DIGITAL IMAGING

ANALOG IMAGE — CONTINUOUS TONE
#FOR THE HUMAN

#1s ANY NATURAL IMAGE CAPTURED WITH AN

OPTICAL INSTRUMENT, ||.E. MICROSCOPE,
CAMERA.

“REPRESENTED ON FILM AS A CONTINUOUS

DISPLAY OF SHADES RANGING FROM LIGHT TO
DARK.

“REPRESENTED ON AN ELECTRICAL DEVICE AS A
SERIES OF SIGNAL FLUCTUATIONS.

WREPRESENTED MATHEMATICALLY AS A
CONTINUOUS RANGE OF VALUES
REPRESENTING POSITION AND INTENSITY.




DIGITAL IMAGING

DIGITAL IMAGE
* FOR COMPUTERS

#  CONSISTS OF AN ARRAY OF PICTURE ELEMENTS,
PIXELS, WHERE EACH PIXEL REPRESENTS A
NUMERICAL VALUE. QUANTIZATION
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DIGITAL IMAGING

HOwW DO WE GET FROM ANALOG IMAGES TO DIGITAL
|MAGES?

CONSISTS OF A 2 PART PROCEDURE INVOLVING

SAMPLING AND QUANTIZATION OR DIGITIZING

Discrete Sample Signal Digital Signal
> D}\:om"uf Signal Analog Signal
/ \/ \







Continuous Signal




Continuous Signal




DIGITAL IMAGING

Analog In

A to D Converter

Digital
Out

SAMPLING

THE INTENSITY (CONTINUQOUS SIGNAL) IN THE ANALOG IMAGE 15
MEASURED AT SUCCESSIVE LOCATIONS OR AT A PARTICULAR RATE
(DISCRETE SIGNAL), AND FORMS AN ARRAY CONSISTING OF DISCRETE
POINTS, F(X,Y) WHERE F REPRESENTS THE INTENSITY OF THE PIXEL,
WHILE X AND Y ARE THE POSITIONAL COORDINATES.

% AN ELECTRONIC DEVICE CALLED AN ANALOG TO DIGITAL
CONVERTER (A/D), PERFORMS THIS CONVERSION.

% THE DIGITAL NUMBER GENERATED IS PROPORTIONAL TO. THE
MAGNITUDE OF THE VOLTAGE OR CURRENT.




DIGITAL IMAGING

SAMPLING
* INTERVAL — SAMPLES ARE TAKEN EVERY T SECONDS.

*  FREQUENCY — THE NUMBER OF SAMPLES TAKEN WITHIN A
SECOND.

#  DENSITY - DEFINES THE NUMBER OF PIXELS RECORDED PER
DISTANCE OR TIME.
+ LARGER PIXEL = SMALLER SAMPLING DENSITY
+ SMALLER PIXEL = LARGER SAMPLING DENSITY

I.E. CANDY IN A JAR, THE SMALLER THE PIECES, THE MORE
CANDY YOU CAN FIT IN THE JAR, THE DENSITY OF THE
CANDY IN THE JAR INCREASES.
% THIS IS SET WHEN YOU ACQUIRE YOUR MICROSCOPE IMAGE ,
YOU CANNOT CHANGE IT POST-ACQUISITION

% IT 1S DETERMINED BY THE ZOOM FACTOR IN CONFOCALS
(MAGNIFICATION AND DETECTOR SIZE IN/WIDE FIELD SCOPES)




DIGITAL IMAGING

QUANTIZATION OR DIGITIZING

DIGITAL BRIGHTNESS VALUES ARE ASSIGNED TO THE
INTENSITY ARRAY, RESULTING IN THE PICTURE ELEMENT

OR PIXEL.
% PIXEL BIT DEPTH - EACH PIXEL CONSISTS OF A SERIES OF BITS,
OR BINARY DIGITS, THAT THE COMPUTER RECOGNIZES.

THE GREATER THE BIT DEPTH, THE MORE GRAY LEVELS OR
INCREASED DYNAMIC RANGE, IS STORED IN EACH IMAGE.
THIS RESULTS IN MORE INFORMATION FOR QUANTITATIVE

ANALYSIS.




DIGITAL IMAGING

AN ACCURATE IMAGE REPRESENTATION IS DEPENDENT ON THE NUMBER

OF BITS AVAILABLE TO QUANTIZE THE ANALOG SIGNAL.

GRAY LEVELS
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DIGITAL IMAGING

MICROSCOPE RESOLUTION

% THE SMALLEST DISTANCE BETWEEN TWO POINTS THAT
STILL ALLOWS THE POINTS TO BE VIEWED AS
INDIVIDUAL POINTS.

DETERMINED BY OBJECTIVE'S NUMERICAL APERTURE
AND EXCITATION WAVELENGTH

DIGITAL IMAGE RESOLUTION

% THE DEGREE TO WHICH THE IMAGE MOST ACCURATELY
REPRESENTS THE ANALOG IMAGE ACQUIRED BY THE
MICROSCOPE.

% DETERMINED BY THE TOTAL NUMBER OF PIXELS AND
THE RANGE OF INTENSITIES FOR EACH PIXEL.




DIGITAL IMAGING

HOW DO WE OBTAIN THE MOST ACCURATE DIGITAL
IMAGE?

THE NYQUIST THEOREM

SPECIFIES THE SAMPLING INTERVAL REQUIRED TO FAITHFULLY
RECONSTRUCT A PURE SINE WAVE AS A FUNCTION OF ITS
FREQUENCY.

IT REQUIRES A SAMPLING INTERVAL EQUAL TO TWO TO
THREE TIMES THE HIGHEST SPATIAL FREQUENCY OF THE
SPECIMEN TO ACCURATELY PRESERVE THE SPATIAL
RESOLUTION IN/THE DIGITAL IMAGE.




DIGITAL IMAGING

SAMPLING ISSUES

*  UNDERSAMPLING - DETAILS IN THE ANALOG IMAGE ARE SAMPLED
AT A RATE LESS THAN TWICE THEIR SPATIAL FREQUENCY; TOO
FEW SAMPLES ARE ACQUIRED.

% SPATIAL ALIASING OCCURS; HIGH FREQUENCY INFORMATION WILL
SHOW AS LOW/SPATIAL FREQUENCY FEATURES THAT ARE NOT

ACTUALLY PRESENT, THIS 1S OFTEN SEEN IN REGULARLY SPACED,
REPETITIVE PATTERNS.

% PIXELS ARE TOO FAR APART COMPARED TO THE HIGH FREQUENCY
DETAIL IN THE IMAGE.

OVERSAMPLING — DETAILS IN THE ANALOG IMAGE ARE SAMPLED AT
A RATE HIGHER THAN TWICE THEIR SPATIAL FREQUENCY.

% INCREASED SAMPLING PER SCAN AREA, WHICH 1S OBTAINED BY
INCREASING THE OPTICAL ZOOM TOO HIGH.

% FAILS TO IMPROVE RESOLUTION
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DIGITAL IMAGING

EXAMPLE

OPTICAL RESOLUTION OF 63X 1.4 NA
OBJECTIVE
R, = 0.4"A/N/A. (RAYLEIGH CRITERIA FOR CONFOCAL)
R,, = 0.4*543/1.4
R.,=155NM

SCAN FORMAT
NUMBER OF PIXELS PER LINE X LINES PER FRAME.
SCAN FIELD

DETERMINED BY THE OBJECTIVE MAGNIFICATION AND THE
OPTICAL ZOOM.




DIGITAL IMAGING

IMAGES ACQUIRED WITH THE 63 X OBJECTIVE AT ZOOM 1.

SCAN FIELD (UM) | SCAN FORMAT (PIXELS) | PIXEL SIZE (UM)
142.86 X 142.86 128 X 128 1.12
142.86 X 142.86 256 X256 0.56
142.86 X 142.86 512 X 512 0.28
142.86 X 142.86 1024 X1024 0.14
142.86 X 142.86 2048 X 2048 0.07

NOTE PIXEL/SIZE IS REDUCED AS THE SCAN FORMAT IS INCREASED.
ACQUISITION TIME GREATLY INCREASES AS SCAN FORMAT

INCREASES.




DIGITAL IMAGING

128x 128~ M >56 % 256 512 x 512

1024 x 1024 2048 x 2048

Images acquired at zoom 1



DIGITAL IMAGING
128 x 128 pixels Vs. 512 x 512 pixels

Each pixel =1.12 um Each pixel = 0.28 um




DIGITAL IMAGING

63x/1.4 N.A. OBJECTIVE

SCAN FORMAT (UM) AND PIXEL SIZE (UM)

SCAN FORMAT PIXEL SIZE ® ZOOM 1 PIXEL SIZE @ ZOOM 10
128 X 128 1.12 O.11
256 X256 056 0.06
>12 X512 0.28 0.03

1024 X 1024 0.14 0.01

2048 X 20438 0.07 0.01

NOTE: BLEACHING INCREASES DRAMATICALLY

AS ZOOM AND SCAN FORMAT INCREASE.

Bleached region




DIGITAL IMAGING

OPTICAL ZOOM

ZOOMING IN WILL REDUCE THE SCANNED AREA
WITH THE SAME NUMBER OF PIXELS, THEREFORE
THE PIXEL SIZE IS REDUCED.

* THE IMAGE IS MAGNIFIED AND THE RESOLUTION 15
IMPROVED; HOWEVER THIS IS LIMITED BY THE
RESOLUTION OF THE OBJECTIVE.

DIGITAL ZOOM

MATHEMATICALLY ENLARGES THE IMAGE BY
INTERPOLATION OF THE PIXELS

* USES THE ORIGINAL NUMBER OF PIXELS IN THE
IMAGE, OFTEN RESULTING IN A BLURRY IMAGE.




DIGITAL IMAGING

Zm.1 128% 128

Zm.1 512 x 512

Zm.1 2048 x 2048

Zm.10 512 x 512

Ym.10 2048 x 2048

Zm.1 1024 x 1024

Zm.10 256 X 256

Ym.10 1024 x 1024




DIGITAL IMAGING

ZOOM FACTOR VERSUS PIXEL AND IMAGE SIZE.
SCAN FORMAT, 512 X 512, 63X/1.4 N.A.

ZOOM FACTOR

PIXEL SIZE (UM)

IMAGE SIZE (UM)

1 0.28 142.86
2 O.14 71.43
3 0.09 47.62
4 0.07 35.71
p) 0.06 28.57
6 0.05 23.81
7 0.04 20.41
8 0.03 17.86
9 0.03 15.87
10 0.02 15.87




DIGITAL IMAGING




DIGITAL IMAGING

REMEMBER, FOR 63X/1.4N.A. THE R,, =155 NM

THEREFORE, ACCORDING TO THE NYQUIST CRITERIA, THE
PIXEL SIZE SHOULD BE ABOUT %2 THE MINIMUM
SPACING.

PIXEL SIZE=R,/2.0=155/2.0=77.5 NM = 0.078 UM

ONE SHOULD THEORETICALLY USE A ZOOM FACTOR OF 3
OR 4 TO FULFILL THE NYQUIST CRITERIA

ZOOM FACTOR PIXEL SIZE (UM) | IMAGE SIZE (UM)
" 0.09 4762
0.07 35.71
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