
well below the ration level. with an almost 
50% usage reduction below the 1976 con- 
sumption. Also. the dollar savings still ac- 
cme, despite a 40% rate increase in July of 
1977 (Fig. 8). 

Our watcr-conservation program is con- 
tinuing. Process specifications arc under 
constant review. and in some cases further 
reductions in water use sccm possible. We 
arc finc-tuning the lawn system to find sur- 

viva1 Icvel. Our employees are aware and 
concerned and continue to bring in water- 
saving suggestions. Wc are studying "gray 
water" from thc sand-filter back wash and 
from the cooling tower bleed-down, which 
amounts to over 3000 gal/day. and arc using 
this watcr for irrigation. The ration levcl sct 
by Palo Alto is 28% less than the 1976 con- 
sumption. but wc expect to continuc at 
nearly 50% less than that base ratc. 

Our program was not startling. It was 
bascd on sensiblc housekccping and conser- 
vation rather than on "big technology" that 
might or might not have been economical. 
Our program has shown that where inccn- 
tive, concern, and motivation come to- 
gether to solve an immediate problem a 
great deal may be accomplishccl in a short 
time. 

Television Studio Design - 
Signal Routing and Measurement 
Conventional methods for routing signals in a television plant, with their associated 
limitations, may include patch panels, passive switching, and electronic routing switch- 
ers. The production-quality color television routing and measurement system concept 
discussed here utilizes a modern, standard production, videolaudio routing switcher as 
the central system element. This system eliminates the need for testing through the 
production switcher (the conventional method) by providing facilities for accurate test- 
ing of all sources at  the engineering area during full operation. This is of particular 
significance where unattended switchers are in operation. Other precision timing bene- 
fits become possible and practical, further reducing the number of chances for errors. 
The "path length accuracy" principle is demonstrated in a practical operational model. 

Introduction 
Routing signals in a color tclcvision 

plant while attcnipting to maintain path 
length accuracies to prevent color crrors is 
an age-old problcni for thc television cn- 
gineer. As an exaniplc. one foot of coaxial 
cable is capablc of producing a visible flesh- 
toneerror of 2" when introduced incorrectly 
or accidentally into ;I video linc. A niodcrn 
production facility may utilize more than 20 
vidcolaudio sources. providing many pos- 
sibilities for errors. These sourccs will gcn- 
crally consist of recording/pluyback and 
processing equipment or inputloutput dc- 
vices. 

From it studio design and operational 
standpoint, the primary objcctivc is to 
achicvc conditions where signals from all of 
these sources iirrive at the input of the pro- 
duction switcher (where mixing and effects 
with the sources arc to be nccomplishcd) 
with prcciscly the same timing. Timing 
must be considered in two components: syn- 
chronizing information (sometimes referred 

A contribution submitted on 28 Junc 1978 and in 
final form on 28 Junc 1979 by Donald Rourkc, Tele- 
vision Engineering Consultant. P.O. Box 257, 
Wellborn. FL 32094. Copyright @ 1979 by thc So- 
ciety of Motion Picture and Television Engineers. 
Inc. 

to as nionochrome timing) and color timing. 
These componcnts are interrelated but are 
gencrally treated separately.* 

Monochrome errors arc easily detected 
by horizontal shifts bctwecn consecutively 
switched signals. The tolerance for mono- 
chronic timing in a high quality. post pro- 
duction studio is as tight as possible for 
initial editing purposes because program 
material may be re-edited and any position 
shifts may not bc acceptable. A minus B 
mcthods providing high accuracy will be 
shown for this purpose. 

Generally, the color timing error is the 
grcatcr problcni cncountcrcd with produc- 
tion switching and signal routing systems. 
As statcd earlier. 2" ( I  . 5  ns) colorcrrors dur- 
ing program asscmbly are visiblc and thcrc- 
fore unacceptable. Thc dcgrce of accuracy 
required would appear to be something less 
than I" (less than 0.77 ns). I t  is this type of 
accuracy on an ovcrall systcm basis that one 
should expect to achicve. 

Another equally important aspcct of 
plant (studio) dcsign is signal routing and 

'A good source of additional information is the 
pamphlet "Timing Fundamentals in Color and 
Monochrome Tclcvision Systems." RCA Form 
3J5689. availablc from RCA Broadcast Systems. 
Marketing. Bldg. 2-2. Camden. NJ 08102. 

By DONALD ROURKE 

distribution to and from all equipment. In 
ordcr to ;tccotiimoditte real situations. it is 
required that source signals must change po- 
sition from time to time. and in ordcr to 
function cfficiently and effectivcly, ;I telcvi- 
sion plant must bc flexible in terms of inputs 
and outputs. As we shall scc, the production 
switcher and thc routing switching systems 
must be considcrcd together in the overall 
plant dcsign. 

Typcs of Routing 

There arc several tncthods available to 
thc tclcvision engineer to accomplish signal 
routing. The oldest iind most obvious 
mcthod is the patch panel. With great carc to 
detail. adequate accuracy within limitations 
is obtainable. An additional panel will be 
required for audio signals. Some disadvan- 
tages of vidco and audio patch panel switch- 
ing include: cxcessivc rack spacc; slow, 
nonsynchronous switching: no possibility 
for remote or computer control; grcatcr 
chancc for operator errors: the necessity for 
large numbers of distribution amplifiers; the 
incrcascd probability of mechanical failure; 
and the unsightly cabling. 

Another mcthod of signal routing is 
passive switching. Passive switching is not 
rcconimcndcd at video frequencies unlcss 
coaxhl switches are uscd. In this casc. the 
hardware limitations are prohibitivc unless 
thc systems are very simple. A separate 
audio pancl will also bc required. 

The third and currently m o s t  popular 
method is electronic routing where all video 
and audio inputs can be electronically rout- 
ed to any or all outputs. Thcrc arc numerous 
standard production configurations avail- 
able ranging from 5 X I to grcatcr than 
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Fig. 1. Block diagram of the "ideal" signal 
routing and measurement system. The 20 X 
20 routing switcher is u TeleMation 
TVS/TAS videolaudlo routing system. Be- 
sides the vectorscope, two picture monitors 
and a waveform monitor are uscd. 

100 x 100. Most of these clcctronic rout- 
ing switchers provide rcasonablc tcchnical 
specifications in terms of television distor- 
tions; somc of the ncwer ones provide vcrti- 
cal intcrval switching, nunicrous conven- 
ient control methods, and diffcrential inputs 
with high common-modc rejection. Most 
drive multiple lincs and somc provide sclcc- 
tivc audio (any audio to any vidco or vice 
vcrsa). Options may include fcatures such 
as single coaxial party controllcrs; a coni- 
putcrand dataphone control interfacc which 
translatcs RS-232 control data from a com- 
puterordataphonc mode to party line data at 
the 300-baud rate; powcr line drop-out pro- 
tection for the mcniorics for up to 3 h; and a 
mnemonic four-character status display on 
vidco monitors. All of these options are 
available on thc sytcm to be describcd. 

Electronic signal routing has gained 
wide acceptancc and is gencrally preferrcd 
to patch panels and cables. However, with 
all of the aforcmentioncd benefits and con- 
vcnicnces. thcrc is a major limitation inhcr- 
ent i n  most currently produced electronic 
routing switchcrs. The "path lcngth accu- 
racy" from any input to an output varics in 
accordancc with the intcrnal propagation 
delay from each input selected. The varia- 
tion from inputs is related to thc switchcrs. 
Remenibcring that a 2" lleshtonc error is 
quite visiblc, particularly during editing, i t  
can be detcrmined that most routing switch- 
ers cannot be uscd as sourccs for inputs or 
auxiliary inputs at the production switchcr 
or for any cquipment that derives its color 
refcrence elscwhere (cxtcrnal subcarricr), 
such as color television tcst equipmcnt and 
specialized proccssing equipment. For 
some applications this may not pose much 
of a problem, but for the niodcrn production 
facility this can be a serious and expcnsivc 
problem. Dedication and duplication of 
equipments arc created, thus providing far 
lcss flexibility than that which might be af- 

forded by systems designed with "path 
lcngth accuracy" as a primary characteris- 
tic. 

System Design 

The basic building block for this color 
tclevision signal routing and mcasurement 
system is thc TeleMation (of Salt Lake City) 
TVS/TAS 1000 VidcolAudio Routing Sys- 
tem. At the time of writing we believe this is 
thc only routing systcm that can provide thc 
required technical specifications and facili- 
ties. This system contains no patch panels; 
all video switching during the vertical inter- 
val and audio switching are accomplished 
electronically. 

Referring to Fig. I ,  the routing switchcr 
is shown by Xs rcprcsenting cross points. A 
20 X 20 array will havc 400 video cross 
points and 400 audio crosspoints. The Xs in 
the vertical line represent outputs and thosc 
in the horizontal line reprcscnt inputs. Input 
sourccs (VTRs. film, etc.) may be located at 
any distance, with regard to normal consid- 
crations: the synchronizing timing must ac- 
coniniodate thc longest propagation dclay 
bccause all vidco inputs must be coincidcnt 
at the inputsof both thc production switcher 
and thc routing switcher. This applies to 
both monochrome and color timing. 

The routing switchcr may be located a 
convcnient distance from thc production 
switcher electronics, such as in  the en- 
ginccring area where othcr control and 
nicasuremcnt equipmcnt is usually located. 
Location will also bc governed by the loca- 
tion of thc vcctorscopc. This distancc must 
includc the internal propagation dclay of thc 
routing switcher so thc inputs to thc vector- 
scope arc precisely cqual to the inputs of the 
production switcher. This is the basis for the 
precision measurement systcm. 

Rcferring to Fig. I ,  the propagation dc- 
lay for the routing switcher is shown as 38" 
at thc subcarricr frequency. This data is fur- 
nished accurately by thc manufacturer in a 
computer printout form obtained by auto- 
matic testing mcthods. Thc shortest, long- 
cst, differcnce, and mcan data are givcn, 
along with a great deal of otherpertincnt tcst 
data. The maximum tolcrance or spccifi- 
cation for worst-casc dclay is & 1" bctween 
all inputs to an output, which is a primary 
rcquiremcnt for this systcm. The ovcrall 
propagation dclay varies according to thc 
sizc of the systcm. Systems prcsently avail- 
able rangc from a 10 x 10 switchcr to one 
that is 100 X 100. The systcm dcscribed herc 
is a typical 20 x 20 switcher. 

The distancc or delay bctwcen the out- 
puts of the routing switchcr measurcmcnt 
system (shown in Fig. 1 as channels 00 and 
01) and the inputs of the vectorscope may be 
of any reasonable length; in thiscasc it is 7 ft 
7 in (2.31 m). This distancc adds directly to 
all cablcs connecting the production 
switchcr and routing switcher. which are 
shown inFig. 1 as27fteach(8.23 nior53"). 

This brings us to another vcry important 
point. Looping inputs arc not standard with 
thc TVS/TA.S 1000. The manufacturer will 

furnish looping inputs as an option at the 
time of purchase or else parts may be pur- 
chased to retrofit cxisting switchers. Loop- 
ing inputs will reducc all cables looping to 
the production switchcr by I ft (30 cm) or20. 
This is included with the original data to 
produce the total of 38" as shown in Fig. 1. 
For systems larger than 20 X 20 this delay 
may increasc. It is important to stipulate to 
the manufacturer at thc time of system de- 
sign that these looping inputs are to be per- 
fcctly matchcd. Looping inputs will add two 
constraints. All clcctronics must stack vcr- 
tically. This rcquires 83/4 in (22 cm) of rack 
space pcr 10 x 10 plus a 13/4-in (4.5-cm) 
vcntilation unit for every two-card frame or 
cach set of 20 channels. 

Again, delays are specificd to be "plus 
or minus one degree between all inputs to an 
output." A subtle but correct implication of 
this specification is that all outputs will not 
necessarily be within 1" of cach other. In 
practicc. differenccs from as littlc as 0.5" to 
as much as 7" havc been mcasured. This 
reprcscnts no rcal problem, but is a condi- 
tion that thc dcsigner should take into con- 
sideration. 

Channel Assignment 

Channel assignmenis rcquire careful 
consideration; this is again related to cquip- 
ment architecture. If a video sourcc is to be 
switched with several of its audio sources, 
the sequcnce should not end a lo-, 20-, or 
other card framc start numbcr. Consider for 
examplc a situation where tosatisfy produc- 
tion requirements three audio channels arc 
rcquired to bc independcntly selectable for 
each VTR video channel. This may be ac- 
complished by assigning three inputs to the 
VTR and bussing thc video inputs internally 
on thc routing switcher mother board. The 
desired audio sources arc cabled to thc as- 
signed channcls. 

In making channel assignments, it is 
good to establish00 for test A, 01 for test E, 
02 for program line, 03 for preview, etc. 
Wherever possiblc, inputs and outputs of 
cquipment should have the same channel 
number so that the opcrator can remember 
them easily. All system inputs and outputs 
should bc defined in advance to be sure that 
the system will bc large enough. 

Measurement System Performance 

With the switcher card frames in placc, 
cabling to the production switchcr may be 
fabricatcd. This cable run may be preciscly 
prefabricated. which gcncrally produces a 
vcry neat installation. Belden 9231 orcquiv- 
dent cable is recommendcd and is applica- 
blc to the timing information b' wcn.  

The next itcm is the selection of thc plant 
rcfcrcnce. It is convcnient to start at a film 
chain, but this may not be the longcst dclay 
or farthcst source in the systcm. Because all 
inputs must arrive simultaneously all othcr 
sources must be delayed sufficiently to ac- 
commodate the farthcst source. in time, by 



whatever method was selected by the sys- 
tem designer. Once the reference is selected 
and connected, it may be color timed to 
agree with the color background generator 
of the production switcher. (It is assumed 
that the production switcher is properly 
timed throughout in accordance with the 
manufacturer's specifications and is prop- 
erly timed for the reference. Reference ver- 
ification may be measured at the preview 
output where initial timing errors are more 
easily seen.) 

In order to establish a precise reference 
for the measurement channels, the cable 
connecting the reference source at the pro- 
duction switcher position is moved to the 
"A" input of the vectorscope (terminated). 
With the vectorscope reference set to exter- 
nal, the "A" phase is selected and the phase 
control is adjusted for exactly 180°, as indi- 
cated on the graticule. The reference source 
may be temporarily reconnected to the ap- 
propriate production switcher input. The 
phase reference now established on the vec- 
torscope must not be altered after this point, 
and the rest of the matching procedurc 
should be gone through expeditiously and, 
if possible. without interruptions. Briefly, 
the procedure is as follows: Thc plant refer- 
ence set to color bars may now be switchcd 
to the test A and test B outputs. Connect thc 
calculated test A and B cables (terminated) 
to the vectorscope A and B inputs. Display 
A channel. If the data and calculations are 
correct, the error will bc less than I". If this 
is not the case, the simplest solution is to 
recalculate the test cable length using the 
displayed information. Thus for every 2" of 

clockwise rotation, the cable is 1 ft (30 cm) 
too long, and for every 2" of counterclock- 
wise rotation, the cable is a foot short. 
When the procedure for 00 channel A is 
completed, repeat it for01 channel B. The A 
and B cables may not be exactly the same 
length when they are completed because - 
as noted - there may be a small difference 
i n  output timing. Once this is established, 
no further change will occur unless the 
equipment is defective. 

When this match is complete, the re- 
mainder of the test measurement system 
may be connected as shown in Fig. 1. To 
permit accurate A minus B measurements at 
the Tektronix 520 vectorscope, the 1480 
waveform monitor, and the 650 picture 
monitors, it is required that the cables be- 
tween these devices be kept to exactly the 
same lengths. The prcfabricated (matched) 
cables Connecting the routing switchcr and 
the production switchermay then be perma- 
nently installed. 

The remainder of the system's inputs 
may be connected, timing each against A. 
the plant rcfcrcnce. Each may be verified at 
the output of the production switcher. There 
will be small quadrature crrors distinguisha- 
blccvcn among the best color bar generators 
and encoders. These will be precisely the 
same, barring switchcr errors, both at the 
measurement system and at the production 
switcheroutput. These errors should not cx- 
ceed I". 

It will no longer be necessary to process 
signals through the production switcher to 
verify their setup and quality unless, of 
course, one is testing the switchcr itself. 

The precision measurement system is 
just one benefit of this system. It is practical 
to accurately color-time inputs of all equip- 
ment in the studio and to expect them to re- 
main within I" of any other source. The 
same principle that is utilized in the mcas- 
uremcnt system applies to all outputs. This 
is particularly significant for processing 
equipment that references to an external 
subcarrier. Another application is with 
some VTRs in the edit mode where the color 
error range is limited. All plant-referenced 
equipment will benefit from a known stable 
input. 

Summary 
The foregoing is a description of what 

we regard as an ideal functional 20 X 20 
system. It has been in operation 24 hours a 
day for more than three years at the Vet- 
eran's Administration Center for Endo- 
scopic Programs of the V. A. Medical 
Center in  Lake City, Florida. It hasnot been 
necessary to process source signals through 
the production switchcr, unless the produc- 
tion switchcr itself was to be tcstcd. Coni- 
prchensive testing for basic timing, color 
phase, and othcr color television signal pa- 
ranictcrs are easily and reliably accom- 
plished whilc the production switcher is i n  
full operation. The production switcher is 
mostly unattended and undcr computer con- 
trol. Reliability and long-term accuracy 
have been most satisfactory. 

The principle of "path lcngth accuracy" 
greatly simplifies color television plant de- 
sign and substantially improves operational 
reliability and convcnience. 
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