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Building
HD remofte
frucks

By Jim Boston

ow that the ficg wave of DTV stations are moving from the planning o the
|IIL|'."|EJI1L'IIl.:I'.IIII1 stage, with air dates this Movembes, thowgchis are 4|I|,:|:;kl.:.' tarning
to filling the ATSC programming pipeline, As we all know;, stations are wrestling
with which entries in ATSCs Table 3 1o offer wiewers. Looming over these
considerations is the fact that Congress has let it be known that they want their
HDTV. Network-affiliated stations will naturally Iook o their networks for coes as to the digital
infrastructure they will adopt. In most cases, HD will play some part in these plans.

HID paths imply HI} programming. A lange inveniory of programmang shot an 35mm Glm
provides an excellent start for the HDTY roll oot But to provide the same varsety in HID as 50
{stamdard dehnimon}, s important o stam baalding decronic HD production facilimes. Ie's
generally sccepred that HIY really demonstrates its value in feld produenon. Unnl recently, HIL
ield acquisinion was an EFP type aconry. Now, complete mobile HD production Facilvoes are
getnng cexdy to hit the road. These facilines are commonly known as remote or OB [outsice

hroadcast) rocks. A few years ago traditional, analog OB rocks saw their Arst d Hll.l.l u!!hprhg.
Mo this Ji:'.'. tal generation is about to witness another big evelutionary step with the arrieal of
the higher bit-rare HD digtal eruck, This artscle wall examine the logistical and engineering
challenges facing the buillders of these trucks.

Three-in-one

First, let's come to grips with the scope of & project like this. For those who have added digial
infrastructure tooan existing analog facility, vou know the result s penerally a dapiral laver over
the existing analog layer. A common lament in this case s thar if bailding from sceatch, one coald
build a digital-only plant. Bur those who have had the loxury of building a digital facility from
scratch wall tell you that evenin this case, you sull end up with baoth :“""I"'H amd I,J:iF,IIJl |:l:.'¢'rx. The
same holds true when budding an 51 digatal enack brom scratch,

Many have already surmised what must happen when building an HD rruck, You still need an
analog NTSC layer, o serinl duygital interface (SD-SDH) layer, and an FHD-SD] layer. To build an HD
truck, vou really have to build three trucks in one.

Let’s look at whiy this is wo, Although most sources will have an HD path through the tuck, not

Photo: Remctes will ba the first, and probably the mos! Impordan, source of new HD programming.
Trucks Bke the National Mobde Televisions's Di-4, equipped by Sony, will be reincamated in HD
versions, This slory Hustrces (b design process regpdined 1o Bring an HD ireck from condepl 1o reality.
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Building HD
remote frucks

all sources have HD outputs yer. Al-
moar all have SD-500, so some sourcs
will also need paths to an HDY upcoa-
vereer, Additionally, just becanse you
have an HD truck dossn'tmean you still
want have 5D cosomers. Therefore,
many outputs of the truck will have o
be dewnconverted back o SD. Up/
down converters are not cheap; they
currently top out at over $100,000,
This forces a desire to limint the fufiber
of thess ssed on a fruck. This alwa
means that an 5D digital routsr is re-
quired, along with the HD rowter,

Today's remote trocks often have up-
ward of 150 moaitors onboard, Few of
thess usually need to be high-qualmy
evalration MOREos. %0, I Makes eco-
nomic sense o wse lower-priced maont-
tors (often with analog inpurs) for less
critical applications, Because mos: HD
(and 50 digtal] gear also has WTSHE
analopg outputs, thisinfrastructure, com-
plete with its own router, 15 uspally
desired, Surprisingly, the HD router
matrix may be the smallest, and the
NTSC rovter matrix maybe the largest,

In some cases WTSC waveform mon-
itorng still makes sense. Many video
operators find char camera balance and
matching are easier 10 perform using
T test equipment than 5D or HD
digital companent test equipment. This
15 becawse haselines are easier o quan-
tize, Phus, the WTSC test =|:|||i]1:1:'||':|'|1' 1%
musch cheaper, Generally, the onlly paths
thar are solely in the HD layer are those
rangential m the prodoction swatcher
and DMETWE

The audio sde af the truck undergoes
& samilar sratificason, The main andio
layer today is AES, bur often a szable
analog audio layer is also peesent. The
rwo audio layers will generally each have
their own rosting matrices. A third level
will probably evolve over mme az 5.1
surrosEnd sound, which requires six chan-
mels of audio, might have to be encoded
inte one or rwo AES channels. Most
VTRs roday still acceps only four sepo
race aisdio foeds. This lexds us hock to
the video. If o nerwork distribunon stan
dard {netvweork to affilae feed) booomes

dominant, this might extend back to the
L) e -
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feed, hstorcally known as the “back-
haul™ This would mean an AT3C-type
signal might need to emanate from and
ke processed on the tuck. Add a ma-
chine-comeol lagyer o the mock, and we
have exghr layers of sipnalks, each praba-
by PECIFINg FOUEILE capabilicy,

HD means heavy-duty
demands
Supcrficially, we have just stated whart

mentioned in the previous paragraph
would cost 54,000,000 o 55,000,000
om an BT rruck. An S0 digial equiy-
alent would come in ar 56,000,000 to
7000000, The HD example could
easily approach double the prce of an
WNTHC trock, Most big trucks on the
road today have tranlers thar range in
[engrh from 48 feet to 54 fect, and have
expandable sides to increase the mten-
or “people™ space. A ballpark figure of

All trucks start out as shells. Here, tha NMT HD-1 truck ks shown inthe Giding Associstes
factary being modified priar to equipment Installation. These modifications induded
pidng “expands” sections, which afo needed as much for more people as for

BEUIpmENT.

fabric needs to be woven into an HD
ruck. However, the trock has to be
deemed useful and worthy of its chems.
What ameninties must be loaded ingo the
van to accomplish this? Most first-rare
trucks today must canry ap leasy 12
cameras, bur trucks carrying over 20
cameras ply the interstates. A doren
onboard VTR is not uncommon and
operationdl space and searing for 2 cou-
ple docen peaple is nor considered un-
reasomable, On top oaf el ir g assummed
that the mobile facility will be exereme-
Iy flexible and highly faule rolerant,
hence all the routirg and patchmgonall
the layers previously mentiored. And
we have to keepthe intersor warm in the
wirter, and more impostantly, cool in
the summer.

As expected, everything about an S[-
S truck is maore than an NTSC ruck,
and everything in an HO-5D1 erock s
more than an SGAD erock, Let's starn
'|'|.IIEI'I 18T o nl.l:!l el T o1 o] !ull.'illrif"-

the weight for an empty teailer of this
size is 40,000 pounds. Most trucks this
size will end up approaching the bridge
weighe limit in the Umted Stares, which
B 20,000 pounds. Generally, an WNTSC
truck could jusr make this weight and
still garry all its assigned equipment,
but SI digieal erucks have aharder oime
aceomplishing the same feat.

Many trucks today travel in tandem
with uniliey tracks, Or some of the -
erarions or functions, such as graphics
aor VTRs, are off-loaded onto a second-
ary rruck. Whereas an NTS5C truck
might need 20 racks 1o house the need-
ed equipment in the trsck, an SD-5D]
truck of amilar capabiliny conld require
up toa dozen more racks, Thisobyiogs-
Iy cuts into the peaple space, hence the
sangle-, then donble-, and e eriple-
expando trailer

The first expandable trailers had sin-
gle-expands sides that came out from

IO, P St s, RN | (PSR I



cxpandable sepment of the railer was
the area where the monitar wall would
be i a4 producton compartment tamed
The third expando trailer
area 1% now ouf the back of the truck
An HD truck wath simalar capability o
oar WTSC example and SO-5D0 oruscks
could require up o #0 racks full of
e AT,

There several ways dear all this new
equipment will place new demands on
the rruck™s design. Where an NTSC
treck s rack-mounted equiprsent would
be in the 8.000-pound rangs, the 50-
SO0 eruck mght weigh moar 100400
pounds, and the HD-501 truck ¢ould
pidd several addinional thowsand pounds.

Bore equipment naturally means mors
power, but digical 5D and HIDY add
another element. Component 50-501
has 3 clock eare of 270MHz. HD-501
{all high-definirion formars, slong with
all ATSC bormars are companent) has 4
clock rare of up o 1L.458GHs, High
¢hu.:E rates l-:':il.‘l Ece I'l::-r.,.:.- -:ql..ipn'ler.r 1]
run in bigh current conduction itates a
preater percentage of the tme, mncreas-
ing the power deaw of that equipment,

lergthwise.

age of that comsumed power in any
faciliy actually ends up 55 useful mg-
nals. the generated heat is considerahly
higher in $0:5D and HD=5DT rucks.

These high current requirements found
on digeral rucks mean that giving the
truck the opron of runnimg on single
phase 1s no longer a viable option. Mosr
of these new rucks will require three
phase service. Whereas 10 rong of cool-
ing capability would suthee for the
BITSC eruek, 15 wns would be prudent
on the 80500 vepnon, and 20 tons on
thie HDSD version, Actually, the envi-
rommental power requirements. lights
ard air condinoning, vsually consame
the bulk of the power. Our hypothencal
HID trucks vech power would probably
be around $0EW. The other +308W
woasld be to juer maintain the inesnal
ENVIFOTIMERAL.

Thete is another reason why the huas-
dle s eaised when contemplatmg the
HD 1.14.'|]i|::|- T|'|r.'rr i ENErgY oantend an
an HD signal that only half jokingly
seers closer to light than DC. In an

MTSC truck. any energy running
through the coax that was hgher than

The videvlape and conlroll area conlain nine racks. The first five moks, shawn above,
contain five HOW-500 recordors and sssociated monftors. The next four racios provide
video control for up to 16 cameras. Note the large black box on the right. it s used to
houss one of ftwo HOM-20E1U high-cefinition mondtors,

An WTAC cruck mighe consume 75kW
to S0kW of power under full operation
he comparable SD-SD1 oruck would
reqquire in excess of kW, The power
requirements of the HD-5D1 rruck

winidd prabably require at lease 1 30kW

o wervece. An extremels simall cercenit-

108Hz was noise or spumous nar-
monics. Inoan 30D-50H rock, energy
over 1GHe down the ooax was nor-
mal. INow with HDY, enecgy approach-
ing 4GHz s desired.

Why o high? SMPTE 2598 and
CAMAPTE 29288 (S and HID serial frans-

mitssion standards) specify bit-shuffling
algorithms deapned to creare bors o
“edpes,” which are needed in a =lf:
clocking system. In fact, enough edpes
are created so chat for all pracncal pur
poses, borh signals can be conadered
square waves. Each big cell, 172706/
for S0-500 and 171.5E9%ec for HE-
S, can be thoughe of as half the pemod
of that square wave,

What does it ke o make square
waves? From Fourers teachings, we
knoow that signals with even syrmmstry,
such as o square wave, require 3 funda-
mental simewave and the odd harmonics
to construct, [has, oomponent S-S0
requires 2 135MHz fundamenral sine.
wiave, and the odd harmonics. The thied
harminniz, which is 305MHz for com-
panent SD-500 i the most importan
one When the thisd harmonic’s ampli
tude Jr-::-p'. below GAR above the nose
tboor, the dreaded “ervoe chHl™ hias beer
reached, as the S0 signal has effectavely
stopped bemg a square wave and has
become a sinewave, This prohibits the
serial recerve circuitry from reliably de.
tecting “edges,” and self-clocking at the

receiver bacomes problemanc,

Hiwe is HO-500 different from S0
thisregard? Muloiply by six and you're
theee. HD-5D1% fundamental i
around 7500Hz and irs third har
moaie is 1 mere 2.250GHz. This will
severely limir vour chowee in cabling
Keep in rmind thar thas six rimes differ
ential equates 1o picture qualy also
Whereas a SMIFTE 255M SD-5D1 pig:
ture would have 691,200 active ole:
ments in a frame of viden, SMFTE
2038 HD-5D] has 4,147 200, Ths
means that awide shos of the ballpark
in HD will be nearly as good as siting
in the stands.

Weighty issues
This segues into cable size and
wenzht, another challenge in building
the HD-5D Fagiliny, be it on wheels o
cement. An interesting corollary i
racked equipment weight vs, overal
cable weight. They usually are dose i
cach other. Ona rruck ivis imperative tc
eliminare any unnecessary waght. Oni
way 1o do this is 10 wse the lighnesr, ang
therefore wsually the thinnest, cable
possible. The grade-off 15 thar thinne
cible tends w6 have greater loss as s



Building HD
remote frucks

function ef frequency, Thin coax for
NTSC temled not o work as ic rolled
the chroma off. Then it seemed to hir its
sinide with SD-5DH. However, ir sl
tended to roll off higher frequencies
much faster than lower frequencies, bur
the lengths wsed on trucks didn't cause
the third harmonic in SD-50] signals o
artenuare toa level anywhere near prob-
lem bevels. This is not 80 with HD:ADL

Whereas an 53D-5D1 signal might oray-
el 6 Feet down mini ¢oax with no
problem, an HO5DM signal would be
limived to 20K feet down the same coax.
50, as far as rrucks are concerned, the
renaissancs of minicable seems ro be in
the S0-5D domain. As alluded 1o ear-
lier, cable weights for NTSC, SDW5DI,
and HD-5D crucks should be in the
§,000-, 10,000- and 14,000-pound
ranges m associaton with the weight of
the racked equipment. Cable weight oa
an S0-5D] pruck might break this rule
due ro the use of mani cable,

Cable size found on the truck is not
only dictated by the flavor of the video
coursing throagh it — sudio has similar
problems, If AES-3 audio is used over
twisted pair, it requires true 1 100] ca-
ble. This is because AES audio pumps
energy inmo its cables comparable o
NTSC video. Reflections at these fre-
quencies become important. 1100] ca-
ble tends v be larger than 60081 cable.
With analog audio, the upper frequen-
cy limit is cypically limited to 20kHz.

Ewen if cable with the wrong imped-
ance 15 used, the reflections are such 3
small pereentage of overall patk lengeh
thar chey are not noticeable, Burar AFS
frequencies, they would cause prob-
bems. This means that AES requires the
right impedance, and therefore, larger
deamerer cables must be used. The re-
sult is that AES audio adds to the cable
weight and space required on the pruck.

AES adds complexity in some other
ways also, Large AES mixers can be
thought of as audio routers with inger-
nal digital processing. This means that
outputs are not bard-wired o any par-
ticular purpose and can waally be spece
ified 1o be analop or AES,

Deciding which layer AES mixer out-
puts belong i can be confusing, AES

maxers ane serious DSP devices, and
'I:|‘|I:]-' tend 1o be driven by elaborate
computer-based systems, This means
thar UPS power systems need o be
employed oo ensure that power glitches
do not become major audio events
Auxiliary analog mixing systems used
as fail-safe backeps should always be
emploved on HID mrucks. Equipment
with AES interfaces also requires a ref-
erende oming skgnal. This cap be eithed
AESS Word Clock or an analog video
reference, It is often customary to feed
the video reference into the AES mixer,
and o use che mixers AES Word Clock
reference output to lock the other equip-
e,

AESallows Hexibility not possible wirh
analog audio and it allows audio ro be
embedded into the video. Up to 16

pensive than S-500 or W TSC ey egquip-
mient, AES rest eguipment is more gx-
pensive than analog andio eguipment.

Cameras and test

Cameras become slightly different
animals in the HD world, The tnax
camera & no moce. Trnax s basically
coax withan addivonal shield. Although
the losses with tnax are shighrly lzss
than regular coax, after a few hundred
beet, the HD=50 signal will have fallen
apart. Also, as discussed carlier, rhe
HI-500 signal will consume miost of
the available handwidch of the cable, In
triax camera systems, we nog only meed
o get HD video from the camera head
o the camera-control umat, we also
usoally wane o serd control, meturn
viced, injercaim, and aohten audio, ot to

The NMT HD-1 truck will be quipped with a full complemant of Seny high-definitan
cameras. Shown here is the Sony HOC-TR0 being used to record the 1508 Rose Bowl

paracie.

channels are suppored, but the major-
ity of equipment today uses only four
channels, Eight-channel use is just pow
beginning o be accommodared, How-
ever, embedding and unembedding this
audie adds po system complexaty, Mus,
routing at the SIM level doese't tend o
support embedded audio breakaway.
AES routers are generally smarmer abour
the sersal bigstream than STVHID-SD]
routers [AES routers often decode rhe
bitseream, whereas most S0 roarers
don'th. A final consideration is thar like
HI? pest equipmene, which is more ex-

!I'||!I:I'Iil.'|ll|'!u:l'-'|.'r:'r. divwn the AT '|'li|_1-'_'|::|r
copper, Triax just isn't gomg th work
for HD. A special fiber/copper cable is
needed. This cable has two single mode
fibers, two wires for camera control,
and four conductors for power. [ts di-
ameter 5 approximarely 036 inches,
and itcomes in 50m or 250m bengths, A
250m cable weighs 57 pounds, At least
seven of these 25 0m cables can be con-
nected together, which means camera
runs of cver 9000 feet (limited prima-
rily by copper sized are soll possible.
Syne and test generators in the HID
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Note the expanding section shown above s primarily “peophs space™ and adds about 180 square leet of working room, NMT s HD-1 wil

8¢ the Nirce digital Nigh-gennitien ruck 1o At the road. The project was handled by Sony s Systems ntegrallon Canter,

realm arem't ver as capable as their S0 Omne additional note about momtor-  monitor in three sepamte positions 1n

ancestors, It soll might be necessary o ing m this new world = truck custom=  the truck durang the production. This is

wse an analog or digital 5D sync gener-  ers usually want the ability to view all  insurance that the signal is wsable in all

aror as the absolure reference. the farmats on 4 video and waveform  worlds. This multiformat monitoring s
usually locared atthe TIWdireoor, shad-

EQUIPMENT I..IST: ing, and (C positions.

Routing Switchers: NVision Envoy 6464HD seral high defintion; Sany DVS- HI» integranon is like everything else
54648 SDN 4:2:2 and DVS-A3232 (dual) AES Audio; Ditech 5881 128x160 NTSC we comparsd berween HD-SDI, SD-5D,
Production 5‘“:.'“5"“'!' Hmm digital video switcher and TS Ir just rakes more planning,
II]M'E“‘HE :"I'IHIE'I JWEH:D.I.-'I.EIE : I?ID::I- ok I'"h :!E DME more understanding, and more fortinade
Recorders: Sory HIW-500 digital HID videntape moondes and M than the earlier S0 formarts, not (o men-
Digital Betacam recorders tion more money, But if we can enlist the
Special Effects: eighi-channel HD DOR (vendor TEDY; Chyron Infinit! chasacter viewerstosubscribe to the advantages of
mli! {”P':;Em to HU) i high-definiion viewing, everyone will
Spstete Digi-Ca benefit. u

Audio manitoring-spot locations: Wohler paneks
Audio reconder: Somy PCM-BOD
Waveform manilors: Tekdromix The antbar wonld ke fo thamk Peter Lindr,
DAs: Sony digital and anabog viden DAs ard monior DiAs; Mlﬁmﬂﬂ-.;nﬁ semior wuce presidest of Systems Emgineerimg
A%; Leibch analog sudio DAs and .i'hr.l:rrnlg,lim'_p Eleatromics’ Brandcass
wonilors: Sory HDMIOEIL, HDM2830 HD, BEVMTI4ETL SDIMNTSC and PV o Professionl Croug: fis Oster, Alam Boweke,
sorios MTSC monitons e Mde, i:l'mm ?’r.::., a.rrI:I;l'urﬂ:‘lfr?J,
Encoder/Diecad oy HKPF-525 HD o bk CHPIFESE LA w5 Systewes Imfogr .mr..rn:
HKPF- 103 HD [3K's: Socll and Wilcom HDS050 upconverters and HDZ2100 Up T
mmﬁ@ﬁﬂﬂhm&mﬂ#ﬂ HLD fiesd cameras and

HD carmeras (modsl T8 Hariism '
Lenses: Fujincn HAEGxU5ESM high-definition lens and HA20x7SERD HD hand. e enshedpr il oty S g,
huelrl bns vt & Profeistonal Grmup, Somy Elecironivs’

breroom: BxA0 BTS Adam inferoom matria Inc.




