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[57] ABSTRACT

Automated testing of the resolution capability of medical
imagers, such as ultrasound scanners, magnetic resonance
imagers and computed tomography equipment, is carried out
using phantoms having coplanar arrays of target objects,
such as spheres, the locations of which are precisely known.
Images of the phantom at positions containing background
material and the target spheres are taken, digitized and
processed to determine in the digitized images the locations
of the target spheres by making use of the known location
and spacing of the spheres. Lesion signal-to-noise ratios are
then calculated at the now located positions of the target
spheres in the image, and this information may be utilized to
determine thresholds for detectability that allow evaluation
of the performance of the imager being utilized.
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ALL IMAGES (BACKGROUNDS AND TARGET) ARE OPENED BY THE USER.

—

100

THE USER SELECTS THE APPROPRIATE MENU ITEM TO ANALYZE THE IMAGES. A
DIALOG BOX IS PRESENTED WHERE THE USER ENTERS THE DEPTH OF THE
FIELD-OF-VIEW, THE IMAGE TO BE USED AS THE TARGET, THE IMAGES TO BE

USED FOR THE BACKGROUND, AND THE TYPE OF PHANTOM (LESION SIZE AND

CONTRAST)

101

THE DIAGNOSTIC COMPONENT (THE REGION CONTAINING THE ECHO
INFORMATION)

IS AUTOMATICALLY DETERMINED. THE DETERMINED REGION 1S ISOLATING THE
PRESENTED TO THE USER AS AN OUTLINE SUPERIMPOSED OVER THE IMAGE AND |{  DIAGNOSTIC
A DIALOG BOX IS PRESENTED TO ALLOW THE USER TO CHANGE THE HEIGHT, COMPONENT

WIDTH, OR POSITION IF APPROPRIATE. (ACCURATE DETERMINATION OF THE
DIAGNOSTIC COMPONENT IS ESSENTIAL FOR THE SPATIAL CALIBRATION)

—

102

BASED ON THE DETERMINED AND VERIFIED HEIGHT OF THE DIAGNOSTIC
COMPONENT, AND KNOWING THE DEPTH OF THE FIELD-OF-VIEW, THE IMAGE
IS SPATIALLY CALIBRATED (E.G., THE PIXELS /MM IS CALCULATED).

—

103

LESION SIGNAL-TO-NOISE RATIO (LSNRS) ARE CALCULATED FOR EVERY
PIXEL WITHIN' THE DIAGNOSTIC COMPONENT (MINUS AN "UNUSABLE"
BORDER AREA).

104~
THE LOCATION OF THE LESION GRID IS DETERMINED BY USING THE LSNR LOCTﬁTgNG
VALUES,
LESIONS
105—"

THE LSNR VALUES ARE RECALCULATED ONLY AT KNOWN SPHERE LOCATIONS.
106—"

THE RESULTS ARE AVERAGED FOR EACH DEPTH INCREMENT AND DISPLAYED TO
THE USER IN A VARIETY OF FORMATS (OVERLAYS, TEXTUAL, AND PLOTS)

\ 107— Y,

V
FIG. 25
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116

AVERAGE ALL BACKGROUND IMAGES. SUBTRACT AVERAGE FROM TARGET IMAGE
-RESULTS IN ALMOST COMPLETE SUBTRACTION (PIXEL VALUES OF ZERO) OF THE
"NON-IMAGE" REGION (BLACK BACKGROUND, ANNOTATION, TGC CURVE,
ETC.)

=110

SUM THE NON-ZERO PIXEL VALUES IN EACH COLUMN OF IMAGE TO YIELD
HISTOGRAM (NUMBER OF NON-ZERO PIXELS PER EACH COLUMN).
11

DETERMINE ENDPOINTS OF LARGEST AREA UNDER THE CURVE OF HISTOGRAM.

YIELDS BOUNDARIES IN X-DIRECTION FOR DIAGNOSTIC COMPONENT

—I11

USING THE LARGEST AREA UNDER THE CURVE OF THE HISTOGRAM (THIS AREA
CORRESPONDS TO THE DIAGNOSTIC COMPONENT), THE RATE OF INCREASE OF

THE HISTOGRAM IS USED TO DEDUCE FORMAT (SECTOR OR RECTANGULAR) OF
THE DIAGNOSTIC COMPONENT. IF THE INCREASE FROM THE BORDER OF THE
DIAGNOSTIC COMPONENT. TO THE MAZIMUM NUMBER OF NON-ZERO PIXELS
PER COLUMN OCCURS OVER A FEW PIXELS, THE FORMAT IS RECTANGULAR.

—I113

SUM THE NON-ZERO PIXEL VALUES IN EACH ROW OF IMAGE TO YIELD
HISTOGRAM (NUMBER OF NON-ZERO PIXELS PER EACH ROW).
—114

DETERMINE ENDPOINTS OF LARGEST AREA UNDER THE CURVE OF HISTOGRAM.
YIELDS BOUNDARIES IN Y-DIRECTION FOR DIAGNOSTIC COMPONENT.
—
115

RECTANGULAR YES DONE. THE LEFT AND RIGHT (X-DIMENSION)

FORMAT
?

COMPLETELY DESCRIBE THE RECTANGULAR FORMAT.

AND THE TOP AND BOTTOM (Y-DIMENSION) BOUNDARIES

|
NO 117

STARTAT =UPPER Y BOUNDARY OF DIAGNOSTIC COMPONENT
118

SUM NON-ZERO PIXEL VALUES FOR EACH ROW FROM STARTAT TO

STARTAT +30. CREATE HISTOGRAM. |

5,827,942

DETERMINE AND STORE ENDPOINTS (AND ROW NUMBER) FOR LARGEST AREA
UNDER HISTOGRAM CURVE. Y-BOUNDARY MINUS

=119 REPEAT UNTIL 75% OF THE
BOUNDING HEIGHT (TOP

BOTTOM  Y-BOUNDARY) HAS
120 BEEN INTERROGATED.

STARTAT=" STARTAT+1 —

FIG. 26 @ T
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THE STORED ENDPOINTS AND ROW NUMBERS FROM THE HISTOGRAMS
CORRESPOND TO THE X AND Y LOCATIONS FOR EACH OF THE SECTOR SIDES (ONE
POINT PER LOOP PER SIDE). PERFORM LINEAR CURVE FIT TO DETERMINE THE
SLOPE (M) AND Y-INTERCEPT OF THE SECTOR SIDES. CHOOSE SIDE WITH BEST
CURVE FIT AND MIRROR SLOPE FOR REMAINING SIDE (ASSUMES SYMMETRY).

125 —

REFINE DETERMINED Y-INTERCEPT BY GENERATING A HISTOGRAM OF NON-ZERO
PIXELS ALONG A LINE WITH SLOPE M AND INCREMENTING THE LINE OVER THE
CALCULATED LOCATION OF THE SECTOR SIDE. THE HISTOGRAM SHOULD SHOW A
SHARP INCREASE AT THE LOCATION WHERE THE LINE IS SUPERIMPOSED OVER
THE ACTUAL LOCATION OF THE SECTOR SIDE. REPEAT FOR REMAINING SIDE
(WITH OPPOSITE SLOPE). THE NEW Y-INTERCEPTS (AND PREVIOUSLY
CALCULATED SLOPES) ARE USED TO DEFINE THE SECTOR SIDES.

126 —

THE ARC AT THE BASE OF THE SECTOR IS FIRST ASSUMED TO HAVE A RADIUS OF
CURVATURE SUCH THAT THE VERTEX IS LOCATED AT THE POINT OF INTERSECTION
OF THE TWO DETERMINED SECTOR SIDES. THE NUMBER OF NON-ZERO PIXELS
ALONG THIS ARC ARE SUMMED AND STORED.

127 —"

THE VERTEX POINT IS INCREMENTED UPWARDS (YIELDING A NEW RADIUS OF
CURVATURE) AND THE NUMBER OF NON-ZERO PIXELS ALONG THE NEW ARC ARE
DETERMINED AND STORED. NOTE THAT THE LOWER BOUND IN THE X-DIRECTION
REMAINS CONSTANT AND IS THE BASE OF THE ARC. THIS REPEATED UNTIL THE

ARC [S ESSENTIALLY FLAT.

128 —~

A PLOT OF THE HISTOGRAM VALUES VERSUS VERTEX POSITION SHOULD SHOW A
SHARP TRANSITION OVER THE POINT WHERE THE CALCULATED ARC (AS GIVEN BY
THE VERTEX POSITION) IS SUPERIMPOSAEDC OVER THE ACTUAL LOCATION OF THE
RC.

129 —~

THE TOP BOUNDARY, SIDES, AND BOTTOM ARC COMPLETELY DESCRIBE THE
SECTOR DIAGNOSTIC COMPONENT.

130 —

FIG. 27
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