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How to use this document

The purpose of this document is to explain the DMX512 speci-
fication and to offer examples and professional advice on how
to set up a successful DMX512 system. While it also offers
advice on certain aspects of the design of actual DMX512
equipment, it does not necessarily contain all the information
required to design DMX512 compliant equipment.

This document is a joint PLASA/USITT Recommended Practice,
not a USITT or PLASA standard.

Readers wishing to design DMX512 compliant equipment
must also refer to the original DMX512 (1990) standard and
the EIA485 (R5485) standard.

This document does not replace the USITT DMX512 (1990)
standard, and in all cases where there is any conflict, the
USITT standard shall apply. The USITT standard is available
for a nominal sum from the address given in the “Useful ad-
dresses’ section on page 79.

Parties wishing to participate in the ongoing development and
maintenance of the DMX512 standard by PLASA and / or
USITT should contact those organisations.

Many issues should be considered when designing a perma-
nent installation, and careful reading of pages 8 to 18 is essen-
tial.

A quick summary is provided on page 75 for easy reference.

Nearly all problems encountered by DMX512 users and
installers are due to simple cable faults, poor cable lay-
out or interference. There are also a few products on
the market which do not conform exactly to the
DMX512 specification.
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DMX512 protocol:

The DMX512 protocol was first developed in 1986 by a com-
mittee of the USITT (U.S. Institute of Theater Technology) as a
means to control dimmers from lighting consoles via a stan-
dard interface. Before DMX, dimmers were either controlled
via individual wires carrying a control voltage or by various
proprietary digital or multiplexed analog links.

The analog, wire per dimmer, systems were bulky, expensive
and non-standard. They necessitated adapter leads, amplifiers
or voltage inverters in order to interface dimmers of one make
with consoles of another make. In addition, a fault on the ca-
ble or connectors was difficult to repair.

The digital systems available before the widespread adoption
of DMX512 were all different and incompatible. Furthermore,
manufacturers were reluctant to reveal exactly how they
worked for fear of commercial piracy. This left the end-user
with very few options. If they wanted a certain console they
often had no choice but to use dimmers from the same manu-
facturer.

DMX512 is not a perfect solution for entertainment control but
it is by far the most widely used. Its original design was delib-
erately kept simple in order to persuade the largest number of
manufacturers to adopt it. The simple design was attractive to
manufacturers because it reduced the need for large invest-
ments or drastic re-design of their existing products.

The shortcomings of DMX512 have been widely discussed in
various trade forums and some of these issues are dealt with
later in this document. However, most problems found with
DMX512 systems result from bad practices or a lack of under-
standing about what can and cannot be done with a DMX512
network.

© PLASA 1994 7
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Cables:

A successful DMX512 system starts with a good quality cable
of the right type. If system reliability is important there is no
substitute for good cables and connectors, correctly built and
installed. DMX512 can be shown to work on inferior wire,
even bell wire, but such systems will one day fail unexpect-
edly in the middle of an important show.

The cable should be suitable for EIA485 (RS485) use, with one
or more low-capacitance twisted pairs, with overall braid and
foil shielding. Conductors should be 24 AWG (7/0.2) or larger
for mechanical strength and to minimise volt drop on long
lines.

A second pair of conductors may be present in the cable as
spares or to carry other signals. Some dimmers send fault and
status information back via these lines. Check if your DMX512
equipment uses this second pair (most do not at present).

When cables are to be laid in permanent installations, or are
for rental inventory, it is advisable to use a 2, or more, pair
cable as the extra lines are required in order to ensure com-
patibility with future DMX512 specifications. Some manufac-
turers are already implementing talkback via these spare
wires. The additional pair(s) could also prove very useful if
the main pair develops a fault.

The shield is wired pin 1 to pin 1. The conductors are wired
pin 2 to pin 2, pin 3 to pin 3. If the second pair is present the
conductors are wired pin 4 to pin 4, pin 5 to pin 5. The shield
must be connected at both ends even if the receiver - does not
_use the _groimd connechon, as_otherwise extens_lg_ll‘_ cables
would not be shlelded D

The shleld must not be connected to, or be in contact with, the

“shell or Hody of either the male or female ‘connectors because

cha531s mounted connectors are _generally mg;teg_to mams
- P

R —
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ground and this could cause problems with ground loop cur-

" Tents. (see page 19).

Cable types:
Type: |Pairs: |ZQ: |]acket: | AWG JUse: |Temp:
Belden cables:
1162A |1 100 |PVC 20 UL2498 80
1215A (2 150 |PVC 26 IBM type 6 75
office cable
1269A (2 100 |PTFE 22 High temp, 200
(solid) |Plenum cable
8102 2 100 |PVC 24 UL2919 80
8132 2 120 [PVC 28 UL2919 80
8162 2 100 [PVC 24 UL2493 60
8227 1 100 |PVC 20 UL2498 80
82729 |2 100 |PTFE 24 High temp, 200
Plenum cable
88102 |2 100 |PTFE 24 High temp, 200
Plenum cable
89182 |1 150 |PTFE 22 High temp, 200
Plenum cable
89207 |1 100 |PTFE 20 High temp, 200
Plenum cable
89696 |2 100 |PTFE 22 High temp, 200
Plenum cable
89729 |2 100 |PTFE 24 High temp, 200
Plenum cable
89855 2 100 |PTFE 22 High temp, 200
Plenum cable
9182 1 150 |PVC 22 UL2668 60
9207 1 100 |PVC 20 Flame-proof |75
9271 i 124 |PVC 25 UL2092 60
9729 p) 100 |PVC 24 UL2493 60
9804 2 100 |PVC 28 UL2960 60
9829 2 100 |PVC 24 UL2919 80

© PLASA 1994
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Type: |Pairs: |[ZQ: [Jacket: |AWG |Use: Temp:

9841 1 120 [PVC 24 UL2919 80

9842 2 120 |PVC 24 UL2919 80

Proplex cables:

PC222P |1 110 (Poly- 22 Heavy duty  [105
urethane and portable

PC222T |1 110 [PVC 22 UL2464 105

PC224P |2 110 |Poly- 22 Heavy duty |105
urethane and portable

PC224T |2 110 |PVC 22 UL2464 105

PC226T (3 110 |PVC 22 UL2464

Alpha cables:

9109 3 100 |FEP 20 High temp 150

9816 1 95 |PVC 18 Large diame- |80

ter

9817 1 100 [PVC 20 UL2498 80

9818 1 100 [PVC 20 UL2498 80

9818D |1 100 |Poly- 20 Direct burial |80
ethylene

9821 11 124 |PVC 25 UL2092 80

9823 |1 150 |PVC 22 UL2772 80

This table is not an exhaustive list of all the cables suitable for
DMX512. Any twisted pair, 1200hm, shielded EIA485 cable is
suitable. The required cable gauge will depend on the length
but it is recommended to be 22 AWG, 24 AWG minimum.

ZQ is the characteristic imEedance, see termination section on
page 12

_AWG stands for American Wire Gauge.

The above cables are available from electrical suppliers and
specialised theatrical equipment suppliers. For addresses of
cable manufacturers please see page 79.

10
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Connections:

DMX512 lines connect with equipment via XLR 5 pin type
connectors. A female connector is fitted to a transmitter and a

_male connector to a recenLer DMX512  pins viewed from outside

specxﬁes a 2 pair (4 conductor) cable Q 2
with shield, although only one pair (2

e . . @ O ® O
conductor) and shield is required for \ 5 o @ A~0
standard DMX512 signals. The sec- @ ©
ond cable pair is reserved for un- Maeinput Female output

specified optional uses. See page 8 for
other considerations involving the second pair.

pin  |wire signal

1 shield ground/return/0V

2 inner conductor (usually black) data complement (-, inverted)

3 inner conductor (usually white) data true (+, non inverted)

4 inner conductor (usually green) | spare data complement (-, inverted)
5 inner conductor (usually red) spare data true (+, non inverted)

The 5 pin connector is described in the original USITT
DMX512 standard and should be the preferred connector type.

Some equipment may be fitted with 3 pin XLR connectors to
all ow t fhe use of standard WQ one cables, and in this case

The use of 3 pin connectors is not recommended and is not part of
the USITT DMX512 standard.

Microphone and audio cables are not suitable for DMX512 trans-
mission. It is strongly recommended that only cable suitable for
high-speed data transmission, such as one of the types listed above, is
used.

It should also be noted that DMX512 signals may be routed
down other cabling systems, for instance to colour changers,
typically via 4 pin XLR style connectors. The same rules apply
regarding cable characteristics and generally this will require
the use of cable specially designed for this purpose.

© PLASA 1994 11
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Termination:

Incorrect or mlssm termination is probably the single most.
L'Ef;m’mon feason for faulty DMX512 systems.

] (pins 2 & 3 of an XLR 5 pin connector) at the end of the cable
‘\ | furthest from the transmitter.
3

g l The terminator is a resistor fitted between the two data lines [

If a terminating resistor is not fitted, when the signal arrives at

3 | the far end of the line it is 'reflected' back down the line to the
® | transmitter. At certain line lengths and conditions the re-
‘~ | flected signal can cancel out the real signal, resulting in errors.
X | A terminator resistor 'soaks away' the signal at the far end of

the line, preventing reflections.

The resistor value is typically between 90-120 ohms Y1 watt.
Strictly according to the EIA485 specification (see page 42) the
line should be terminated at both ends with 120 chms. How-
ever, as DMX512 systems are invariably used with the
transmitter (i.e. the console) at one end of the line it is only
necessary to fit termination at the far end.

It is recommended that all DMX512 systems are built with the con-
sole at one end of the line, and the terminator at the other end.

istic impedance' of the cable (see column ZQ in the cable lists

| onpage9). The characteristic impedance is the impedance of a
line of infinite length, which, by definition, would not suffer
from reflections. Placing a resistor equal to the characteristic
impedance at the end of a line of finite length causes the cable
to behave as if it were infinitely long, from the transmission
circuit's point of view.

Cables for DMX512 have a characteristic impedance of 85-150
ohms approx. RS422 (a predecessor of EIA485) is optimised
for 100 ohm lines, EIA485 for 120 ohm lines. As both RS422
and EIA485 transmitters exist in the field, an ideal cable is
Proplex PC22xx/x as this has a characteristic impedance of 110

The termination resistance should ideally match the 'character- {

12
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ohms. This cable terminated with 110 ohms represents the
best possible compromise for use in the field, although any
value between 90 and 120 ohms will work satisfactorily.

DMX512 systems may appear to work fine without the termi-
nator resistor (indeed it may be forgotten or lost without any-
one noticing at first) until they unexpectedly fail.

Always check for the presence of the terminator resistor. A

g simple resistance check at the transmitter end (disconnect the /

,/ cable and measure resistance between pins 2 and 3) can reveal {
the presence of the terminator resistor, or faulty (too much or
too little) termination. This resistance should be around 90-
120 ohms on short or heavy-gauge cables and may be higher
with very long cables due to the additional resistance of the
cable conductors themselves.

Some devices are fitted with a switch to select an internal
terminator. This switch may be labelled 'end-of-line' or 'last-
rack'. It should only be switched in on the last device on the
line.

Another common type of terminator is an XLR male plug fit-_
Legwlstor which can be plugged in to the output of
__the last device. This is 51mp1y a male 5 ng with a 120 Q
" resistor soldered across pins 2 & 3. Every lighting electrician's
toolbox should include one of these 'dummy plug' terminators.

Example DMX512 network showing termination resistors:

analogue dimmers
demultiplexer
®
N .\rt’ape_ate'r digital dirmmers  (TR)
console | ,\D b
@ P  ® ®

colour changers

/Ma/w«e/ =

© PLASA 1994 J/\‘%%/é/ 13
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DMX512 Networks:

DMX512 will only function correctly, especially with long ca-
bles, when a single line is employed from the transmitter to
the last receiver. A line can have up to 32 unit loads (less if the
receivers do not ‘comply with the EIA485 spec. - see ‘Optical
Isolatlon, page 19) hung off it anywhere down its length. A
typical EIA485 receiver represents approximately one unit
load. These devices should connect to the line with very short
(less than 30 cm - 12”) cables in order to prevent the creation of
"Y' splits (see below), but in practice this length can be ex-
tended to several metres. This is normally accomplished in-
side the devices which, if fitted with input and output
connectors, can be daisy-chained together.

The EIA485 link as used by DMX512 is capable of operation on
lines of up to 1km (3281") in length. This is the recommended
maximum. In practice it is prudent to keep the line length be-
low about 500m (1640°), beyond which signal amplifiers .
(repeaters) should be considered.

When very long lines are employed, care should be taken to

select a cable with sufficient conductor cross-sectional area.
_The r_g_s,lﬁtgp_cg,oi_tb.e_aable should still allow at least 0.2V to be
developed across the 120 ohm terminator resistor at the “far
end of the cable when driven with as little as 2 V at the
transmitter. Do not use a cable with conductors less than 22
AWG. in size on long lines. The d.c. resistance should not be
_confused with the characteristic 1mped§,g e, D.c. resistance
can be measured with a standard ohmmeter and should not
exceed approx. 200 ohms per conductor.

7DMX512 lines should be kept away from power cabling, par-

| ticularly load cables from dimmers, and should not be run in
conduit or trunking with power cables or cables carrying large
currents as this could cause interference and errors.

14
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/ Do not use 'Y' leads / 'DMX Twofers’ /

A 'Y'lead is a hard-wired connection between a male (console-
side) connector and two female (dimmer-side) connectors; all
pins 1 are joined, all pins 2 etc.

If 'Y' leads are used, particularly at a distance from the trans-
mitter, then a complex set of reflections will ensue, causing
severe signal degradation and increased error rate.

/ Splitter amplifiers are the only reliable method for splitting the /

DMX512 network into different branches.

© PLASA 1994 15






