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Breast cancer has second highest mortality rate of all cancers for women
worldwide. In New Zealand it is number one.

Mammography is the standard for breast cancer screening
— discomfort to patients and health risk (exposure to radiation)
— interpretation of images is subjective = misdiagnosis, false positives

Digital Image-based Elasto-Tomography (DIET) is an emerging low cost
technology for non-invasive breast cancer screening

— digital imaging of actuated breast to determine tissue motion
— 3D internal tissue stiffness reconstruction (finite element method)
— Regions of high stiffness suggest cancer

Requires up to 100 Hz image capture (5-10 cameras 1deally)
— Problem: Cameras too large and expensive (~ $15-20k US each, high resolution)
— Solution: “Off the shelf” CMOS imaging sensors combined with Stroboscope
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 The DIET system is broken down into 4 fundamental steps:

(1) Actuation = (2) Image Capture = (3) Motion Tracking and measurement -
(4) Tissue stiffness reconstruction

1. A woman’s breast is vibrated by an N
actuator and imaged with high-
resolution digital cameras.

Plan WView of
the breast

2. Spatially calibrated digital cameras
combined with a motion sensor measures
the surface motion of the breast.

. Finite Element method

converts the measured breast .
surface motion into a 3-D Ha I I t
stiffness distribution, where | B
regions of high stiffness '
suggest cancer.




ONIVERSITY OF Image capture
CANTERBURY

Te Whare Wananga ¢ Waitaha
CHRISTCHURCH NEW ZEALAND

« Image capture for DIET system = 50-100 Hz

« This research implements stroboscope with Kodak’s KAC-9648 color
imaging (resolution of 1280x1024)

» Other high speed cameras are either expensive, bulky or have reduced
resolution

 (CMOS Sensors allow dense array of cameras placed about the breast
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actuator

Image capture
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two cameras
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* The frame rate of each CMOS camera at 1280x1024 1s approximately
18fps

« To overcome this insufficient frame rate the breast is strobed at specific
points in its motion

» In practice time between captured images 1-10 seconds =» 100-1000 cycles

between images
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. Two configurations for cameras, implemented using I°C bus:

(1) Initialization for camera - stream image data continuously to frame grabbers (to
adjust colour gains, focus, camera position, aperture size)

(2) Allows camera to trigger strobe itself

Digital Pulz= From
dpacsT™ Triggaer Snap Pin

O

Extamal SynePin ———»

CMOS Imaging Sensor

ﬂ Partizl Frame Exposurs

——————— % Trizzer SnapPin

O

Extemal SvncPin J—h—p Dizital Pulsz to

toggar Strobe Flash

CLIOR Imaging Sansor

. First pin receives pulse and starts frame exposure

. Second pin supplies pulse to activate strobe
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» dSpace™ control system drives image capture process (generates and

synchronizes all signals)

Process of strobe trigger

dE3pac=™ Computer

ControDesk Mlatlzb

Uploading block diagr=m

dSpace™ monitoring znd rezl-tims adjustment

LVDT Feadback
.
> dSpace™ Moduls
' ' :
\J v Armator with

Frams Camerzs LVDT
1 Grzbibars
Triggsring

Eignalz

» dSpace™ drives trigger signals and actuator using loaded Simulink™ diagram
» ControlDesk™ software allows real-time adjustment of settings on dSpace™ module
* Python™ is used to automate ControlDesk™
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« Features of the Image Capture Application

£ DIET OP 1.2

-~ Left Camera - Right Camera

Left Camera Settings Right Camera Settings I

Image Cycle Settings

[13:24:52] Carnpleted write to camera register 0w00h Operation Control (Left Carmera)

[13:24:52] Cormpleted write to camera register 0x0Sh Clock Generation (Left Camera)

[13:24:52] Completed write to camera register 0x52h Digital Yideo Bus Configuration 1 Phase range: ’D_ o {30
[13:24:52] Completed write to camera register Ox05h Cperation Contral (Right Camer:
[13:24:52] Completed write to camera register 0x05Sh Clock Generation (Right Camera
[13:24:52] Cormpleted write to camera register 0xS3h Digital Video Bus Configuration 1
[13:24:52] Initializing CDietOpSocket Class. ...

[13:24:52] Done

Phase Increment: | 10

Nurnber of images per phase: |1

Save Log Clear Log Get Cal. Images Apply Camera Settings Accept B Run I Cancel ‘ Close

« Can look at images and make real time adjustments (camera position, colour, ...)
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The Time Between Camera Trigger Received and Strobe Trigger Left Camera

* Time period between receiving T T T
trigger from dSpace™ and camera e e e
triggering strobe is inconsistent and 5 |
unpredictable

Delta Time (s)

* dSpace™ triggering 1s consistent

« Camera is consistent at a frequency
of 10Hz and not 100Hz
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Image Mumber on Phase Lag of 0 degrees
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Signal sent from dSpace Camera takes picture (wrong point in cycle)
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» The timing issues were solved by implementing an ‘AND’ gate and a feedback
signal to dSpace™

Btrobe Trigger
Extamal Syne
O LineLaft
L L=& Camera
¥ Single Input Trizzer
AND to dipace™hodule dipace™
> Module
GATE
Iy
Strobe
O Extemal Syne
Lin=Right
Right Camera

*  When left AND right cameras are ready for strobe, dSpace™ waits until the signal
aligns with actuator, then it lets the strobe flash

N Camera can wait up to 0.25-0.3 s
y_‘ < before flashing (plenty of
0.01s : M M
/ s dSpa E eT™ g elr)l ds sifgnal time to align with LVDT)
LVDT or strobe to fire
Camera ready s - UU UL
e b ot [ [ Flip signal, as strobe fires on
swobe Fies ] falling edge by design
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Results - timing

Comparing the Average Strobe Triggening Times Owver Four Runs with the Ideal Trigger Times

0.012 T I . T I I |
] ! —&— Ideal
i ' —+— Experimental
R RRORE! SRS

Y ENSUL SRR SRSSOOOS SOVUOONS SUSUUN SO SN

0.006

0.004 baveenennn .............. P A .........

Time of Trigger Firing {Seconds)

0.002 |---------i
o | | i | i |
0 50 100 150 200 250 300 350

The Increment of Phase Lag (Degrees)

Illustrates the accuracy in timing of the system
Mean absolute error ~1.4% = time difference of 0.0002 seconds
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actuator displacements (10 degrees of phase) plotted | e

as a waveform (total time=~6 minutes) \

snap shot of actuators motion at t=1.82 s

A Snapshot of Actuator Displacement at 1.8207s Compared with ldeal Actuator Displacement
15
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of current actuator (frequency varies from 95-100 Hz)
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0 degrees 60 degrees

180 degrees

"

300 degrees

» Silicon phantom 50mm diameter, 40mm

helght. « Six images shown (60 degrees)
* Actuation frequency = 100Hz, « 54 black dots

* Amplitude =1.2 mm * 36 images = 10 degrees phase lag
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point detection

527
gt

487

Z-Direction Motion (mm)

46 -7

18

44.).-F

A "2 direction M
6.1 - -Direction Mation (mm})

Y-Direction Motion (mm}) 3355_5 g

*  Therefore captured images allowed successful
tracking of the dots applied to the surface of the
phantom

surface reconstruction (snap shot
during actuator cycle)

Virtual silicon phantom constructed by
symmetry — agrees with visual images
throughout actuation (further
validation)
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Further results

Colours and points
successfully detected

~750 coloured fiducial marks Example of points tracked
100 red, 300 blue, 350 green ol | ]

1300

Frequency=50Hz, 1mm peak to peak

tao0p | 40t

20 images (18 degrees of phase) =

1300

1200
1200f

1s0f

1100
90% of fiducial marks tracked successfully by point ook, .
tracking method (see paper) o
; 1050 v,
Based on calibration accuracy, points are tracked within ~ *|
. g 1o00F
1-2% of the magnitude of the silicon response sool
N o50F SO Y o ‘
(<O'1 mm) |4IDD ’\S‘DD ’\BIOO ’\7‘[}0 18‘00 ’idOD '17‘00 ’I7ISU 18‘0:) 1850 1900 1950

(a) whole set (b) Subset (zoomed in)
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o “Off the shelf” CMOS sensors + strobe = low cost DIET imaging system

 Image capture system successfully tested from 50-100 Hz
— User-specified triggering times accurately realized within 1.4%
— Captured images allowed accurate point and colour detection
— Accurate surface motion tracking at a high image resolution of 1280x1024

 Total capture time = ~6 minutes
— Refining of Ethernet protocols and custom design system might reduce to 20-90 seconds

* Some limitations found for current actuator (e.g. 95-100 Hz)
(to date has not shown to effect DIET system)

e Future Work:

— Replacement of the dSpace™ module with a self contained microcontroller
— Implementation of an auto focus system for the camera

— More cameras > Realistic Breast phantoms - Clinical trials
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