bc cqu;il toor less thun NC30  i n  a11 
octavc bands. 
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H = Image height 
W = Image width 

H' = Aperture height 
W' = Aperture width 

= Projection angle, vertical or horizontal 
= ARCTAN PO i PA 
= Projection beam half angle, vertical or horizontal 
= ARCTAN '/2 H' f FL OR, ARCTAN '/2 W' f FL 

FL = Lens focal length 
P = PA = Projection distance 
T = PC = Throw distance 

CB=CD=HORW CE=CF=AT 
% Distortion = AT f T X 100 
For horizontal projection angle: % distortion = W sin a f P cos a 

For verticle projection angle: % distortion = H sin a f P cos a 
= W sin a f P 

= H sin a f P 

- 1 
31.5Hz 63Hz 125Hz 500Hz 1 kHz 2 kHz 4kHZ 8 kHz 

38 48 52 66 66 66 66 66 
I 

Figure 12. Formulas for determining projection angle distortion 

ROOM VOLUMF IN THOUSANDS OF CIJBIC FEET 

Figure 14. Recommended reverberation time for motion-picture theaters. 
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Acoustical isolation froni sound sources 
in ;tdj;iccnt sp;iccs inust be adequate to 
prcscrvc the noise criteri;) (NC30) re- 
quirements. 

Reverberation time a t  500 Hzshould  be 
optiniired lor the room voluinc, with 
smooth decay a t  all rrcclucncies mid ab- 
sence o f  buss "overhang." 

L.oudspc:ikcrs for iiiulti-channel sound 
should optitnix the stereo aspects of thc 
sound records. 

Equaliiation. when used, should pro- 
vide a "housc curve" conl'orining 10 
SMPTE ANSI PI 122.202M. 

H .  Thc effective cine theater is :I place 
in which state-of-the-urt projection tccli- 
nology is cmploycd.  (Par t  2 or  t h e  
SMPTF. Proposed tngineering Guide- 
I i tic. ) 

1 ,  .Scrrwi Do.vign. Is the scrccn shape 
(11;it or curved) and nintcri;il (tn;ittc or 
gain) appropriate for the viewing cnviron- 
nicnt? 

2. .Scwcvr Hri,q/r/rres.c.. Is the picture 
brightness (screen luniinancc). contrast 
ratio. and color balancc according to 
SMPTI l  Standards? 

3 .  Pii~/ trre.S/mcl i / ie .~.r .  110 the projectors 
provide picture steadiness (junip and 
wciivc) and freedom froni "breathing" 
and "ghosting" i n  nccordancc w i t h  
SMPTE Standards'? 

4.  Pic.rctrc, S h n r p r r ~ s . ~ .  Arc lenses and 
Iampliouses of modern dcsign. and Iiuve 
ihcy been propcrly matched to provide 
optinium im;ige s1i:irpncss (accutancc) 
xccol-ding to  SMP'IE Standards'? 

5 , So rt / i d  Sj 5,s / ( , / I t  C ' I t  urizc/ rris / i c s  . I s t tie 
" H  ch;iin" of Lhc sound systcm optimimd 
ror frcqucncy response, wow and flutter, 
and  distortion according t o  SMPTE Stan- 
da rds '? 
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