U.S. Patent Apr. 6, 1999 Sheet 10 of 10 5,892,853

OUTPUT OF PREVIOUS ITERATI
BECOMES THE MASKED REP AR
SUBIMAGE FOR THIS ITERATION.

(_ FROM STEP § OF FIGURE 1)

STEP6 I

SPLIT THE MASKED REPAIR SUBIMAGE INTO TWO IMAGES, ONE
WHICH IS HIGH PASS FILTERED (HR) AND ONE WHICH IS LOW PASS
FILTERED (LR). LR WILL NOT BE SENT TO THE NEXT STEP BUT WILL

GO INSTEAD TO STEP 12. ONLY HR 1S PASSED TO NEXT STEP DIRECTLY.

STEP7 }

CALCULATE THE FAST FOURIER TRANSFORM (FFT) OF HR AND PASS THE
MAGNITUDE (M2) AND PHASE (P2) CALCULATED BY FFT TO THE NEXT STEP.

STEPS8 ¥

CALCULATED THE MINIMUM OF MAGNITUDE M1 AND M2. M1 IS THE
MAGNITUDE OF FFT OF SAMPLE SUBIMAGE AND M2 IS THE MAGNITUDE
OF THE FFT OF MASKED REPAIR SUBIMAGE. PASS THIS NEW MAGNITUDE
CALCULATED BY TAKING MINIMUM AS A NEW VALUE OF THE FOURIER
TRANSFORM MAGNITUDE TO BE USED BY THE NEXT STEP. PASS THE PHASE
INFORMATION P2 PRODUCED BY TAKING THE FFT OF THE MASKED REPAIR

SUBIMAGE AS IS WITHOUT MODIFICATION TO THE NEXT STEP.

STEP9 ¥

CALCULATE THE INVERSE FAST FOURIER TRANSFORM gFFT USING
MAGNITUDE AND PHASE OUTPUT BY THE PREVIOU

STEP.
STEP10 Y

MAKE THE INPUT VALUES REAL. THE INPUT IS A MATRIX OF NUMBERS
SOME OF WHICH MAY BE COMPLEX NUMBERS. FOR SUCH ENTRIES IN THE
MATRIX SET THE COMPLEX VALUE TO 0. ALSO THE REAL VALUES MAY BE

OUTSIDE THE RANGE OF 0 TO 255. IF THE ENTRY IS LESS THAN

0 MAKE IT 0.
{FIT IS MORE THAN 255 THEN MAKE IT 255. OTHERWISE LEAVE IT UNTOUCHED.
STEP11 )

MIX THE PIXELS IN THE OUTPUT OF PREVIOUS STEP WITH THE PIXELS OF
THE HIGH PASS FILTERED MASKED REPAIR SUBIMAGE CREATED IN STEP 6.
THE VALUES THAT ARE FAR AWAY FROM THE MASK AND SHOULD BE RESET
TO THE VALUES FROM THE MASKED REPAIR SUBIMAGE BECAUSE THEY ARE
KNOWN TO BE NOISE FREE. THE VALUES THAT ARE IN THE REGION OF THE
MASK THAT IS 0 SHOULD BE LEFT AS IS BECAUSE THE ORIGINAL MASKED
REPAIR SUBIMAGE IS KNOWN TO BE NOISY THERE AND WE HAVE JUST
CALCULATED BETTER VALUES FOR THIS REGION. FOR VALUES OF THE SOFT
MASK THAT ARE BETWEEN 0 AND 1 THERE WILL BE A MIXING OF VALUES
JUST CALCULATED IN PREVIOUS STEP AND THOSE IN THE MASKED REPAIR
SUBIMAGE. ALL THESE THREE TYPES OF OPERATIONS (FOR SOFT MASK
VALUE 0. 1 AND BETWEEN 0 AND 1) CAN BE DEFINED IN THE
FOLLOWING WAY. IF MASK VALUE IS m AT A POINT THEN THE NEW PIXEL
AT THAT POINT WILL BE : m * rp+(1-m) * r WHERE rp IS THE VALUE AT
THAT POINT IN THE HIGH PASS FILTERED MASKED REPAIR SUBIMAGE
R AND r IS THE VALUE AT THAT POINT IN THE OUTPUT OF PREVIOUS STEP.

STEP12 !
MERGE THE OUTPUT OF THE PREVIOQUS STEP AND THE LOW PASS

FILTERED MASKED REPAIR SUBIMAGE LR FROM STEP 6.
MERGING CONSISTS OF SIMPLY ADDING THESE TWO IMAGES.

STEP13 Y

IF ANY PIXEL OF THE INPUT OF THIS STEP IS GREATER THAN 255
THEN MAKE IT 255. OTHERWISE LEAVE IT UNTOUCHED.

STEP14

REQUIRED
NUMBER OF ITERATIONS
DONE ?

NO

(GO TO STEP 15 OF FIGURE 11 D)

FLOWCHART FOR STEPS 6-14 FOR REMOVING NOISE FROM IMAGE WITH NON UNIFORM
SHADING. THE OTHER STEPS ARE SHOWN IN FIGURE 11.
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