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1. Overview

The ‘Houston’ is an 8 channel virtual mixing desk audio control surface with 9 x 100mm motorised ‘Touch’ faders, it has 8 x Rotary Encoders each with a 15 LED ring with Full/Half brightness LEDs to indicate approximate values with the precise value digitally displayed on a 2 x 40 character LCD which displays 8 groups of 5 character values.

It has 106 buttons to allow rapid access to many of the VST functions, most buttons have either a Red, Green or Yellow LED under them which will light to indicate selected mode, the 0 to 10 keypad, ‘Zap’, ‘Fwd/Rew’ transport, ‘More’ and ‘Prev/Next’ 8 fader bank buttons are momentary and thus do not have LEDs

The ‘Houston will be connected to a Host PC which will be running the Cubase VST programme using either MIDI or USB connections.

2.  Document Revisions (Version number to match EPROM software releases numbers)

See: \Houstonc\”Houston mods.txt” for up to date EPROM version numbers.

3. Electrical circuit design philosophy.

The Houston surface was specified to provide high performance at low cost

Reasons for choosing 'chained' PEC to DMA c161u processor memory to 8 x 8bit serial registers for PWM, LED mux & inputs:

The cost of using analog servo circuits and a D/A for each of 9 x fader motors was prohibitive so a software solution is used

A hi frequency PWM is required to take to most of the Fader motor switching noise out of the audio band

A DMA array updates the 2 x 8bit 74HC4094 Rows and 7 x 8bit 74HC4094 columns + 2 8bit 74HC165 input columns at 34kHz.

The MAX157 10bit A/D is taken every other DMA row = 17K samples/sec x 12 mux inputs 

The 9 x fader motor PID loop update rate is approx 1mS.

The Fader motors are driven by a 1:16 PWM modulator @ 34kHz

Minimum current drawn from PSU when all motors start to move together (motors always ramp up to power starting at 1:4 PWM) 

The gain of the fader PID loop is varied by measuring the unregulated Mvolt supply (nominally 8v) in real time.

Fast (100uS) scan of Rotary encoders so they do not 'Slip' when rotated fast (the JOG wheel is on IRQ to allow very fast rotation)

Because LED mux is refreshed 34kHz/row / 8 rows = 4.25kHz, 1:4 dimmable LED brightness is available = 1.06kHz flicker rate

Button scan is not req'd to be fast but fits in well using the 8 x mux rows used for LED multiplexing

The DMA serial clock is limited to 4.5Mhz by the maximum serial data rate for the MAX 157 A/D serial data output clock

The 256 x LED’s under the buttons and around the Rotary encoders are in a multiplexed array of 4 x 8 x 32, they are dim or bright

as 1:4 or 4:4 giving the 15 LED Rotary encoders effectively 30 positions (57 positions when 'Frequency' dual/single LED mode)

The 8 x 16 multiplexed Button/Rot-Enc inputs use the same Mux Row signals into 74HC165 parallel to serial latches

The 16 x PWM signals to the fader motor drivers are DMA'ed from the same software array; the min PWM frequency is 24Khz.

The 9 x 'Touch' A/D results, Temperature, +5v brownout monitor and +10 motor voltage are scanned every 3mS.

The serial 10bit A/D converter is a MAX157 converting 50K samples/sec, it has 2 conversion phases, Reset, Track, Hold & convert then clock out 16 x data bits (only 10 used) through 2 x HC165 button shift regs, it takes 2 x 110uS DMA periods to complete one A/D conversion. 

Fader 'Touch' is sensed by measuring the speed of the rising edge of a 300Hz sequenced square wave (1 of 9 phases to ensure touch when several faders touched at once)

The 8 x parameter Rotary-Encoders use software debounce and are scanned every 2mS for state change (using Alps or Panasonic Rotary-Encoder with 40 clicks per rev, a Resistor option on the ‘Fader’ PCB selects which type of encoder.

The Jog wheel has hardware debounce and uses 2 x IRQs to allow rapid rotation (Max 80mS / Rev) and to give double resolution (using Alps encoder = 80 clicks per rev)

MIDI Rotary-Encoders values are only sent every 5mS max so values will jump by several click positions at high rotation speeds.

The 2 x 40 ASCII char LCD display is driven from 2 x 74HC4094 serial to parallel latches and is only updated when req'd. The ‘Contrast’ (0 to -ve 100’s mV) voltage is derived from the CPU via R122, C47 etc @ 109Hz frequency PWM, if the LCD bias voltage voltage is wrong then the display will be black or show no characters, it is temperature compensated by D27 on the left of the LCD.

The Power supply gives +5v & +8v, the +5v is reduced to 3.3v by a linear regulator for the Infineon c161u embedded microprocessor. (The +8v is unregulated, referred to as Mpower on the schematic diagram)

The +5v is monitored by the A/D so when the power drops the EEPROM is updated and the CPU goes into software 'brown out mode' ensuring CPU reset 

The +8v unregulated  motor supply is also monitored to compensate fader gain as voltage varies and to allow self-diagnostics, it can vary from 7.5 @ all faders moving, no LEDs lit to 11.5 volts when all LEDs lit no faders mobving.

Out of range/Fault conditions are sent to the host (Steinberg VST program) as MIDI/USB 'Sys-Ex' messages and status flags.

4. Service information.

The EPROM in Houston is checked at power on, if the checksum is wrong the unit will display a message on the LCD chowing the required checksum value of locations 0 to 0xCFFD (this value should be in the last 2 bytes of program space in the EEPROM @ 0xCFFE/F)

If no EPROM is fitted then the unit will appear dead (120nS access time 27512 EPROM with Houston code is req’d).

The Houston unit must be tested after production with the ‘Manufacture mode’ link in place:

Manufacture mode is selected by linking the 2 pins of ‘CN14’ then switching power on.

‘Manufacture mode’  when link is in place as power is switched on.

The revision number of the C161U (IC27) CPU chip ID will be displayed, Live Time HHHH:MM:SS is displayed, Vn, V5

Communication type displayed, is via USB if a lead is connected to a Host computer, otherwise it is MIDI.

Temperature ambient (for LCD contrast & Touch circuits) Typ = 23 dec C ambient temperature, (This is not an accurate reading!)

Time HH:MM:SS seconds should count up seconds (This is Houston total operational time)

(Time is only stored in EEPROM once Houston has been calibrated, this is stored when the power is switched off.)

Vm = Voltage motors, Typ = 9.0 volts, it will vary when LEDs are lit (Turn rotary encoder to light all LED ring , Vm value should increase to approx 10.6 )

EEPROM reads ‘Cal.’ if unit has been calibrated, otherwise ‘Blank’ (if EEPROM does not contain the text string ‘Houston’)

V5 = +5v rail, Typically = 4.9 to 5.1 Volts

To allow factory button jig test all the LEDs will light only when all of the buttons are pressed together (LEDs will light if plugged into a PC running Houston or VST, buttons do respond to MIDI)

If the ‘Manufacture mode’ link is removed whilst still power on ‘Test mode’ will be displayed, apply/remove the link to allow manufacture checks as req’d.

If the unit has never been ‘Calibrated’ (a new (IC26) EEPROM does not contains ‘Houston’ message), then ‘Calibration is req’d, EEPROM is new’ will be displayed on the LCD (Hold Top/Left Button and button below it whilst power is switched on to start calibrate routine).

If the Red CPU service LED keeps flashing twice after power on, the chances are that the unit requires calibrating due to EEPROM checksum failure (This should only occur with a new EEPROM or if it is faulty, or power has failed when calibration in progress).

. Switch power off/on to leave this mode.

‘Test Mode’   hold both 'Master' (Top/Left) & 'EQ2'  buttons down when power is switched on.

(This mode can also be entered by linking ‘CN14’ at power on then removing ‘CN14’ link)

This will change the operating mode so that the LED will light under any button while it is depressed and the MIDI Group & Button number will be displayed on the bottom line of the LCD (without being plugged into VST) also when the 8 x Rotary-Encoders are rotated the LCD will display 0..127 values on the top line. The Jog wheel absolute position value will be displayed on the bottom line when rotated (96 ‘clicks’ per turn).

If the master (Right side) fader is touched the 8 x Channel faders will follow the Master fader if it is moved. The motors will stay powered while the master faders is touched allowing scope checks on the fader motors,  (no motor ‘Stall’ timeout in this mode) also the Fader Gain coefficients will not dynamically adapt to fader movement as in normal operation so some fader ‘jitter’ is Ok.

The fader A/D value 0 to 1024 range will be displayed for the leftmost fader touched, this should be <10 at the bottom, >1010 at the top of fader travel.

If both ‘Master’ and ‘FxSet’ (top/left of unit, 2 adjacent buttons) then all LEDs will be toggled On/Off 

Note: USB/MIDI Sys-Ex messages will not be displayed on the LCD and faders will not calibrate in ‘Test Mode’. Switch power off/on to leave this mode.

‘Calibrate Fader gain & Fader touch levels’   hold both  'Master' (Top/Left) & 'EQ1' buttons down as power is switched on. 

Houston will calibrate the fader motor gain and the shaft ‘Touch’ levels and store the values to EEPROM if all results are Ok.

The faders will move to the bottom position, the touch levels will be measured and displayed on the top line of the LCD (To Bypass the Touch’ calibrate press the ‘Play’ button)  if Ok then the faders will be calibrated, firstly moving to the top position then to the bottom,  the faders may ‘Jitter’ whilst calibratin. If the calibration is Ok then fader gain coeff's will be stored in EEPROM and displayed on the top line of the LCD (range: 15 to 50, values outside this range = Failed).  If calibrate is successful a message will be displayed on the LCD showing 'Calibrate values updated in memory' otherwise  the first failed fader number will be displayed and the calibration will need to be done again when the problem is fixed. 

Fader Gain coeficicent is increased if the fader lags behind as the fader moves up, by the top it should be near the correct gain value, if overshoot occurs then the gain coeff is reduced.

Houston motorized faders will not respond correctly and Touch will not work until the unit is calibrated.  Calibration will fail if the Un-Touched level is less than 117 or all Faders do not get fully to Top or Bottom of travel or the Gain coefficient (displayed on the LCD after ‘Calibrate faders’ is out of range.

Note:  If more than one fader failes calibration then only the left side fader failed number (0 to 9) will be displayed.

Note: MIDI/USB input does not work in this mode. Switch power off/on to leave this mode.

‘Fader Soak test’  hold down ‘Mast’ (Top Left) &  ‘Fx1’ buttons as power switched on.

This is intended for overnight soak test, any fader failing to gete to both ends overnight will be held displayed on the LCD display.

When 'Play' is pressed the soak test will start and the EEPROM soak test results to be cleared to the "NOT TESTED" state.

Fader soak testing will then proceed as indicated on the LCD, Initally all of the fader results will be 'Ok' any failures will be shown as a 'FAIL' and the time will stop at that point, the test will continue counting further errors, the test is indended to soak for 8 hours.

At the end of each 9 x Up/Down phase the test results and time so far will be stored in EEPROM.

A maximum of 9 failures to reach Hi or Lo end, Sticking or false touch will be recorded per fader.

The column of LEDs above fader numbers 1 to 8 will light before the fader is moved, all the rest of the LEDs will light before fader number 9 is moved, Faders 7 & 8 light the 2 LEDs at the right sifde of the LCD.  Example of error display on LCD:

"00.17  1t  2t    3     4   5t   6    7    8    9 "       after HH:MM  Fader 1: '9' failed 9 or more on 't'ouch activated error       (Fader shaft probably lightly touching metal panel)

"FAIL   9.. 9.s 9Bs 4B  1.s  Ok  Ok  Ok  Ok"       Fader 2: '9' failed 9 or more on 't'ouch & ‘s’ticking                                 (Fader shaft probably jamming against  metal panel)

                                                                       Fader 3: '9' failed 9 or more to reach 'B'oth ends & sticking.                 (Fader probably not moving)

                                                                       Fader 3: '4' failed 4 times to reach 'L'o end of travel                              (Possibly Fader sluggish due to Fader calibrate error)

                                                                       Fader 4: '1' failed once Sticking & Touched                                              (Probably touched by a human while soak testing) 

                                                                       Fader 6,7,8,9 are all Ok

If the voltage supply to the Fader motors is not  >7.7volts < 11.5 volts while the soak test takes place then the LCD will display the current voltage that failed the limits i.e. 08.2 = 8.2 volts is to low. (Normally the LCD displays “Wait, FAIL or Done” at this position)

ote: 
MIDI/USB input does not work in this mode. Switch power off/on to leave this mode.

While soak testing the faders the Motor voltage (noninally 8 volts) will vary considerably, it will be higher when more LEDs are lit, up to 11.5 volts

‘Fader Soak Report’  hold down ‘Mast’ (Top Left) &  ‘Eq+’ buttons as power switched on.

This displays the results of the soak test above, if the test has not been done then " Fader reliability has not been checked Hold buttons 'SndMst' & 'Fx1' @ power on" will be displayed

When the soak test has done at least one complete phase (9 x faders Up/Down) then either “Done”, “PART” or “FAIL” is displayed under the time the soak test lasted (or time before any errors).   “PART” indicates less than 1 Hr of the required test.

Note: the faders do not move in this mode. Switch power off/on to leave this mode.

’Time Hours/Minutes Houston has been switched on’  hold down ‘Mast’  &  ‘EQ4’ buttons as power is switched on.

The LCD display will show the total time in Hours & Minutes that Houston has been powered (Excluding Fader soak test).

Notes:

A Fader will 'Stall' if it cannot physically move i.e.: coffee cup in the way), it will try to move again when target position is changed from VST MIDI or if it is 'Touched' the released.  A MIDI error message will be sent to VST when the stall occurs.

Fader power will be switched off when the fader is positioned within the TARGET_DEAD_BAND area for a few hundred mS. Fader power will be switched back on instantly when a MIDI Fader position message is received or after a few mS when the fader is touched or moved.

A special diagnostic mode can be selected from VST via MIDI Sy-Ex to constantly send MIDI position. (This is reset when Houston power removed / applied again)

Houston detects several error conditions which are reported to the VST PC as req'd, these errors also light a Red LED on the fader PCB (See VST MIDI & flags notes) this Red error LED (located on 'Fader' PCB next to C161u 100 pin chip) indicate the most significant fault which is the least count of flashes, these flashes are switched Off when the error bits are read by a PC VST program. 

ButMuxFail    = VSTErrStickyBits    bit 0 = Power On Self Test button matrix 'Stuck or Ribbon not connected button' check failed, See Test Modes above to resolve hardware failure

ButLedLight   = VSTErrStickyBits    bit 1 = Houston running in test mode, Light LED under button when depressed (Stays in this mode until power Off or Sys-Ex reset command)

5. Fault Finding.

To fault find new manufactured boards that appear dead when a good PSU is attached:

Ensure the back of the power supply is insulated and work through a RCD or isolating transformer using 110volts mains. 

If the unit appears dead and does not briefly flash the green LED on the right hand side of the 3 x LEDs near IC27 1second after power is applied then the CPU is not booting, ensure IC28 EPROM is fitted then check there is between 4.8 and +5v on Pins 14, 28. Ensure that there is between 3.2 and 3.3volts on the center pin of LM317 3 pin regulator chip

Short out the pins of C38 (10uF) to hold the CPU in ‘RESET’ then:

Measure R41 with a Scope, 500mV 8Mhz signal should be present. This proves the CPU is fitted correctly,

Measure the ERPOM (IC28) pins with a multi meter, all address pins,  1 thru 10 & 21, 23,24,25,26,27 should be less than 0.2volt

Data pins 1,12,13 & 15,16,17 should be greater than 3volts; Data pins 18,19 should be less than 0.3volt

IC19 pins9 & 11 should be > 3volt, pin 10 should be < 0.3volt 

If these values are correct when ‘RESET’ is released the processor should boot causing the green LED (LED87) to flash once.ly the .

If the red LED (LED88 near IC7 100pin CPU chip) flashes then count the number of flashes, The fault will be:

No of flashes
Fault

2 EEPROM (IC26) failed to blow (timed out) error.

3 EEPROM read data error.

4 EEPROM checksum error.

5 MIDI Rx error overflow buffer flag.

6 MIDI Rx Hardware error (check MIDI lead & connections)

7 MIDI active sensing timout < 1 second (Inactive until 'Active Sensing' 1st Status received) resets MIDI buffers.

8
'Main' PCB with buttons is not connected to Fader PCB.

If the CPU boots Ok then the Green LED near IC27 will give a short flash approx 1 sec after power on @240V AC.

If Houston has a new ‘un-calibrated’ EEPROM and none of the buttons are stuck down (or electrically shorted) and the LCD is working then ‘Calibration is req’d, EEPROM is new’ message will be displayed on the LCD

Short the ‘Manufacture mode’ link pins at power on to light the yellow LED (which will stay lit until power off)

In this mode if all of the buttons are depressed together then all of the LEDs will light.

Manufacture mode displays the same LCD messages as ‘Test mode’, which can be selected by holding buttons at power on.

If any of the buttons are stuck down there LED will be lit (if they have a LED) and the button MIDI Group/Number will appear on the LCD i.e.: Bt022 008+1 (+0 means button released) consult the MIDI button number chart or view button on ‘Remote.exe’ PC program to determine the physical button location if it has no LED.  If several buttons are stuck only one number will be displayed on the lcd, fix this button then the next number will appear.  When all buttons are Ok after power on then Bt:…….. will be displayed. 

The LCD contrast is controlled by a software generated PWM this is nominally 2mS Hi 5mS low @ 20dec C ambient temperature. This PWM is rectified giving –100mV across C46, this is fed via R118 to Pin 3 of CN3 on the LCD (+400mV Spikey signal).

If the LCD display is Ok but the LEDs or buttons do not respond correctly then check:

The serial multiplex signal (driving 9 x HC4094 serial to parallel latches), this can be verified by measuring the signal on fader tang number 2 with a x10 scope probe, it should be a pulse approx 300uS wide every 3mS, approx 4v in amplitude, if correct then the serial signal passing through IC14 thru IC29 will be correct.   These signals drive the LED mux array and button/Rot-Enc scan circuits.

The Houston PSU will not work correctly without a minimum load of 250mA on the 5v rail.

If the PSU has never worked from manufacture:


Apply 110v power from a transformer isolated mains supply. (Wait 2 seconds for voltage to charge C86.


Check the voltage across IC38 pins 5,7 or C86 it should be at least 17v DC (+25v when running)


If the voltage is pulsing approx every second around +17v then check transformer, D79 or associated 4 x 33R.


Check 6 x 2ohm FET resistors in parallel together measure 0.3ohms

If the PSU has been working then fails likely components to fail are: (in order of most likely to fail)

TR45 800v FET

When the FET fails it will usually open circuit or damage R162 = 1K, R153 = 22R and 6 x 2ohm (R163, 210,166,205,206)) it is strongly recommended to replace all of these resistors if the FET fails.

IC38 UC3482A switcher chip is also likely to be damaged if the FET fails

Under normal operating conditions with no fader movement all PSU components (except R164) should be virtually cold.

Faults found in pre-production models, to 7 dec 2000:

FAULT:





CAUSE:

Dead unit (most common fault to date):

IC27 c161u chip 1 or more legs not soldered down.

Button stuck down:



Carbon layer shorting button contacts (Scrape it away)

Faders motors do not work:


all of FR1 to FR10 1R resistors missing

Unit works on LCD all but no LEDs light:

IC25 chip A/D converter leg not soldered down

LEDs not lit in several places on PCB:

one of TR15 to TR22 mis-placed, not soldered to pads

Fader fails calibrate test:



PCB placed on anti-static or conductive surface when calibrated !

LCD backlight flickers/Fader motors don’t work
IC27 c161u pin82 ‘RSTOUT’ blown

(Temp fix, remove 1Kseries to C161u, pull Port_OE to +5v)

When Houston has passed initial manufacture tests then Hold Top/Left Button and ‘Aux1’ button whilst power is switched on to start the ‘Soak test’ routine, the faders will sequentially move from bottom to top and back, and movement errors will be displayed on the LCD i.e.: .2..5….   = Fader number 2 and 5 did not completely reach the Bottom or Top of its travel during the soak test.

The soak test mode will continue until Houston is switched off, each fader will move Up and Down once per minute = 500 times in 16 hours, the approximate number of Hours, Mines the soak has lasted will be displayed (this does not effect the total operation time stored into EEPROM). Note: the quoted life of the fader is 100,000 operations.

6. MIDI & USB implementation.

When Houston USB is connected to a powered ‘Host’ (PC/MAC computer) then the MIDI In/Out sockets are inactive.

USB MIDI data will not be sent to the Host until some MIDI USB input data is received.

USB uses Interrupt Transactions with ‘ACK/NACK’ handshake (not STALL) see: “USB Spec 1v1.pdf” page 167.

Note: Using Steinberg 'v4' USB driver on a PC, if the USB lead is unplugged or the Houston power switched off while a programme is using USB MIDI the the PC will lock up (usually Blue screen of death).   If USB mysteriously stops working after Opening/Closing PC programes, Restart the PC then everything should be Ok.

There is no such problem when using ‘5 pin DIN’ MIDI connections.

In the explanation below ‘MIDI’  referes to:  USB socket MIDI or 5 pin DIN MIDI Input/Output.

MIDI is inactive while Fader & Touch calibrate in progress.

Houston only accepts Fader and Rotart information (MIDI Controller) on Input Ch 1/Output Ch 1, Sys-Ex data must have ‘H’ouston header and appropriate format with checksum (Sys-Ex does not have MIDI channel).

If MIDI 'Active sensing' is received then MIDI 'Active sensing'  is sent out every 0.5 seconds.

The internal Green MIDI Rx LED to flash when any MIDI data is received (‘LED87’ on the ‘Fader’ PCB near ‘IC27’)

Houston Buttons send MIDI 'Controller' '0xB0', Group # 20 to 23, Even button # +1 when depressed (Bit 0 = set = depressed), LEDs under the buttons light when MIDI 'Controller' 'B0 hex', Group # dec, Button # 0.50 dec + bit0 = Set = LED = Lit. 

 Group # 20 = 'Global Master' = 0 'Fader set EQ1' = 8, 'Fader set Aux1' = 24, 'Selected EQ+' = 40, 'Selected Routing' = 54

 Group # 21 = 'Selected Ch1'= 0 'Defeat Mute' = 16, 'Mute Ch1' = 18,'Defeat Solo' = 34,  'Solo Ch1' = 36 'Solo Ch8' = 50

 Group # 22 = 'Motors' = 0 'Shift' = 8, 'Sets' = 10, '<8' = 20, '8>' = 22, 'Stop' = 24, '<<' = 26, '>>'= 28, 'Rec' = 30, 'Arm' = 32, 'Play' = 34

 Group # 23 = 'Num 0' = 0 ''10' = 20, 'Enter' = 22, 'Zap' = 24, 'Funct' = 26 'Sets' = 32, 'Jump' = 40, Up = 46, Down = 48, 'More' = 50, 'Save' = 52, 'Canc' = 60 thru 'Yes' = 64.

All Houston Controllers respond slightly differently to MIDI 1v0 spec:

When MSB controller is sent, Houston waits for the matching device (Fader or Rot-Encoder) # LSB before setting its value, subsequent LSBs sent will change the LSB value

Note: Controller MSB only will not change values (this would clear the LSB resulting in poor resolution/LED flicker).

8 x Rotary Encoders send MIDI 'Controller' '0xB0', Rot-Enc #1.8 = 10.17 = MSB, 42.49 = LSB, Absolute position 0..16K (14 bit MIDI MSB/LSB data) the number of 'clicks' per revolution is set by Sys-Ex message, it should be set to match the LED display mode which is also set by Sys-Ex message

 i.e.: 'Frequency' LED display has 57 positions

     'Boost/Cut' LED display has 17 positions

     'Q'         LED display has 15 positions

     'Q'         LED display has 17 positions with 'LPF/HPF shelving' at end

     HPF/LPF     LED display has 30 positions

     On/Off      LED display has 2 positions

Rot-Enc absolute position 0 =  all 15 LEDs Off, with 'Q' display @ 15 clicks/rev all 15 LEDs will light when Rot-Enc abs pos = 16k, Rotary-encoder values are sent every 5mS minimum if req'd

Houston 9 x Faders send MIDI 'Controller' '0xB0', Fader # 1..9 = MSB, 33..41 = LSB, Absolute position 0..16K (14 bit MIDI MSB/LSB data) Fader position values are sent every 15mS minimum if lots of movement (9 faders = 4 x MIDI values each = 36 x 0.33mS = 12mS of MIDI data if all faders moved at once !) The 9 x Fader 'Touch' send MIDI 'Controller' '0xB0', Group #24, Fader # 1..9 x 2  , bit0 = Set = Fader Tang touched, Fader 'Touched' values are sent every 15mS

The Jog Wheel has 80 clicks per revolution, it sends MIDI 'Controller' '0xB0', Group # 19, Time since last changed (in mS) 1..126, Changed value +- 0..63, time = 127 = slowest detectable rotation speed = 9 seconds per rev

Messages displayed on 2 x 40 char LCD are either 'Built in' selected by Sys-Ex, or Sys-Ex ASCII string @ position (see ‘Houston.h’ System Exclusive specification document)

If MIDI active sensing ceases after valid active sensing, all the buttons LEDs will be switched Off (in case bad MIDI connection had light spurious button LEDs)

When VST receives MIDI active again (or initially) from Houston it must initialise the current patch to Houston.

Status flag sent to VST when requested, reflects real time events since last read:

FROM Houston, Red LED near CPU flashes # of times to indicate a bit is set - Error information returned,  'Sticky' status flags are all cleared when sent to VST in responses to Sy-Ex request

EEPROM_WRITE_ERR    0x1   // bit 0 DynamicErrors[0] VST error flag = EEPROM blow timed out error

EEPROM_CHKSUM_ERR   0x2   // bit 1 DynamicErrors[0] VST error flag = EEPROM checksum error

EEPROM_READ_ERR     0x4   // bit 2 DynamicErrors[0] VST error flag = EEPROM read error

MIDI_OVERFLOW_ERR   0x8   // bit 3 DynamicErrors[0] VST error flag = MIDI Rx error overflow buffer flag

MIDI_HARDWARE_ERR   0x10  // bit 4 DynamicErrors[0] VST error flag = MIDI Rx Hardware error (check MIDI lead & connections)

MIDI_SENSE_ERR      0x10  // bit 5 DynamicErrors[0] VST error flag = MIDI active sensing timout < 1 second (Inactive until 'Active Sensing' 1st Status received) resets MIDI buffers if times out

Status flag sent to VST when requested, reflects Houston state since power on: (Not cleared when read)

ButMuxFail    = VSTErrStickyBits    bit 0 = Power On Self Test button matrix 'Stuck or Ribbon not connected button' check failed

ButLedLight   = VSTErrStickyBits    bit 1 = Houston running in test mode, Light LED under button when depressed (Stays in this mode until power Off)

TouchCalibrateError= VSTErrStickyBits  bit 2 = Houston failed calibratechecks

FaderCalibrateError= VSTErrStickyBits  bit 3 = Houston failed calibratechecks

ManifMode              = VSTErrStickyBits bit13  = ‘Manifacture mode’ 2 pin link applied at power on, Yellow LED will be lit until power off.

All MIDI messages sent to VST use 'Running Status', the MIDI status byte will be Re-sent every second (When MIDI data req'd) to ensure data is understood when the VST program is started.

The 9 x Faders send MIDI 'Controller' MSB/LSB absolute position as 0 to 14bit (0..16K) unsigned data, this has 10bit precision when moving & 14bit averaged when slowly moved or stationary.

The 8 x Rotary-Encoders send MIDI 'Controller' MSB/LSB absolute position as 0 to 14bit (0..16K) unsigned data.

When Houston is receiving Rot-Enc position data the Rot-Enc LED only moves when the LSB data is received (if it moved when the MSB was received then the LED position would flicker if the data was slow to be received)

The Jog wheel sends MIDI 'Controller' +-63 (Bit6 = sign) relative position in Rot-Enc 'clicks' + time (Max = 127mS = 10Secs/rev ) since last value sent (Alps encoder = 80 clicks per rev)

MIDI ‘Power down’ command switches LCD backlight and all LED & motors Off, Time is also stored in EEPROM.

7. Power supply electrical spec.

Note: Houston Switch Mode PSU takes 2 seconds to switch on @ minimum of 85v AC mains, takes 500mS @ maximum of 255v,  50/60Hz AC Mains supply.  Type FST  T1AL 250v fuse.

Minimum start-up supply voltage with nominal load = 75v AC,  Drop out voltage < 60v AC Mains

Houston SMPSU is constant switching frequency at 43KHz +-5%, variable pulse width. Max DC power output 19.5watts.

With no load goes into burst mode typically 1/sec @ 90v, 4/sec @ 250v. (Min load 5v @ 50mA for continuous operation) 

Ringing frequency 1.5uS after FET switches off = 1.1MHz using 1K +100pF snubber network.

When +5v @ 0.8A, 8v @ 1A load (Typical operation) FET switch 'On' time = 1 to 4uS (Max 6uS @ current limit)

Saturation Voltage across FET 15v, max voltage across FET @ 250v AC    = 650V P.P.

Max peak reverse voltage across output rectifier diodes =  D14 -50V, D12 -35v.

Normal conditions: LCD lit and 8 Rot-Enc LEDs +5v rail draws 500mA,    Fully regulated = < 400mV P.P ripple.

Normal conditions: No fader movement, Motor voltage = 9volt @ 100mA, Semi regulated = <400mV P.P ripple

‘BIAS’ supply to UC3482A chip (across C86)  @ 5v 500mA = 25v,  @ 5v=1.5A = 33 volts (at all mains voltages).

Nominal current @5v with LED backlight on (inc 3v for CPU) 500mA

Max current @+5v with all LEDs lit                                             1.35A  (Max PSU 5v current 1.5A)

5 volt short-circuited current from PSU                  @90v to 250v 500mA

Nominal unregulated ‘Mpower’  = +9.2 volts (@ +5v 500mA =LCD backlight+8 Rot-Enc 1 LED lit each, all motors off)

Max voltage of unregulated ‘Mpower’         = +12volts (all +5v all LEDs lit, all motors off)

+8v  ’Mpower’ voltage with motors off  = 10v  (All Rot-Enc LEDs lit)

+8v  ’Mpower’ voltage with motors off  = 7.5v (Only one Rot-Enc LED lit per encoder)

Normal load drawn from Mpower’ with all faders moving             7.0v @ 1.5A

Max load drawn from Mpower’ with all faders stalled momentarily 6.5v @ 2A (Limited by software to 500mS max)

When ‘Mpower’ volt short-circuited current from PSU                   2A.  (Power supply will possibly pulse On/Off = Ok )

Manufacture test current with both supplies loaded to max. Supply input voltage = 110v AC

5volt @ 3.3ohm load   = 1.5Amp, acceptable range 4.56v to 5.04v (+-5%) typically 4.8v (600mV P.P Ripple)

8volt @ 5.33ohm load = 1.5Amp, acceptable range 7.02v to 8.58v (+-10%) typically 7.8v (700mV P.P Ripple)

for this test supply current drawn = 0.32A @ 110v AC,   0.15A @ 250v AC. (at min 85v AC draws 0.43Amps)

The PSU will blow the ‘1AT’ fuse if below 60v AC supply for more than 10 seconds with full load, this is Ok.

Short circuit applied across either DC output draws max of 0.43A @ 85v AC, less at higher supply voltages.

+5v hold up time (+5v @ 0.3A, 9v @ 1A load) after mains switched off @ 95v = 70mS,  @ 250v = 250mS with 1 x 150uF 400v capacitor, 

Power Supply abnormal tests:

@ 25deg ambient, after ½ Hour at 85v to 250v AC (whichever is worst), @ max output current as described above

TR45 FET heatsink temperature   80 deg C
       
D77 KBU6K bridge rectifier         65 deg C

HB8 XXX transformer                 55 deg C

802WOR8 CMR choke                 36 deg C

1K 1watt snubber R's                   45 deg C

UC3842 switcher chip                  55 deg C

2 x 75v snubber zenier diode        70 deg C

150K bootstrap resistor                70 deg C

D82 BYW81P shotky diodes      110 deg C

D80 BYW81P shotky diodes        80 deg C

Note: these are worst case temperatures, not normal operating conditions.

Worst case condition for short circuit across DC outputs:

With 85v AC supply (50/60Hz) with full DC load on +5v and Mpower (as described in paragraph above).

Short out +5v across C102, C97, C96, C81, C118

D82 starts to smoke after 30 seconds, melts the solder then destroys itself due to thermal runaway after typ. 3 minutes

Short out Mpower (Nom 8v) across C98, C82, C119, C95, C117

D80 starts to smoke after 30 seconds, melts the solder then destroys itself due to thermal runaway after typ. 3 minutes

8. Technical Operation notes.

At power on all faders will move to the bottom  (max audio attenuation) assuming no mechanical problems

A Fader will 'Stall' if it cannot physically move i.e.: coffee cup in the way), it will try to move again when target position is changed from VST MIDI or if it is 'Touched' the released

 One MIDI error message will be sent to VST when the stall occurs.

Fader power will be switched off when the fader is positioned within the TARGET_DEAD_BAND area for a few hundred mS.

 Fader power will be switched back on instantly when a MIDI Fader position message is received or after a few mS when the fader is touched or moved.

Faders will send 10bit (Rapid movement) or 14bit averaged MIDI position values when 'Touched' then moved (a conductive object in contact with the carbonised fader knob i.e. a finger)

 Unless a fader is 'forced' i.e.: 'flicked' with the finger (Fingernail will not activate 'Touch') or pushed with a non-conductive object further than 'FadAveBand' amount (about 1mm).

 A special diagnostic mode can be selected from VST via MIDI Sy-Ex to constantly send MIDI position. (This is reset when Houston power removed / applied again)

All MIDI messages sent to VST use 'Running Status', the MIDI status byte will be Re-sent every second (When MIDI data req'd) to ensure data is understood when the VST programme is started.

The 9 x Faders send MIDI 'Controller' MSB/LSB absolute position as 0 to 14bit (0..16K) unsigned data, this has 10bit precision when moving & 14bit averaged when stationary.

The 8 x Rotary-Encoders send MIDI 'Controller' MSB/LSB absolute position as 0 to 14bit (0..16K) unsigned data.

The Jog wheel sends MIDI 'Controller' +-63 (Bit6 = sign) relative position in Rot-Enc 'clicks' + time (Max = 127mS = 10Secs/rev) since last value sent (Alps encoder = 80 clicks per rev)

When a USB lead plugged from Houston into PC  with this USB code running, for the first time used with Houston then the PC should request a driver, select 'Houston.inf' with the Browse box, 'Steinberg Houston WDM Driver' should be installed, Re-Start PC. After that when the USB lead plugged in the PC should show Hourglass for fraction of second, USB should then work.
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