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Objectives
Compare different types of lights used for still underwater photography. Determine if LEDs are a viable replacement for xenon strobes.
Test Setup
Brett Hobson and Paul McGill set up various strobe units in MBARI’s pressure test facility on 7Nov14 and 25Nov14 in two test sessions. A Sekonic model L-308DC light meter was used to compare the light sources. The meter determined the lens stop required to get a proper exposure for a camera with a light sensitivity of ISO 100. The light meter was positioned at a distance of 4 meters from the strobes, and used the meter’s “Lumisphere” integrating diffuser. This doesn’t give an absolute measure, in metric units, of the light produced but it does allow direct comparison of different sources.

Three types of light sources were tested:
Ocean Imaging Systems model 3831 xenon (OI)
Ken Smith Lab custom xenon (SL)
Cathx Ocean model Aphos 4 LED (CO)

The two types of xenon strobes both use two 1600 µF capacitors for energy storage, but the SL charges them to 400 VDC where the OI charges them to only 350 VDC. The energy stored can be calculated by

	E = 0.5 x C x V2

The capacitors don’t discharge all the way to 0 V, but the amount of energy left after a flash is negligible. For instance, the SL has about 30 V left on its capacitors after a discharge, which corresponds to only about 1.5 J. Consequently, the SL is nominally

	ESL = 0.5 x 3200 µF x (400 V)2 = 256 J

while the OI is

	EOI = 0.5 x 3200 µF x (350 V)2 = 196 J

The SL has only one energy setting, but the OI energy can be adjusted with internal jumpers to 200, 100, or 50 J per flash. The SL also has two flash heads and can be operated with one or both heads connected. If two heads are connected then the strobe energy is distributed equally between them.

The CO uses LEDs and has no equivalent energy output rating, but it is a 120 W unit (24 VDC at 5.1 A). It can be set to stay on continuously, or it can be programmed to produces flashes lasting anywhere from 1 to 65,535 µs. Thus, a 5 ms flash would consume about 

ECA  = 120 W x 5 ms = 0.6 J.

Note that this LED energy estimation is based on the unit’s input power, and doesn’t represent all of the energy going to the LEDs; this number can, however, be used for a rough comparison.

All sources were tested both on-axis as well as 25 degrees off-axis to determine how even the light field was over the typical viewing angle of a camera lens.

Test Results
The only measurement recorded during testing was the required ƒ-stop (i.e. lens aperture setting) reported by the light meter and the distance between the meter and the light source. All other values are calculated and are shown in the following table:



Two values were calculated: a guide number and a head ratio. The guide number (GN) is a number used by photographers to compare different strobe units. Given the GN of a strobe, a photographer can quickly determine the correct exposure for a given distance by dividing the GN by that distance. If, for instance, the GN is 32 and the subject is 4 meters away, then the correct exposure is ƒ 8. Note that the GN value must also state the units, meters or feet, and the assumed camera sensitivity in ISO units, typically ISO 100. For underwater photography, it’s also important to know if the GN was calculated in water or air; GNs in water are typically about half of the value in air.

We can see that the OI has a GN only half that of the SL even though their energies differ by only 20%. This may be because the OI has flash tubes, rated for millions of flashes, which are run far below their rated power to extend their life. The SL may produce a much hotter, brighter flash yielding more light but a shorter flash tube lifetime. There may be other differences in the circuitry or strobe head optics that cause the OI to produce less on-axis light. We did find that the two OI flash tubes are not identical: one tube has a visibly loose wire on the trigger electrode and that tube produces about 25% less light than the undamaged tube. The OI reflectors, being white-painted fiberglass, are also less efficient than the shiny metal SL reflectors. This difference in construction is due to the fact that the SL reflectors are contained in glass spheres and aren’t exposed to corrosive seawater as the OI reflectors are. Finally, the OI may produce a larger light field than the SL. We don’t know as we only tested out to 25 degrees off axis.

We also found that the OI with a single flash tube doesn’t produce as much light as having two flash tubes plugged in, even though the energy should be the same. It may be that a single OI tube reaches a maximum light output beyond which the rest of the energy is dissipated as heat. With two tubes, each tube sees half the energy and may not reach its upper limit.

The GNs calculated in these tests are consistent with the GNs for commercial units compiled in the table at

http://www.uwphotographyguide.com/underwater-photography-strobes

although you must correct for the fact that the MBARI tests were done in air and the table at the link shows GNs in water. You must also allow for the fact that manufactures routinely overstate their GNs, as illustrated in the table at

http://www.backscatter.com/learn/article/article.php?ID=40

The head ratio, invented for this report, determines how many strobe heads of one type are required to get the same exposure as that used with a different strobe head (note that multiple flash tube heads plugged into one ballast unit such as the OI are still considered one head, as this arrangement doesn’t nominally increase the light output). The head ratio is calculated by finding the ratio of the squares of the ƒ-stops required to get a proper exposure with the two light sources being compared. For instance, if the brighter light source requires an exposure of ƒ 8, but the dimmer source requires a full stop more exposure, ƒ 5.6, then the head ratio is

	head ratio = (ƒ 8)2/(ƒ 5.6)2 = 64/31.4 = 2.0

meaning that two of the dimmer light sources are required to equal the light output of the brighter source.

In this report we compare all the strobe units to the OI set to 50 J with two flash tubes plugged in, as this setup is used on the MBARI Imaging AUV. From the table we see that, as expected, if the OI is set to 100 J then 0.5 units are required to match the 50 J OI, and if the OI is set to 200 J then 0.25 units are required.

The CO is much less bright than the xenon units, and approximately 13 CO heads would be required to match the light output of the OI. Cathx Ocean is producing new LED light panels that have many more LEDs than the Aphos 4, so the number of LED heads required will likely be much less than 13.

The CO exhibits two other undesirable characteristics in its flash length and its light distribution. The required flash length is much longer than that of the xenon heads. We measured the flash lengths with a photodiode and an oscilloscope, with the following results:

OI  ~2.4 ms (when set to 200 J)
SL ~0.4 ms 
CO ~5 ms (when programmed for 7 ms)

Thus, more motion blur will result for images taken from moving vehicles such as AUVs.

We measured the CO light output in two ways: first, by setting the strobe mode of the CO to produce a ~5 ms flash and telling the light meter to measure the whole pulse by setting it to a slow shutter speed (say, 1/10th s). Second, by setting the CO to stay on continuously and telling the light meter to measure for 5 ms by setting it to a shutter speed of 1/200th s. The two measurements produce similar but slightly different results. The first test sees slightly more light (yielding a bigger GN) as the long tail of the strobe pulse is included, but the second test stops integrating light after exactly 5 ms.

The light distribution is much less uniform for the CO. The xenon heads produce a very uniform light field at least out to 25 degrees off axis. The LED head falls off to 64% of the center-axis brightness at 25 degrees off axis. Consequently, even more LED heads will be required than the number estimated by the head ratio alone.

The main advantage of the LEDs is the energy savings. The xenon strobe high-voltage power supplies are not very efficient. For instance, the input energy required to fire the SL at 256 J is about 783 J, so the voltage converter is only 33% efficient. If the equivalent of even 100 CO heads, each requiring 0.6 J, are required to equal this light output, then the 60 J expended still reduces the energy consumption by an order of magnitude.

Conclusions
The tests we performed at MBARI yielded results that are consistent with those published for other xenon light sources. The LED head we tested was, as expected, much dimmer than the xenon heads, and many more LED heads would be required to equal the light output of a xenon head. The flash length is also much longer for the LED head compared to the xenon heads, which might be a problem for moving-vehicle applications. The chief advantage of the LED heads is their smaller energy consumption, which may be an order of magnitude better than xenon sources.
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Strobe Distance	
  (m) f-­‐number Angle	
  (deg) Guide	
  Num Head	
  Ratio Notes
Cathx	
  Aphos	
  4 4 0.70 0 2.8 12.8 set	
  to	
  7	
  ms	
  pulse,	
  ~5	
  ms	
  actual
Cathx	
  Aphos	
  4 4 0.56 25 2.2 19.9 set	
  to	
  7	
  ms	
  pulse,	
  ~5	
  ms	
  actual
Cathx	
  Aphos	
  4 4 0.63 0 2.5 15.7 full	
  on,	
  light	
  meter	
  set	
  to	
  1/200th	
  sec
Cathx	
  Aphos	
  4 4 0.50 25 2.0 25.0 full	
  on,	
  light	
  meter	
  set	
  to	
  1/200th	
  sec



Ocean	
  Imaging 4 4.03 0 16.1 0.38 single	
  head,	
  set	
  to	
  200	
  J,	
  ~2.4	
  ms
Ocean	
  Imaging 4 4.01 25 16.0 0.39 single	
  head,	
  set	
  to	
  200	
  J,	
  ~2.4	
  ms
Ocean	
  Imaging 4 5.00 0 20.0 0.25 dual	
  head,	
  set	
  to	
  200	
  J
Ocean	
  Imaging 4 3.60 0 14.4 0.48 dual	
  head,	
  set	
  to	
  100	
  J
Ocean	
  Imaging 4 2.50 0 10.0 1.00 dual	
  head,	
  set	
  to	
  50	
  J
Ocean	
  Imaging 4 2.80 0 11.2 0.80 single	
  head,	
  left,	
  set	
  to	
  50	
  J
Ocean	
  Imaging 4 2.50 0 10.0 1.00 single	
  head,	
  right,	
  set	
  to	
  50	
  J



Smith	
  Lab 4 8.03 0 32.1 0.10 250	
  J,	
  ~400	
  us
Smith	
  Lab 4 8.04 25 32.2 0.10 250	
  J,	
  ~400	
  us



Guide	
  number	
  is	
  meters	
  in	
  air	
  for	
  ISO	
  100.
Head	
  ratio	
  is	
  how	
  many	
  strobe	
  units	
  to
	
  	
  equal	
  the	
  Ocean	
  Imaging	
  dual	
  head	
  at	
  50	
  J.










Strobe Distance	(m)f-numberAngle	(deg)Guide	Num Head	Ratio Notes

Cathx	Aphos	4 4 0.70 0 2.8 12.8set	to	7	ms	pulse,	~5	ms	actual

Cathx	Aphos	4 4 0.56 25 2.2 19.9set	to	7	ms	pulse,	~5	ms	actual

Cathx	Aphos	4 4 0.63 0 2.5 15.7full	on,	light	meter	set	to	1/200th	sec

Cathx	Aphos	4 4 0.50 25 2.0 25.0full	on,	light	meter	set	to	1/200th	sec

Ocean	Imaging 4 4.03 0 16.1 0.38single	head,	set	to	200	J,	~2.4	ms

Ocean	Imaging 4 4.01 25 16.0 0.39single	head,	set	to	200	J,	~2.4	ms

Ocean	Imaging 4 5.00 0 20.0 0.25dual	head,	set	to	200	J

Ocean	Imaging 4 3.60 0 14.4 0.48dual	head,	set	to	100	J

Ocean	Imaging 4 2.50 0 10.0 1.00dual	head,	set	to	50	J

Ocean	Imaging 4 2.80 0 11.2 0.80single	head,	left,	set	to	50	J

Ocean	Imaging 4 2.50 0 10.0 1.00single	head,	right,	set	to	50	J

Smith	Lab 4 8.03 0 32.1 0.10250	J,	~400	us

Smith	Lab 4 8.04 25 32.2 0.10250	J,	~400	us

Guide	number	is	meters	in	air	for	ISO	100.

Head	ratio	is	how	many	strobe	units	to

		equal	the	Ocean	Imaging	dual	head	at	50	J.
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		Strobe		Distance (m)		f-number		Angle (deg)		Guide Num		Head Ratio		Notes

		Cathx Aphos 4		4		0.70		0		2.8		12.8		set to 7 ms pulse, ~5 ms actual

		Cathx Aphos 4		4		0.56		25		2.2		19.9		set to 7 ms pulse, ~5 ms actual

		Cathx Aphos 4		4		0.63		0		2.5		15.7		full on, light meter set to 1/200th sec

		Cathx Aphos 4		4		0.50		25		2.0		25.0		full on, light meter set to 1/200th sec

		Ocean Imaging		4		4.03		0		16.1		0.38		single head, set to 200 J, ~2.4 ms

		Ocean Imaging		4		4.01		25		16.0		0.39		single head, set to 200 J, ~2.4 ms

		Ocean Imaging		4		5.00		0		20.0		0.25		dual head, set to 200 J

		Ocean Imaging		4		3.60		0		14.4		0.48		dual head, set to 100 J

		Ocean Imaging		4		2.50		0		10.0		1.00		dual head, set to 50 J

		Ocean Imaging		4		2.80		0		11.2		0.80		single head, left, set to 50 J

		Ocean Imaging		4		2.50		0		10.0		1.00		single head, right, set to 50 J



		Smith Lab		4		8.03		0		32.1		0.10		250 J, ~400 us

		Smith Lab		4		8.04		25		32.2		0.10		250 J, ~400 us

														Guide number is meters in air for ISO 100.

														Head ratio is how many strobe units to

														  equal the Ocean Imaging dual head at 50 J.
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