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Bits, bytes and curves | By Wayne Howell

“Suddenly, our 8-bit dimming is not really 8-bit; it is compressed into that
centre section of the curve and there is no low-end curve . . .”
Last month I wrote about some problems that MA
customers were experiencing with their Art-Net
implementation. I am pleased to say that MA has
since been able to duplicate the problems both on dot2 and
grandMA2 and new software revisions are due to be released in
the coming weeks. Thanks for that - I look forward to checking
out this new release.
In recent weeks, I’ve also seen several Help Desk tickets
about dimmer curves, resolution and how that relates to
DMX512. One commonly-asked question wonders how dimmer
curves can serve any purpose since one cannot improve on the
limited resolution of DMX512. This all made me realise that an
overview of the underlying science would help . . .
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BITS AND BYTES
Let’s start with the basics. A ‘bit’ is the smallest piece of digital
information. It can represent two different states, such as True
- False, On - Off, 1-0, and so on. ‘Bit’ can be used to describe
real-world items - for example, we can say that a light switch is
one ‘bit’ because its state is on or off.
A ‘byte’ meanwhile is a combination of eight bits. Each bit
is assigned a binary value that allows it to describe decimal
numbers up to 255. Each of the bits in a byte is numbered from
zero as shown in the top row in the table below. For the maths
enthusiasts, the bit number is actually the power of two that
represents the decimal value, so bit 3 3 has a decimal value of
23 = 8. The less mathematically-inclined amongst you, just use
the second row.
Bit
Decimal Value

7

6

5

4

3

2

1

0

128

64

32

16

8

4

2

1

Converting a binary Byte to decimal is simple using the
following table.
Bit

7

6

5

4

3

2

1

0

Binary Value

1

0

1

0

0

1

1

0

Decimal Value

128

64

32

16

8

4

2

1

Add These:

128

0

32

0

0

4

2

0

166

If the digit 1 is in the binary number, simply add the decimal
value - in this example, the binary 10100110 is in decimal
128+32+4+2=166. So why do we care about all this? Because
both control protocols and products have a native resolution
that is usually expressed as a number of bits: 16-bit resolution
or 8-bit resolution.
RESOLUTION
DMX512 can control up to 512
channels and has an 8-bit native
resolution. This means each
channel can be set to a level
between 0 and 255 and is encoded
as an 8-bit number.
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The lowest value of zero looks like this:
Bit

7

Binary Value
Decimal Value
Add These:

6

5

4

3

2

1

0

0

0

0

0

0

0

0

0

128

64

32

16

8

4

2

1

0

0

0

0

0

0

0

0

0

The highest value of 255 looks like this:
Bit

7

6

5

4

3

2

1

0

Binary Value

1

0

1

0

0

1

1

0

Decimal Value

128

64

32

16

8

4

2

1

Add These:

128

64

32

16

8

4

2

1

255

Sometimes, 8-bit resolution is called 256-bit or 256-level
resolution. Why the seeming difference between 255 and 256?
8-bit resolution allows the decimal value to vary from 0 to 255.
Zero is one of the allowed values, so the total number of allowed
values is 256.
ENCODING
The obvious question is whether 8-bit is enough for our needs in
lighting control. Well, if each of the 256 steps encodes a change
in intensity that has approximately the same weight (called
linear), then yes, 8-bit is just about good enough. But in reality,
most light sources do not respond in such way - LED bulbs, for
example, are a particular case in point.
RESPONSE CURVES
The relationship between control input and the lamp’s intensity
is called the response curve. Cast your mind back to pre-LED
light sources. A typical incandescent source would respond to
dimming something like shown in Figure 5.
The response is not linear, but there is a smooth curve that
means the change in weight between each step is unlikely to
be noticed. Perhaps more important is the fact that intensity
increasing very slowly against
the control input (called
the low-end of the curve).
Now look at the curve to be
expected from a mid-range
LED bulb in Figure 6.
Most of the response
curve is either at the bottom
or the top - the dimming is
B Figure 5
happening over perhaps
30% of the range. Suddenly,
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our 8-bit dimming is not really 8-bit; it is compressed into that
centre section of the curve and there is no low-end curve. As
you slowly push the fader up, the light source clicks on.
HOW DO WE FIX THIS?
The answer depends on whether you work in the DALI or
DMX512 fields. DALI attempts to fix the issue by defining control
as exponential (see the green curve below) whilst DMX512
simply does not address the issue and lets the user sort it out.
(The default for DMX is a linear relationship between control
and power).
In theory, the DALI approach is best. The curve below shows
that low DALI levels have less weight than high DALI levels,
which makes the low-level dimming seem much smoother. This
worked fine in the days where incandescent and CFL ruled, but
it doesn’t work well with LED bulbs as most of the dimming is in
the centre of the curve - see Figure 7 above.
The DMX512 approach actually allows more flexibility. There
are two options: interpolation and high resolution control a choice that depends upon the capabilities of the controllers
and dimmers in use.
INTERPOLATION
If the controller is limited to 8-bit control, then the dimmer can
offer interpolation (also referred to as dimmer curves). This is
a process best described as picking sweet spots on the
response curve. Let’s say that the dimmer has a native
resolution of 16-bit and the controller has a native resolution of
8 bits. The dimmer curve is a table of 256 entries that defines
the 16-bit level of the dimmer that will be used for each of the
8-bit levels of the controller - see Figure 8 above.
Did that sound like a bodge? Well yes, it is, but it works
remarkably well.
HIGH RESOLUTION CONTROL
I mentioned that the native resolution of DMX512 is 8-bit,
but many controllers, particularly theatrical ones, allow two
channels to be combined to provide up to 16-bit resolution:
65,536 different levels. If the controller and dimmer can both
work at high resolution, then the controller can access all
the subtle levels available in the dimmer. The issue of smooth
dimming does not change, but the problem moves from the
dimmer to the controller.
If you’re interested in experimenting with dimmer curves, I’ve
recently added the ability to map response curves to DMX-Workshop
- a free utility that can be downloaded via the link below. I
P //artisticlicence.com/product/dmx-workshop
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