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CLAIMS: 

1. A method for use in detectingen and locatingef a muzzle flash event, 

the method comprising 	 sensing, imaging electromagnetic radiation by an imager 

comprising 	Photo Detector Array (PDA) sensitive in at least 	of the a 	 a portion 

N-1-1R--aPela SWIR spectrum, electromagnetic radiation, 	through a filter of passed 

wherein the electromagnetic radiation propagating towards the FDA undergoes 

filtering to selectively 	in said 	a towards the FDA the passthg 	portion 

electromagnetic radiation of one or more spectral ranges of relatively low 

atmospheric transmission, said sensing having an integration time shorter than 

in atmosphere of said at least a portion of the SWIR spectrum and wherein the 

PDA is not cryogenically cooled, whereby the imaging of such filtered 

electromagnetic radiation by said imager provides for both detection and 

location of a duration of the muzzle flash event. 

2. TheA method of claim 1, wherein 

flash 	the method comprising sensing, by a Photo Detector Array (PDA), event, 

- 	a  - e 

a •- 	 gym -   

sensing having  an integration time of the PDA is shorter than 10-2  s. 

23. 	The method of claim 1 or 2, wherein said imager comprises at 

least 10,000 pixels. 

3. A method for use in detection of a muzzle-floe* event, the method 

• • •a 	a. •a 	- a. 	 " - 	 ••. as 	e - - e 	 - 	e e. 

passed through a filter of electromagnetic radiation selectively pawing a 
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spectral range of low atmospheric transmission and fe-cruse€143R-saiel-12-DA,a-pef 

a 	t  

said muzzle flash. 

50 m. 

5. A 	for 	in detection of a muzzle flash event, tho method method 	use 

- 	- 	- 	- 	: 	e " 	e • :.• 	t 	e - 	— 	....: 	e 	- t : _ 	t 	e _ e 	_ 	e 	.". 	.. 	_ 	_ 	.. 	_ 	 _ 	_ 	_ 

— 	e- 	e-....te 	e- 	e 	• A 	ez _e:.. 	.. 	_.e: 	e 	 e-: 	_ 	-- 	__ 	_-e 	 __ 	 _ 

a 	- 	 0 	e 	e -.. fr. 	e 	e   

6. The 	C--- 	a e 	 -: t 11 7. :.. e 	• method of 	-, 	- 	 - 

- 	A -- ---.. 	: 

AThe 	 the TA. 	method of any one of 	preceding claims, whereinfor use 

" 	- - 	 - 	 e 	 • 	AD a • 	- . 	- 	-- z : _ 	e 	_ e. 	_ 	_ t 	_ 	e 	e 	 _ 	 .. 

-: ' 	r 	A 	- 	 the imaginqseRsifig recursring with-a _ 	et- e - 	e 	 --e 	- 	t:- 	-^' 

dead time shorter than a duration of the muzzle flash event. 

8. The 	Claim 7, wherein said dead time is shorter than the method of 

tenth 	said duration. one 	of 

9. A 	for 	in detection of a muzzle flash event, the method method 	use 

radiation by a Photo Detector Array (PDA) comprising sensing electromagnetic 

recurring with a dead time shorter than one millisecond. 

e e. 
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comprising sensing electromagnetic radiation by a Photo Detector Array (PDA) 

PDA into at least two replicas. pixel signals of said 

11.A 	for 	in detection of a muzzle flash event, the method method 	use 

by 	Photo Detector Array (PDA), electromagnetic radiation, comprising sensing, 	a 

through 	filter 	 radiation selectively 	a pa.,sod 	a 	of electromagnetic 	 passing 

PDA into 	least two replicas. of said 	at 

12.The 	Claim 10 	11, comprising rocording a replica of the mothod of 	or 

signals into a momory. pixel 

• -- - 	 - 	- e- 	e- e 	--- . 	e e 	e 	- 	.:- 	- 	.T. 	_ 

by a Photo Detoctor Array (PDA) sensitive in at least a comprising sensing, 

-- 	' 	 , 	et.. 	t e_ 	-e--_e-: 	e- 	e... 	-e e:e- 	e- 	e 	 --• 	 .. 	_e 	.. 

larger than 60%. 

15. The 	Clai 	- 	e 	e - - e et• 	- 	- e !! o  mothod of 	- 	: 	- - 	 - 	. 

16. The 	Claim 13, the fill factor being higher than 90%. method of 

radiation by a Photo Detector Array (FDA) comprising sensing electromagnetic 

. A 
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Ma 	 a  • e e- e 	- e "'a 	e -ee 	ae 	 e e_- 	a_ e e 

signals of said PDA. 

: 	/ --- -ee 	- 	e- e 	ma-- • flas4-event74he-metned e 	_ 	e- :_ 	- 

by 	Photo Detector Array (PDA) electromagnetic radiation comprising sensing 	a 

through 	filter 	 radiation selectively 	a passed 	a 	of electromagnetic 	 passing 

- 	 ''•` 	-e 	e-- 	e 	2-: 	-e 	e 	e 	- 	es_ 	e e_ e_ 	e 	— e 	e 	_ee 	- 	 - 	. 	__ - 

PDA. 

radiation by a Photo Detector Array (PDA) comprising sensing electromagnetic 

- 	 ett. 	:•:._ 	-e _-• 	....e 

by 	 to 	signals of said PDA, candidate pixels 	applying a stage of processing 	pixel 

.•_- 	 - 	e 	e-m 	:-• 	" 	 e_ 	: e 	-: "A 	- _ 	e_ 	- 	. 	: e-_ 	:. 	__ 	 _- 	.. 	 _ 	- 	 _me 	. 

benchmark of 100 alarms/s. alarm rate 

20.A 	for 	in detection 	a muzzle flach event, the method method 	use 	 of 

by 	Photo Detector Array (PDA) electromagnetic radiation comprising sensing 	a 

--e 	 -• 	e- 	- -- 	-e 	: 	e 	- .1 - - 	- 	_-ez e 	_ 	em- 	-- 	--e 	__-e __ 

by 	 to 	signals of said PDA, said stage boing applying a stage of processing 	pixel 

to 	 data rate decrease factor smaller than a data rate configured 	provide a stage 

decrease faster between an - 	- 	e- - 	. - = 	a -  . e • - - e - - - - -- 	- - 

benchmark of 100 alarms/s. 
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21.The 	Claim 19 or 20, said stage data rate decrease factor method of 

_ _ e 

22. The 	 of Claims 17 21, the 	comprising method of any one 	 processing 

PDA with a temporal spatial signature of the comparing pixel signals of said 

muzzle flash. 

23.Thc 	 of Claims 17 to 22, the 	comprising method of any one 	 processing 

24. The 	 of Claims 17 to 23, the 	comprising method of any one 	 processing 

25. The method 	Claim 21, the eliminating comprising at least ono of 

26.The 	Claim 21, the eliminating comprising second order method of 

differencing of the 	signals. pixel 

27.The 	 one of Claims 17 to 26, the 	comprising method of any 	 processing 

similar to a temporal signature of selecting pixel signals' portions substantially 

the muzzle flash. 

28.The method of Claim 27, said selecting comprising selecting a pulse 

having a form of a peak. 

29.The method of Claim 28, wherein said 	is of a peak 	predetermined 

duration. 

-- 	.-- 	-et e. 	e-- e. 	--_ 	e 	! 	-: 	e 	e_-_ 	-e _f 	 _- 	_ _ 	 -• 	prising 

an analog processing of time dependence of the pixel signals. 
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A said analog 	comprises - 	 processing 

loNast 	differencing of the 	signals. at 	one 	 pixel 

32. The 	Claim 30, wherein said analog 	comprises method of 	 processing 

differencing of the 	signals. second order 	 pixel 

The 	gaim 38, 	said 	- 	ee e e'e 	' 33. method 	whe-Fcin 	- 	-z 	-e — e 

- - 	-- - 	 •- 	 e 	e.e 	e 	e_- 	e. ...a 	- - 	- 	- 	- 	- 	- 	- 	.., 	__ 	_- 	_- 

the voltage 	being indicativo providing a voltage potential at an output, 	 potential 

likelihood 	t - - 	e 	t. 	't- "-- 	- 	' of an estimate of 	t 	- 	- 	 - 

-- 	--: •ee 	" 	e 	et 	e 	t..- _ 	-e 	tr. -e 	-.e. 	t .:: 	 e 	_ _ 	_A 	_, 	- 	--- 	 ..e.-e 

e 	.: : 	"_ - e-•: 	_ 	e 	_e 

has detected the muzzle flash. pixel 

- - 	": 	-et 	" 	 e 	- 	• 	e...e. 	-..-. 	-e. _ 	 2 	- 	- - 	- 	.1.... 	 _t_e 	.e.. 

likelihood that a respective to the estimate generate substantially estimates of 

digital 	 time dependence of the 	signals. a 	processing of 	 pixel 

• - - -- - - 	— 	• e digital 	being adapted to - 	 e- * 	- - 	-S 	 processing 

pixel has detected the muzzle flash. 
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e- e s 17 to 39, the processing comprising 

- 	--- - 	-eze. 	-- 	CetiVC to the estimate 	has detected the te 	: 	 pixel 

- 	• 	- 	- 	- eee 	- - 	"e e 	- e 	 e 	e 	lity of pixels. -- _ - 	- 	- 	 .1 - 	-e••••= - 	- 	- 

/11.The 	Claim •10, 	threshold being the same within each of method 	said 

-••.:, 	- 	 e: -e 	e 	•- 	-- 	e- 	--- 	e 	e 	e_e_ • e 	l.....e 	e 	_e --• 	e 	e_ 	_-e 	 _ 

e4 	--e.e.: 	-e_e•-e 	- e.• 

- 	• 	-e 	- 	 -e 	e 	-__ 	e-- 	e 	: 	e_ 	".. 	: e _ 	: - 	.1 	- - 	.._ 	e 	: _ e 	_e"e_ 	- 	 _- 

that the 	has detected the muzzle flash with a likelihood threshold, likelihood 	pixel 

of the 	signals. obtained using a replica 	pixel 

from subsequent PDA substantially-the same number of candidate pixels 

frames. 

e 	4 .. 	-- 	—: 	-ee 	-e. 	-e _e• 

-e. 	 -e 	 - 	e 	e 	applying a - 	- 	:- 	e e e.- 	- -e- 	- 	- 	_ 	gos 

to a smaller number of the PDA pixels processing selecting candidate pixels 

than 	of said stages. an earlier 

t. 	• • 	- - 	" - 	-ee 	-e. _esse 

-_ 	•• 	 -e 	 - 	e 	e 	 - z_ 	-e. 	e.. 	- _ 	-e 	_ 	t, 	e 	e...: 	..e- 	.. 	_ 	_ 	-e- 	 __-e 

time 	its candidate 	than an earlier of pixels by utilizing more procossing 	per 	 pixel 

stages. said 

e • 	- - ": -ee 	-e _ 	 -e"e 

e - 
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4 	0- "- -ee 	 • 	• - e e 	- 	- e 	t - - e 	- e e 	 _ 

into 	 of a 	whose signal together with supprc,,eing selection 	candidate pixels 	pixel 

its 	 substantially a temporal spatial signature of a vicinity pixels' signals present 

light source. substantially moving 

i ! 	- - 	-- - 	-ee 	 -e. 	e 	— 	' 	-- 	t 	e_e_ 	•1.. 	--e 	•:.• e 	.- 	e- _ 	 _e _ 

-- 	" 	--- 	- '-- incroasod at the later stage of tho e" 	ze 	 e 	- 	 processing. 

•• 	-: e t-- 	-e 	-e ..e.- 

-- 	"e 	- -- 	' 	e-tc 	of a 	whose signal is not -ee 	 e' 	e --'e 	pixels 	pixel 

by 	dotoction 	an acoustic signal with an acoustic eignaturo accompanied 	a 	of 

of the PDA. cooling 

.. 	. 

temperature higher than a PDA ambient temperature. 

54.The 	 of Claims 1 50, the sensing being method of any one 	 performed 

without cooling the PDA. 
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55.The 	 Claims, the method comprising method of any one of preceding 

eleteetien, 

by 	Photo Detector Array (PDA), sensitive in at least a comprising sensing, 	a 

through 	filter 	 radiation selectively 	in said 	a a 	of olectromagnetic 	 passing 	portion 

57. The 	Claim 56, said 	supply allowing more than 6 method of 	 power 

hours of said detection. 

58.The 	Claim 55 	56, said 	supply allowing less than method of 	or 	power 

12 hours 	detection. of said 

59.The 	 of 	Claims, the method comprising method of any one 	preceding 

me 	 -- 	ee .: 	e 	- 	--- 	1 	' 	e- 	e_ 	ee 	: _ 	e 	_ e e- 	es 	_ 	-e: 	 .• 

60.The 	 of 	Claims, the method utilizing for method of any one 	preceding 

-e- 	ee-..e 	- 	e 	-_---- 	e_ 	-e 	e 	e'..7. 	Z 	e- ... 	e 	e- 	e_ 	:e_ 	e• _ 	 _ 	- 

61.The 	Claim 60, a weight of said equipment being less than method of 

62.The method of Claim 53, said power supply allowing more than 6 

hours of said detection. 

-  utilized sensing at 

least for a part being performed within the NIR spectrum. 
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for 	beine 	-  -e 	---e 	• 	- • 	-- 	+ 	' 	e.:. 

having a 

east 	a part 	e_ 	 _ 

	

65. The 	 of 	Claims, the PDA method of any one 	preceding 

- - 	..... Mk• 
.. 

shortor than 5 microns. gut off at a wavelength 

cut off at a 67.The 	Claim 66, the PDA having a sensitivity method of 

than 5 microns. wavelength shorter 

cut off at a 68. The 	Claim 66, the PDA having a sensitivity method of 

between 1.4 	and 1.65 wavelength 	 pm 	pm. 

cut off at a 69.The 	Claim 66, the PDA having a sensitivity method of 

1.65 	and 1.8 wavelength 	pm 	pm. 

o 	 a. 	- : 	'1  a • 	- 	- e 	-- _--- --- 	_ _ 	: z 	- 	- 

between 1.8 	and 2.5 wavelength 	 pm 	pm. 

having a 

-e e 

71.The 	 of 	Claims, the PDA method of any one 	preceding 

longer than 0.75 microns. 

-_ 	-e - 

sensitivity maximum at a wavelongth 

--• 	• 	- 	 -e 	-- 	-- '"  : 	e e 	e 	.- 	e- - 	z 	e 	.T.- - e 	- - 

t,  

herein the 	 sensitivity predominant -is higher 

than 35% 	a maximum PDA's sensitivity. of 

- t - - 

than 50% 	the 	PDA's sensitivity. of 	maximum 
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• -- . 	 e 

than 70% of a maximum PD/`.'s sensitivity. 

• 76. The method of any one of • 	- 	 '- 	- _ _: 	: 	e e 

a 	e 	. 	lest 	e . • .... 	e. 	 -eA 	e-e 	- - 

77.The method of any one of Claims 1 75, a 	field per pixel 	of view (FOV) 

-- 	"'•A 	e- -e. 	e-• 	et- 	e 	e 	e-e 	-;._• --e 	_ 

 e 	- 	-_- 	a. -, ---  

of the PDA being larger than 0.5 degrees. 

! 	- - 	- 	- e e e 	e-e e 	: 	-_:e -e. 	-- 	-_--e: 	- 	- - .t 	..• 	 — 	- 	e 	e 	e 

PDA being more than 10,000. 

lf -:. -.- 	•et 	e 	e-- 	e 	e 	e_--e •e 	-- 	-_-*e- 	 -.: ..- 	 - 	- 	- 	e 	e 	e. 	e 

PDA being between 10,000 	100,000. and 

• - -- - z -ee e 	e's e 	aims 1 79, a number of 	tho PDA - 	- 	 pixels of 

being between 100,000 	1,000,000. and 

82. The method of any one of Claims 1 79, a number 	the PDA of pixels of 

being suitably more than 1,000,000. 

83.The method of any one of 	Claims, a field 	the preceding 	 of view of 

PDA being between 30 and 50 degrees in at least 	dimension. one 

- - -- 	ee 	- 	e--  	-- 	I 	- e 	 ..e  ma. e 

85.The method of any one of Claims 1 82, 	field 	the PDA a 	of view of 

86,5. 	The method of any one of preceding Claims, wherein said filtering 

causes the 	 to be being 	 thea 	low scnsingimagine 	substantially within 	range of 
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5 

1.0 

15 

20 

atmospheric light transmission at least partially including 

around 1.15 pm (micron). 

_The method of any one of preceding Claims, 

causes the sensingbeingimaging to be substantially 

the trough situated 

wherein said filtering 

within then range of low 

extending 

said filtering 

atmospheric light transmission at least partially including 

from 1.34 pm to 1.50 pm. 

	

88;7 	The method of any one of preceding Claims, 

	

causes the 	beingimaqing to be sensing 	 substantially 

a trough 

wherein 

within thee range of low 

extending 

iiii 

atmospheric light transmission at least partially including a trough 

from 1.80 pm to 2.00 pm. 

including 3 trough extending from 2.50 	to partially 	 pm 2.90 pm. 

.., l e 	e 	 • *a 

FDA. 

a. 4• AM 	
it . . e 

the sonsing being between 10-2  s and 5.0.104  s.  

e e e 

being between 5.0.104 sensing 	 -s-and-20-194-6, 

integration time of tho 94.The method of any one of Claims 1-91, an 

sensing being between 2.0•1e -e-a-n€1-5,0---1-0-4 
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.., 

ocnsing being between 5.0.104 

a replica of 	signals of said PDA before the recording. pixel 

8. The method of any one of preceding Claims, wherein said filtering 

allows less than 10% of the energy of wavelengths outside said spectral range 

of low atmospheric transmission to be sensed by the PDA. 

9. The method of any one of precedinq Claims, wherein said filtering 

allows less than 2% of the energy of wavelengths outside said spectral range of 

low atmospheric transmission to be sensed by the PDA. 

10.A device for use in detection and location of a muzzle flash event, the 

device comprising an imager comprising a Photo Detector Array (PDA) 

sensitive in 	least 	 the NIR 	SWIR 	 filter at 	a portion of 	and 	spectrum, and a 	of 

electromagnetic radiation configured and operable to selectively passing 

therethrouqh in said 

	

	 range of bands corresponding to portion a-spectral 

relatively low atmospheric transmission, the FDA having of the electromagnetic 

radiation in atmosphere for said at least a portion of the SWIR spectrum, 

wherein said FDA is not cryogenically cooled, whereby said imager provides for 

both detecting and locating a muzzle flash event. an integration time shorter 

• 1~ 	 411.• 

11.The device of claim 10, wherein the PDA has an integration time 

shorter than 10-2s. 

97- 12. The device of claim 10 or 11, wherein said FDA comprises at least 

10,000 pixels. 



81 

98.A device for use in detection of a muzzle flash event, the device 

-e 	"ae 	III- 	-_ 	A 	
so e A 	 -- - f.' ‘•" e 	- 	e 	e 

• r . 	A 	 A 	._. selectively . 	 ez. 	 e ... 
	I 

in 	 range of low atmospheric transmission, said pawing 	said portion a spectral 

having an integration time shorter than 10-2_6, sensing 

99.A device for 	in detection of a muzzle flash event, the devico use 

•_e--e 	-:  	 . _ - 	' 	"1  	- 	- 	- - 	-  - 	- 	e 	e - 	 e 	 - - 	- 	- 	- 

to focus 	loast 	 ra 	e•e - --e'll ` 	e 	- 	=ee adapted 	at 	said spoctral 	 -e= 

"a` 	-e 	e- 	a: e 	._ : 	e- 	. 	_ 

flash. 

t I 

than 50 m. 

101. 	A device for 	in detection of a muzzle flash event, the device use 

Photo Detector Array, a filter of electromagnetic radiation comprising a 

•:. - 	- 	-e 	 --- -  ... 	e- 	....e.t. 	.. 

-- 	 te 	•a• 	e- 	e 	- 	- e e _e_e :e 	e 	e__ 	- 	-- e. 	ee_ 	- 	--e: - 	-- 	- 

PDA being larger than 0.1 degrees. view (FOV) of said 

102. 	The device 	Claim 99, 100 or 101, wherein said Photo Detector of 

Array is 	in 	least a 	of the NIR and SWIR spectrum. sensitive 	at 	portion 

103.13. 	AThe device 	claims 10-12, wherein said for use in of 

detection 	 flash 	the device comprising a Photo Detector Array of a muzzle 	event, 

- - 	- 	-.. 	e- e 	•: 	L 	-' 	I 	" 	 -- e- 4PDA) 	 _ 	- ee- 	 _-: - 	_e-_ 	--- 	...T. 
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aGlaiated4e-e-perate4A4th-has a dead time shorter than a duration of the muzzle 

flash event. 

the one tenth of said duration. 

105. 	A device for 	in detection of a muzzle flash event, the device use 

Photo Detector Array (PDA) sensitive in at least a 	of the comprising a 	 portion 

than one millisecond. shorter 

! 	- 	• - 	ea- e 	--__ 	e_ 	--e 	-e . 	: e- 	e 	.- 	_ _ 	 _e _ 

107. The device of Claim 106, wherein said shutter is an electronic 

shutter. 

108. The device 	of Claims 103 107, comprising a shutter , . 	 of any one 

for 	 with said dead time. controller 	operating a shutter 

110. 	A device for 	in detection of a muzzle flash event, the device use 

Photo Detector Array (PDA) sensitive in at I act a 	of the comprising a 	 portion 

, 	, 	 •-_ 	e - 	..... 	-e 	e 	e 	e- 	e 	- 	e- e-. 	..-- 	.-e 	_ 	 _e_e 	 _ 

from 	PDA into at least two replicas. originating 	said 

- - 	 - 	 "- -• _ 	: 	e... 	e 	.. 	e- --- 
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to divide 	signalr.  e 	e^- 	't 	LI A 	•e multiplexer, adapted 	pixel 	 --- 	-:" 	- 

least two replicas. 

replica of the 	signals. a 	 pixel 

113. 	A device for 	in detection of a muzzle flash event, the device use 

-e 	'-e 	•- 	-_ 	' 	ii,  li A 	.. . _e--: 	_ 	e 	e 

NIR 	SWIR 	 filter 	electromagnetic radiation selectively and 	spectrum, a 	of 	 passing 

- 	 - . 	e. 	te- 	e- 	- 	e 	_ 	  

having a fill factor larger than 60%. 

•• 	- _ 	_ 	_ 	_ _ _ 	_ _ 	. 	.. _ 	_ 	_ _ 	. 	_ 	- 

75%. 

115. The device 	Claim 113, the fill factor being betwoen 75% and of 

90%. 

116. The device 	Claim 113, the fill factor being higher than 90%. of 

117. A device for 	in detection 	a muzzle flash °vont, tho device use 	 of 

Photo Detector Array (PDA) sensitive in at least a 	of the comprising a 	 portion 

A 	T. 	• 	- 	- 	- - 	- 	- 	• - 	---_, . 	e 	_ 	et_ 	, - 	- 	- 	- 	- 	- - - - 	- 	- 	- - 	_ 	- 

said PDA. 

118. A devico for 	in detoction of a muzzle flash ovont, the device use 

Photo Detector Array (PDA), a filter of electromagnetic radiation comprising a 

. • IS a 
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Lo 

15 

20 

119. A device for 

	

	in detection of a muzzle flash event, the device use 

of NIR 	SWIR 	 unit comprising at least one stage and 	spectrum, and a processing 

- 	e- - 	= 	 ng said stage to e e_- 	 e 	=.- 	-- e. 	e 	- 	-ee 	 pixel 

"a* 	 et -e 	e. ze e. : e 	e 	e— - e-- e 	_ - 	-. e 	-e- 	-e- 	 _ 	-et 

-- 	- 	--- 	 -- 	- 	e'' 	tt. 	' clecre\a 	• 	--- 	 - -e-- 	---- 	--- 	 -- 	- 	--- 

't 	-: 	"a' 	 — 	- e------- 	et 	-- 
- 	e 	--e .- — 	_ 	 - 	_ _ 

- 

120. A device for 

	

	in detection of a muzzle flash event, the device use 

low atmospheric transmi..x.ion, and a selectively passing a spectral range of 

-e. 	•-e 	-e 	-- 	e-- 	e. 	e 	e..- 	-e 	se 	e select e e_-_ 	_. 	_e 	_ 	 - _e- 	 -e_e 

e e 	e-- 	 a` __e. 	e_ 	e 	: 	e 	-e: 	e 	_ 	e 	-e- 	 - 	- 	- .e 	...1 	_e 

being 	to 	 data rate decrease factor smaller than a configured 	provide a stage 

decrease faster betweoi; an ii4itial = 	e 	" wil.' 	 " data rate 	 - - 	- 	 - - e -' - - 

benchmark of 100 alarmsts. rate 

121. The device 

	

	Claim 119 or 120, said stage data rate decrease of 

factor being 	than 20 	by a square root of the data rate smaller 	multiplied 

decrease factor between the initial data rate of the PDA and the alarm rate 

benchmark. 

122. The device 	one of ClaiRqS 117 121, the 	unit of any 	 processing 

adapted to compare pixel signals of said PDA with a temporal spatial signature 

of the muzzle flash. 

123. The device of any one of Claims 117 to 122, the processing unit 

e_ 	e 	e 	ee- e• e•" -  e 
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scene motion vectors. 

signals. 

126. The device 	Claim 125, the 	unit configured to of 	 processing 

the 	 least one differencing of the 	signals. perform 	elimination using at 	 pixel 

127. The device 	Claim 125, the 	unit configured to of 	 processing 

the 	 order differencing of the 	signals. perform 	elimination using a second 	 pixel 

128. The device 	of Claims-417 to 127, the 	unit of any one 	 processing 

of the muzzle flash signature 

129. The device 

	

	Claim 128, the temporal signature having a form of of 

a peak. 

! 	- - 	- 	 -- 	! 	-: 	: - 	e. 	e-_ 	e 	-e- 	- 	-- 	-.:e . 	.' 	..'' 	e 	_ 	_ 	 - 	- 	.. 

duration. 

being 	least 	in at 	partially 	pixel. 

132. The device 	 Claims 117 to 131, the 	unit of any one of 	 processing 

..e"e 	- 	 e e 	'e -' adapted to process time dependence of 

the pixel signals. 

133. The device of Claim 132, wherein said analog processing unit  

comprising a circuit adapted to perform at toast one differencing of the pixel 

signals. 
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134. The devicc 	Claim 133, wherein said analog 	 unit of 	 processing 

to 	second order differencing of the pixel comprising a circuit adapted 	perform 

signals. 

The device 	Claim 132, wherein said analog 	unit 135. of 	 processing 

flash. 

The device 	Claims 132 135, said analog 136. any one of 	 processing 

-e 	 ee 	T.- 	e_ 	e.. 	-.T. 	e 	;le 	:• _- 	_e.-....: 	e 	e 	e 	e- 	_ 	e 	_e- 	- 	_ 	 ..e.- 	_ 

indicative 	 likelihood of a detection of the muzzle flash. being 	of an estimate of 

137. The device 	one of Claims 117 to 136, the 	unit of any 	 processing 

'signals. 

138. Tho device 	Claim 132 136, said analog 	unit adapted of 	 processing 

likelihood that a respective to the estimate ta-gener-ate-substahtiatly estimates of 

has detected the muzzle flash. pixel 

139. The device 	Claim 137, said 	 unit being of 	 parallel processing 

a 

-e _ e e _ 	 -e -• 	e e_- 

signals. 

1, said digital processing unit adapted to 

e 	—e 	- 	. 	of likelihood that a respective to the ostimato 
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is 

20 

142. The device 	of Claims 117 to 141, the 	unit of any one 	 processing 

- a likelihood threshold being common for a 

plurality of pixels. 

143. The device 	Claim 112, said threshold being the same within of 

- lk. 

gfaups; 

144. The device 	 Claims 117 to 143, the 	unit of any one of 	 processing 

-_ 	 - 	e 	 -e 	e 	z_ 	e-- 	e 	: -e 	- 	e 	f_. 	.--e e. 	- 	e 	..e—e- 	- 	 _ 

	

". - 	.= 	-eee 	-: 	: 	-- 	t: -- - e 	',- "-- 	- 	lash with a c.. 	e 	 _ 	.1 

likelihood threshold, 	using a replica of the 	signals. obtained 	 pixel 

145. The device 	of Claims 117 to 111, the 	unit of any one 	 processing 

''.: 	-_"ez 	e 	e- 	:-. 	e 	: 	e" _e_e 	,ze 	e. 	_- Z. 	--e- 	-^ 	- 	 -••- 	 ....-e 

PDA frames. subsequent 

-- 	• 	..: 	 - e 	e 	e 	e 	e 	e - 	e. - 	e 	- e 	e e 	e 	e 	. 	.. - 	 . 	_ 	.. 	...7.. .. 	. 	.. 	.. _ 	- 	_ 	.. 	_ _ 

than an earlier of said stages. pixels 

147. 	The device 	of Claims 117 to 146, the device of any one 

least two 	 stages, a later of said stages configured to comprising at 	processing 

than an earlier of said stages. 
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148. The device 	of Claims 	e 	a 	-- e e -_ 	._ 	• of any one 	 - 

to 	into 	 those 	whose signals together with odaptod 	select 	candidate pixels 	pixels 

muzzle flash. 

149. The device 	of Claims 117 118, the 	unit of any one 	 processing 

- 	-_ 	• e 	e_ 	- e 	: 	e 	e 	: 	- 	e- _e_e 	ee 	e 	_et. 	....: 	e• 	__•.e. 	 _ 	 _ 

moving light source. of an unsuitably 

-- 

signature 

150. The device 	of Claims 117 1/9, the 	unit of any one 	 processing 

" 	- 	- 	 - 	- 	 - 	e 	e 	 -e t 	t 	- 	-- 	 - 	--- 	_ 	- 	--= 	__ 	-et: 	_e_e 

to into 	 of a candidate 	whose likelihood confirm selection 	candidate pixels 	 pixel 

the processing. 

the 

151. The device 	Claim 150, said later stage of 	utilizing of 	 processing 

candidate 	vicinity 	signals. candidate pixel's signal and 	pixel's 	pixels' 

152. The device 	of Claims 117 151, the 	unit of any one 	 processing 

into candidate 	of a 	whose signal is adaiste44e-cupproex, selection 	 pixels 	pixol 

by 	detection 	acoustic signal with an acoustic signature not accompanied 	a 	of an 

153. The device 

	

	 device Claims, the dovico of any ono of preceding 

comprising a cooler for said PDA. 

temperature lower than a PDA ambient temperaturo. 
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The device 	 " 	! 	— e" 	e- 	e 155. 	 of any e"' e 	- - 	- 	 -- -e 

for the PDA. without a cooler 

-e 	 -_" 2 	e 	e e- z_ e- -e--e 	_ 	ee • z 	-ee 	 - 	- 

A device for 	in detection of a muzzle flash ovont, the device 157. use 

-e 	•-e 	11".:. -_ 	A 	•• A 	 - 	-- 	ee- :- e 	-: _e--e 	_ 	e 	e 	_ 	_--- 	..... 	- 	_ 

- 	A 	, 	 - 	e 	- :. 	e---e-- 	e- 	- :_ 	- _-e 	_ 	.1:,_ 	-•• 	_-e 	_ 	 _ 	_e 	- 

in 	 range of low atmospheric transmission, the passing 	said portion a spectral 

allowing from 1 to 21 hours of said detection. device comprising a power supply 

The device 	Claim 157, 	supply allowing more than 6 158. of 	said power 

hours 	said detection. of 

The device 	Claim 156 	157, said 	supply allowing lc,/,-.; 159. of 	or 	power 

than 12 hours of said detection. 

The dovice 	 devico Claims, tho devico 160. of any one of prccoding 

less than 10 Watts output comprising a power supply of 	 power. 

being 	by 	human during said detection. portable 	a 

hours 	said detoction. of 

The device 	 device Claims, the PDA at 164. of any one of preceding 

165. The device 

	

	 dovice Claims, the PDA at of any one of preceding 

A 
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sensitivity cut off at a wavelength shorter than 5 microns. 

167. 	The device 	of of any one Claims 97 166, the PDA having a 

the 

- -- 	•Ni 	ASA 
. 
	

.. 
	,. 

64,14. 	The device of any one of Claims 10--13167, wherein 

PDA has vi-ng a sensitivity cut-off at a wavelength 

than 5 microns. shorter 

between 1.4um and 2.5um 

the PDA having a sensitivity cut off at a 169. 	The device 	Claim 168, of 

e • - 	_ f. 

1.65 	and wavelength 	pm 1.8 pm. 

-- 	l'a I 	-- -e --. _ 	-- 	- 	- 	- .. -: et -- e 	_ _ 

between wavelength 	 pm 	pm. 

— 	-. 

1.8 	and 2.5 

device Claims, the PDA 172. The device 	of of any one 	preceding 

having 	 a wavelength longer than 0.75 microns. a sensitivity maximum at 

173. The device 	of 	Claims, of any one preceding the PDA having a 

the 	is sensitivity higher than 20% of a maximum PDA's being a region where 

sensitivity. 

higher than 35% of a maximum RDA's sensitivity. 
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176. 	The device of Claim 173, wherein the 	 is predominant sensitivity 

higher than 70% of a maximum PDA's sensitivity. 

e 	 - e  	e 	-- e -  

: 	 e- 	e • f: 	- e e 

FOV) of the PDA being between 0.2 	0.5 dogreos. and 

e- 	e 	-  e : 

• e 	-- "••  

180. The device of any one of 	device Claims, preceding 	 a number of 

e 	- 	e 	-- 	"•A 	e- -e 	--e 	- 	-..- 	e et! _ 

181. The device of any one of 	device Claims, preceding 	 a number of 

ti 	e t 2 	te !!°! --e 

-   	-- 	• 	!Ii. 	- 	— e - 	e 	: 	e 	-: e 

PDA bcing botween 100,000 and 1,000,000. 

183. The device of any one of Claims 97 180, a number 	tho of pixels of 

PDA being suitably more than 1,000,000. 

184. The device of any ono of 	device Claimsi-a-fielEl-ef--view preceding 

of the PDA being between 30 	50 degrees in 	least 	dimension. and 	 at 	one 

• _ 	.. 	• 	1— 	- e e 	- . 	-: "•A 

bcing between 50 and 90 degrees in 	!oast one dimension. at 

: 	- - 	̂ 	- 	--   	-- 	• 	t-    	.- mai . 	 _:. 

e: 'e 	e" 	'- 	ti! 	— 	' 	"- 	e" eimonFion. - 	 eee 	- 

1-87,15. 	The device of any one of 	device Claims 10-14, preceding 

wherein said filter causes said PDA the device 	to adapted 	sense 
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electromagnetic radiation substantially 

transmission at least partially including 

(micron). 

The device of any 

PDA the 

within a range of low atmospheric 

the trough situated around 

device Claims one of preceding 

light 

1.15 pm 

10-15, 

device adapted to sense 

within a range of low atmospheric 

a trough extending from 1.34 

dcvice Claims one of preceding 

wherein said filter causes said 

light 

pm to 1.50 

10-16, 

electromagnetic radiation substantially 

transmission at least partially including 

pm. 

417. 	The device of any 

PDA the device adapted to sense 

within a range of low atmospheric 

a trough extending from 1.80 

wherein said filter causes said 

light 

pm to 2.00 

electromagnetic radiation substantially 

transmission at least partially including 

pm. 

- . 

• - 

transmission at least partially including a trough extending light atmospheric 

" A 

a CMOS PDA. 

e • a ., 

in~rnnwi~y PD an 
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PDA 	being between 5.0.104-6 and 20-1-04-s, 

integration time of tho 

sensing 

The device 	 Claims 97 193, an 195. 	 of any one of 

PDA 	being between 2.0.104  s and 5.0.10-S, 

0 	ze 	e- 	--: e 	- ..: _ 

sensing 

-- 	 -z 	e 	-- 	1.5  I. t 	t z 	..: 	e 	-- 	e_ 	- 	 _- 

PDA 	being between 5.0-104  s and 10-s, sensing 

PDA bofore the 	them into a memory. said 	 recording 

e- _- -t -e--e A 	- 	- 	- 	--__ 	- 	et :. 	e- 	-- LO !: et 	e 	- 	 __- 

Photo Detector Array 	having a cutoff wavelength shorter than 3 a 	 (PDA), 

. w . 

of said PDA. output 

of electromagnetic 199. 	The device 	Claim 198, comprising a filter of 

- 	-e 	- 	-- '!A'_: -. _e- 	e- 	t. t_ 	e_ --- e 

passes less than 50% 't 	 A' 	!! 	herein said filter !! 	et 	-' = 	- - 

transmission 	sensed by the PDA. and 

passes less than 25% The device 	Claim 199, wherein said filter 201. 	 of 

e 	e e 

transmission and sensed by the PDA. 
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The device of 

filter allowspassec less than 10% of 

Claims 10-174-90, wherein said any one of 

energy of wavelengths being outside said 

transmission to bear sensed by the PDA. spectral range of low atmospheric 

2 	t9. 	The device es-of any one of preceding device Claims 10-18, 

filter 	 less wherein said 	allowspassec than 2% of energy of wavelengths being 

transmission to bea-RGI atmospheric 	 sensed outside said spectral range of low 

by the PDA. 

range 1 sensitivity being between 50% and 75% of wavelength of said spectral 

the-seheitivity of the PDA. 

- 205. e - 

1: 	al range a sensitivity larger than 75% of the sensitivity 

of the PDA. 

in detection of a muzzle flash event, said use 206. A 	 for processing unit 

- e 	 lash detection for 	of pixels 

the PDA, the -processing 

between at least two branches. 

use in detection of a muzzle flas-la event, said 207. A 	 for processing unit 

- - 	. 

specification. 

of a muzzle flash event, said dovico 208. A device for 	in detection use 

yecification. 
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209. A method for use in detection of muzzle flash, said method being 

e - 


