Quilcom SIM-DIDGE
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Design
The SIM-DIDGE is designed to simulate sounds of the Australian aboriginal Yidaki, better known as a didgeridoo. 
My “SIM” series of synths follows a common philosophy, namely to use only synthesiser techniques and no sample players. Apart from me loving a challenge, the upside is having control over many parameters to shape the sound and performance as you wish, which is generally not possible even with huge sample sets. Of course the synth is free too, whereas sample sets, of necessity, involve a colossal amount of work to accurately capture a whole range of sounds, not to mention the articulations provided by professional musicians. That costs a lot of time and money, so I guess good sample sets can never be free. 
The downside to using pure synthesis is that authenticity to the modelled instrument will rarely be as convincing as real instrument samples, so you balance authenticity and cost with flexibility.
A didgeridoo is just a wide-bore pipe with the blowing port narrowed to fit the lips. It can be made from a number of traditional and modern materials (including PVC plumbing pipe!) and can be straight or flared and can have uneven bends and shape, all of which have some influence on the timbre. I’ve provided links and documents in the Background info folder if you want to learn more.
A Didge is a drone instrument and produces a single resonant pitch based on its dimensions. The resonance is excited by lip buzzing, like a brass instrument but at a much lower pitch with a fundamental around 70Hz and somewhat non-integer harmonics. Modern players sometimes create a “Toot” by doubling the lip vibration speed to give a more horn-like sound, but this is not heard in traditional music.
Due to its wide bore and mouth opening, players are able to widely vary the timbre by altering the shape of the vocal tract, especially the mouth, to create vowel-like sounds. This is often combined with other techniques like diaphragm pulsing, tonguing and vocalisations which traditionally aim to suggest animal sounds as heard in the Bush. It seems to me that rhythm is all-important, based on the many YouTube videos I’ve watched. Players need to learn “circular breathing” to get a constant drone sound. I tried this with my own Didge but found it impossible! Thankfully you’re spared from all that by using the synth!
The SIM-DIDGE aims to provide a subset of some typical sounds, but since the player relies so heavily on vocal techniques I provided a microphone “VOICE” input. This can add your vocalisations which can be lip-gated or direct into the tube for “beat boxing”. To synthesise all possible vocal sounds would be an immense task, calling for a voice synthesiser which would be immensely difficult to create and to program by the user. So I hope you find this more of a fun plugin which can create sounds suggestive of the instrument, rather than a full-fledged all-encompassing emulation.
Another element in traditional and modern Didge music is when the player taps a rhythm, usually on the tube using a piece of wood. The SIM-DIDGE provides for this TAP sound. The synth can generate a wide range of percussive sound ranging from a drum, through a tube strike to tap sticks.

Playing
If you double-click the on-screen ?? characters you’ll get a reminder note which details what midi keys do what:
C3 (48) blows the drone. Velocity affects attack.
C#3 (49) gives a diaphragm hard blow (“overblow”). Velocity affects amount. Drone must be sounding.
D3 (50) gives a plosive pulse. Velocity affects amount. Drone should be sounding but will be heard quietly with no drone.
Eb3 (51) gives a tap. Velocity affects the volume. Will be heard whether drone is sounding or not.
E3 (52) gives a “Toot” sound.
F3 (53) allows the microphone signal to be heard without lip-gating. If not pressed and the drone is sounding, the microphone sound will be lip-gated.
F#3 (54) is for simulating a circular breathing shift in formants followed by a brief nose sniff. The drone must be sounding.
G3 (55) turns the mouth size modulation on and off (not velocity sensitive).
Middle C (60) to A (69) (black and white keys) give vowel sounds. KEYS must be selected. If CC# is selected the modwheel or set CC# changes the mouth cavity shape continuously. 
In addition to the midi keys listed above, the pitchbend wheel operates on several internal parameters to simulate the jaw-drop (pitch down) sometimes heard on the final note. You can also bend up which can be used an expressive but non-traditional sound.
The modwheel is only used when CC# is selected for Vowels and CC# 1 is chosen.

The next section will explain the functions of all the controls on the front panel.
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As mentioned in the Playing section above, to get the basic drone sound you press key C3 (48). However it can be useful to get the drone sounding then use your hands to add expression without having to keep C3 pressed. In this case, click on PLAY and it will latch on until you actually play C3 or click again on the PLAY button. The release sound when using the PLAY button is a little different to just releasing C3, to add variety.
BREATHING
Only the most skilled players can mask the change of timbre which occurs when the glottis is closed during an intake of breath (a sniff). They puff air into the mouth, close the throat and take a sniff of air then open the throat to carry on blowing from the diaphragm. This “circular breathing” provides a continuous drone which can last for hours if the player is skilled.
CHANGE sets the amount of deviation from the current formant (vowel) sound and SNIFF sets the level of the simulated nasal sniff sound. The SNIFF comes at the end of the formant change because the sequence is to close the glottis then sniff and then open the glottis. Usually the SNIFF won’t be heard in a recording because a Didge tends to be mic’d at the tube output where the sound is very loud. And the more skilled the player, the less formant CHANGE will be heard.
F# (54) must be pressed to get the circular breathing effect while the drone is playing.

OVERBLOW
This is a shortened term to mean a fast pulse of air created by a rapid squeeze of the diaphragm which affects timbre and volume. It’s not meant to mean a change to a higher harmonic (the Toot is described later).
While playing the drone, pressing key C# (49) will give a short pulse of extra blowing and the strength is controlled by velocity. However, this type of blowing is often played rhythmically so the selector showing OFF can be set to a beat fraction synchronised to the DAW’s BPM. It’s good fun to add manual overblows while this is playing to add to the rhythm or add accents.

DRONE: LIPS
No two pairs of lips are alike so the LIPS knob gives a range of excitation characteristics. Adjust while the drone is playing.
DRONE: TONGUE
Tonguing is the action of making a plosive sound while blowing, like a “Ter” or “Ker” sound. It creates a short transient attack although the actual plosive isn’t heard directly. It also refers to tongue flutter where the tongue vibrates rather than making a single transient.
With the drone playing, pressing key D3 (50) initiates the sound. The sound is velocity sensitive.
The selector showing FREE in the screenshot can be set to play rhythmically at a beat ratio synchronised to the DAW tempo. You can operate the D3 key to bring the rhythm in and out. If you set the selector to FREE the knob below becomes available to set a vibration rate manually. If you set the knob to minimum the key D3 will give a single plosive every time it’s pressed.
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The TUBE knob sets parameters which simulate different bores and materials, all with one knob. A wider tube will have a more pronounced air column resonance and a narrower tube less so but the wall resonance will increase. So like many knobs on my SIM series, this is effectively a macro control.
One modern playing style is “beat boxing” where the vocalisations are not via lip-gating but directly into the tube. The TUBE setting will have an effect on the resonant timbre heard colouring the voice sounds.
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The exact shape of the vocal tract, especially the mouth, will vary from player to player. Also the effective size will influence the vowel sound.
The synth was tuned with the SIZE (mouth size) set to x1.0 but the SIZE can be varied which will shift the range of vowel sounds up or down. The range of control goes beyond normal if you want to create unnatural sounds.
I provided a means to modulate this setting and the set modulation is enabled by pressing key G3 (55). When FREE is selected (as shown) the MOD knob becomes available to set the modulation speed. The selector can also set a range of beat ratios synchronised to the DAW tempo.
The selector showing CYCLIC is where the LFO shape is set. KANGA is for a bouncy sawtooth and there is a sample and hold and 3 random modes which are influenced by the MOD rate setting. The AMNT knob sets the depth of modulation.
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The term “vowels” refers to the shape and size of the mouth modified mostly by the tongue position. Some vowel sounds are created by changing the shape and size dynamically. Without the change you get the sustained portion of the vowel which is good for “eeee” and “ahhh” sounds. To make an “i” vowel sound you need to change the resonance from beginning to end.
When a drone is sounding and KEYS is selected, the vowel sound is created by pressing keys C4 (60) to A4 (69) including the black notes. Each note is assigned a 3 frequency formant, so by sequencing the notes a huge range of natural and unnatural vowel sounds can be made. It’s not feasible for me to list all the possible sequence combinations of these 9 formants, so you’ll need to experiment!
If you just start a drone and don’t press a vowel key C4 (60) is chosen as default which was selected to give a fairly neutral timbre. 
The vowel keys are slightly velocity sensitive so you can accent a vowel change by pressing faster on the key. This includes the C4 default key.
SLEW is used to set the time taken to slide from one formant to the next. One tip is to record a sequence then automate or manually adjust the SLEW control to vary the performance.
RES and MIX work together to give the desired sound. RES sets formant filter resonance and MIX sets the balance between the drone and vowel sound.
Another way of controlling the vowel sound is by switching KEYS to CC#. This allows the modwheel (or other controller) to provide a continuous formant slide. The sound is somewhat unnatural but may be interesting, especially when automated.
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A stereo audio input is provided on the plugins, but not on the versions marked NA. The NA plugins are exported as VST instruments so you won’t see the above control. The others have the audio VOICE input and are exported as VST effects, since they process audio as well as MIDI. The input is converted to mono by the plugin. The expectation is to use a microphone to add vocalisations to the Didge sound.
The VOICE knob sets the level driving the Didge. The bar indicator displays the average peak level adjusted. If you overdrive the Didge, the bar and knob ring will turn red, but this is not clipping. The plugin features a soft limiting function so the sound won’t get too harsh if loud. The limiter is in play when you see red.
The usual way to use this is to play a drone etc and the voice will be “lip-gated” that is to say it will be modulated by the simulated buzzing lips. This is the traditional way of playing to add growls and screams to the music whilst still buzzing the lips. I often heard players making a vocalised drone close to the actual drone pitch to produce an irregular beating “growl” effect.
Sometimes modern players make beat boxing sounds without blowing the Didge and use the tube resonance to colour the sound. This can be achieved by pressing the F3 (53) key which then enables the VOICE sounds to go through the Tube without a drone sounding.
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Players sometimes hold a tap stick and strike the tube rhythmically to emphasise the beat. The TONE knob is a macro control for setting a wide range of percussive sounds. When turned fully down you get a drum sound. Half way is a tube strike and as you increase the setting it morphs into the sound of two tap sticks being hit together.
LEVEL sets the volume of the tap and the volume also responds to velocity for accents.
I provided an LFO for creating regular tapping. When FREE is selected the rate knob becomes available and when fully down you just get a single tap when pressing key Eb3 (51). When you turn up the knob you can set the rate freely. 
The FREE selector can be set to a beat ratio which is synchronised to the DAW tempo. The Tap only sounds while Eb is held down. It’s fun to play with rhythms manually using the Eb key to create interesting patterns in real time.
You don’t need to have the drone sounding so you could use several plugin instances to create complex patterns using several different tones.
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The typical fundamental range of real didgeridoos is said to be from about 55 to 80Hz. Now this isn’t even a whole octave! The TUNING panel allows you to set the key either side of this so it could play in any key, even though at the extreme keys it starts to sound less realistic. The synth was tuned for C2 (36) and thus plays at 65.4 Hz so this is the default key. FINE can make an adjustment 50 cents either side.
As mentioned before, modern players sometimes introduce what’s called a “Toot” by roughly doubling the speed of lip vibration. This aims to resonate with partial 2 (up one octave) and is sometimes called a horn tone because the fundamental then falls into the range of some larger brass horns. However, the actual 2nd resonance is rarely exactly 1 octave higher, so the Toot pitch can be set using the TOOT knob. I’ve given this a wider range than natural so you have some creative flexibility.
To hear the Toot, turn on the drone and press E3 (52) and it will sound for as long as you hold the key down. You’ll notice that the sound is louder than the drone because the player needs more air to create the Toot, so I adjusted this based on videos I saw.
If you want the first note to be a Toot you should press down E3 then C3 for the drone and later release the E3. From what I heard a Toot is typically fairly brief and is used to embellish a rhythm. Of course you can hold the Toot and play vowels and this will sound rather weird!
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The positioning of the microphone (or listener) will have a significant effect on the bass (fundamental) component. When placed right at the end of the tube the bass can sound unnaturally loud with a flat frequency response set. The BASS CUT knob simply enables you to reduce the fundamental component to get a more natural sound as would be heard acoustically by an audience.


EFFECTS
I’ve provided two environmental effects; ECHO and REVERB. If you turn them off they won’t use CPU and you can use your favourite external effects plugins.
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The engine for this excellent reverb was designed by Martin Vicanek for his MVERB 7B.
PRE-DLY is pre-delay time and provides an adjustable time for the reverb to start. By setting a pre-delay time you can simulate being closer to the instrument when it’s in a reverberant space.
TAIL sets the decay time of the reverb and the time is the time it takes to decay to -60dB.
DAMP simulates the loss of high frequencies as the tail progresses which simulates a more absorbent location.
WIDTH sets the stereo width of the reverb tail.
DRY-WET adjusts the mix between the incoming dry sound and the reverb tail.
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The simple ECHO effect comes next in the chain. TIME sets the delay time and FBK sets the feedback which determines the time taken for the echoes to decay to zero. Above the FBK knob is a switch for setting L-L R-R which doesn’t swap the channels and L-R R-L INV which swaps the channels and inverts one of them. This latter setting causes a wider Ping-Pong type of echo. At short delay times you can actually have a comb filter!
LO CUT and HI CUT adjust the frequencies of a low pass and high pass filter. The idea is to simulate damping and/or bass loss as the echoes repeat. If you want no filtering turn the knobs fully down.
LEVEL sets the level of the repeats added to the dry signal.
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The master VOLUME control features a stereo level indicator which indicates average peak values. If even a brief clipping occurs the ring inside the knob will turn red for 1 second.
The recorder on this synth can record sounds or a short performance up to 60 seconds.
To make a recording, set the anticipated maximum TIME then click ARM. When a midi note is played the recording starts and a progress bar appears. Click on SAVE to open a regular Windows save file dialogue where you can save your recording as a WAV at 44100 Hz 16 bit stereo.
If you don’t get it right, just start again because the buffer will be cleared and overwritten. The processing in memory is simple so you can’t stop a recording once started; you have to wait until the progress bar disappears. Also, it can take a few seconds to create the wav file and write it to disk once saved.
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I decided not to create presets since the target sound is based more on performance than settings. You have 10 preset slots to store changes you make to the default preset, either as external txt files to load into a new song or just in the DAW to replay the song correctly.

On the left side is the small section where you select the preset either by clicking on the preset name or paging though them using the arrow buttons.
The MENU selector is where you operate on presets or banks. You can save, load, copy or paste presets, or save and load a bank from this menu.
All changes made to any settings will be stored with the DAW song file unless the button UNLOCKED is changed to LOCKED. This locking feature is to avoid losing settings if you just want to mess with editing but want to keep the original default parameters. 
The RENAME button allows you to name or rename a preset providing the preset manager is UNLOCKED. Otherwise the RENAME button is dimmed.
On the right side is a free text area for adding comments to the preset. These comments are saved with the song and preset, providing the preset manager is UNLOCKED. Please be aware that you shouldn’t use a carriage return (Enter) in this text because the system won’t store any text after that. Also please be aware that when you RENAME a preset this text will clear, so if you want to keep it and just rename the preset, highlight the text, copy it then paste back in after you’ve renamed.
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