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How to take such pictures?

• Exposure time as short as 40 µs

• Exposure time  ≠ shutter time

• Dark scene

• Open shutter (for e.g. 1/10 sec)

• Synchronize events (drops, bullets, …)

• Fire flash(es)

• Exposure time = flash duration



2005: Analog equipment

Sound trigger

Adjustable delay

Light gate

Valve



Analog equipment



Analog equipment

• Original analog timer, 500 µs .. 0.5 sec



Draw-backs of analog equipment

• Precision

• Reproducability

• Pellet iso bullet

• One input, one output event
• Optical, audio input

• Flash output

• No shutter control, no valves

• Need event before input
• Valve before gun

• Go digital!



Digital equipment
• Laptop with parallel(!) port

• Open collector driver

• Opto coupler to insulate sensitive devices (like camera!)

• Wiring to
• Flashes
• Camera
• Valves
• Pump
• Gun



Software

• Redhat 9, single user, no network

• Minimal latency

• Running as root (sbit) to get access to parallel port

• Control parallel port through MMIO: 1 µs resolution

• void void void void outboutboutboutb(unsigned char (unsigned char (unsigned char (unsigned char value, unsigned short int , unsigned short int , unsigned short int , unsigned short int port);););); // port = 0x378

• Language to specify events and actions

• Implement through Front (http://front.sourceforge.net)



Software

port valve

port flash

port shutter

port pump

port gun

event pump    action pump      duration 700 ms  start

event drop1   action valve duration 55 ms   100 ms after pump

event drop2   action valve duration 45 ms   134 ms after drop1

event camera  action shutter duration 500 ms  350 ms after drop1

event light   action flash     duration 10 ms   150 ms after camera

event shoot action gun       duration 7 ms    124 ms after camera

events ::= ports : { Port  }
events : { Event } ;

Port  ::= "port" SP id : DEFINING Ident NAMESPACE PORT NL
value : Int = 0  ;

Event ::= "event"  SP id : DEFINING Ident NAMESPACE EVENT SP
"action" SP
port     : APPLIED Port NAME Ident SP
duration : [ "duration" SP Time SP ]
< StartEvent ::= "start" 
| InputEvent ::= "input"
| TimedEvent ::= t : Time SP "after" SP pred : APPLIED Event NAME Ident
> NL
ticks  : clock_ticks = 0    %% time at which the event should happen
action : Action = NULL      %% Action to be executed
arg : Int = 0 %% Argument to action

passed : clock_ticks = -1   %% time at which the event happened
;

Time ::=  t : Int SP
unit : TimeUnit ;

TimeUnit ::= < u_time ::= "us"
| m_time ::= "ms"
| s_time ::= "s"
> ;

Drop control code Drop grammar in Front



Setup

Valves

Coil gun
Flashes

Diffusor



Setup

Laptop

Open collector driver

Coil gun driver

Power supply



Coil gun

• Charge capacitor (~1mF) to 200-300V

• Dozens of Joules (½ CV2 : lethal!)

• Short-circuit over big coil

• Strong induction peak

• Pull steel bullet through coil

• Timing very precise

• Control bullet speed by pulse duration

• How to switch 300V and 100A within microseconds?

• IGBT (used in induction cooktop)



IGBT



High voltage





Thank you!


