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ELECTRONIC STREAK CAMERA 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes Without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to electronic 
streak camera structures, and more particularly to an elec 

tronic streak camera structure having no moving parts for 
accurate imaging of high speed transient events. 

Conventional streak camera systems for measuring tem 
perature of energetic environments have been substantially 
dominated by system noise, the primary effect of Which is 
that energy gathered for in each measured Wavelength is 
someWhat higher or loWer than true readings. In a conven 

tional streak camera, a mirror is rotated in the pupil of the 
optical system to separate time events onto a ?xed focal 
plane. A prism or diffraction grating is typically used to 
disperse the optical energy onto a detector. Mechanical jitter 
of the rotating mirror inherently introduces error into the 
measurements. Additionally, conventional streak cameras 
are light-inef?cient and are typically ten stops loWer than a 
standard electronic camera, reducing the amount of light 
collected by a factor of 100 or more. To amplify the light, 
photomultiplier tubes or multi-channel plates are used, 
Which introduce substantial additional noise. Only general 
radiative characteristics can be obtained With these systems 
because of the limited signal-to-noise performance. 

The invention solves or substantially reduces in critical 
importance problems With conventional streak camera struc 
tures by providing a streak camera including a spectrometer 
having no moving parts for use in recording high speed 
transient events. The camera of the invention is character 

iZed by loW noise and loW cost of operation, provides 
improved light ef?ciency (tWo orders of magnitude) and 
greater light collecting capability (f/2 vs f/20) compared to 
conventional streak camera structures, and permits tempera 
ture determinations accurately for highly dynamic test 
events such as internal combustion in engines, materials 
deformation in hot metal processing and detonating or 
de?agrating explosives, including measurements at very 
high rates of temperature change (hundreds of degrees per 
millisecond). 

For the purpose of describing the invention and de?ning 
the scope thereof, the term “optical” shall, in accord With 
customary usage, be de?ned herein to include only 
ultraviolet, visible, near infrared, mid-infrared and far infra 
red regions of the electromagnetic spectrum lying betWeen 
about 0.1 to about 1000 microns (see, e.g., Optical Physics, 
Max Garbuny, Academic Press, NY, 1965, pp 1—6), and 
more speci?cally to the range of from about 0.2 micron, the 
approximate loWer limit of operation of ?ne quality quartZ 
lenses (Garbuny, p 280), to about 50 microns, the approxi 
mate upper limit of operation of long Wavelength transmit 
ting material such as thallium bromide-iodide ionic crystal 
(Garbuny, p 282). 

It is therefore a principal object of the invention to provide 
an electronic streak camera. 
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2 
It is another object of the invention to provide an elec 

tronic streak camera for use in high-speed pyrometry of 
energetic materials. 

It is a further object of the invention to provide an 
electronic streak camera having no moving parts. 

It is a further object of the invention to provide an 
electronic streak camera for acquiring temperature data on 
explosive materials. 

It is yet another object of the invention to provide an 
electronic streak camera for acquiring temperature data at 
high rates of temperature change. 

These and other objects of the invention Will become 
apparent as a detailed description of representative embodi 
ments proceeds. 

SUMMARY OF THE INVENTION 

In accordance With foregoing principles and object of the 
invention, an electronic streak camera is described Which 
includes a housing enclosing an objective lens disposed 
along an optical axis for forming an image of optical 
radiation from an emissive body, a pinhole ?eld stop at the 
focal point of the objective lens, a collimating lens for 
collimating radiation passing the pinhole ?eld stop, a prism 
for splitting the radiation from the collimating lens into a 
characteristic optical spectrum of the radiation, an imaging 
lens for forming an image of the radiation from the prism. 

DESCRIPTION OF THE DRAWING 

The invention Will be more clearly understood from the 
folloWing detailed description of representative embodi 
ments thereof read in conjunction With the accompanying 
schematic draWing illustrating a representative electronic 
streak camera structure according to the invention. 

DETAILED DESCRIPTION 

Referring noW to the draWing, shoWn therein is a sche 
matic illustration of a representative electronic streak cam 
era 10 structure of the invention. Objective lens 11 is 
disposed Within an opening in a Wall of housing 12, lens 11 
being selected in siZe and focal length for forming an image 
of radiation 13 passing along optical axis O from an emis 
sive body 14 onto pinhole ?eld stop 15 disposed Within 
housing 12 substantially as shoWn in the draWing. Radiation 
passing through pinhole 15 is collimated by lens 17 and split 
into its characteristic spectrum 19 by prism 20. Lens 21 then 
images spectrum 19 onto detector array 23 disposed at the 
focal plane of lens 21. Housing 10 may be of any suitable 
structure for enclosing camera 10 constituent elements. 
Detector array 23 may comprise any suitable detector sys 
tem such as a CCD array or other charge transfer detector 

system, the same not considered limiting of the invention. 
Scanning is achieved by clocking the line image of the array 
to the adjacent roW, Which no optical energy from the object 
reaches. 

Using the formula for the characteristic radiation of a 
material (usually a Planck distribution) total radiation from 
the material can be found by multiplying this formula by the 
surface emissivity. Multiple spectral measurements can be 
used to determine temperature When the radiation formula is 
a function of temperature and Wavelength. HoWever, using 
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a camera to collect the spectrum has often been based on 

assumptions that lead to erroneous results, primarily because 
of the uncertainty in the collected optical energy. Emissivity, 
atmospheric transmission, detector non-linearity, etc. can all 
affect the amount of energy collected, depending on Wave 
length and bandWidth at Which the measurement is made. 
The problem may be reduced to an uncertainty in emissivity 
(see e.g., Methods of Optical Polychromatic Pyrometry, V. 
N. Snopko, Plenum Publishing Co. (1988) pp 724—729). 
Emissivity can be characteriZed With an M’h degree poly 
nomial in Wavelength by 

(1) 

Where the constants describe emissivity behavior. If, for 
eXample, a material has an emissivity that does not change 
With Wavelength (graybody), only a1 need be determined 
because all other constants are Zero. Consequently, only tWo 
spectral measurements are necessary to form tWo equations 
for the tWo unknoWns (a1 and temperature T). If an M”1 
degree polynomial provides an accurate ?t to a given 
material emissivity pro?le, there Will be M coef?cients, a M+1 

. .a2, of Wavelength that Will be unknown. With a1 and T 
unknoWn, a minimum of M+2 spectral measurements are 
required. 

Equations constructed from the multispectral regions of 
the pyrometer data are: 

(I); : flimax f1 (2) 
Mm A5(e1% -1) 

Where n is the number of spectral regions, c the velocity of 
light, h is Planck’s constant, k the BoltZmann constant, THO») 
the transmission of the atmosphere, "500») the transmission of 
the optics, Rd()\.) the responsivity of the detector and A0 the 
area of the optics. Solving Eqs (2) Will separate the coupled 
response of temperature and emissivity. 

System parameters such as detector response and solid 
angle are knoWn quantities after system calibration and can 
be represented as a single function Rl-(k). Transmission 
terms of Eq (2) can be folded into Rl-(k) for simplicity. The 
poWer on the detector Eq (2) can be reWritten as 

The system of equations generated from the multi-spectral 
measurements is nonlinear because of terms associated With 
the Planck distribution, and a nonlinear regression optimi 
Zation technique is therefore required. The equations can be 
made linear by holding temperature constant and obtaining 
a solution and an error function establishing accuracy of the 

predicted temperature. A regression through temperature 
gives the correct temperature at the minimum error function. 
It is important therefore to represent the emissivity as a 
linear function. For purposes of the linear solution 
technique, emissivity Will be assumed to ?t a second order 
polynomial functional form. 

The linear solution technique uses Gaussian elimination 
to ?nd a solution to the system of four equations constructed 
from four spectral measurements. With a second degree 
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4 
polynomial as the model for emissivity, the four equation 
setup by the four color pyrometer are: 

(4) 
<15. : 

‘min 

Rearranging terms, Eq (4) becomes 

Aim elm/MA 
(by; : alf T + a 

Mm... Am -1) imin whiff -1) 

fori=lto4 [Aim elm/MA a3 i 

Mm phi? _1) 

At constant temperature three of the four Eqs (5) have linear 
solutions and can be Written as, 

flimax Cram-(AMA (6) (by; = a1 i + a 

A 
‘min 

fori=lto3 

‘min 

Each of the integrals of Eq (6) can be evaluated, 

‘pxfa111i(19+a212i(19+a313i(19 for i=1 to 3 (7) 

or can be reWritten in linear algebra form as 

<I>il 111m 121m 131m a1 (8) 
(b/lz = 112(T) 122(T) 132(T) - 

‘1&3 113(T) 123(T) 133(T) a3 

612 

The solution for the unknoWn emissivity coef?cients a1, a2 
and a3 is 

al 111(T) 121(T) 131(T) *1 ‘PM (9) 

a2 - 112(T) 122(T) 132(T) - (b/lz 

a3 113(T) 123(T) 133(T) ‘hi3 

Using Gaussian elimination, the coef?cients can be deter 
mined and substituted into the fourth equation. If there is no 
error in Eq (9), the assumed temperature Was correct, 
otherWise the temperature assumption needs to be changed 
and the coef?cients recomputed. 

The teachings of all references cited herein are hereby 
incorporated by reference herein. 

The invention therefore provides an electronic streak 
camera having no moving parts for the accurate imaging of 
high-speed transient events. It is understood that modi?ca 
tions to the invention may be made as might occur to one 
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With skill in the ?eld of the invention, Within the scope of the (d) a second collimating lens disposed along said optical 
appended claims. All embodiments contemplated hereunder aXis fOr C0llimating radiation passing said pinhole ?eld 
that achieve the objects of the invention have therefore not stop; 
been shoWn in complete detail. Other embodiments may be (c) a prism for splitting said radiation from said collimat 
developed Without departing from the spirit of the invention ing lens into a characteristic optical spectrum of said 
or from the scope of the appended claims. radiation; and 

ICIaiIIlI (e) a third imaging lens for forming an image of said 
1. An electronic streak camera, comprising: radiation from Said prism; 

(21) a housing; 10 a detector array disposed at the focal plane of said third 
(b) a ?rst objective lens disposed along an optical axis imaging lens for detecting said characteristic spectrum 

Within an opening in a Wall of said housing for forming of said radiation. 
an image of optical radiation passing along said optical 2. The electronic streak camera of claim 1 Wherein said 
axis from an emissive body; detector array is a CCD array. 

(c) a pinhole ?eld stop disposed along said optical aXis at 15 
the focal point of said objective lens; * * * * * 


