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This thesis is based on modifications performed on the U.S. Army TACOM (Tank 

Automotive Command, Warren, Michigan) Thermal Imaging Model (TTIM). It discusses the 

TTIM computer model of a staring thermal imaging sensor with respect to spatial 

nonuniformities. The spatial nonuniformities in a staring sensor is caused by fixed pattern 

noise or responsivity variations across the sensor. The objective of the thesis is to present 

the correction schemes for spatial nonuniformities present on a staring thermal imaging sensor 

and the data analysis of the corrections using flat field and bar chart targets of known 

temperatures. The signal-to-noise ratios (S/Ns) of the images will be calculated and measured 

before and after the correction. A simulated image after a one-point correction will be 

evaluated by comparison with an image from a real system using a platinum silicide thermal 

imaging sensor. The limits and assumptions of the simulation also will be discussed. 
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CHAPTER 2 

INTRODUCTION 

This thesis is based on research performed on the U.S. Army TACOM (Tank 

Automotive Command, Warren, Michigan) Thermal Imaging Model (TTIM). The original 

TTIM code is from TACOM (Hall, et al., 1986; Rogne, et al., 1984; Ratches, et al., 1975) and 

is written in FORTRAN 77. The menu-driven code has twelve modules that can be linked 

together, but some that are not relevant to our research, i.e., atmospheric effects and 

battlefield effects, are not used. The TTIM is a computer-simulated model of an optical 

infrared (IR) imaging system (Figure 1.1) using a scene radiance (or apparent temperature) 

map as input. For this thesis and research, the input scene radiance map is a computer-

simulated four-bar chart, with different spatial frequencies for each bar set (Figure 1.2), so 

that the resolution of the optical system can be evaluated. The bars represent a higher 

temperature than the background, and therefore appear in white, while the background 

appears in black. The bar and background temperatures, wavelengths, and spatial frequencies 

are user-defined when the scene is generated. A flat field is a special case when the bars and 

background are at the same temperature. These types of scene are used for all the evaluations 

of the computer model, although the input scene radiance map could also be an image of a 

real scene recorded by a Thermal Imaging System (TIS) at close range (i.e., high spatial 

resolution). 

The input scene radiance map (L8(x,y)) passes through the optical system and is imaged 

on a two-dimensional staring sensor (focal plane array) as indicated in Figure 1.1. The sensor 

effects will be applied by multiplying the apparent scene radiance by the responsivity of the 

detector and integrating over the spectral bandpass to get the output signal for each pixel. 

This detector signal map (S(x,y)) is then Fourier transformed (Gaskill, 1978) to its spatial 
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Figure 1.1. Schematic representation of the TACOM Thermal Imaging Model. 
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frequency domain spectrum (^(k^ky)). The sensor modulation transfer function caused by 

the detector and electronic noise are then applied to this map and inverse Fourier transformed 

to get the output signal (0(x,y)). The image generated is displayed on screen by means of an 

Imaging Technology FG100 Display Board. 

Figure 1.2. Computer-simulated four-bar chart. 

This thesis is concerned only with the sensor module, which uses a staring two-

dimensional array of detectors (using charge transfer techniques for readout), and the 

corresponding image quality. Therefore, the process of running an input scene radiance map 

through the TTIM incorporates only effects attributable to the sensor optics, detector array, 

sensor input, and output electronics. 

The original TTIM simulates an infrared sensor that uses optical scanners to produce 

a two-dimensional image. However, the more recent two-dimensional staring sensors have 



longer integration times, less smearing, and their fabrication is more advanced. Therefore, 

more and more staring sensors are being used in applications and research instead of scanning 

sensors. As a result, modifications have been made to the TTIM to simulate these more 

current thermal sensors in four specific areas (Dereniak, 1986). Firstly, the sensor model is 

modified to include staring focal plane arrays (FPAs) using charge transfer techniques for 

readout. These focal plane arrays have linear detector responses. Secondly, spatial 

responsivity and output offset variations from detector to detector have been incorporated 

in the FPA. These spatial variations introduce realistic nonuniformity across the modeled 

FPA. Thirdly, nonlinear detector response of an FPA is also considered and is chosen to have 

a quadratic dependence on radiant power (<f>). Fourth, since the output image produced by 

a staring thermal imaging sensor with spatial noise looks like a checkerboard, a method is 

needed to correct these spatial nonuniformities. Presently, infrared thermal imaging sensors 

are calibrated by using a uniform source of radiance across the FPA to determine the fixed 

pattern noise at that radiance level. This is called a single-point calibration or one-point 

correction. In the case where two calibration points are used, it is called a two-point 

correction. Consequently, one-point and two-point correction schemes are defined and 

implemented in the TTIM. By knowing each detector's radiometric response, an evaluation 

of the above correction techniques to reconstruct the original "perfect" image will be made. 

Thus, the objective of this thesis is to: 

1) present the implementation of the one-point and two-point correction schemes to 

correct the spatial nonuniformity of detectors for a staring thermal imaging sensor; 

2) present the resultant imagery (which include output images and signal-to-noise ratios) 

following spatial nonuniformity correction; 

3) evaluate the computer-simulated imagery after one-point correction by comparing its 

signal-to-noise ratio to that of a real image taken by a 160x244 pixel infrared sensor. 



The second chapter contains a brief review of charge transfer devices. In addition, 

FPA architecture, noise analysis, and sensor modulation transfer functions will be introduced. 

Chapter 3 describes the spatial nonuniformity and nonlinearity of detectors in the FPA, as 

well as explaining theoretically the one-point and two-point correction schemes and their 

implementations in the TTIM. Chapter 4 presents a data analysis and evaluation of the results 

of the one-point and two-point corrections. Chapter 5 contains the conclusions and 

recommendations. The TTIM menu is presented in Appendix A. Guidelines for performing 

one-point and two-point corrections are given in Appendix B. 
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CHAPTER 2 

CHARGE TRANSFER DEVICES 

2.1 Introduction 

Formerly, focal plane arrays (FPAs) were made up of individual detectors, with a lead 

on each of them to transfer the signal charge off of the array. This device layout precludes 

the fabrication of large FPAs when the number of leads increases. With the use of charge 

transfer devices (CTDs), signal charge is transferred off of the array using fewer leads (refer 

to Section 2.2 for the structure of a CTD). Therefore an FPA can be made larger by 

increasing the number of pixels (with a larger field-of-view), or they can be butted together 

to form an even larger mosaic FPA (Contini, et al., 1986). Also, the detectors can be more 

closely spaced, introducing more photosensitive area, higher filling efficiency for each pixel, 

and therefore better resolution of the viewed image. An FPA using charge transfer devices 

also increases the output signal-to-noise ratio (S/N) for each detector because staring sensors 

have longer integration times than that of a scanning sensor. Since the number of leads and 

electronic components for an FPA using CTDs are reduced, its fabrication becomes easier and 

the cost is lowered. This favors the use of an FPA over a mechanical scanner. In addition, 

FPAs avoid the disadvantages of scanning mechanisms, thus making them more reliable. At 

present, CTDs can operate in the visible to the mid-infrared wavelength region of the 

electromagnetic spectrum (0.4-20 /im). Consequently, CTDs are very important in the 

fabrication of FPAs, and are employed in infrared thermal imaging sensors. The following 

Section will introduce the structures of CTDs and how they operate. 
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2.2 Charge Transfer 

The simplest form of a CTD (Dereniak, et al., 1984) is a closely spaced array of metal-

insulator-semiconductor (MIS) capacitors, forming a charge-coupled device (CCD). The 

metal-oxide-semiconductor (MOS) capacitor is the most important MIS structure. Almost all 

MOS capacitors are made from aluminium (metal), silicon dioxide (oxide), and silicon 

(semiconductor). After an optical signal is transformed into charge information in an MOS 

capacitor, the information is passed to the next MOS capacitor by discrete packets of 

electrical charges in a charge transfer device. 

Figure 2.1 shows a metal-oxide-silicon (MOS) structure with a p-type silicon substrate. 

A positive voltage applied to the gate will form a depletion region below the oxide-silicon 

Vg gale 

-  - ¥ / / / / / / / /  f 7 7  
oxide 

p— type-7 T JTe- . 
silicon 'd h+ — depletion region 

Vj,_ 

X 

Figure 2.1. Metal-oxide-silicon (MOS) structure. 

(p) interface. This depletion region is often referred to as a "well", where minority carriers 

(electrons) are collected. If a photon (with energy hf) is absorbed into the depletion region, 

it will generate an electron (e-) and a hole (h+). The electron will remain in the depletion 

region and the hole will be depleted out of the region. Conceptually, the depth of the 

depletion region (xd) is determined by the potential at the oxide-silicon interface. This 

potential is called the surface potential, <f>t. It determines the number of electrons that can 
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be collected by this MOS structure. It is a function of the gate voltage, Vg, the doping 

concentration, Na (p-type), of the semiconductor, and the oxide capacitance, Cox, as shown 

in Eq. (2.1). 

j \j qN . lNa ks eg 
A - V g - V F B - £ - * — 5  

'OX 

1 
'OX 

[v t-v*B-£]+[a!S£A (2.1) 

where 
£o 9 

Cox is the oxide capacitance (= Farad/m ) 
lo 

£g is the permittivity in free space (8.85x10"14 F/cm) 

t0 is the oxide thickness 

k0 is the oxide dielectric constant (=* 3.9) 

Na is the acceptor doping concentration 

kf is the silicon dielectric constant (=; 11.8) 

N is the total number of minority charges 

VFB is the flat band voltage (cs 0.8-0.9 V for Na = 1014-1015 number/cm3). 

Figure. 2.2 shows the charge transfer mechanism. The surface potential, <£s, is increased 

as the gate voltage, Vg, is increased, as shown in Eq. (2.1). Therefore, to transfer a charge 

packet down the array, as shown in Figure 2.2, Vg2 is increased and Vgl is decreased to cause 

a larger potential well in gate 2 than that in gate 1. Thus, the charge stored in gate 1 is 

pushed and pulled to gate 2. By varying the gate voltages serially, the charge stored in MOS 

capacitors can be transferred off a CCD array to the video amplifier output. 
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Figure 2.2. Charge transfer mechanism. 

A four-phase charge transfer device is shown in Figure 2.3. As shown in Figure 2.3(a), 

all gates 1 of the charge transfer device are connected to clock <f>v all gates 2 are connected 

to clock <f>2, and so on. Figure 2.3(c) shows that at time tx, ^ is high and charge is collected 

in the potential wells under gates 1. At time starts to collapse, <f>2 rises and gates 2 pull 

the collected charge from gates 1, as shown in Figure 2.3(b). When <f>1 is off (at t3), all the 

charge will be dumped from gates 1 to gates 2. By time t4, gates 2 contain all of the charge 

from gates 1 and wait for the clock to go low and to go high. As the clock progresses in 

time, packets of charge will be transferred spatially down the array. 

Three-phase, two-phase, and one-phase charge transfer devices are available and their 

applications depend on the trade-offs among these designs. In any case, photogenerated 

charge can be moved spatially across an array of MOS devices by manipulating their applied 

voltages in a time sequence. 
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2.2.1 Charge Transfer Efficiency 

Charge is transferred from one MOS capacitor to the next by self-induced drift, 

thermal diffusion, and fringe field drift of carriers. However, the combined effect of these 

mechanisms cannot cause all the charge to be moved to the next capacitor and some is left 

behind or lost. This reduces the definition of the image. To account for this effect, the 

charge transfer efficiency (CTE) is defined. It is the ratio of the amount of charge 

transferred to the initial amount of charge present. For a buried-channel CCD (BCCD), 

typical values of the CTE are on the order of 0.99999 for a good device. As for a surface-

channel CCD (SCCD), CTE can be as good as 0.999 (Carnes, et al., 1972; Kosonocky, et al., 

1971). 
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2.3 Focal Plane Array Architecture 

Focal plane arrays can be monolithic or hybrid in structure. Monolithic structures use 

the same material for the detector and the readout devices. Hybrid structures use different 

materials for the detector and the readout devices. The two parts are connected by indium 

bumps. Several two-dimensional CTD arrays can be butted together to form a larger FPA 

called a mosaic FPA. 

There are several layouts for the focal plane array architecture using the monolithic 

or the hybrid approach: 

I. Monolithic: 

1. Line address, 

2. Interline transfer, 

3. Frame/field transfer, 

4. Charge injection device (CID), 

II. Hybrid 

1. Planar, 

2. Z-Technology. 

2.3.1 Monolithic 

1. Line Address 

Figure 2.4 shows a line-address FPA architecture. The columns contain photosensitive 

sites (pixels) using charge transfer devices. After the photosensitive sites have been 

integrating charge for some time, the collected charge is transferred to the output multiplexer 

following clock pulses, <f>A1 . <j>A4 (generated by the vertical generator). The output 
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multiplexer has to operate at least four times faster than the vertical generator to move off 

all the charge packets before the next set of pixels gets onto the multiplexer. 

Since the MOS capacitors in the charge transfer device are photodetectors, the filling 

efficiency of each pixel is relatively good. However, image smearing occurs, but it can be 

avoided by using external optical shutters during the charge transfer period. 

0A1 

A3 

0M1 0M 2 0M3 ^M4 

Figure 2.4. Line-address FPA architecture. 

2. Interline Transfer 

Figure 2.5 shows an interline transfer scheme for the focal plane array. The 

photosensitive sites are interlaced with the vertical readout registers, and an output 

multiplexer is located at the last row of detectors. During operation, photoelectrons are 

integrated and transferred to the shielded readout registers. The shielded readout registers 

move the charge to the output multiplexer, which transfers it off the array via clock pulses. 

Meanwhile, the next field is being integrated. The filling efficiency of each pixel decreases 

because of the readout register, which also lowers the sampling rate in the horizontal direction 

of an input scene. However, image smearing is avoided during readout and the integration 

veriical General or 

I I 4 

Output MuHipIexer 
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time is increased because the transfer gates are shielded and separated from the photosensing 

sites. 

transfer gate 
pulse 
inpul 

•elector, 
site: 1 4 4 

± 
I 

shielded 
readoul 
egisler 

Oulput MullFplexer 

Figure 2.5. Interline transfer FPA architecture. 

3. Frame/Field Transfer 

Figure 2.6 illustrates the frame/field transfer scheme for a focal plane array. The 

layout consists of a photosensitive area and a storage area for collected charge. After the 

photosensitive area has integrated photo-electrons, they are transferred to the storage area. 

The storage area transfers the charge off the FPA through the output multiplexer during the 

next integration period. Meanwhile, the photosensitive area integrates photo-electrons for 

the next cycle. One of the drawbacks of this architecture is that image smearing occurs when 

the charge is being transferred to the storage area. 
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Figure 2.6. Frame/field transfer FPA architecture. 

4. Charge Injection Device (CID) 

Figure 2.7(a) shows a CID focal plane array. Each pixel in the FPA has a pair of MOS 

capacitors, as shown in Figure 2.7(b). Charge stored in the potential wells in these MOS 

capacitors may be transferred between them by changing the voltage applied to the row and 

column lines. During operation, the column lines are set to the reference voltage, Vr, and 

allowed to float. Then a high voltage is applied to the rows, such that the potential wells 

formed in the corresponding MOS capacitors begin to integrate charge. After one integration 

period, the signal charge is read by putting a low voltage on one of the rows (e.g., R2). This 

causes the corresponding potential wells to collapse, thus pushing the charge to the adjacent 

MOS capacitor. This in turn causes the voltage on each column line to change by an amount 

equal to the signal charge divided by the column capacitance. Then the column shift register 

closes the switch (e.g., C2) on the selected column to deliver the signal to the on-chip output 

amplifier transistor. 
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Figure 2.7(a). Charge injection device. 
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Figure 2.7(b). A pair of MOS capacitors in a CID. 
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Some of the advantages of a CID as compared to the previously mentioned architectures are: 

i) random access to the charge packets; therefore, zooming in a special area of the array 

is possible; 

ii) there is only one charge transfer for reading the signal; therefore the charge transfer 

efficiency is better than that for the CTD; 

iii) a non-destructive readout, meaning the signal is not destroyed. 

Some of the disadvantages of a CID are: 

i) because of high capacitance, there is more fixed pattern noise; 

ii) there is electrical cross-talk between pixels; 

iii) lag in signal, caused by capacitors not being discharged completely. 
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2.3.2 Planar Hybrid 

The hybrid FPA is fabricated by using one photosensing material for photon detection 

and another for CTD readout. These two materials are combined together by flip-chip 

solder-bump bonding. Figure 2.8 shows a cross-section of a hybrid array. Though this 

construction increases the signal-processing area on the FPA, the size of the array is limited 

by the different thermal expansivity of the materials. In addition, a coupling circuit is 

required to transfer the photocurrent from the detector to the charge in the CTD storage well. 

Hybrid FPAs are very important in infrared applications because the photosensing materials 

(e.g., HgCdTe and InSb) are not easily compatible with the charge transfer device readout 

techniques. 

s i l i con  CCD mul t ip lexer  

indium solder 

bumps 

detector array 

(typical Infrared) Electrodes 

transparent electrode 

input scene radiance 

Figure 2.8. Hybrid FPA architecture. 
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2.4 Noise on a Focal Plane Array 

A focal plane array using charge transfer devices can be divided into three subsystems: 

1) detector, 2) charge transfer process, and 3) preamplifier output, as shown in Figure 2.9. 

Noise sources in these subsystems are introduced in the following sections as they contribute 

to spatial nonuniformities in an FPA, causing spatial noise in the viewed image. 

Signal 

background 

Optics 

:a 
charqe 

- Detectors "transfer 
process 

Pre-amplifier 
Output 

1 

Focal Plane May 

Figure 2.9. Focal plane array. 

The types of noise for each subsystem are as follows: 

1. detectors 

- photon noise 

- KTC or Johnson noise 

2. charge transfer process 

- input noise 

- transfer inefficiency noise 

- trapping noise (fast interface states or bulk state) 

- thermal noise (dark current) 

- clock feedthrough noise 
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3. preamplifier output 

- floating diffusion reset noise 

- preamplifier noise (MOSFET noise). 

2.4.1 Detector Noises 

Photon Noise 

The random arrival times of photons causes photon noise. This noise follows Poisson 

statistics. Thus, the noise caused by this random fluctuation is equal to the square root of the 

average number of photons in any time interval. The photon noise current is: 

where 

I is the photogenerated d.c. current 

Af is the electrical bandwidth 

q is the electron charge (1.602xl0~19 Coulombs). 

The photon noise in number of electrons for a photovoltaic detector is: 

As for a photoconductive detector, the photon noise in number of electrons is: 

where 

G is the photoconductive gain 

ij is the quantum efficiency 

Ep is photon irradiance (photon/sec/cm2) 

Ad is the detector area (cm2) 

r{ is the integration time. 

in2 - V2 q I Af (2.4) 

(2.5) 

np = uEp Ad tj G2 (2.6) 



It is best for an infrared sensor to be photon noise limited, 

still exists and is used to determine the performance of the sensor. 
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However, spatial noise 

KTC Noise 

KTC noise exists on the input circuit and the floating diffusion reset circuit on the 

output preamplifier. It is the thermal noise associated with a resistor in parallel with a 

capacitor when the noise is monitored or read across the capacitor. For example, the input 

circuit of a CCD is modeled as shown in Figure 2.10. The equivalent channel resistance, R, 

is connected to the equivalent capacitance of the depletion region in parallel with the oxide 

capacitance, C. The noise current generator, ij2, represents the thermal (Johnson) noise 

produced by the equivalent channel resistance, and their relationship is as shown in Eq. (2.7). 

e 

Johnso n 
nofse 
generator 

C 

Figure 2.10. KTC noise equivalent circuit. 

• 2 4 k T Af 
J R (2.7) 

The noise current through the capacitor is, 

(2.8) 
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The input noise, in number of electrons thus generated, is: 

where 

(2.9) 

Cin is the input capacitance 

q is the electron charge (1.602xl0~19 Coulombs). 

2.4.2 Noises Associated with the Charge Transfer Process 

Transfer noise can be caused by 1) transfer inefficiency, and 2) surface traps. 

1. Transfer Inefficiency Noise - CCD 

This noise is caused by the random fluctuations in the amount of charge transferred 

between one well and the succeeding well. The difference in the amount of charge during 

the transfer process is the result of imperfect charge transfer efficiency or transfer loss. 

Therefore, the transfer inefficiency noise, in number of electrons, is: 

(2.10) 

where 

e is the charge transfer inefficiency (= 1-CTE) 

M is the number of gates 

Ns is the number of carriers in signal packet. 

2. Trapping Noise 

Since there are microscopic traps between the interfaces of a CCD (interface states in 

surface channel CCDs and bulk states in buried channel CCDs), charge is often trapped 
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when being transferred off the array. The random fluctuations in the total number of 

carriers trapped at any instant causes trapping noise. Therefore, the trapping noise in number 

of electrons is: 

nSs ™ JM k T Aj Ngg ln2 (2.11) 

where 

N is the density of surface state (cm"2-ev"1). 

Dark Current 

This noise is caused by thermally generated charge that gives rise to white noise or 

nonuniform noise sources. Therefore, it is also called thermal generation noise. This noise 

given in number of electrons is: 

nd 

where 

i-9 /—2 

Jd Ti Ad (2.12) 

Jd is the dark current density; typically 5x10 amps/cnr at 300K for silicon. 

Clock Feedthrough Noise 

This noise is caused by capacitor coupling from the array gates to the output 

preamplifier. It becomes more important at high frequencies. 

\ 
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2.4.3 Preamplifier Output Noise 

Floating Diffusion Reset Noise 

This is a KTC noise attributable to the MOSFET channel resistance in parallel with 

the floating diffusion capacitance in the reset circuit on the output preamplifier. In number 

of electrons, this noise is given as: 

k T C p p  (2.13) 

where 

CFD is the floating diffusion capacitance. 

Preamplifier/MOSFET Noise 

This is a noise associated with the output MOSFET. 

(2.14) 

where 

gm is the transconductance. 

All of the above descriptions of detector noises, noises associated with the charge 

transfer process, and preamplifier output noises in an FPA, cause fixed pattern noise. This 

fixed pattern noise contributes to spatial noise, which varies across the FPA. 
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2.5 Sensor Modulation Transfer Function 

Since an optical imaging system is not perfect, certain features of the scene lose 

resolution and definition in the image (Schowengerdt, 1983). This is caused by the limitations 

of the sensor system, such as diffraction by the optics aperture, aberrations, frequency 

response of a rectangular detector, charge transfer efficiency, and diffusion loss of the 

detector. These image forming characteristics of an optical sensor system can be 

quantitatively described by their respective Modulation Transfer Functions (MTFs). The 

MTF is typically plotted versus angular spatial frequencies in cycles/mrad. To simulate a real 

sensor system, the sensor modulation transfer functions are incorporated in the computer 

model. A brief description of each of the optical system MTFs relevant to a staring IR 

thermal imaging sensor (Barbe, 1977) are discussed below. 

Optics-Diffraction 

This is an optical system transfer function to account for the diffraction caused by a 

circular aperture. This MTF has the least effect on the focused image when compared to 

other sensor modulation transfer functions. That is, the best image possible from a sensor 

system is diffraction-limited. The following equation shows that the optics-diffraction MTF 

is a function of the diffraction wavelength, optical system f-number, and spatial frequencies. 

(2.15) 

where 

A. = AD f k^/F 

kxy - ̂ kx^ + ky^ 
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Ad is the diffraction wavelength (microns) 

f is the optical system f-number 

1^ is the spatial frequency in the along-scan dimension (cy/mrad) 

ky is the spatial frequency in the cross-scan dimension (cy/mrad) 

F is the optical system focal length (millimeters). 

Optics-Blur 

This is an optical system transfer function to account for aberrations. Equation (2.16) 

shows that the MTF is approximated by the Gaussian function: 

H(kx Jcy) = e"b(k*2 + ky2) (2.16) 

where 

b = 7T2 w2 

w = 1/e half-width of the optical system point spread function (mrad). 

Detector-Spatial Transfer Function 

Assuming that detector elements respond uniformly over their photosensitive areas, 

the spatial response is modeled using the two-dimensional MTF of a rectangular aperture 

(Pau, et al., 1983): 

H(kx ,ky) - sinc(rr IFOVx kx) sinc(jr IFOVy ky) (2.17) 

where 

IFOVx is the sensor instantaneous field-of-view in the along-scan direction (mrad) 

IFOVy is the sensor instantaneous field-of-view in the cross-scan direction (mrad) 

sinc(x) = §1ilx 
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Charge Transfer Efficiency (CTE) MTF 

As signal charge is transferred from one gate to the next, some of them are lost upon 

leaving and some are added upon entering a potential well (Thvedt, et al., 1987). This 

smearing in the direction of transfer is taken into account by the CTE MTF: 

-Me 

H(kx iky) 3 e 

1-COS27T 
^max 

where 

M is the number of gate transfers 

e is the charge transfer inefficiency. 

-Me l-cos2rr 
^max (2.18) 

Charge Diffusion MTF 

As photons are incident on the detector and generate an electron-hole pair, only those 

electrons within one electron diffusion length to the depletion well of the MOS capacitor can 

be absorbed; the others will be lost. Therefore, the quantum efficiency is less than 100%. 

This loss of resolution is taken into account by the MTF: 

cosh 

H(kx ,ky) 
is] (2.19) 

cosh M 
where 

d is the distance from depletion region, where photon generates electron-hole pair 

10 is the diffusion length of electron (90 fim for silicon) 

l'2 = 10-2 + (2Trig2 . 

The sensor MTFs mentioned above do not represent all the MTFs that can degrade an 

image. However, they represent those that are dominant in an infrared sensor. 



36 

CHAPTER 3 

NONUNIFORMITY AND NONLINEARITY OF DETECTORS IN A FOCAL PLANE ARRAY 

3.1 Spatial Nonuniformity 

Sensors using staring focal plane arrays (Mooney et al., 1987) exhibit spatial sensitivity 

contours causing nonuniformity from pixel-to-pixel when uniform radiance (flat-field 

radiance) is incident on the array. This degrades the viewed image on the monitor for the 

observer and often masks the target of interest. Therefore, the spatial noise added to the 

image needs to be corrected. Figure 3.1 shows a simulated image from an FPA with spatial 

non uniformities. 

Figure 3.1. A simulated image from an FPA with spatial nonuniformities. 



Detector nonuniformity is present across the image. It is caused by fixed pattern noise and 

responsivity variations of the detectors. This nonuniformity can be present even if the 

detector is linear in response to optical radiation. It is often referred to as a fingerprint, 

meaning it is a permanent characteristic deformation of the two-dimensional spatial 

sensitivity. 

Fixed pattern noise can be a result of tolerance variations in lithographic dimensioning, 

and nonuniformity in the multiplexer and/or input circuits of a focal plane array. With 

hybrid architectures, coupling of detectors to charge coupled devices (CCDs) also introduces 

spatial nonuniformities. In addition, detector array fabrication-process control factors, such 

as doping variations across the device, can cause pixel-to-pixel responsivity variations. 

Therefore each detector may have different dark current generation and/or response to input 

radiance. Infrared scenes are inherently of low contrast, typically less than 5% in 3-5 /im 

and less than 2% in 10-12 fim regions. This means that a one degree change in scene 

temperature causes less than a 5% change in the sensor's output in the 3-5 pm and less than 

a 2% change in the 10-12 /im regions of the infrared spectrum. Therefore, pertinent detail 

can easily be masked by pattern noise. 

Fortunately, fixed pattern noise can be corrected by a d.c. offset, which can easily be 

done by addition or subtraction. However, responsivity variation is a multiplicative effect 

and therefore corrected by multiplication or division. 

The next two sections will discuss how spatial nonuniformity is introduced into the 

computer-simulated FPA model. Then Section 3.3 will discuss the correction schemes for the 

corrupted images provided by such a sensor. 
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3.1.1 Implementation of Spatial Nonuniformitv 

Ordinarily, the detector signal is related to the radiant power (<f>) by: 

S = Rtf + O (3.1) 

where 

R is the responsivity for the specified wavelength in V/W 

O is the detector output offset in volts (e.g., caused by dark current) 

<f> is the radiant power (watts) incident on the detector. 

Figure 3.2 shows an optical imaging sensor system. The scene radiance, LA (W/cm2/mr), is 

optics array of 

source A detectors 

0 

'"""--J---' 

W. T0 

background  
v '  

scene 

Figure 3.2. An optical imaging sensor system. 

made up of background and sources. The optics with an optical f-number (f/#) and 

transmission (r0), focuses the incoming radiance on the detector. The focal plane array 

contains detector sites with an area, Ad (cm2). The amount of radiant power (<f>) incident on 

a detector is given as: 

* A dr„ 
<p = Lx (watts) (3.2) 

4 (f/#)2 
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where 

La is the radiance of the scene (W/cmJ/mr) 

Ad is the area of each detector (cm2) 

f/# is the optical focal-number 

r0 is the optical transmittance. 

Spatial nonuniformity is simulated by varying the responsivity and the output offset 

of each detector across the entire array. The responsivity R* = R + aR , where <rR is the 

standard deviation of the responsivity. The output offset, O1 = O + a0, where aQ is the 

standard deviation of the offset. The values cR and aa are random numbers provided by the 

Gaussian number generator in the computer. Thus each detector of the array has a different 

signal when a flat-field radiance is incident on the FPA. Figure 3.3 shows the different 

linear responses of an array of detectors. Each of the detectors shown would produce a 

different output signal for the same radiant power (<f>j) on each of them. For example, 

detector (1,1) will produce signal Sx, detector (1,2) will produce signal S2, and detector (1,3) 

will produce signal S3. 

S 
detector (1,1} 

detector (1,2} 

0 (Wdt-o 

Figure 3.3. Different linear responses of detectors. 
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3.2 Nonlinear Detector Response 

Traditionally, detectors have been simulated with linear responses to input flux 

radiances. But in reality, detectors have piece-wise linear or parabolic responses (Boreman, 

et al., 1987), as shown in Figure 3.4. If, for example, the detector material is HgCdTe, its 

response curve is nonlinear in a specific flux range. The threshold and saturation flux levels 

of individual detectors may also vary. Thus, the computer model is implemented for sensors 

with different nonlinear detector responses. Figures 3.5(a) and 3.5(b) show two real response 

curves of HgCdTe detectors (Boreman, et al., 1987). On the other hand, input radiances of 

equal value at different wavelengths also produce different output values (Figure 3.6). To 

eliminate the spatial noise introduced by this factor, monochromatic radiance is assumed to 

be incident on the sensor. Also, each detector material has its own spectral response. 

Therefore, a particular detector material is assumed for the FPA model. 

PIXEL 104 

,01?' 1 I • I I » 
.0CO2 ,0W1 .0CO6 .oeua .001 .0018 .0014 

IRRADIANCE (W cm"2) 

Figure 3.4. Nonlinear response of 

a detector. 

Figure 3.5(a). Real response of 

a HgCdTe detector. 
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< 

PIXEL 113 

,erac .eoo# .eat 0C12 .6014 
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V 

Actual 

K 

Figure 3.5(b). Real response of 

a HgCdTe detector. 

Figure 3.6. Spectral response of a detector 

versus wavelength (Dereniak, et al., 1984). 
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3.2.1 Implementation of Detector Nonlinearitv 

The following is the basic concept for the simulation of nonlinear detector response. 

A single detector (instead of an FPA) is considered. Using the quadratic equation y = ax2 + 

bx + c = a(x-x„)2, the detector signal is, 

S = R0 - <fi0)2 + O (volts) (3.3) 

where 

-R 
Rx (3.4) 

2*o 

S is the detector signal voltage 

R is the responsivity for the specified wavelength in V/W 

is the input flux (watts) where detector response saturates. 

O is the detector output offset. 

(Volt) 

0 

Figure 3.7. Parabolic response of a detector. 
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Since each detector in the FPA has a different response curve (Figure 3.8), a typical 

expression for the output of a detector would be expressed as: 

(R + ctr) 
S 0 - *0)2 + (O + <T0) 

24, 

S = R & - *0)2 + O' (3.5) 

where 

Ri' = 
R + <7„ 

2*o 

CTr is the standard deviation of responsivity 

a0 is the standard deviation of detector output offset. 

The values CTr and aQ are random numbers provided by the Gaussian number generator in the 

computer. 

detector {1,1) 
detector (1.2) 

detector (1.3) 

0(W<jU) 

Figure 3.8. Each detector has a different response curve. 
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3.3 Soatial Nonuniformitv Correction 

Many correction schemes have been implemented in present-day IR systems to correct 

spatial noise on a staring focal plane array. These include the one-point correction technique 

which requires only one calibration point (i.e. flat radiance source) as the basis to correct 

spatial nonuniformities, and the two-point correction technique which requires two 

calibration points (two flat-radiance sources). Most IR systems use one-point correction 

which simply corrects by addition or subtraction of a fixed value for each pixel, but 

inherently corrects spatial nonuniformity only for a particular irradiance level. Figure 3.9 

shows a schematic of how an image with spatial noise can be corrected in the TTIM. Since 

there is spatial nonuniformities across the FPA, each detector has different responsivity and 

output offset value to uniform irradiance. Therefore, spatial noise is introduced into the 

image viewed by the FPA, as shown in Figure 3.8. The corrupted detector signal, S, then acts 

as input to the correction schemes to remove the spatial noise. The output of the correction 

is the corrected detector signal, S'. 

Correction 
schemes 

(volt) 

or 
2 —point 
correction 

spotici noise 

Figure 3.9. A schematic to correct the spatial noise of an image in the TTIM. 
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For simplicity, linear detector response is used to explain the correction schemes. 

Figure 3.10 shows linear responses of three detectors chosen from a focal plane array of many 

detectors. 

S 
(Voll) deleclor (1,1) 

deleclor (1,2) 

deleclor (1,3) 

0 fj> (Wall) 

Figure 3.10. Linear responses of detectors in an FPA. 

The output signal for each detector is, 

S,.,-R1> + 0,i (3.6) 

where 

the subscripts i,j indicate the column and row location of a detector 

S;; is each detector's signal voltage mJ 

Rj ; is the responsivity of each detector 
*»J 

<l> is the power received on the focal plane array 

O; j is the output voltage offset of each detector. 
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There is spatial nonuniformity on the FPA that needs to be corrected, because the detectors 

have different gains (responsivity) and offsets (dark current). The following section will 

discuss spatial nonuniformity correction using a single radiance calibration source, which is 

called the one-point correction. 
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3.4 One-Point Correction 

Presently, infrared thermal imaging sensors are calibrated by using a single uniform 

source of radiance across the FPA to determine the fixed pattern noise at that radiance level. 

This is called single-point calibration or one-point correction. A 300K uniform scene 

radiance calibration source is used to explain one-point correction. 

To perform a one-point correction for spatial nonuniformity, a flat field at 300K is 

imaged by the sensor. The spatial average of the signal voltage is calculated, 

where E:; S: tso° is the summation of all the detectors' signal voltage at 300K, and N is the '|J aiJ 

total number of detectors in the FPA. Also, the difference between the signal voltage of 

each detector and the spatial average is calculated, and is, 

So when scene radiance is incident on the detector array, the corrected signal voltage for each 

detector is 

(3.7) 
N 

r\ 300 c 300 c 
i»j " \'i ~ ^31 (3.8) 

Q» _ C TV 300 
5 i,j " i.j (3.9) 

Figure 3.11 shows conceptually a one-point correction for an array of detectors modeled with 

linear responses. The linear response of each detector is plotted with the corrected signal, S' 

(volts), versus the radiant power, <j> (watts), incident on the detector at various temperatures. 
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The approach is to shift each curve towards the "nominal" curve by subtracting the offset 

from or adding the offset to the signal. 

S 

(Volt) detector 0,1] 

detector (1.2) 

detector (1.3] 

Sjcw 

<j\ (Walt) 

Figure 3.11. One-point correction. 

If the scene is a flat field at 300K, the output video image will be uniform across the 

image because all the detectors are corrected to have the same output voltage at that point. 

If the scene has temperature(s) other than 300K, the one-point correction cannot remove all 

uniformity noise because of gain variations. As a result, one-point correction only corrects 

perfectly for flat fields that have the same temperature as the calibration point and have a 

limited range of radiance levels to give good image. 
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3.4.1 Simulation of One-Point Correction in the TTIM 

One-point correction is implemented in the TTIM using the above method. The 

following is the algorithm: 

i) read in a flat field (e.g., Sy300) for calibration; 

ii) calculate the average output signal, S^,, across the entire array; 

iii) record the difference between the received signal of each detector and the average, 

i.e., 

T-v 300 c 300 "c" , 
Ui»j " aiJ ~ 300 » 

iv) read in a new input scene (Sy) for correction; 

v) correct the spatial nonuniformity by subtracting Dy from each detector, therefore, the 

corrected signal, S'y = Sy - Dy300 . 
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3.5 Two-Point Correction 

Infrared thermal imaging sensors can be calibrated by using two uniform sources of 

radiance across the FPA to determine the fixed pattern noise and responsivity of each 

detector. This is called a two-point correction of spatial noise. 

Two calibration points at 300K and 305K are used to explain the two-point correction. 

Figure 3.12 shows the steps for a two-point correction of an array of detectors modeled with 

linear responses. The two points,and~5^05, make up the "nominal" detector response to 

which the other detectors will be compared for the correction. The approach is to shift each 

curve towards the "nominal" one by adding the offset to or subtracting the offset from the 

signal, as shown in Figure 3.12(b). Then each one is rotated and aligned with the nominal 

such that all the detectors have the same response and offset, as shown in Figure 3.12(c). 

To perform a two-point correction, a flat field at 300K (refer to Figure 3.12(a)) is first 

imaged by the sensor. Each detector's output signal is recorded and their spatial average is 

calculated, and is, 

g 300 

S300 = ~ (3.10) 
N 

where E:; S= j300 is the summation of all the detectors' output at 300K and N is the total •w 'iJ 

number of detectors in the FPA. Next, a flat field at 305K is taken by the sensor. The 

spatial average of all the detectors' signal voltage is again calculated, and is 

S306 -

ri o 305 
sij iJ 

N 
(3.11) 
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nominal 
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detector (1,1) 

detector (1,2) 

03(Ki 03a5 0 (Watt) 

Figure 3.12(a). 

nominal 
detector 

detector (1,1") 

detector (1,2) 

0 (Watt) 

Figure 3.12(b). 

nominal 
detector, 

detector (1,1) 
detector (1,2) 

03DD 03Q5 0 (Wait) 

Figure 3.12(c). 

Figure 3.12. Steps for two-point correction. 
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where £y Sy305 is the summation of all the detectors' output at 305K. So when some 

unknown scene radiance within 300K and 305K is incident on the detector array, two-point 

correction is performed by subtracting the detector's signal at 300K. (i.e., Sy300) from each 

detector's output (i.e., Sy-Sy300). Then the difference is multiplied by factor Cy, which is 

the difference of the averages of all the detectors' output at 305K and 300K, divided by the 

difference of each detector's signal at 305K and 300K, as shown in Equation (3.12). 

cy = 
305 300 

c SOS c 
ij " >,j 

300 
(3.12) 

Then the product is added to the spatial average at 300K, S300, such that the detector has a 

response curve the same as the nominal (Figure 3.12(c)). Thus, the corrected signal voltage 

for each detector is: 

S'y = (S,5 - S, I.J Id 
800j 

(S. 

(Si 

'305 

SOS 

" ^300) 

c 300\ 
•ij ' 

+ s 300 (3.13) 
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3.5.1 Simulation of Two-Point Correction in the TTIM 

Two-point correction is implemented in the TTIM using the above method. The 

following is the algorithm: 

i) read in a flat field (e.g., 300K) as the first set of data for calibration; 

ii) record the first data set, i.e., Sy300, and calculate the average output signal,"S^,, across 

the entire array; 

iii) read in another flat field (e.g., 305K) as the other set of data for calibration; 

iv) calculate the average output signal,*S^05, across the entire array, and calculate the 

factor, 

_ (§305 " S300) 
C:: = 
''J /c 305 o S00\ 

' i , j  ~  i . j  '  '  

v) read in a new input scene (Sy) for correction; 

vi) correct spatial nonuniformity by using Eq. 3.13 (repeated here) to calculate the 

corrected signal, 

S'.. = (S.. - s. •30°) (̂ 05"S300) + "S" 
i.j ^ «.j >J ' 305 « 300\ 300 

' i . j  ~  i , j  '  

In a real sensor system, the detectors in a focal plane array have nonlinear responses. 

Figure 3.13 shows the nonlinear responses of detectors (1,1) and (1,2) in the FPA. These 

nonlinear response curves are being approximated as linear by the spatial nonuniformity 

correction schemes using two calibration points at 300K and 305K. Also shown in Figure 

3.13 is the nominal detector response defined by a' and b\ The corrected response of the 

detectors based on the "nominal" is also shown and is nonlinear. Now, if scene radiance at 

303K is incident on the detectors, they produce outputs at c and d respectively on the 

uncorrected response curves. After a two-point correction, the detectors' outputs are at c' 
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and d' respectively on the corrected response curve. However, c' and d' are not the same 

point. Therefore, residual nonlinearities remain after a two-point correction. 

Signal S 
(Volt) 

•DO 

linear response of detector {1.1) 

nonlinear response of detector (i ,1) 

linear response of detector (1,2) 

nonlinear response of detector (1.2) 
nominal detector response 

nonlinear response of detector 
after correction 

fWl &5D3 f 305 fj (Watt) 

Figure 3.13. Illustration of two-point correction. 
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3.6 Assumptions for Spatial Nonuniformitv Correction in the TTIM 

Because of limited computer memory and flexibility of the TTIM, some assumptions 

(Scribner, et al., 1987) are made in the one-point and two-point corrections of an image: 

i) Responsivity R does not depend on wavelength. Therefore, the input scene should 

have a very narrow bandpass (e.g. 7.9-8.1 nm). 

ii) Temporal noise is negligible because it is being averaged over 30 frames. 

iii) The gain and offset of each detector are uncorrelated random variables and both high 

and low responsivity detectors observe the full range of scene flux. 
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CHAPTER 4 

DATA ANALYSIS AND EVALUATION OF IMAGES WITH A STARING FPA 

The one-point and two-point spatial noise correction schemes discussed in Chapter 3 

were implemented in the TTIM computer model to correct spatial nonuniformities across an 

FPA. Section 4.1 introduces a computer-simulated staring sensor system and the output 

signal-to-noise ratio (S/N) of a detector as the figure of merit. Then a computer-generated 

input flat field (with uniform radiance) and a bar chart corrupted by spatial noise, which will 

be used as input images to the correction schemes, are displayed in Section 4.2. Also, the 

signal-to-noise ratios of these images will be discussed. The next section, Section 4.3, will 

display and evaluate the above selected images after one-point corrections have been 

performed on them. Section 4.4 will display and evaluate the selected images after two-point 

corrections have been performed on them. Section 4.5 will introduce another staring sensor 

system implemented in the computer program to generate noisy images for comparison with 

an image from a real system using a PtSi camera. The results of a one-point correction of the 

simulated noisy image will be presented, and then compared to the real image and evaluated. 

The last section, Section 4.6, will discuss the limitations of spatial nonuniformity correction 

techniques. 
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4.1 Computer-Simulated Staring Sensor System 

The computer-simulated staring sensor system used for viewing a scene and correcting 

the spatial noise of the image uses a HgCdTe detector array to detect photon radiance. The 

HgCdTe detector array is a good infrared imaging sensor, although it has high spatial 

responsivity variations from detector to detector. Therefore, the spatial noise is high, for 

which correction should be made. A monochromatic photon radiance is used because 

polychromatic wavelengths cause further spatial nonuniformities across the FPA, due to its 

nonlinear dependence on responsivity. The normalized detectivity, D*, is 1.0 and the 

normalized optical transmittance of the lens is 0.53. A 256x256 FPA with linear detector 

response is used. Sensor MTFs due to optics-diffraction, blur, detector geometry, charge 

transfer efficiency, and charge diffusion loss are considered. Temporal noise is present but 

negligible because it has been averaged over 30 frames. Therefore, spatial noise is the only 

limiting factor. To summarize, our candidate sensor system consists of: 

detector material: HgCdTe 

wavelength = 7.5-12.5 /im 

f/# = 2.53 

normalized detectivity (D* = 4.75xl010 cm-Hz^-W"1) =1.0 

normalized optical transmittance = 0.53 

FPA size: 256x256 

all detectors in the FPA have linear detector responses 

no MTF effects 

temporal noise is negligible (30 frames averaged). 
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The signal-to-noise ratio (S/N) is used here as a figure of merit. The output S/N of 

each detector is the ratio of the rms-signal to the rms-noise. For a flat field, the normalized 

standard deviation of the image (instead of the S/N) is considered. The normalized standard 

deviation is defined as the ratio of the standard deviation to the average output of the 

detectors in the FPA. As for a bar chart, the S/N of the bars is considered. As shown in 

Figure 4.1, the average and standard deviation of the bar are calculated, as denoted by S1 and 

a1 respectively. Also, the average and standard deviation of the background are calculated, 

as denoted by S2. The S/N of the bar is defined as the difference of the averages of the bar 

and the background, divided by the standard deviation of the background, i.e., (S1-S2)la1. 

Figure 4.1. Area of barchart for S/N calculation. 
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4.2 Examples of Images Corrupted with Spatial noise 

The computer model generates a flat field and a bar chart with temporal and spatial 

noise as the input images for the spatial nonuniformity correction schemes. Figure 4.2 shows 

the 303K flat field, which is from a linear response FPA, and is corrupted by temporal and 

spatial noise. The temporal noise in the flat field is random and has been averaged over 30 

frames. This temporal noise is simulated in the spatial frequency domain in the TTIM 

computer model and its power spectral density is given as: 

Ad 
•  ( f ) -  =  1 . 0 2 x l 0 " 2 7  W 2 / H z  

Fr re (D f 

where 

$n is the noise power spectral density (W2/Hz) 

Ad is the detector element area (2.58xl0"6 cm2) 

Fr is the frame rate (30 frames/sec) 

Af = 1/(2 Fr) 

re is the eye integration time (0.375 sec). 

The actual sample of noise which is added to an image pixel in the spatial frequency 

domain is computed as follows: 

Noisei = (V2>1/2 Nk + J (*„/2)1/2 Nk+1 

where 

Noisei1S the n°ise added at a point in the spatial frequency domain (W/-v/Hz) 

Nk is the normally distributed random number with zero mean and unit variance. 
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The temporal noise is measured before spatial noise is introduced and is the ratio of the 

standard deviation to the average value of the pixels in the image. The value is approximately 

3.1xl0"3, which means a 0.31% variation from the average irradiance. This measurement can 

be verified by calculating the ratio of the photon noise current to the detector d.c. current 

at 300K. The photon noise current from a background at 300K is, 

in = 2qG[»?EpAdAf]1/2 

= 8.82xl0"n amp 

where 

G is the photoconductive gain (1) 

Tf is the quantum efficiency (20%) 

Ep is the photon irradiance on the detector (3.2xl016 photons/cm2/sec) 

Af is the electrical bandwidth (4.6x10s Hz) 

f/# = 2.53. 

The d.c. current of the detector is, 

Idc = q»?EpAd 

= 2.64xl0"8 amp 

Therefore, the predicted variation of the noise current from the d.c. current is, 

8.82xl0"n 

= 0.0033 = 3.3xl0"3 

2.64xl0"8 

This predicted temporal noise agrees well with the measured value, which is 3.1xl0"s. 
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Figure 4.2. A 303K flat field from a linear response FPA with temporal and spatial noise. 

The spatial noise .in the 303K flat field in Figure 4.2 is random and is generated by adding 

a 10% variation in responsivity and a 10% variation in output offset to each detector. The 

normalized standard deviation of the image, which includes both temporal and spatial noise, 

is 0.113, or 11.3%. If a nonlinear response FPA is assumed, the normalized standard deviation 

of the image is 0.177, or 17.7%. 

Figure 4.3 shows a 302K and 304K bar chart from a linear response FPA with temporal 

and spatial noise. The S/N is measured on the image prior to adding spatial noise when only 

temporal noise is present. The S/N is the difference of the averages of the bars and the 

background, divided by the standard deviation of the background. This measured S/N is 

11.48. The Noise Equivalent Temperature Difference (NETD; Rosell, et al., 1979) is used to 

verify the S/N measured on the image: 

4f2y'(~f 7:/2) 
NETD = ---.---

y'Ad D r 0r A W; 
= 0.181 K 



62 

where 

f = f/# = 2.53 

o• = detectivity = 4.75xl010 cm-Hz112-w-1 

T0 =optical transmittance = 0.53 

,.. A = atmospheric transmission = 1 

d). 9.4xl0-4 watt/(cm2-sr-K). 

~T 2 
Since NETD = ---- => S/N=---- 11.05 

S/N 0.181 

The above calculation of the predicted S/N yielded 11.05, which agrees well with the 

measured value of 11.48. 

The spatial noise in the image is random and is introduced in the same way as in the 

flat field in Figur~ 4.2. The measured S/N of Figure 4.3, which includes both temporal and 

spatial noise, is 0.427. If a nonlinear response FPA is assumed, the measured S/N is 0.213. 

Figure 4.3. A 302K and 304K bar chart from a linear response FPA with temporal and spatial 
noise. 
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4.3 One-Point Correction 

The calibration point used for the one-point correction is 300K. One-point corrections 

have been performed on images from FPAs with either linear or nonlinear detector responses. 

Only the corrected images from a linear response FPA will be displayed here. The S/Ns of 

the corrected images from a nonlinear response FPA will be presented as a comparison to that 

from a linear response FPA. 

Figure 4.4 shows a 303K flat field after a one-point correction at 300K., from which 

residual spatial noise can still be seen. This residual noise is a combination of temporal noise 

and remaining spatial noise after the correction. This noise is measured by calculating the 

normalized standard deviation of the corrected flat field and is 7.67x10~3, as compared to 

0.113 before the correction. The residual temporal noise is y/2 higher than the temporal noise 

before correction, because when the one-point correction is performed, the temporal noises 

in the two frames are added and therefore increases in amplitude by a factor of y/2. If a 

300K flat field is used in this correction, the spatial noise will virtually be corrected and only 

temporal noise remains. The remaining temporal noise is y/2 higher than before the 

correction, because the temporal noises in the two frames are added, as stated in the previous 

case. 

With a nonlinear response FPA, the normalized standard deviation of the corrected 

flat field is 8.41xl0~3. This shows that more residual noise remains after a one-point 

correction when compared to that with a linear response FPA. 
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Figure 4.4. A 303K flat field from a linear response FPA after a one-point correction. 
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A 300K calibration point is still used in the one-point correction of a bar chart at 302 

and 304K. Figure 4.5 shows the one-point corrected bar chart, which has been visually 

improved over the uncorrected one in Figure 4.3. This can be verified by noticing that the 

S/N of the bar chart is improved from 0.427 to 6.42, although the temporal noise is -./2 higher 

than that before. 

With a nonlinear response FPA, the S/N of the corrected bar chart is 3.92. This shows 

that more residual noise remains after the correction than that from a linear response FPA. 

Figure 4.5. A 302 and 304K bar chart from a linear response FP A after a one-point correction. 
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4.4 Two-Point Correction 

The calibration points used for the two-point correction of spatial noise are 300K and 

305K. Two-point corrections have been performed on images from a linear and a nonlinear 

detector response FPA. Only the corrected images from a linear response FPA will be 

displayed here. The S/Ns of the corrected images from a nonlinear response FPA will be 

presented as a comparison to that from a linear response FPA. This is to demonstrate that 

residual nonlinearity errors remain after the correction. 

Figure 4.6 is the 303K flat field after two-point correction. The normalized standard 

deviation of the corrected flat field is 4.48x10"3. This noise measurement includes only 

temporal noise (which is y/2 higher than 3.3xl0"s, measured before the correction), since 

spatial noise is virturally corrected. The two-point corrected flat field in Figure 4.6 looks 

more uniform than that corrected by a one-point correction, as shown in Figure 4.4, which 

has a normalized standard deviation of 7.67xl0"3. This is because two-point correction 

removes spatial noise by multiplication and addition of each detector output, while the one-

point correction employs only addition. 

With a nonlinear response FPA, the normalized standard deviation of the corrected 

flat field is 4.58xl0~3. This noise measurement is greater than that in the linear response case 

(4.48x10"3), which indicates that residual nonlinearity errors still exist after a two-point 

correction. 
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Figure 4.6. A 303K flat field from a linear response FPA after a two-point correction. 
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The two calibration points for a two-point correction of spatial noise are still 300K 

and 305K. Figure 4. 7 shows the 302 and 304K bar chart after two-point correction. The 

measured S/N is 8.12, which is improved from 6.42 in a one-point corrected bar chart shown 

in Figure 4.5. The temporal noise is still ..j2 higher than that before the correction, but it has 

a minimal effect on the corrected image. 

With a nonlinear response FPA, the S/N of the corrected bar chart is 5.05. This value 

is lower than that in the linear response case, because nonlinear detector response introduces 

more spatial nonuniformities than does the linear detector response. 

Figure 4. 7. A 302K and 304K bar chart from a linear response FPA after a two-point correction. 
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4.5 Simulated Images versus Measured Images on a PtSi Camera 

Measured images after one-point correction from a real optical system using a PtSi 

camera are used to evaluate simulated images from the TTIM. The testing scene for the real 

system is a four-bar chart with background temperature at 296K and bar temperature at 

296.04K. The system is operating at 30 frames per second but only one frame is considered. 

Therefore, temporal noise is high as compared to spatial noise that has been corrected by a 

one-point correction. The following is a summary of the optical imaging system used to view 

an input scene. 

detector material: PtSi 

wavelength = 3.3-4.3 /xm 

normalized detectivity (D* = 6.06xl08 cm-Hz^-W1) = 1., 0.94,0.83, 0.74,0.72, 0.63, 

0.57, 0.40, 0.34 

normalized transmittance = 0.8 

FPA size: 160x244 

optics-diffraction, blur, detector-spatial, charge transfer efficiency, and charge 

diffusion loss MTFs are in effect 

temporal noise = 1000 electrons per frame 

dark current = 10,000 electrons per pixel 

responsivity and offset (dark current) variations are 10% from the average values 

bar temperature = 296.04K 

background temperature = 296K 

the corrected image is limited by temporal noise only 

bar S/N of corrected image from real system = 0.52 

bar S/N of corrected image from simulated system = 0.42 
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The real system used for comparison here employs the background temperature as the 

calibration point and corrects the bar temperature. The mean and standard deviation of the 

bars and background of the corrected image are calculated. Then the S/N of the bars is the 

difference of the bar and background means, divided by the standard deviation of the bars. 

Figure 4.8 is the corrected image from a simulated system. 

Figure 4.8. One-point corrected image from a simulated optical system, comparable to a PtSi 

real system. 
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4.5.1 Comparison of a Simulated System in TTIM with a Real System using a PtSi Camera 

The S/N of a one-point corrected image from a real system is approximately 0.52. 

On the other hand, the S/N of a one-point corrected image simulated using the TTIM is about 

0.42, which is very close to the real case. In fact, the simulated image in Figure 4.8 looks 

very like that of the real image, which is temporal noise limited. The bars in the image are 

0.04K higher than the background, and the human eye can just distinguish them from the 

background. However, for higher temperature differences (greater than IK), one-point 

correction becomes invalid because of large differences between detector responses. 

Consequently, the computer simulation of nonlinear detector response and one-point 

correction in an FPA is valid for low temperature differences when compared to a real system 

using a PtSi camera. Apart from the above, this computer simulation is considered as an ideal 

case for spatial noise correction because real systems are often more unpredictable. 
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4.6 Limitations of Spatial Nonuniformitv Correction Technique 

The two major limitations are: 

1. In real systems, temporal noise exists and multiple frames can be used for processing an 

image. Therefore, each detector output can be averaged over the number of frames to 

reduce the temporal noise, which may include shot noise and amplifier noise. This is the 

case simulated in Section 4.1, where the sensor system averages the temporal noise over 30 

frames, so that it is small enough to have little effect on the corrected image. Thus the 

corrected images have high S/Ns. However, the real system using a PtSi camera considers 

only one frame. Therefore, the temporal noise is \/30 times higher than those from the 

simulated system in Section 4.1, and blurs the corrected image. As a result, one limitation 

of the spatial nonuniformity correction technique is that it cannot correct temporal noise 

when it is not being averaged over a considerable number of frames. 

2. Since detectors have different responsivities in a specific flux range in real systems, 

residual nonuniformities exist after a two-point correction, as shown in Figure 4.9 between 

c' and d'. Also, the amount of residual difference between real and modeled detector 

response is very dependent on the temperature difference between calibration points (^gg 

and ^305 in Figure 4.10). As shown in Figure 4.10, calibration points at <£a and <f>b have less 

residual nonlinearity after two-point correction than do the points <f>c and <f>d. 
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Figure 4.9. Residual noise after two-point correction. 
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Figure 4.10. Different nonlinearities at different regions of the curve. 
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CHAPTER 5 

CONCLUSIONS/RECOMMENDATIONS 

One-point spatial nonuniformity corrections were performed on flat fields and bar 

charts from 256x256 FPAs. The flat fields and bar charts are corrupted with temporal and 

spatial noise, which are random and independent of each other. For flat fields that have 

the same temperature as the calibration point, only temporal noise remains and is \/2 higher 

than that before. With flat fields or bar charts that have different temperatures than the 

calibration point, spatial noise cannot be corrected. 

As for two-point correction, it can always remove more spatial noise in an image than 

one-point correction. This is because one-point correction removes noise by the addition of 

an offset (from the average irradiance level) to the detector output, whereas a two-point 

correction employs both a multiplication and an addition for each detector output, in which 

the multiplication takes into account of the responsivity variation of the detector. Therefore, 

spatial noise is well corrected by a two-point correction and only temporal noise is left 

behind. This temporal noise is \/2 higher than that before the correction. 

The results of one-point and two-point corrections on flat fields and bar charts are 

summarized in Table 1 on the next page. Recall that a 300K calibration point is used in the 

one-point correction, and 300K and 305K calibration points are used in the two-point 

correction. The input images for these corrections are a 303K flat field and a 302K and 

304K bar chart. The normalized standard deviations of the flat fields and S/Ns of the bar 

charts are presented before and after a one-point or two-point correction. 
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Table 5.1. Results of one-point and two-point corrections on flat fields and bar charts in 

terms of normalized standard deviations and signal-to-noise ratios. 

temporal spatial and one-point two-point 
noise only temporal noise correction correction 

flat field 3.1xl0"8 0.113 7.67xl0"3 4.48xl0"s 

(normalized 
standard 
deviation) 

bar chart (S/N) 11.48 0.427 6.42 8.12 

Referring to the results shown in Sections 4.3 and 4.4, the S/N of a corrected flat field 

or bar chart from a linear response FPA is greater than that from a nonlinear response FPA. 

One reason is that nonlinear detector responses contribute more spatial nonuniformities across 

the FPA. Another reason is that the curve of blackbody radiation versus temperature is 

nonlinear. In other words, a plot of the scene radiance versus temperatures between the 

calibration points is not a straight line. Therefore, a two-point correction, which is best 

performed on detectors with linear responses, cannot remove these spatial nonuniformities 

which are nonlinear with temperature. This explains why residual nonlinearity errors exist 

on an image from a nonlinear response FPA after a two-point correction. Figure 5.1 shows 

the effect of nonlinearity of detectors after a two-point correction. 

Further, a one-point correction performed on the output of a real IR staring sensor 

system using a PtSi camera is compared to that simulated by the TTIM computer model. The 

measured S/N of a corrected bar chart from the real system is 0.52, while the S/N of a 

corrected bar chart from the simulated system is 0.42, which shows that they are in good 

agreement. 
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The above evaluation of the image data shows that the computer simulation of one-

point and two-point corrections of spatial noise, linear and nonlinear detector response in 

an FPA is valid. 

Above all, it can be seen from the two-point correction results that spatial noise is very 

much reduced under the assumed operating conditions when the calibration points are within 

5K. For higher temperature differences in a viewed image, two-point correction within 5K 

is not sufficient to correct all the spatial noise. Therefore, it is recommended that more 

calibration points be implemented at appropriate regions of the response curve. Figure S.2 

shows a piecewise linear algorithm which partitions the nonlinear response curve into 

subsections such that the individual linear modeling best fits the corresponding regions. 

o > 

0) 

0L 0s 0H 

Flux 

Figure 5.2. Multi-point correction. 



78 

APPENDIX A 

TACOM THERMAL IMAGING MODEL MENU 

When the TTIM is run, the computer screen comes up with the main menu as follows: 

* * *  M A I N  M E N U  * # #  

T Set terminal attributes 
N Name files to use 
F Frame I/O interface 
C Set coordinate scenario 

E Executive sequencing menu 
0 Topic-driven menu 
A Call natural atmospheric effects module 
B Call battlefield effects module 
S Call sensor module 
D Display image 

Q End program 

T - Set terminal Attributes 

* * *  S E T  T E R M I N A L  *  *  *  

1 ADM 31 
2 ADM 3A+ 
3 DEC VT100 

Sets the clear-screen character appropriate to your terminal. It clears the screen 

of the terminal before each menu is displayed. The default terminal type is VT100. 
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N - Name files to use 

*  *  *  N A M E  F I L E S  M E N U  *  *  *  

Menu option Logical unit Use 
[File Name] 

C 8 Sensor library 
[SENLIB.DAT 

D 9 COMTAL display file 
[F0R009 

E 10 Image log 
[F0R010 

F 11 Formatted frame output 
[FOROll 

G 15 Scene radiance map input 
[F0R015 

q Quit this menu 

Specifies filenames for input and output of other operations of the program. The 

sensor library, SENLIB.DAT, already exists when the menu is first displayed. 

D -lets the user to name the output image file from the sensor for display on the Image 

Technology Board. 

E -automatically set with the name of the image file with a .log extension once D is 

specified. 

F - prompts for the filename that stores image on tape. 

G -allows the user to enter filename of input scene radiance map. 
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F - Frame I/O interface 

* * * F R A M E  I / O  M E N U * * *  

C (107, 79) Center of field of view pixel coordinates 
R Read in frame from disk 
T Transfer frame to tape 
Q Return to previous menu level 

C - specifies which pixel in the scene radiance map is in the center of the modeled sensor's 

field of view. The default is pixel (107,79). 

R -reads in file attached to logical unit number IS which includes a header specifying 

spectral bandpass and temperature/radiance map. If it is a temperature map, it will be 

converted into a radiance map. 

T - intended to read in measured scene radiance maps from a 9-track tape library, but has 

no current function. 

C - Set coordinate scenario 

* * *  S C E N A R I O  M E N U  * # *  

0 ( 0.0, 0.0, 5.0) Observer coordinates (m) 
T ( 600.0, 0.0, -2.0) Target coordinates (m) 
Q Quit this menu 

...Implied range (km): 0.6 

FRMPW: 0.000 FRMPH: 0.000 FRMRNG: 0.000 
PW: 0.000 PH: 0.000 RNGE: 0.600 

O -specifies observer's position in x, y and z coordinates. 
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T -specifies target's position in x, y and z coordinates. 

Calculates distance of the sensor from the scene radiance map. 

FRMPW, FRMPH, FRMRNG - pixel width, pixel height, range (km) of the original 

measured scene. 

PW, PH, RNGE - pixel width, pixel height and range (km) of the sensor field of view (FOV). 

E - Executive sequencing menu 

* * *  E X E C U T I V E  S E Q U E N C I N G  M E N U  

U Toggle use of sensor effects module: T 
A Toggle autoscale-on flag: T 
D Display option: Disk 
B Battlefield or atmospheric: Atmospheric 

Variable: 

R Range (km) 
V Visibility (km) 
P Rainrate (mm/hr) 
T Sees since grenade 
S Sensor 
M Smoke munition 

G Go 
Q Quit this menu, return to main menu 

The Executive Sequencer allows changing a parameter between images. The values 

that the varying parameter is to have are specified before running the whole sequence to 

generate the images. All other parameters also need to be set in advance before calling this 

menu. 
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O - Topic-driven menu 

* * * T O P I C - D R I V E N  M E N U * * *  

S 
D 
W 
F 
N 
M 
T 
Q 

Type of sensor array 
Detector characteristic menu 
Wavelength-dependent characteristics menu 
Frequency-dependent characteristics menu 
Non-uniformity characteristic menu 
Modulation Transfer Functions 
Tabular MTF input menu 
Return to previous menu level 

Lets the user to change parameters by topics of the sensor module. Includes sensor 

array characteristic menu, detector characteristics menu, spectral characteristics menu, 

frequency characteristics menu, tabular MTF input menu, nonuniformity characteristics menu 

and modulation transfer function menu. 

A - Call natural atmospheric effects module 

Allows spatially homogeneous transmittance and path radiance introduced by the 

natural atmosphere (including rain, haze, fog and molecular absorption and scattering) to be 

incorporated in the scene by executing a version of LOWTRAN 6. 

B - Call battlefield effects module 

Allows incorporation of obscuration and inhomogeneous path radiance effects due to 

smokes and aerosols. Scenario involving multiple smoke sources, munition characteristics, and 

obscurant types can be defined by the user and saved in a library for future use. In addition, 

meteorological conditions and spatial resolution of the calculations can also be specified. 



S - Call sensor module 

*  *  *  S E N S O R  M E N U  *  *  *  

S Type of sensor array 
C Set sensor characteristics 
T Turn on/off transfer functions 
A Apply transfer functions 
I Invert transfer functions 
Q Return to main menu 

S - Type of sensor array 

Lets the user to choose linear array of detectors or focal plane array. Size of FPA 

also be specified. 

•  *  *  S  E  N  S  0  R  A R R A Y  M E N U * * *  

L (OFF) linear array of detectors 
S ( ON) staring sensors 
T staring sensor char menu 
Q return to previous menu 

* * * STARING SENSOR CHAR MENU * * * 

Current array size: (256,256) 
Choices are: (256,256),(128f128),(64,64),(32,32) 
Change array size(Y/N)? 
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C - Set sensor characteristics 

* * * SENSOR CHARACTERISTIC MENU * * * 

D Detector characteristic menu 
W Wavelength-dependent characteristics menu 
F Frequency-dependent characteristics menu 
T Tabular MTF input menu 
I Non-linearity characteristic menu 
N Non-uniformity characteristic menu 
C Correct non-uniformity menu 
L Input parameters from sensor library 
S (T) Use library transfer fn switches 
A Add current sensor parameters to library 
X Delete sensor from library 
Q Return to previous menu level 

Lets the user to change parameters with respect to detector characteristics, wavelength, 

electrical frequency, tabular MTFs, nonlinearity and nonuniformity of detector and 

correction of detector nonuniformities. Also includes options to input paramenters from 

the sensor library, use library transfer function switches and add or delete sensor from the 

library. 



85 

D - Detector characteristic menu 

* * * DETECTOR CHARACTERISTIC MENU * * * 

A {2.580E-05) Detector area (cm**2) 
B ( 100.0) Fill-factor of detector area {%) 
C (0.0900) Diffusion length of material (mm) 
D (0.0400) Distance from depletion area (mm) 
E (0.5000) Electron transfer inefficiency (decimal) 
F ( 2.53) Optical system f/# 
L (547.0) Optical system focal length (mm) 
P (0.050) PSF 1/e radius (mrad) 
I (0.093,0.093) IF0V horizontal and vertical (mrad) 
V ( 44.5, 33.4) System F0V (mrad) 
S (.0350,.1740) LED size (mrad) 
N Next menu of sensor characteristics 
Q Return to previous menu level 

W - Wavelength-dependent characteristics menu 

* * * SPECTRAL CHARACTERISTICS MENU * * * 

W ( 7.50,12.50) Lower,upper limit of bandpass (um) 
N (9) Number of array wavelengths 
D (4.75E+10) Detector peak in-band D* 
C (10.00) Center wavelength (um) 
A Array of wavelengths 
S Detector D* normalized to 1 
T Optical transmittance array 
Z Next menu of sensor char. 
Q Return to previous menu level 
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F - Frequency-dependent characteristics menu 

* * * FREQUENCY CHARACTERISTIC MENU * * * 

D (4.600E+05) 
R ( 30.00) 
0 ( 1.000) 
S ( 0.700) 
N (180, 1) 
E (8 .0E+04,0.0E+00) 
M (3.0E+04) 
B ( 1.000) 
Y (1.00E+06) 
P ( 0.00, 0.00) 
A ( 10.0, 10.0) 
Z 
Q 

Detector 3-db point (Hz) 
Frame rate (Hz) 
Overscan ratio 
Scan efficiency 
# parallel, series detectors 
Electronics cut-off, cut-on 
Maximum boost frequency (Hz) 
Boost at max. boost freq. 
Along-scan samp. Nyquist freq. 
NVL stabilization parameter 
Along-scan spatial freq. limit 
Next menu of sensor characteristics 
Return to previous menu level 

T - Tabular MTF input menu 

* * * TABULAR MTF INPUTS * * * 

N (10) Number of spatial frequencies in tables 
F Array of spatial frequencies (cy/mrad) 
0 Optical system MTF 
V Along-scan vidicon MTF 
C Cross-scan vidicon MTF 
S Stabilization along-scan MTF 
M Stabilization cross-scan MTF 
Q Return to previous menu level 

I - Nonlinearity characteristic menu 

* * * NONLINEARITY CHAR MENU * * * 

T (350.0) Saturation temperature (K) of all detectors 
N ( 0) Number of defective detectors 
S ( 10.) Standard deviation of responsivity in 

percentage of its average value 
D ( 10.) Standard deviation of additive noise to 

signal voltage 
Q Return to previous menu level 
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• * * LINEARITY CHAR MENU * * * 

L ( ON) Linear response of detectors 
S (OFF) Nonlinear response of detectors 
C Nonlinearity characteristic menu 
Q Return to previous menu level 

N - Nonuniformity characteristic menu 

* * * NON-UNIFORMITY CHAR MENU * * * 

N ( 0) Number of defective detectors 
S ( 10.) Standard deviation of responsivity in 

percentage of its average value 
C ( 10.) Standard deviation of additive noise to 

signal voltage (%) 
Q Return to previous menu 

C - Correct nonuniformity menu 

* * * CORRECT NON-UNIFORMITY MENU * * * 

C (OFF) input data for one-point correction 
T (OFF) one-point correction by differencing 
D (OFF) input 1st data set for 2-point correction 
E (OFF) input 2nd data set for 2-point correction 
M (OFF) two-point correction 
W display image 
0 calculate average S/N of input scene 
Q return to previous menu 

(continued from sensor characteristic menu) 

L - the user may replace the sensor parameters with those selected from the sensor library. 
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S - the transfer function switches of a new sensor will be changed to the default switch 

settings specified in the library, if the switch is on. 

A -creates a sensor by loading the current sensor parameters to the library. 

X -deletes the selected sensor from the sensor library. 

T - Turn on/off transfer functions 

There are transfer function menu for both linear array of detectors and focal plane 

array. Each of these transfer functions has already been discussed in Chapter 2. The 

following transfer function menu is for a linear array of detectors. 

* * T R A N S F E R  F N  M E N U  * # #  

D OFF) Optics-diffraction 
B OFF) Optics-blur formula 
0 OFF) Optics-tabular MTF 
A OFF) Atmospheric turbulence 
S OFF) Detector-spatial 
T OFF) Detector-temporal 
E OFF) Electronics 
G OFF) Boost 
L OFF) LED 
V OFF) Vidicon 
I OFF) Stabilization-tabular 
F OFF) Stabilization-formula 
H OFF) Along-scan sampling 
J OFF) e transfer inefficiency MTF 
K OFF) e diffusion loss MTF 
Z Load library transfer function switches 
Q Return to sensor menu 
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Transfer function menu for FPA: 

* * *  T R A N S F E R  F N  M E N U  * « *  

D (OFF) Optics-diffraction 
B (OFF) Optics-blur formula 
0 (OFF) Optics-tabular MTF 
A (OFF) Atmospheric turbulence 
S (OFF) Detector-spatial 
T (OFF) Detector-temporal 
1 (OFF) e transfer inefficiency MTF 
L (OFF) e diffusion loss MTF 
Z Load library transfer function switches 
Q Return to sensor menu 

Selects modulation transfer functions for an optical system, due to atmospheric 

turbulence, detector geometries, charge transfer efficiency and diffusion loss. They will be 

applied to the Fourier spectrum of the signal map. 

A -converts the scene radiance map into a map of received power by applying an optical 

system model, applies Fourier Transform to the detector signal map, multiplies 

modulation transfer function to it and inverse Fourier Transform to get the sensor 

output signal map. 

I - removes the effects of the linear modulation transfer functions from the image. 
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D - Display image 

*  *  *  D I S P L A Y  M E N U  # * *  

(250,200) Dimensions of computed image 
G (250,200) Dimensions of output image 
F  ( 1 , 1 )  F i r s t  p i x e l  t o  d i s p l a y  
I (F) Invert shading of frame 
L (T) Toggle log file use 
M ( 0.00E+00, 0.00E+00) Set minimum, maximum values 
N ( 0, 0) Number of low, high pixels to ignore 
0 Display image as: is 

T Write to tape 
D Write to disk 
C Write to Comtal 
Q Return to previous menu 

Image subarray contains: radiance 

Displays either the scene radiance niap or the sensor field of view array. The 

dimensions of the scene radiance map will be the same as the original scene read by the 

TTIM. The sensor field of view will be different for different focal plane array sizes. 

G -gives size of computed image. For focal plane arrays, the size of computed image will 

be the same as the focal plane array size. User can specify the output image size. Then 

the computed image will be enlarged to fit, in proportion to its original size. 

F - refers to array element (1,1) that displays on the pixel at the upper left hand corner of 

the image. This allows the user to display only a subset of the array. 

I - default is false. Toggle to make it true that the highest values in the array correspond 

to the lowest gray levels. That is, black being hot and white being cold. 

L -default is true, which writes a log file with name predefined in the NAME FILES 

MENU to disk whenever an image is displayed. 

M - default is the minimum and maximum values of the array which correspond to the 

minimum and maximum gray levels displayed. 
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N -ignores certain extremely high or low pixel values that causes some details of the image 

to be smoothed out. Defaults to 0,0. 

T - intend to write a formatted file at logical unit number 11 but the tape I/O control 

routine has not yet been written for this program. 

D -writes the image array into a disk file on unit 10, which can be displayed via the 

FG100 Image Technology Board. 

C -sends a 256 x 256 (padded with null bytes - hexOO) binary byte array to the COMTAL 

image processor. 
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APPENDIX B 

GUIDELINES FOR ONE-POINT AND TWO-POINT CORRECTION 

User's Guide for running the TTIM to perform nonuniformity correction on an FPA: 

Note: - For the linear and focal plane arrays, one can select defective detectors, 

variations in responsivity and additive noise power in the nonuniformity 

characteristic menu. 

- Detector spatial transfer function must be turned on for aliasing on an FPA. 

- One-point and two-point correction are only implemented for an FPA, not 

for a linear array of detetectors. 

- Do not mix up one-point with two-point correction. Data for one-point 

correction is only good for one-point correction, not for two-point. 

- Log file has included indication of defective detectors, variations in 

responsivity and additive noise for a linear array of detectors and an FPA. 

It also indicates which sensor array is selected, one-point or two-point 

correction is performed and the signal-to-noise ratio (S/N) for the corrected 

image. 

Before running the TTIM, generate input scenes as follows: i) flat field at 300K, ii) 

flat field at 305K, iii) flat field at 310K, or other bar charts of your choice. 

Guide line for one-point correction: 

1) Call sensor module and go to the correct nonuniformity menu, 

2) toggle on C to input data for one-point correction, 

3) name the output image file and input scene, 
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4) read in the input scene, 

5) set target coordinates if necessary, 

6) choose the size of the FPA in the sensor array menu, 

7) go to the spectral characteristics menu in the sensor characteristics menu, 

8) reset the center (e.g., 8 fim) and array of wavelengths (7.S-12.S /im) in the bandpass. 

Since monochromatic wavelength is considered, the normalized D* is constant over the 

bandpass (e.g., 1.). The normalized transmittance, r0, is also considered as constant 

(e.g, 0.53). 

9) go to the frequency characteristics menu and set the frame rate to 30, 

10) go to the nonlinearity characteristic menu and set the saturation temperature and 

variations of responsivity of detectors, 

11) quit the menu, 

12) toggle on the modulation transfer functions if necessary, 

13) apply the transfer functions, 

14) when done and come back to the correct nonuniformity menu, toggle on T to perform 

one-point correction and repeat steps 3, 4 and 13. 

Guide line for two-point correction is similar, except that it repeats steps 3, 4 and 13 

twice. 
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