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The block diagram below is an illustration of how the trigger signal flows through the Aphos 32 strobe light. This diagram is not an electrical or functional diagram and serves only a descriptive purpose. 


Fig.1 Block diagram of the Aphos 32 trigger interface

Overview 
The Aphos 32 contains an optically isolated input trigger circuit that is routed to its microcontroller. The Aphos 32 (A32) is also equipped to work in a single shot mode that was developed for MBARI for use on a permanent subsea installation. The microcontroller’s command line interface is equipped with several registers that allow for configuration of the trigger edge and also for configuration of the light pulse duration for single shot mode. 
Software configuring the A32
The table below details commands that can be sent to the light via its RS485 interface to control the trigger edge and the single shot pulse time. Note that there is no requirement to communicate with the light or to command the light via software once it’s deployed.  The A32 can operate in an automatic fashion by auto-charging its capacitors once power is applied. 
	Command
	Syntax  (Host to A32)
	Syntax (A32 to Host)
	Details

	
s_mode
	<C,2,s_mode 1*ZZZZ>
	None
	This command will program the light into single shot mode. This is a non-volatile command

	
	<C,2,s_mode 0*ZZZZ>
	None
	This command will program the light for normal pulsed operation. This is a non-volatile command

	
	<C,2,s_mode*ZZZZ>
	<R,2,1*ZZZZ>
	By not sending a parameter the light will respond with the current s_mode value. In this case, s_mode is set to 1, i.e. single shot mode. (Note Checksum set to ‘ZZZZ’ for read examples)

	
	
	
	

	
s_shot
	<C,2,s_shot 65*ZZZZ>
	None
	This command sets the single shot pulse duration. The units are msec, and the range is from 1msec to 100msec. In this example the shot duration is set to 65msec

	
	<C,2,s_shot*ZZZZ>
	<R,2,65*ZZZZ>
	This command reads the single shot pulse duration from a light. In this case the value is 65 so the light will fire for 65msec once a trigger is detected

	
	
	
	

	
s_trigger
	<C,2,s_trigger 1*ZZZZ>
	None
	This command sets the light to be falling edge triggered. (W.r.t the trigger signal at the bulkhead)

	
	<C,2,s_trigger 0*ZZZZ>
	None
	This command sets the light to be rising edge triggered 

	
	<C,2,s_trigger*ZZZZ>
	<R,2,0*ZZZZ>
	This command reads the lights trigger edge configuration. In this case the light it rising edge triggered.

	
	
	
	

	
set_vcap
	<C,2,set_vcap 53*ZZZZ>
	None
	This command sets the charge voltage on the capacitor banks. The units are volts and must be entered as integers. The range is from 10V to 56V. For single shot operating, 53V is recommended. 

	
	<C,2,set_vcap*ZZZZ>
	<R,2,53*ZZZZ>
	This command reads the lights capacitor bank target voltage. In this case the lights will charge the capacitors to 53V

	
	
	
	

	

auto_en
	<C,2,auto_en 2*ZZZZ>
	None
	This command sets the light to auto charge on power up. When it is sent to the light it is effective from the next restart.

	
	<C,2,auto_en 0*ZZZZ>
	None
	This command sets the light so that capacitor charging only occurs when a charge_en command is received. When it is sent to the light it is effective from the next restart.

	
	<C,2,auto_en*ZZZZ>
	<R,2,2*ZZZZ>
	This command reads the auto charge enable register. In this case the light is set to auto charge on power up.


Table 1 Command list for trigger and shot configuration
Example A32 single shot configuration
The command list below will setup an A32 to operate in single shot mode where the light will be falling edge triggered. The light pulse will be set to fire for 85msec. The A32 will also auto charge once power is applied.
	<C,2,auto_en 2*ZZZZ>
	This command sets the light to auto charge on power up. Effective from the next restart

	<C,2,s_mode 1*ZZZZ>
	This command will program the light into single shot mode

	<C,2,s_trigger 1*ZZZZ>
	This command will configure the light to be falling edge triggered

	<C,2,s_shot 85*ZZZZ>
	This command will fire the LED’s at full power for 85msec once the trigger is detected



Trigger hardware Overview
The table below details the operating range for the A32 trigger input. Operation outside this range is possible but not tested and verified. 
Trigger input electrical specifications

	Aphos 32 Trigger input specifications

	Trigger input voltage range  (Vt)
	MIN
	TYP
	MAX

	
	3.0V
	5.0V
	12V

	Trigger pulse width (Tw)
	MIN
	TPY
	MAX

	
	200uSec
	-
	-

	Trigger frequency range  (Ft)
Applies to pulsed mode only
	MIN
	TPY
	MAX

	
	1/10Hz
	
	30Hz

	Trigger edge detection
Configured via the command line interface (RS485)
	RISING EDGE
	FALLING EDGE

	
	YES
	YES


Table 2 Trigger input specifications



Single shot mode details
Light output
Fig.1 shows a data grab of the LED current and voltage captured from a single channel of an A32 firing in single shot mode. The graph spans a total of 120msec. The blue line is the LED voltage and the orange line is the LED channel current. The left hand y axis measures LED voltage and the blue trace is related to this data. The right hand y axis is related to the LED current (orange trace)
In this instance the lights capacitors were charged to 46V and the pulse duration was set to 65msec. It can be seen from the graph that the power provided to the LED channel drops exponentially once the pulse begins firing. There is a plateau at the start of the pulse where the LED current is relatively constant. By 2msec into the pulse the LED current starts to drop. Increasing the charge voltage on the capacitor bank to 53V will extend this curve further.

Fig.1 A32 65msec single shot trace
Although the shape of the LED current curve is a decaying exponential, it should be noted that the light LED’s are on for the entire 65msec and in fact the forward current applied to the LED’s is enough to maintain 100,000 lumen for the first 7.5msec of the pulse. Beyond that the lumen output is falling off but there is still considerable light being generated right up until 20msec. After 20msec the light is falling rapidly and by 65msec is low. 
If the camera being used has a global shutter in place, it will have the benefit of being able to integrate all the light produced by the A32 for the entire 65msec. 
Auto Charging
If Automatic charge is enabled the light will immediately being charging its capacitor banks once power is applied. There are 4 independent switch mode charging circuits inside the A32 bottle. Each of these is assigned to an LED channel. To prevent excessive loading when power is applied. The microcontroller staggers the channel charging by 1 second. So channel 1 starts charging, the one second later channel 2 starts and so on until all four channels are charging. Once each channel reaches the target charge voltage the lights arms itself and if a trigger is received from this point onwards the lights will flash.
The advantage of auto charging is that the light does not need any software intervention to fire. Once the lights have charged all you need to do is apply the trigger and the light will fire according to its programmed parameters.
Bench top method for Determining when the light is ready to fire 
Before leaving the factory all lights have their auto-charge time measured and entered into the build configuration documents that accompanies the light. If you don’t have that, there is a method of determining the auto charge time, this requires an RS485 interface to the light. 
1. Turn off the light and leave it off for at least 10 minutes. 
2. Start-up Putty (or whatever command line tool you use)
3. Enter the following command but do not press enter on the keyboard <C,2,rep_vcap 1*ZZZZ>
4. Get a stopwatch ready. 
5. Power on the light and wait approx. 3 seconds. Press enter on the keyboard to send down the last command and start your stopwatch. 
6. As soon as the light has auto charged it will output 4 lines on the screen detailing the voltage on each channel. Stop your stopwatch when this appears. 
7. The elapsed time is the auto-charge duration, with some error in terms of the 3 second delay at the start.
Re-arming the light in single shot mode
The single shot mode developed for the A32 was developed specifically for the MBARI permanent light installation. As part of the technical discussions that took place between Cathx and MBARI, the system was designed to be power efficient and to allow the light to be powered off as soon as the LED fired. 
In normal ‘pulsed’ mode, once the LED’s fire the A32 immediately begins recharging its capacitor banks. In single shot mode, once the LED pulse is over the light internally shuts down, it disables its trigger input and does not recharge its capacitors banks. This minimises the power drawn from the light once the LED’s have fired. To re-arm the light for the next pulse you must power cycle the light. 
A32 Single shot ILED and VLED 
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