[bookmark: _GoBack]Quilcom Padulator
[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Padulator\Whole screenshot with FX.png]
Design
The Quilcom Padulator is a synth designed to create rich and interesting pad sounds, that is to say not lead sounds, even though several presets demonstrate that lead, bass and even percussion are possible and have their own individual character. The details of the theory are described in the document Algorithm details included in the download.
Briefly, we have an additive synth where we have full control over 16 harmonics. Each harmonic can have a centre frequency of any ratio assigned and the levels of each harmonic can be set and modulated in real-time. The frequency is the centre frequency because there are a further 3 oscillators above and below that frequency, making a total of 7 sine oscillators for each harmonic. The spread of ratio around the centre can be adjusted equally, in terms of ratio across the harmonics, and the fall off of level either side of the centre can be adjusted and automated.
This method leads to a very dense type of “chorus” sound which can have a distinctly organic or acoustic quality.
You should be aware that, due to the complexity of the synth, that CPU usage can be quite high. I recommend that where you use multiple instances in a DAW that you render each track to audio and freeze the VSTi.

What follows is a detailed description of the various panels available with more reference to the brief description above.



Overview
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The GENERAL panel is where you set the parameters for instrument tuning and other global settings. To the right of this is the Preset Manager.
Next down is the large GENERATOR panel where all the parameters for the additive section of the synth are set.
On the left side is a filter with its own envelope generator which feeds the signal into the VOL ENV for controlling the volume contour. The signal from the VOL ENV then goes through the effects section on the right. The orange button showing EFFECTS can be clicked to change the right side to a view of the modulation panels (see later).
A simple RECORDER panel allows you to record up to 10 seconds of sound taken directly from the output VOLUME control to its right.
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This is the front panel with the Modulation elements shown.
The PANIC button between the RECORDER and VOLUME panels is to reset the synth if, for example, you should get a stuck note.

Next comes a detailed description of all the different panels…
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The GENERAL panel has controls that globally affect the synth.
SEMI offsets the instrument’s overall pitch in semitone steps up to +/- 2 octaves and the FINE knob +/- 50 cents (half a semitone).
The STRETCH button turns on stretch tuning which simulates the famous Railsback curve. Stretch tuning is appropriate for acoustic pianos since their strings’ higher harmonics go slightly sharp and this needs to be accounted for to get a more agreeable sound.
BEND sets the pitchbend wheel’s range in semitones.
STRIKE is a control that affects all 3 envelope generators. It adds a percussive element to the start of the envelope curve and depends on velocity and attack times set. So for a slow attack it has little effect but for fast percussive attack it gives an extra punch to the sound. The knob itself determines the amount of strike added to the envelope.
The VEL DIRECT selector gives a number of touch options, in case you don’t have user-adjustable transfer curves for velocity on your keyboard. If you do, then leave it set to VEL DIRECT, otherwise choose an option that suits your playing style. With VEL DIRECT there is no modification of the incoming velocity values. If you don’t have a velocity output on your keyboard you can select STATIC VEL and the dimmed STATIC knob becomes available for you to set a fixed amount that works with the sound adjusted. In this case also set the MIN knob to minimum and the AMNT knob to maximum.
The Velocity MIN and AMNT knobs allow you to adjust the operating range of the Velocity signal. MIN will set a velocity value which is never undercut, so even with the lightest of touches you’ll get that value. The AMNT knob sets the range above the MIN value set. It can happen that you get a sound which is good, but not at extreme velocities. In this case reducing the AMNT setting can tame the sound range.
There’s a dedicated sinewave LFO for vibrato controlled by the modwheel, since this is a common requirement. The MWHL adjusts the rate. If you don’t need it, turn the knob fully down and the little orange indicator will extinguish to show that no CPU is being used.
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This is the preset (patch) manager. Click on the preset name to open a drop-list selector, or page through them with the arrow keys. The FILE button is for saving, loading, copying and pasting of presets. You can also save and load a whole bank. The FlowStone presets are saved as plain text files, which could be read and edited in Notepad.
When LOCKED is selected, any changes you make to the controls will NOT be remembered by the DAW. This enables you to experiment and easily get back to the original sound by just re-selecting the preset.
When the LOCKED button is clicked, and then shows UNLOCKED, the current settings will be saved with the DAW song file. The dimmed RENAME button will become available to call the preset whatever you want.
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The GENERATOR panel is really the heart of the synth, where the base sound of the timbre is created and controlled. The principle of operation was described earlier and its background is detailed in the Algorithm details document provided with the download.
There are two factors controlling the oscillator bank: FREQUENCIES and LEVELS…
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We have 16 harmonics which we can control, F1 to F16.
The orange boxes 1, 2, 3, 4, etc show the frequency ratios for F1 to F16. So 4 for example would be 4 x the nominal fundamental pitch, or 2 octaves.
You can enter any ratio you wish directly into these boxes. The value entered becomes active when you click away or press Enter on the PC keyboard. Under each box is a small orange knob which provides a detune of +/- 1 from the displayed values. In the image above none of the knobs are active so are all dimmed. When you detune the knob will brighten to show that the actual ratio has changed. As with all the knobs on the synth, double click the knob to set the default, which here is zero.
The two dimmed buttons are for fast resetting of the ratios to the values shown. DEFAULT resets the ratios and the fine tuning and ZERO FINE just resets the fine detuning knobs.
The 3 knobs lower left are provided for offsetting the frequency ratios. In each case, a double click will zero the knobs to the central position.
SHIFT multiplies all the ratio values by the amount set. So at a setting of +2 all the ratio values will be doubled
ADD adds or subtracts to each ratio value equally.
SPREAD is similar to SHIFT but the multiplication is unequal between harmonic ratios. This means that higher number harmonics are multiplied by more than lower ones.
These 3 knobs provide a fast way to produce inharmonic sounds or to simulate any real instrument where the higher harmonics are sharper than their integer ratios (like for a piano string for example). They are very useful for making all sorts of bell-like or metallic sounds.
Note that the harmonic ratios can go negative which means simply that the phase is inverted. So more negative values will give a higher pitch (but phase inverted).
B-WIDTH and SLOPE control the 6 oscillators either side of the harmonic frequency set: 
B-WIDTH sets the bandwidth of each harmonic number, which is the spread of the 6 frequencies either side of the central value. The ratio range for all the harmonics is the same, so if the bandwidth is set to give about 5% that will apply to every harmonic oscillator. This means the bandwidth of higher frequencies will be greater in Hz, but the same in musical intervals.
SLOPE sets the level fall-off of the side oscillators. At maximum, the fall-off approximates a bell curve (with low resolution!). At minimum the side oscillators are not heard at all, just the centre frequency oscillator.
The easiest way to get a handle on this is to consider this:
B-WIDTH is a bit like unison pitch detune.
SLOPE is a bit like amount of effect. If SLOPE is set to minimum then B-WIDTH has no effect because the side oscillators can’t be heard.
The WIDTH knob sets the stereo width of the whole oscillator section. Each harmonic’s 7 oscillators are panned left-right into 7 stages. The WIDTH control determines the degree of width that is output. When turned fully down, the signal is mono. The half-way default is stereo, and when you go beyond that the sound goes super-wide.

In this part of the panel there are also 2 SUBOSC sub-oscillators. These can be set to any whole octave tuning and a range of waveforms can be selected for each one, including 3 types of noise colour. The small orange knob sets the level of each SUBOSC. When set to the default minimum, the knobs are dimmed and the oscillators are turned off and use no CPU. Note that these are single oscillators so don’t respond the B-WIDTH and SLOPE settings; they are provided for filling out the sound, typically at the bass end.
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This LEVELS section of the GENERATOR panel controls the individual levels of the harmonics whose frequencies are set in the FREQUENCIES section and an additional oscillator group called Hi (High ratios)
The sliders can be finely adjusted by holding the SHIFT key down while dragging. If you want to set a harmonic shape up quickly, you can right-click anywhere on a slider’s bar and the slider will jump to that value. 
The little square buttons below the harmonic’s number can mute the harmonic, and the slider will then be dimmed. Click again to un-mute. This is useful for identifying the contribution to the sound that each harmonic is providing. 
The slider position is linear, so half way up will be half the level. However, some spectrograms show values in dB, so a readout is provided so you can copy a spectrogram onto the slider positions. At very low levels make use of the SHIFT key for fine adjustment.
The Hi oscillators play back a range of partials above 16. At these ratios the sense of pitch is mostly lost and contributes to a kind of “spiky noise” which is useful for extending the range for some instrument sounds, like string sections for example.
Any of the oscillators approaching Nyquist are muted, to avoid aliasing issues.
Along the bottom are 5 convenience buttons:
ZERO sets all the sliders to zero.
1/N sets the sliders to ratios typical of a sawtooth wave. Phases of all the oscillators are scrambled, so you wouldn’t see a sawtooth wave on a scope, but it means that no successive notes will ever repeat identically.
ODD is 1/N but only odd numbered harmonics.
EVEN is 1/N but only even numbered harmonics (including the fundamental).
RAND sets the sliders to random levels. This is a great and very fast way to get new sounds without really trying! Keep clicking until you get an interesting timbre.
Important note: When a slider is set to zero its oscillators are turned off so CPU is reduced. So if a slider isn’t contributing anything, turn it down to minimum!
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The audio produced in the GENERATOR is next fed to a state-variable filter, with an envelope provided for optional modulation of the centre/cutoff frequency.
LPF1 selector chooses the filter type. LPF1 is a complex low pass filter made by Martin Vicanek. The main use is to provide a variable cutoff with no peak when resonance is set to zero. This can give a more natural and less “synthy” sound. But be aware that it uses more CPU than LPF 2 which is a more conventional filter.
The -24dB toggles between slopes of -24dB and -12dB per octave.
FREQ sets the centre/cutoff frequency. Any incoming modulation is added to this setting (or subtracted from it).
RES sets the resonance of the filter.
TRACK is a dedicated knob for determining how the filter frequency changes with the note played. In its central default position the tracking is 1:1 with the note played. At minimum there is no tracking and at maximum it is over-tracked. The TRACK setting interacts with the FREQ knob.
ENV sets the amount by which the envelope generator below affects the filter frequency. The knob is bipolar, so in the central default position, the envelope has no effect. Clockwise increases the filter frequency shift from the envelope and anticlockwise decreases it.
The filter’s envelope generator is an AHDSR type. The decay is scaled to the note number, so higher notes will decay faster. The Attack time, when set to longer values, will reduce at higher velocities. The VEL controls the influence of velocity on the envelope. When turned fully down as shown, the envelope is always at full output. When turned up, at low velocities the envelope’s level will be reduced.
The filter’s envelope generator also appears as a modulation source in the modulation matrix (see later), so it can be used for other purposes too.
If you don’t need the filter, turn it off using the LED switch alongside the label. This will save on CPU.
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The VOL ENV envelope generator controls the volume contour and is also available as a source of modulation in the modulation matrix (see later)
The ATTACK knob has 2 areas of operation. Up to 9 o’clock the attack time is not influenced by velocity. Beyond this, higher velocity will start to reduce the attack time. This provides for more expressive control when a softer attack is set.
HOLD time can be used to simulate a degree of limiting or compression or can provide a more sustained peak on the envelope.
DECAY sets what is often referred to as the “sustain” of the note. At maximum the decay is very slow. 
The decay time is key-tracked internally to provide somewhat shorter notes at the high end of the keyboard. This effect is spread non-linearly across the key span, as is typical in most acoustic instruments.
The SUST sustain level knob will hold the sustain level while the note is held down or the sustain pedal is pressed.
The RELEASE knob sets the time for the sound to decay to zero after the note is released. 
The VEL knob determines the output level according to velocity. When fully down the output is always at maximum. As you turn it up more, softer notes will cause the output to be at a lower level.
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The VOLUME knob is for the plugin’s audio output and features two bar graphs which indicate average peak values. Maximum is clipping point. If clipping happens, even for a very short time, the central ring of the knob turns red and holds for 1 second, so you don’t miss short clipping times.
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The recorder allows you to capture any sound from the synth for up to 10 seconds, the length of the created WAV file being set with the TIME knob. This allows you to capture a sound to use elsewhere.
Set up the sound you want and the recording time. Click ARM and then the recording will start when you press any MIDI note. A bar shows the progress. 
If you want to save it, click on SAVE and use the standard Windows dialogue box to choose a location and name. If you’re not happy with it, just repeat the above without saving. The internal buffer is over-written.
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When the effects view is selected, you’ll see there are 3 effects available with the signal path from top to bottom. These have been chosen specifically with Pad type sounds in mind. Each effect can be turned on and off with the LED switches alongside the labels. Many people have their favourite effects but these are provided as a quick way to audition the presets and get an idea of the sounds with effects added. If you don’t want to use them, turn them off to save on CPU.
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This PHASER effect can add a nice warm swirl to the sound and Phasers are popular effects for many instruments. The LFO modulates the centre frequency of the all-pass filters and adds to or subtracts from the set FREQ. The effect can be deepened by adding more feedback with the FBK knob. The MIX knob allows a blend between live and effect but should be left half way for the richest sound.
The 16 STAGES selector allows you to choose the number of all-pass filter blocks, and more will increase the intensity.
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This is a general purpose delay. The 3 buttons at the top are local defaults or presets. They set all the controls up to just be starting points for the type of delay effect you want. These momentary buttons only light briefly when clicked.
The LFO SPEED and AMOUNT set modulation of the static delay TIME you adjust, and are modulated plus and minus by the sine wave LFO.
FBK sets the amount of feedback and DAMPING sets a progressive loss of high frequencies as echoes repeat. LEVEL sets the level of the delayed signal added to the dry signal.
Under the FBK knob is a switch here showing L-R R-L INV which means that left and right stereo channels are swapped and the left channel is phase-inverted to give a wider sound. Clicking it switches to L-L R-R which means there is no channel swap.
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The MVERB 7B uses a wonderful reverb engine created by Martin Vicanek and I think is of very high quality
The knobs do what you would expect of a digital reverb:
PRE-DLY is a delay time before the reverb is introduced.
TAIL is the length of the reverb tail; the time it takes to drop to -60dB.
DAMP reduces the high frequency content during the decay of the tail. It simulates a “softer” space which behaves this way.
WIDTH controls the width of the reverb in the stereo field. 
DRY-WET sets the balance between the incoming signal and the reverberation signal.



Modulation
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When the view is switched to MODULATION you see the above panels showing the LFOs, Modulation envelope and the modulation matrix where the routing can be set and adjusted.
The MOD ENV is not assigned to any target but can be freely assigned by the modulation matrix. It functions identically to the VOL ENV and Filter envelope with the exception that it has the BIPOLAR switch. When this is lit, the envelope swings from -1 to 1 instead of 0 to 1. This makes the MOD ENV more flexible, depending on the target chosen. Turn it off to save CPU if it’s not needed.
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There are 3 identical polyphonic bipolar LFOs available as modulation sources.
The SINE selector allows you choose the waveform and includes several random options. 
When the mode button is showing FREE you can freely set the rate in Hz on the RATE knob. If you click the mode button it will light up and show SYNC and the RATE knob then allows you to adjust the beat fraction which is shown instead of Hz.
As always turn the LFOs off, if not in use, to save CPU.
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This is the modulation matrix.
There are 13 modulation sources:
LFO 1,LFO 2,LFO 3,VOL ENV,FILTER ENV,MOD ENV,MODWHEEL,PEDAL CC4,A-TOUCH,RANDOM,VELOCITY,TRACK UNI,TRACK BI
Most are self-explanatory but…
PEDAL CC4 is for a midi foot pedal controller, like an expression pedal (not a switch).
A-TOUCH is aftertouch (channel not poly).
RANDOM will create a bipolar random number (between -1 and 1) every time a new note is played.
The 2 types of track are for keyboard tracking and operate over a 5 octave range. TRACK UNI gives a zero for the lowest C and 1 for the highest C. TRACK BI gives -1 for the lowest C and 1 for the highest. The centre point for zero is F#3 (middle F#).
There are 22 possible targets to receive the modulation control:
CUTOFF,VOLUME,B-WIDTH,SLOPE,PITCH,
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,HIGH
Here the numbers refer to the harmonic numbers, and here each harmonic’s level can be modulated. Modulation of these certainly adds some interest to the timbre!
Each modulation routing slot has a small orange knob on the right side. This sets the amount of modulation sent from its Source to its Target. The knobs are bipolar, so centre means no modulation (double click to set this default), clockwise means positive and anticlockwise means negative. In the case of an LFO being the source, when the knobs are anticlockwise the phase is inverted. This means you could use 1 LFO to control 2 targets going in opposite directions (out of phase).
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