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APPARATUS AND METHOD FOR CONTROLLING 
A LINEAR IMAGING DEVICE 

FIELD OF THE INVENTION 

The invention relates generally to the ?eld of ?lm 
scanners and, in particular, to apparatus and method for 
controlling the operation of linear imaging devices in 
such scanners. 

BACKGROUND OF THE INVENTION 

Modern ?lm scanners typically employ a linear imag 
ing device such "as a charge-coupled-device (CCD) for 
scanning ?lm images to generate digital signals repre 
sentative of the image information. A linear charge 
coupled device (CCD) imager contains a linear array of 
light detecting sites (hereafter “imaging pixels”) which 
accumulate charge depending on the light energy pro 
jected onto them. After some charge accumulation 
time, the charges in the light detecting imaging pixels 
are transferred to a charge shifting structure so that the 
charges may be shifted out of the CCD and measured 
by some means in order to form a representation of the 
image projected onto the CCD. There are a number of 
signals which control the operation of the imager: clock 
signals which cause the charge to be shifted out of the 
imager, a transfer signal which causes the charge from 
the imaging pixels to be transferred to the shift struc— 
ture, and one or more signals which electronically con 
trol exposure. 

Typically, the control signals for the imager will be 
generated by a programmable logic device (PLD) or an 
application speci?c integrated circuit (ASIC). A 
counter circuit with a decoder is used to indicate when 
the charge clocking and transfer signals should be oper 
ated during the scan line. A counter with a reload value 
is used for each exposure control. These structures 
consume signi?cant resources within a PLD or ASIC. 
Additionally, since they are embedded in the PLD pro 
gram or the design of the ASIC, the structures are ei 
ther in?exible or ?exibility is gained at the cost of in 
creased complexity and more resources. 

If it is desired to make a change in the timing of con 
trol signals to a CCD imager, and the timing is embed 
ded in the design of a PLD or ASIC, then the PLD or 
ASIC component must be physically removed from the 
system and replaced with an updated component. If this 
change is required as a ?eld upgrade, the costs to up 
grade will be signi?cant. Additionally, if the component 
is an ASIC, signi?cant costs may be incurred in modify 
ing the design. There is therefore a need for an alterna 
tive, less costly and more ?exible manner of controlling 
linear imaging devices when the control events occur 
during a line and this invention satis?es this need. 

SUMMARY OF THE INVENTION 

In accordance with the invention, therefore, there is 
provided apparatus for controlling operation of a linear 
imaging device having a line of light-responsive imag 
ing pixels, wherein the apparatus comprises pixel 
counter means for supplying pixel counts correspond 
ing to individual pixels in the imaging device; and 
means for supplying a map of operating control words, 
the control words each comprising programmably vari 
able bit content de?ning pixel-by~pixel operating char 
acteristics of the line of imaging pixels. The apparatus 
further includes memory means for storing the map of 
control words at memory addresses corresponding to 
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2 
the pixel counts; and means for outputting the control 
words from the memory to the imaging device in syn 
chronism with the pixel counts to control the operation 
of the imaging device on a pixel-by-pixel basis in accor 
dance with the bit content of each control word. 
The method of the invention comprises providing a 

map of operating control words each of which com 
prises programmably variable bit content de?ning pixel 
by-pixel operating characteristics of a line of imaging 
pixels in a linear imaging device; storing the control 
words in imaging pixel related address locations in a 
memory and accessing said control words from the 
memory on a pixel-by-pixel basis and using the accessed 
control words to control operation of the imaging de 
vice on a pixel-by-pixel basis. 

It will be appreciated that, by utilizing a list of control 
words in a memory for pixel-by-pixel control of the 
operation of a linear imaging device, ?exibility is gained 
and PLD or ASIC resources and size are reduced at the 
same time. 

These and other aspects, objects, features and advan 
tages of the present invention will be more clearly un 
derstood and appreciated from a review of the follow 
ing detailed description of the preferred embodiments 
and appended claims, and by reference to the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a block diagram of a ?lm scanner system 

including imaging device control apparatus of the pres 
ent invention. 
FIG. 2 is a timing diagram useful in explaining the 

operation of the system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows an arrangement of circuit elements in 
the signal processing circuitry of a CCD based linear 
scanner. A linear CCD imaging device 10 integrates the 
charges produced by each imaging pixel in the CCD for 
a period of time and then transfers the charges to a 
shifting structure so that the charges can be shifted out 
of the CCD in a serial fashion. The signal produced by 
the CCD for each imaging pixel comprises two phases: 
a reference phase followed by a video phase. The refer 
ence phase provides a reference level against which the 
video phase that follows may be compared. The video 
phase represents the magnitude of charge accumulated 
at the imaging pixel. The serial signal coming from the 
CCD 10 is ampli?ed by ampli?er 11, the output of 
which goes to a subtracter circuit 22 and a reference 
sample-and-hold circuit 20. The reference sample-and 
hold 20 samples the signal from the CCD during each 
image pixel’s reference phase. The subtracter 22 re 
moves the sampled and held reference signal from the 
subsequent video phase. Hence, the output of the sub 
tracter 22 is normalized to the reference level. This 
normalized signal is sampled by a video sample-and 
hold circuit 23 during the video phase of the signal 
provided by the imager. 
The sampled-and-held normalized video signal at the 

output of video S/H 23 is operated on by a multiplier 
circuit 25 and a summer circuit 27. These two circuits 
provide gain and offset compensation for variations in 
the video signal caused by such factors as variations in 
imaging pixel sensitivity, non uniformity of illumina 
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tion, variations in signal offset and the like. The digital 
to-analog converter 26 provides the gain correction 
value for multiplier 25 and the digital-to-analog con 
verter 28 provides the offset correction value for sum 
mer 27. Data representing the offset and gain compensa 
tion values are provided to the two analog-to-digital 
converters 25 and 27 on a pixel-by-pixel basis with the 
arrival of the normalized video signal for each imaging 
pixel of CCD 10 by means of pixel counter 50, RAM 
memory 52, and gain/offset data latch 29. The pixel 
counter 50 increments synchronously with readout of 
the imaging pixel signals from the CCD 10. The output 
of pixel counter 50 is used to provide an address to 
memory 52 which holds gain and offset values for each 
imaging pixel. The gain and offset data output from the 
memory is latched by data latch 29 which provides the 
data to digital-to-analog (D/A) converters 26 and 28. A 
buffer circuit 53 allows a microprocessor 100 to gain 
access to memory 52 in order to change the gain and 
offset values as the result of a calibration process. The 
output of summer circuit 27 is coupled to analog-to 
digital converter 30 wherein the normalized and gain/ 
offset-corrected video signal is converted to a numeric 
value which is then written to the FIFO memory 45 for 
readout and subsequent utilization by microprocessor 
100. The single CCD output and related signal process 
ing circuits as just described would provide a mono 
chrome video signal. For a three color video signal, the 
CCD 10 would comprise three in-line CCD’s each pro 
vided with a separate color ?lter, such as red, green and 
blue, and the outputs of each linear CCD would be 
coupled to separate processing circuits. 
Timing of the various CCD and signal processing 

functions is determined by state control signals pro 
vided from state decoder 55. These state control signals 
are illustrated in FIG. 2 showing a sequence of twenty 
operating states occurring during the processing of each 
imaging pixel in CCD 10. Referring jointly to FIGS. 1 
and 2, a clock signal CK from clock generator 58 causes 
state counter 54 to produce a sequential count data 
signal SC applied to the input of state decoder 55 which 
operates to decode the state count SC to produce the 
state control signals. The phase control raw (PCR) 
signal is applied to AND circuit 61 during states 11 
through 0 (next sequence) to perform transfer of the 
image pixel signal out of the CCD. Actual timing of the 
phase control signal operation is determined by the 
phase enable (PE) signal from a control word latch 60 
as will be described in more detail subsequently. The‘ 
reference sample-and-hold operation is performed by 
the RH state signal during states 6-9 and the video 
sample-and-hold is performed by the VH state signal 
during states 16—19. The GOL state signal causes latch 
ing of the gain and offset data from memory 52 into data 
latch 29 during state 7. State control signal ADC ena~ 
bles analog-to-digital converter 30 to convert the ana 
log image pixel signal during state 4 and the FIFO write 
raw (FWR) state control signal is applied to AND cir 
cuit 62 to allow writing of pixel data into FIFO memory 
45 when enabled by a FIFO write enable (FWE) signal 
from control word latch 60. It will be appreciated that 
because of the serial nature of the signal processing, the 
illustrated state operations are not being performed on 
the same pixel data. For example, during a given pixel 
processing twenty state period, the enabled state signal 
PCR+PCE results in the transfer of pixel signal “n” out 
of CCD 10. In turn, state signal GOL latches gain/off 
set data for pixel “n” which state signals RH and VH 
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are currently sampling. State signal ADC causes A/D 
converter 30 to convert the previously sampled/com 
pensated signal 'for pixel “n- l” and the enabled state 
signal FWR+FWE writes previously converted pixel 
data for pixel “n- 1” into FIFO memory 45. 
Having described the general structure and operation 

of the CCD signal processing circuit, there will now be 
described the apparatus for controlling the operation of 
the linear CCD 10 in accordance with the invention. 
Means for supplying a bit map of control words to be 
used in controlling the operation of CCD 10 includes 
microprocessor 100 and buffer 53. The control words 
each comprise programmably variable bit content de 
?ning pixel-by-pixel operating characteristics of the 
CCD 10. The architecture of a 6-bit control word is set 
forth in Table I which summarizes the functions of the 
bits within the control word. As will be seen, for a CCD 
having a line of 530 imaging pixels, a bit map of 530 of 
these control words is used to control the operation of 
the CCD for one entire scan line of the CCD. 

TABLE I 
Bit 

0 LP 

Function 

Last Pixel - Reset pixel counter 50 when the 
last state signal LS is provided by state 
decoder 
FIFO Write Enable - Allow FIFO write raw 
signal FWR from state decoder 55 to write data 
from A/D converter 30 into FIFO memory 45 
Phase Clock Enable - Allow phase clock raw 
signal PCR from state decoder 55 to be sent to 
linear imager 10 
Transfer Gate - Transfer charge from the light 
detecting sites to the charge shifting 
structure of linear imager l0 
Exposure End - End the exposure cycle in 
linear imager l0 
Exposure Start - Start the exposure cycle in 
linear imager 10 

Name 

1 FWE 

2 PCE 

The apparatus of the invention further includes mem 
ory means, including memory 52 for storing the bit map 
of control words at memory addresses corresponding to 
individual imaging pixels in CCD 10. Address means, 
including pixel counter 50, is provided for supplying a 
sequence of pixel counts corresponding to the individ 
ual imaging pixels in the CCD for use in accessing the 
stored bit map of control words on a pixel-by-pixel 
basis. To provide microprocessor 100 access to the 
memory 52, the pixel counter 50 is disabled from count 
ing and an address is loaded directly into pixel counter 
50 by microprocessor 100; then buffer 53 is enabled so 
that the microprocessor 100 can write data to memory 
52 at the memory location speci?ed by the address 
previously loaded into pixel counter 50. To provide for 
multiple bit maps, two of the most signi?cant bits 
(MSB) of the address data are provided from the micro 
processor 100 to state decoder 55 via map latch 56 and 
latch 57 for use in selecting from within memory 52 the 
control word bit map to be used in controlling the oper 
ation of the CCD during generation of the next line of 
signal data in CCD 10. It is noted that the “last state” bit 
(LS) of the state control signal from state decoder 55 is 
used to advance the count of the pixel counter 50 and 
the combination of a “last pixel” (LP) signal from latch 
60 with the “last state” signal (LS) is used to clear the 
pixel counter and latch the MSB address data for the bit 
map to be used in pixel-by-pixel control of the next line 
of signal data generation in CCD l0. 
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