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1 Resistive Grid Spatial Filtering – SCAIP ASIC 

The Alternate Architecture (AA) represents CSC’s newest generation analog image processor 
(AIP) and realizes the concept of an Integrated Sensor Processor (ISP).  The AA-ISP advances 
the programmable spatial filtering capability of earlier resistive grid processors by including 
multiple programmable isotropic & oriented anisotropic lowpass spatial filters to be combined 
within a single chip and providing individual filter response gain weighting and summation for 
performing complex spatial filtering operations.  The AA-ISP also includes multiple 
programmable lowpass, bandpass, and highpass temporal filtering processing which can be 
optionally combined in parallel or in series with the output from the spatial filters. All spatial, 
temporal or spatio-temporal filtering operations are performed in the analog domain under digital 
supervisory control. This third generation is a dramatic advancement over previous generations 
which implemented a single lowpass spatial filter or a single bandpass temporal filter as separate 
devices.   

 
Two processing array types are currently being developed to support the AA-ISP; one 

array called the CSC341 (NUC/BP) detector array performs the detector interfacing and signal 
integration functions of typical ROICs in addition to including spatial domain restive grid 
filtering capability for detector non-uniformity correction (NUC) and bad pixel (BP) 
compensation.  A second array referred to as the CSC321 (STF/ME) processing array performs 
more extensive spatio-temporal filtering and includes spatial phase shifting in the analog domain 
to support motion-based processing and oriented gradient filtering.  A combined embodiment 
where both designs are fabricated on a single die and can pass image data using a column level 
data bus is referred to as the CSC275.  For the initial design supporting 240 rows and 320 
columns, inter-array data transfer occurs at each column for a 320 signal wide bus.  The CSC-
275 is intended as a flexible test-bed supporting on-chip scene-based NUC, bad pixel (BP) 
mediation and highly programmable spatial, temporal and spatio-temporal filtering for up-front 
pre-digitization image processing. 
 

CSC has been actively developing resistive grid analog image processors (AIP) for 
spatial filtering since 1995.  Resistive grid processing, originally pioneered by Carver Mead [1] 
in his development of his model of mammalian vision systems, has been  implemented  at CSC 
using organic polymer overcoats on CMOS capacitor arrays for resistive interconnection as well 
as the current all CMOS generation ASICs utilizing switched capacitor resistive elements.   

 
Analog VLSI AIPs are massively parallel spatial-frequency filtering convolution engines 

matched pixel-to-pixel to the spatial format of the focal plane detector array for computing a 
class of convolution operations directly in the analog domain.  Analog image processors sample 
an image as an array of spatially distributed charges which are interconnected through a 
programmable resistive layer.   

 
CSC began developing resistive grid processing technology with the Thin Film Analog 

Image Processor (TAIP) [2] [3]  where a 2D capacitive array is over-coated with a high-
resistance polymer to form an RC network. Through global programmable control of isolation 
switches per-pixel, RC connectivity and therefore the extent of spatial signal admixture can be 
controlled.   Multiple spatial filtering chips coupled with switched capacitor temporal bandpass 
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ASICs have been used to demonstrate a high-throughput processing engine aggregating the 
processing capability of multiple discrete spatial and temporal filtering ASICs in a VME system 
to produce programmable spatio-temporal filtering and scene motion information [4] . 

 
CSC’s second generation analog image processor is a switched capacitor (SCAIP) ASIC 

where the polymer resistive layer is replaced by a set of programmable switched-capacitor 
resistors connecting neighboring unit cells.  Each unit cell contains a single blur capacitor and six 
switched capacitor resistors that connect to six other unit cells.  The effective resistive of each 
pixel interconnection is controlled by the number of counts or switch cycles the two storage 
capacitors in each connected pixel are allowed to share charge.  In a single switch cycle, only a 
small charge transfer is allowed based on the ratio of the storage capacitance in each pixel to the 
small transfer capacitance which is alternatively switched into a parallel configuration with each 
storage capacitor to effect one charge transfer cycle. The storage capacitors in two pixels sharing 
charge are never directly connected directly together. By controlling the strength and 
directionality of the programmable conductivity, a large class of isotropic and oriented 
anisotropic Gaussian blurring kernels can be implemented.  The switched capacitor 
implementation of a 2D resistive grid carries over into our third generation devices. Sample 
image data from the SCAIP processor showing various blurring options is shown in Figure 1.  

 

 
 

2 Detector Nonuniformity Correction (NUC) 

Scene-based nonuniformity correction (NUC) and bad pixel (BP) removal with local 
surround substitution is included in the CSC341 (NUC/BP) AA-ISP design.  The design 
represents a complete sensing and NUC processing solution for infrared (SWIR/LWIR and 
microbolometer) detection that does not require digital NUC processing or, as in some camera 
systems, video interruptions from shuttering in a reference field, to produce updated NUC 
coefficients and therefore is a more compact, lower weight and power frugal camera on a chip 
ideal for low lift and low power capable surveillance platforms.  
 

Array non-uniformities are generally considered to be temporally static, or at least change 
slowly relative to the video sampling rate.  Correction algorithms adjust the data after it has been 
cycled off the chip using an estimate of the fixed pattern noise (FPN).  Calibration methods 
estimate the fixed pattern from the outputs for controlled inputs.  Adaptive methods estimate the 
fixed pattern from the outputs for uncontrolled inputs. 

 
                (a)                             (b)                   (c)             (d)      (e) 
Figure 1.  Output from the switched capacitor (SCAIP) resistive grid ASIC demonstrating hardware realized 
filtering capability where (a) an input image is shown isotropically blurred and (b)  filtered using an oriented 
anisotropic lowpass Gaussian kernel at (c) 26.6º, (d) 90º and (e) 116.6º as measured from vertical.  Each image is a 
10 frame average processed at a 60Hz frame rate. 
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In most infrared cameras, the fixed pattern found during calibration is corrected after the 

analog detector outputs have been digitized.  The system digitally stores the measured fixed 
pattern parameters.  After a frame is digitized and read into the system, the frame is processed 
and each pixel is corrected.  The corrected frame is then passed to the output or another digital 
algorithm. The greatest weakness of the calibration method is that the fixed pattern is not truly 
fixed.  The pattern can drift over time or depend on the physical state of the detector.  Performing 
several fixed pattern measurements and creating several correction tables can minimize some of 
these problems.  A better approach is to periodically re-perform the calibration measurements.  
This is a difficult approach for sensors, because it requires a method for switching between the 
desired scene and a known calibration source.  For example, if a one-point update calibration is 
used, then a mechanical shutter can periodically be closed to provide the known input, but this 
adds additional weight and the mechanical complexity of the shutter along with the algorithmic 
complexity of computing and applying the updated corrections. 
 

Adaptive techniques work around the calibration problems by estimating the fixed pattern 
from uncontrolled inputs.  Essentially, the algorithms make an assumption about how the normal 
video input is different from the fixed pattern.  For example, normal video may be assumed to 
vary rapidly with time, while the fixed pattern is nearly fixed.  If the assumption is valid, the 
fixed pattern can be detected and removed, even if it varies slightly over time.  
 

CSC has developed analog implementations of an adaptive NUC algorithm based on a 
scheme proposed by Scribner, et al. utilizing our analog resistive grid processing technology [5] . 
The original algorithm is shown in Figure 2(a) and includes methods for estimated both fixed 
pattern gains and offsets from real video.  In our development we have found the offset 
correction to perform well and can even compensate for the lack of a specific gain correction.  
This has led to the simplified algorithm shown in Figure 2(b). Both of the algorithms in Figure 2 
rely on the assumption that the scene content is changing while the non-uniformities are nearly 

static.  If the scene becomes static, the parts of the scene that pass through the spatial filter will 
start to be lumped into the correction value and disappear from the camera output.  In CSC’s 
tests with video from a UAV, this has not proven to be a problem because small UAVs are 
typically in constant motion.  In addition, methods for removing this restriction by automatically 
locking the correction values when the scenery is not changing are currently being investigated. 
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Figure 2.  Adaptive non-uniformity correction algorithms: (a) Recursive, non-linear method that 
estimates both gain and offset corrections and (b) linear filter method that provides offset correction.  
Both methods assume that the non-uniformities have different spatial and temporal frequency 
characteristics than the scene content.  In particular, the scene is assumed to always be moving. 
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Of the different scene-based NUC algorithms that can be implemented using the 
programmability of the CSC341, the most promising approach requires the processing steps 
shown in Figure 2(b) and again in Figure 3 with additional high-pass spatial filtering if dynamic 
range (DR) processing is desired.  This algorithm ha been simulated on SWIR InGaAs and 
LWIR microbolometer imaged scenes captured from a UAV under different fixed pattern noise 
to scene contrast embeddings.    

 
The NUC operation is performed by differencing the input signal with a quasi-static 

spatial high pass filtered representation of the input to remove slowly varying high spatial 
frequency content- static or DC pixel-scale fixed pattern noise (FPN).  The algorithm requires 
independent control of a second high pass spatial filter operation to provide dynamic range (DR) 
filtering.  The output of the DR section is a mid-grey centered image.   

A functionality illustration describing the spatial and temporal filtering capability of a 
single CSC 341 (NUC/BP) array, and the interplay between pixel-level and column-level 
processing is shown in Figure 4.  The CSC-341 includes a detector interface for direct integration 
with a detector array, but can also accept serial multiplexed input to accommodate a wide range 
of detector ROICs outputting progressive scan data with typical line timing.  Connection to a 
detector array through detector pads (01) in each unit cell provides detector signal input to a 
circuit block (02) interfacing detector input with the AIP.  In the 341 array almost all NUC 
processing is done at the pixel level (03). 

 
Using a resistive grid comprised of switched capacitor elements between neighboring 

unit cells, each layer can perform two lowpass spatial (LPSF) filtering operations (04) and store 
the result of the filtering operation on storage elements denoted by SF1, SF2.  An image created 
using the output from each SF1 storage element in each unit cell of the processing layer would 
produce a lowpass filtered version of the input signal array.  In like manner, one additional 
lowpass filtered image is possible having a different lowpass cutoff frequency.  For purposes of 

 
           (a)          (b) 

Figure 3  Block diagram of a scene-based NUC.  Signal input from the right has (a) static high spatial 
frequency content removed followed by (b) a spatial high pass dynamic range (DR) filtering.  The 
CSC341 Det/BP/NUC array configured to remove bad pixels and perform scene-based NUC as shown in 
(a) can then output the corrected video data at the column-level to the CSC321 STF/ME array for DR 
filtering (b).  In addition to basic DR spatial highpass filtering, the CSC321 array can implement a wide 
range of DR spatio-temporal filtering options including motion energy processing on the NUC corrected 
video input from the CSC341 array. 
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NUC and BP processing, one spatial filter provides known bad pixels with either a fixed 
reference level (zero blur on SF1) or for nonzero small kernel blurs provides a local background 
average value. The in-pixel SRAM (05) once set through a power-on calibration step specifies 
whether (06) the detector signal or the reference voltage level or local background substation 
signal is used as the clean signal in forming the highpass spatial filtering operation required by 
the NUC algorithm.  By ignoring saturating or non-responsive ‘bad’ pixels, the scene based NUC 
processing can remove high frequency FPN with moderate NUC blurs (SF2) even at low signals 
to noise (SNR)- weak contrast edges relative to the FPN offsets.   

 
The second spatial filter performs the large kernel NUC blur which when combined with 

the original input produces the high pass spatial filter representation of the input. The switched 
capacitor design of the resistive network allows selectable electrical connectivity at each unit cell 
between neighboring unit cells in the horizontal and vertical directions as well as in all possible 
chess knight move directions. Using the horizontal direction as reference the knight move 
directions includes two over one up, two over one down, two back one up and two back one 
down.  These connections allow oriented anisotropic spatial lowpass filtering at different angles 
to also be performed.  This capability is largely a carry-over form the processing array (CSC321) 
but can have utility in the NUC/BP processing array as column and/or row coherent FPN can be 
treated using oriented anisotropic filtering to produce higher quality output then if isotropic 
spatial filtering alone is used.  

 
The small kernel spatially filtered (SF1) and/or the clean signal, depending on whether 

the pixel was programmed as a bad pixel, (07) is then differenced with the large NUC blur output 
from SF2 and switched capacitor sampled in the pixel (08) to implement both the high pass 
spatial filtering (HPSF) operation as well as the low pass temporal filtering (LPTF).  The 
differencing operation needed to produce a HPSF output is implemented using capacitor plate 

 
Figure 4 This functional block diagram summarizes the core capability of the CSC341 (NUC/BP) array.  
The CSC341 array includes a somewhat reduced spatio-temporal filtering capability to allow detector 
interfacing (DI/CTIA), bad pixel correction with local average substitution, multi-frame averaging, 
correlated double sampling and the spatial and temporal filtering required to perform scene based NUC 
per the algorithm block diagram shown in Figure 3.  This IC can produce either a serial mux output using 
or can output through column-level bus to the CSC321 array for further processing.  
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inversion in order to implement as much of the NUC correction processing within the pixel as 
possible.  This produces an output which is both high spatial frequency and temporally static 
(09). The clean input signal (corrected to remove bad pixels) (08) and the NUC correction signal 
(09) are then muxed to the column-level (10) for unity gain differencing (11).  At the column 
level the clean input signal (08), the correction frame (09) and the final NUC and BP corrected 
output (12) are available for output either as a serial video output stream using a column mux 
(13) or in a parallel fashion using column-to-column connectivity to the CSC-321 processing 
array (14).  A single video output in either RS170 or as a variable frame rate video stream can be 
selected at output (15) as well as a high frame rate multi-tap output option. 

 
In addition to the adaptive NUC algorithm, image contrast enhancement processing, or 

dynamic range (DR) compression processing is also included in the CSC275.  There are many 
methods for re-mapping video pixel values to regularize contrast across the frame.  The goal is to 
avoid large areas that are either very dark or saturated bright with little-to-no information 
content.  Some methods, such as histogram equalization, cannot be simply implemented in 
analog circuitry.  The CSC275 employs a linear filter that performs a variant of un-sharp 
masking, which reduces the local mean values across the image and enhances local high 
frequency features, such as edges.  Other methods under development range from gamma-like 
pixel value re-mapping to biologically-inspired excitation-inhibition approaches.  These non-
linear techniques are more complex, but may provide even better output video quality. 

 
An example of the uncorrected and NUC corrected output for a very low light SWIR 

band UAV flight is shown in Figure 5.  Very little scene content can be identified in the sample 
raw frame.  The output of the NUC correction algorithm using the captured video without 
specific bad-pixel compensation is shown labeled ‘NUC’ where a SUV vehicle can be seen at the 
junction of two dirt roads.  Due to the detector and camera gain settings, the scene content sits in 
a narrow signal range (less than 3% of the image dynamic range) centered near the middle of the 
full image dynamic range.  Background reduction and bad pixel compensation at detection would 
have allowed greater gain to be implemented and therefore a more efficient use of the camera 
dynamic range.  The lowest scene levels are limited by the detector dark current whereas the 
upper value was set by the camera settings during the flight in an attempt to retain the brightest 
scene content across the entire image using the only very poor uncorrected video data to cue the 
user. 

In typical LWIR cameras, components required by the image processing sub-system add 
weight and complexity in the camera and consume most of the power.  One of the major driving 
forces behind CSC’s new Integrated Sensor Processor (ISP) technology is the dramatic reduction 
of sub-system weight and power requirement by integrating the processing functions into the 
sensor chip.  The standard calibration-based non-uniformity correction algorithm will be 
replaced with an adaptive scene-based correction algorithm, eliminating the need for a touch-up 
shutter system and digital calibration tables.  After correction, dynamic range management can 
perform localized image enhancement to increase the visual quality.  By combining both 
functions into an integrated sensor/processor, the power requirements will be dramatically 
reduced and the optics will become the weight-limiting factor. 
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Figure 5 Sample SWIR band frames of the uncorrected output (RAW) and the nonuniformity corrected 
output (NUC) for a very low light (moonless) UAV flight in the hills behind Simi Valley California.  The 
pixel intensities over the SUV have a distribution less than 3% of the full image dynamic range.  The two 
bright regions are light sources on the ground behind the SUV.  Very little scene content can be identified 
in the raw uncorrected frame.  The output of the CSC341 scene-based NUC correction algorithm using 
the captured video as input without specific bad-pixel compensation shows a SUV vehicle at the junction 
of two dirt roads but a large left to right gradient remains.  With dynamic range (DR) post-NUC 
processing, the large left-right gradient has been removed and both the road and the SUV are much more 
clearly visible compared to the original raw input. 
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Captured night-time video data from an L-3CIP 4500 un-cooled micro-bolometer LWIR camera 
mounted to a UAV is shown in Figure 6.  The uncorrected captured raw video data processed 
with the adaptive NUC algorithm produces the output labeled “NUC” and with dynamic range 
(DR) spatial filtering included gives the output labeled “NUC & DR”.  The raw video has non-
uniformities that are quasi-static and occur at various spatial scales.  The adaptive NUC 
algorithm corrects the high spatial frequency offsets, but not some of the lower spatial frequency 
components.  The result is an output where most of the granularity has been removed, but the 
image still has a gradient from left to right.  With dynamic range (DR) post-NUC processing, the 
gradient is removed and the SUV, two people and a cooler rectangular box next to the SUV are 
much more clearly visible compared to the original raw input. 

 

 

Figure 6 Sample long wave microbolometer camera frames of the uncorrected output (RAW) and the 
nonuniformity corrected output (NUC) for a UAV flight over a grass field in Santa Barbara California.  
The microbolometer camera has both a high and lower spatial frequency components of its fixed pattern 
noise.  Very little scene content can be identified in the raw uncorrected frame.  The output of the 
CSC341 scene-based NUC correction algorithm using the captured video as input without specific bad-
pixel compensation shows the SUV vehicle and two people but a large top-right to lower-left gradient 
remains.  With dynamic range (DR) post-NUC processing, the large gradient has been removed and the 
SUV, two people and a cooler rectangular box next to the SUV are much more clearly visible compared 
to the original raw input. 
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3 Bad Pixel Correction 

Infrared detectors typically suffer from ‘bad pixels’ that are either non responsive, 
permanently dark or saturating, or are otherwise incapable of sampling the scene.  For scene-
based analog domain spatial filtering implementation of NUC processing, bad pixels can be 
corrected during the NUC processing to produce higher quality corrected video output.    In the 
SWIR band bad pixels typically appear as saturating while in LWIR microbolometer detector 
arrays bad pixels are essentially dead and lie at the zero signal level.  Depending on the scene 
contrast magnitude and dark current pedestal, for SWIR imagery, bad pixels force much larger 
blurring kernels to be implemented in order to compensate for the low SNR (scene contrast edge 
magnitude to the fixed pattern noise) unless some form of explicit bad pixel mediation is 
included in the video correction processing.  Without explicit BP correction the resulting NUC 
corrected image can be of lower quality as some residual bad pixel offset around a bad pixel 
often remains despite very large blurs.  In fact, finite edge effects arising when large convolution 
kernels are implemented using resistive grid VLSI hardware can limit the largest blur kernel that 
can be implemented without degrading the peripheral regions in the output image. 

 
Bad pixel (BP) correction processing included in the CSC341 array acts in concert with 

the scene-based NUC processing as shown in Figure 7.  One of the NUC algorithms 
implemented relies on a highpass spatial filter (HPSF) to discriminate scene content for the high 
spatial frequency characteristic of the detector fixed pattern noise (FPN) followed by a lowpass 
temporal filter (LPTF) to further select high frequency spatial content that is also quasi-static.  
The resulting spatio-temporally filtered data is then subtracted from the input to produce the 
NUC corrected output.   
 

Detector bad pixels (BP), saturating and/or unresponsive, would not be allowed to be 
loaded onto the capacitors used in implementing the spatial filtering operation and instead be 
replaced with a suitable reference voltage, Figure 7. A small blur (BP blur) would be used to “fill 
in” those pixels with a local average of the surrounding pixels.  In SWIR detector systems, bad 
pixels typically are saturating.  In the SWIR band under low illumination imaging conditions 
natural backgrounds present weak contrast edges compared to the intensity difference between a 
saturating pixel and the average desired scene content.   

 
An example or the bad pixel processing using local surround substitution for assumed 

saturating bad pixels and scene vs. saturation level as measured in a SWIR camera is shown in 
Figure 8.  Camera gain settings are assumed to be limited such that bad pixel saturation levels are 
much higher than the desired scene maximum.  For these cases, if BP mediation is not included a 
much larger blurring kernel must be implemented which can introduce artifacts in the NUC 
output.  The simulation uses as input the canonical Lena frame and shows the effects of bad pixel 
correction on the quality of a high pass spatial filter (HPSF).  In the full NUC algorithm, the 
output of the HPSF would be low pass temporally filtered and differenced with the input to 
produce the NUC corrected output. Referring to Figure 8,  from left to right the original input, 
bad pixel map (BP map) and corrupted frame (created by co-adding the original and BP map 
with a relative embedding gain) are shown followed by two version of the HPSF created without 
and with BP compensation respectively.  Below each frame is the corresponding histogram.  The 
last frame which benefits from the combined NUC and BP mediation processing produces a 
significantly higher quality result. 
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Figure 7 Block diagram showing the processing steps implementing the ANUC processing.  The 
processing relies on a bad pixel map (BP map) and logic (BP logic) to control the processing path 
within each pixel.  A pixel-by-pixel decision is made using minimal logic and a single bit of SRAM in 
each pixel to dictate how to implement a high-pass spatial filter (HPSF).  Two low-pass spatial filters 
(LPSF) are performed for each frame.  The ‘NUC blur’ processing has a low pass cutoff selected to 
differentiate the high spatial frequency content of the detector FPN from lower spatial frequency 
content to be retained in the NUC output.  The ‘BP blur’ LPSF has a much smaller Gaussian kernel and 
is used to provide a local background reference for bad pixels.  A voltage reference (Vref) with a level 
selected based on the signal level of the important scene content  is used instead of the much higher 
signal level from a saturating bad pixel to perform the spatial filtering operation.  For a good pixel 
(switch state A), the large Gaussian kernel low-pass spatial filtered (LPSF) signal (NUC blur) is 
subtracted from the original input pixel value using the ‘No blur’ path.  For a bad pixel (switch state B), 
a reference voltage is used instead of the detector signal to perform the spatial filtering operation.  The 
HPSF is then computed by differencing the ‘BP blur’ pixel value and the ‘NUC blur’ pixel value.  The 
HPSF is then low-pass temporally filtered (LPTF) in either case to create a NUC correction frame that 
contains quasi-static high spatial frequency content.  The output of the LPTF is then differenced with 
either the ‘No blur’ or ‘BP blur’ signal to create the final NUC corrected output for the good or bad 
pixel case respectively. 
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4 Conclusions 

The Alternate Architecture (AA) represents CSC’s third generation analog image processor 
(AIP) and realizes the concept of an Integrated Sensor Processor (ISP).  The AA-ISP design 
significantly advances the programmable spatial filtering capability of earlier resistive grid 
processors by including multiple programmable isotropic & oriented anisotropic lowpass spatial 
filters to be combined within a single chip with individual filter response gain weighting and 
summation for complex spatial filtering operations.  The design also includes multiple lowpass, 
bandpass, and highpass temporal filtering processing which can optionally be combined in 
parallel or in series with the output from the spatial filters.   

 
In the monolithic multi-array (MMA) architecture referred to as the CSC275, the CSC341 

(Det/NUC/BP) processor array and the CSC321 (STF/ME) processor array are combined as a 
single device with an inter-array data path consisting of a 320 signal wide column-level bus.  The 
extensive programmability included for the processing arrays allow full control of the spatial and 
temporal filtering cutoff frequencies for NUC and bad pixel processing, detector integration time 
and sub-frame averaging in the CSC341 array.  The CSC321 array realizes an even greater 
number of programmable spatial and temporal filters and includes motion energy (ME) 
processing and oriented gradient filtering.   

 
 With camera on a chip processing servicing FPA correction and dynamic range 
processing, CSC’s ISP technology is particularly enabling to low-lift capable surveillance 
systems with limited power and sensor system weight budgets and can also enable lower 
bandwidth bird-to-ground downlinks to be implemented without sacrificing salient image data. 

              (1)                      (2)                             (3)                        (4)                 (5) 
         Original                     BP map                   Corrupted                      HPSF             HPSF w/ BPC 

 
 

Figure 8 Comparison between highpass spatial filtering (HPSF) with and without bad pixel correction 
(BPC) under four different conditions.  Each of the four examples shown contains five images and a 
corresponding histogram.  The images, from left to right, are (1) the original uncorrupted Lena, (2) an 
image of the bad pixel map (BP map) to be applied, (3) the combination of the first two, the result being 
a corrupted image in which the original scene data comprises only the bottom quarter of the dynamic 
range, (4) a high-pass spatially filtered (HPSF) version of the third image, and (5) a high-pass spatially 
filtered version of the third image after bad pixel correction (HPSF w/ BPC).  The HPSF with BPC 
processing a reference voltage has been chosen to lie within the scene dynamic range and a bad pixel 
blur implemented to provide a local background substitute for the bad pixel. 
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