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BACKGROUND OF THE INVENTION
[0005] 1. FEield of the Invention

30 [0006] This invention pertains generally to image registration, and more

particularly to pressure image registration for wound care.



[0005]1. Field of the Invention 30[0006] This invention pertains generally
to image registration, and nore particularly to pressure inmage registration
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[0010] Image registration has applications in remote sensing, computer vision,
medical imaging, weather forecasting, etc. Various registration techniques

20 have been used. FIG. 1 illustrates a high-level flow diagram of a prior art
registration method 10.

[0011] In most registration techniques, the first step is to perform feature
detection. Features can be edges, contours, corners, regions, etc. The point
representatives of these features are called Control Points (CPs). These

25 features are captured in both source and target images. Examples of region
features can be buildings, forests, lakes etc. Examples of point regions which
are more of particular interest are the most distinctive points with respect to a
specified measure of similarity, local extrema of wavelet transform, etc.
Feature detection can be both performed manually or automatically.

30 [0012] In the next step at block 14, the correspondence between these

features in both images is obtained. In feature-based registration, methods



In the next step at block 14, the correspondence between these features in
both images is obtained. In feature-based registration, nethods WO
2011/ 1430¥BRaII/W8Z011/ 035622 wusing spatial relations i RCAMSAN/035622
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bend sensor, the like) configured to obtain secondary 25data relating to
the first and &5}% Bnd i mges. A processor and programm ng executable on the

processonoop4) ncl uded ihentfd ét)éhagrdi&és waﬁnémg@fnerﬁ%ggé@twmh &
transform nodel as a function of both the first and second i mages and said

secorilary dat ampertant feg anslysisi and inferenae of dwcdata abiaiges; frcmwound
generating an jimage [ fﬁ qﬁ#atl nrrpetv%en the first and second i mages as a
30f uncti on of "SHIWIPLRA Lol ng STf’j Furt her aspects of the invention

will be hpeisiht outin bRetdiPetOdf tBWIpi8sent invention, pressure information is captured
in addition to desired sensor data. This creates a pressure map that allows
image registration. Under same applied pressure, the pressure map should
20 stay constant in spite of changes in other sensor readings.

[0016] In another aspect, an image registration system includes an imaging
device configured to obtain first and second images of a surface (e.g. SEM
data of a skin surface, or the like). The system further includes a sensor (such
as a pressure sensor, bend sensor, or the like) configured to obtain secondary

25 data relating to the first and second images. A processor and programming
executable on the processor is included for carrying out the steps of:
calculating a transform model as a function of both the first and second
images and said secondary data relating to said first and second images; and
generating an image registration between the first and second images as a

30 function of said transform model.

[0017] Further aspects of the invention will be brought out in the following
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i nvengion. 15[ 0023] FIG 5 ill ustgpatres mﬁ\l@?@ )surements over two
different days. [0024]FIG 6 illustrates neas ment of the angle (curve)

of a wourf@0t8it ch o hehvvaehtion witldwe chong) fully undesstbodibyeeference hethenfodowingn.
drawings which are for illustrative purposes only:

[0019] FIG. 1 is an overview of a prior art image registration method.

[0020] FIG. 2 illustrates an exemplary wound image registration method in
10 accordance with the present invention.

[0021] FIG. 3 illustrates a system for performing wound image registration in

accordance with the present invention.
[0022] FIG. 4 illustrates pressure and moisture measurements obtained
according to an embodiment of the invention.
15 [0023] FIG. 5 illustrates sample measurements over two different days.
[0024] FIG. 6 illustrates measurement of the angle (curve) of a wound patch
on the skin according to an embodiment of the invention.
[0025] FIG. 7 is an overview of the wound registration method according to an
embodiment of the invention
20 [0026] FIG. 8 illustrates information from bend sensors in a first measurement

according to an embodiment of the invention.

[0027] FIG. 9 shows the results of a surface fit to produce a surface that holds
the curve in FIG. 8.
[0028] FIG. 10 illustrates information from bend sensors in a second
25 measurement according to an embodiment of the invention.
[0029] FIG. 11 shows the results of a surface fit to produce a surface that
holds the curve in FIG. 10.
[0030] FIGS. 12A and 12B illustrate determining a transformation function

between the surfaces of FIG. 9 and FIG.11 respectively and using the
30 transformation function in the registration process of moisture data according

to an embodiment of the invention.



[0025]FIG 7 is an overview of the wound registration nmethod according to
an enbodi nent of the invention 20[0026]FIG 8 illustrates information from
bend sensw020i1mM43078i r st measurenent accordi ng to an enbedirmseai1obseehe

i nvention. [0027]FIG 9 shows the results of a surface fit to produce a
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embodnent of dihig fHP¥SMbaATon aM@sARRL/ 143Gy BbSsiheSR0del §E9&8RBody shape
and bony prominents are similar among people in a population. Using this
method, readings from different people can be mapped for investigating

various parameters.

[0032] It will be appreciated, however, that the present invention can be used
10 not only for wound image registration, but for registration of any images.
[0033] Wound image registration enables mapping of wound image scans to

each other for comparison and study, due to the variations in the image
capture. The goal of registration is to establish the correspondence between
two images and determine an optimal transformation between two images.

15 The two images (source and target) are either from the same scene acquired
at different times or from different view points.

[0034] FIG 2 illustrates an exemplary pressure image registration method 30 of
the present invention. Method 30 optionally uses body characteristics, such
as bony prominents, curvature of body parts to find the transformation function

20 in accordance with the present invention. The transformation function is
applied to desired sensor readings to obtain correct mapping. In addition to
pressure readings, other sensor data such as bend sensors can be used to
obtain more information about the transformation function. As an example,
bend sensors can be used to measure curvature of body parts.

25 [0035] In first step shown at block 32, wound images are obtained. These
images are preferably obtained from a smart patch 50, or similar device,
shown in FIGS. 3 and 4, which is able to retrieve multiple types of images from
the same wound scan, e.g. a moisture map 72 and a pressure map 70 of a
target region such as a bony prominence.

30 [0036] As seen in FIG. 3, image registration system generally comprises a

smart patch or similar device 50 that comprises an imaging device 58 and one
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to pressure sens 0 eval uate the positioning of the 0 on the body
62. et EheitRE WPHEPTaSy aerEBR A CPen ud ks B e e HBegd 1 ace
of the patch %@n @'Qgﬁﬁ@aﬁ%&ﬂﬁé%ﬁth@n@@gbﬁoﬂfeﬂ B8e RS tHECcIoAhddian B Re

section 64 of skin a8 showi in FIG 6. Miltiple bend sensors 60 may be used

in one surfacdealagh Additiorallyspressare adéngssoptainsd fromtthe deuvicedfkaidriie be

d d d h f
pend {1 ex sendBPUEY Ehishalioh o A Hefe Rehadh rfls s iteg oo thos, cn

that the out pgande L4 il tA% fEGHIPO Hefeltibh phaBBARYESLE] bélaey. bend or angl e of
the pad rigglled to the skin. Referring back to the nmethod 30 shown in FIG

3, inbor{8043n fromedoningdosmve biGo6R. tameriosmaiegiattatins bietvegn avedifidrent t he
results frominnae reqi st.ration usi bon rom nent as.contr or
Con e used IOt s ih BB ARy BB e re it HALA e (Rl e
performregi Stcﬁﬁﬁéooﬁjrfddé &4 bﬁbaﬁ@’ft@%klﬁ BE) éé'trafﬁért%mﬂﬁg%'tﬁ@sﬁﬁye Bfthgsed as
anot her feature in the I’E?I stration process. [0046] Fromthe i nages obtai ned

in step 32, edeformaiiepatc an el bpdy maynledinogreeratashin auck cepligration, st ep
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bend cgensors GRedsureRenborste evanfg @né”bo@h@n inglot theé pdtchi 50l0A tise bbay 62.
equation of both surfaces at step 38.
[0044] Referring to FIG. 4, bend sensors 60 may embedded on the surface of
the patch 50, and can measure the angle of the patch on the curved section
64 of skin as shown in FIG. 6. Multiple bend sensors 60 may be used in one
surface. Each bend sensor can cover a patch in the surface and be used in
25 order to derive a more accurate equation of the surface. The bend/flex
sensors 60 change in resistance as the bend angle changes, such that the
output of the flex sensor 60 is a measure of the bend or angle of the pad
applied to the skin.
[0045] Referring back to the method 30 shown in FIG. 3, information from
30 bend sensor 62 may be either be integrated with the results from image

registration using bony prominent as control points, or can be used as a
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prom gent, theyef Ry €0 RFESPHESaIMaP | nformation was not used to perform
registration. In this case, information frombend sensors was used to nodel
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sensors in the first neasur nt ar | otfed i.n the, curve.shown in FIG 8.
Surface fitti N REEC SEFPURARIIG Gogst R U iAcel ihe Paidand frod ASUREE cur ve.
The fol | owi ng REEALH BN LHBPERERIRsSatISid g 3gur face with a sum of absol ute
errors of 5.571006E-01: WO 2011/143073PCT/ US2011/035622 z = a + bxoyi +

dxiyo + d0048] + ex2ysurfadec2gnslatigx Bythen pexfeyrhed atstgm40 to fing thevrensform
10 model.

[0049] In the case of two transform models (e.g. pressure map and surface
position), both are integrated to obtain one transform model at step 42. As
explained above, even if the bony prominent is found, the bony prominent may
be used as control points for calculation with bend sensor data from steps 38

15 and 40. The integration step 42 is therefore only required if bony prominent
control points are used in combination with bend sensor data, and thus

integration of the two datasets is needed to obtain one transfer model.

[0050] At step 40, the obtained the transform model is then used to perform
image registration.
20 [0051] Experimental Data
[0052] Two measurements were obtained from locations without any bony

prominent, therefore pressure map information was not used to perform
registration. In this case, information from bend sensors was used to model a
surface equation in both measurements:

25 [0053] Information from bend sensors in the first measurement are plotted in
the curve shown in FIG. 8. Surface fitting was performed to obtain the surface
that holds this curve. The following equation represents this surface with a
sum of absolute errors of 5.571006E-01:



a = 2.0566666666661781E+01 5b = 4.1133333333329858E+01 ¢ =
-2.5291375289503831E-01 d -5.0582750578638869E-01 e =

- 3. 97610A20@08442B8E- 01 f -7.9522144523689464E- 01 10gPET/US2011/035622
7.6107226108293152E-02 h = 1.5221445221658630E-01 i =

- 3.4382284382742257E-03 4 . = 1 6. 8764568765484514E- 03 (15Thi s sugface,is shown
in FIG 9. [0054TISht &Pnhtt 6% % r*b‘Z?f Meﬁd”@én%%f¥ 9% het 88dorid*neas i ¥nent |
results in a curve shown in FIG 10. Simlarly, the surface equation is
obtai ned using surface fitting. The result is a surface with a sum of

absol ute errongharé: 1. 29156205E+00 according to the followi ng equation: 20 z

;/hgr ;: b>6<10):/i 2+6%;3%0§3%£§§§§@§6§%%%97§1 |f£§8¥1 + gx3y0 + hx3yl + ix4y0 + ix4yl
5 b= 4.1133333333329858E+01
¢ =-2.5291375289503831E-01
d =-5.0582750578638869E-01
e =-3.9761072261844288E-01
= -7.9522144523689464E-01
10 g= 7.6107226108293152E-02
h= 1.5221445221658630E-01
i =-3.4382284382742257E-03
j = -6.8764568765484514E-03

15 This surface is shown in FIG. 9.

[0054] Information from bend sensors in the second measurement, results in a
curve shown in FIG. 10. Similarly, the surface equation is obtained using
surface fitting. The result is a surface with a sum of absolute errors of
1.29156205E+00 according to the following equation:

20

z=a+bxy" +ox'y0 + dxly! + ex® + By + gy + hxdy' + ixyP + jxdy’

where:
a= 2.6168333333318493E+01
25 b= 5.2336666666666723E+01
¢ =-8.1697241646990388E+00
d =-1.6339448329396959E+01
e = 2.2407721445123507E+00
f= 4.4815442890247104E+00
30 =-2.4108585858450268E-01
h =-4.8217171716900536E-01



25b = 5.2336666666666723E+01 ¢ = -8.1697241646990388E+00 d =
-1.6339448329396959E+01 e = 2.2407721445123507E+00 f =

4. 481544280080 74800wE+00 30g = -2.4108585858450268E-01 h 2CT/US2011/035622
-4.8217171716900536E-01 WO 2011/ 143073PCT/ US2011/ 035622 i =

9. 3269230768639362E- 03 ,i...= 7872E-02 This surface is shown in
FIG 11. Havi' ig t%9§§p?§§§§9%?é§ch nmeasurenent, the transformation
function is found bet wegk3ghess3trvsi.haces as T and use T as the

transformation funCtion in the registration process of the noisture data as

shown in FIG 12A and FIG 12B. In a preferred enbodi nent, the nethod
30 of FIG 3 i,s.incorporated into a und managenent systemthat anal yzes
the data obt ai "f'r?%(%ﬁ r]'ﬁ‘d’ﬁ@k 1\rLT}gni toring device. The data woul d be

passed tlpessih t he HRGF AU rRIte3NSF 88 RicHsBrdentd M traRemBAhhESH fiiitdon
anal ysis i s perforned. The system and nethods of the present

i nventi on may ibounddeatpeeatteesd iwasarigcasyas ¢ranthesee T @sdbe dramsttatreation
curvature data is. aggregated together w ot her desi red readings,.

The. ayst om andURRITROHLNaToq A HTLRRESH Y IR TGt S8 Bt hiT G- 2or
proper wound sgamer @B gnnent, and al | ow greater accuracy in wound
managenent and anal ysi s. The system and net hods of the present

i nventi of00%€Jo al | dwafprefestesherabadilinagntoineonethnondd otk Kgedrisnncompagried inlioi ch
S iggortant f or an(?IEﬁ/si s and . infere of , t he dat.a, obt.ai nedf f r om wound

manadBnent and WBIHG BIANGGeBYY SRRt ANahZER e Cal QYIBHTER 01 Fret hods of
the present i RyARKLGRS FOARbANG BBYIESETIE dBtRNbURRE Pasysd BBUJIPthecONt | NUOUS

nonitoring and conpari son of conditions.
registration system before the data comparison and analysis is performed.

[0057] The system and methods of the present invention may be incorporated
into any system where pressure data or curvature data is aggregated together

15 with other desired readings.

[0058] The system and methods of the present invention may be used in field
for proper wound scanner alignment, and allow greater accuracy in wound
management and analysis.

[0059] The system and methods of the present invention also allow for

20 standardization of wound management images, which is important for analysis
and inference of the data obtained from wound management and monitoring
systems. Additionally, the system and methods of the present invention enable
the use of smart patch systems for continuous monitoring and comparison of
conditions.

25 [0060] From the foregoing, it will be appreciated that the present invention may
be described with reference to steps carried out according to methods and
systems according to embodiments of the invention. These methods and
systems can be implemented as computer program products. In this regard,
each step or combinations of steps can be implemented by various means,

30 such as hardware, firmware, and/or software including one or more computer

program instructions embodied in computer-readable program code logic. As

-10-



Fromthe foregoing, it will be appreciated that the present invention may
be described with reference to steps carried out according to nethods and
systens awoandimgo7o enbodi nents of the invention. TheseCraishads3mnz
systens can be inplenmented as conputer program products. In this regard,

each step or cq nati ons, of ste enent ari ous, neans,
S0such a6 har AVIABE APPraiaiete 2k U LRI LalchTBO TR RS OBH 120 Daisied

conput er pr ogr, t ode
oo o, As VO TS MLk GO M AL IDLERIR H e AR S BPRURNATC

conput er pr ogrsaeciahpummselcmmeﬁay cdrethergutedrammabke procpssiag apparatuslrtmg

without Iimtati a ra se. conputer or eci al o] e corrputer
or other progP4 %ﬂﬂ%@&sﬁpﬁbq Q?Wﬁﬁ”ﬂﬁ%ﬁﬁyén%r%ﬁ g Ruch that
the cgnputer RLEALRTBA ﬂ%tédrﬁbut‘é%rW&%r@@%%hﬁle%o&@é%lrﬁg@Hé%u@&ré&‘té‘ef

progranmabl e processing apparatus create Treans ftor | Ing t
functions specenéansdifor lrmplemej"émgrthbélsn@mpﬁpepﬁedmmA@@demm’@wstepae

conbi nat NOGRTI0T " o; ARCoRORc I BuPHEHip | T é%‘%e%%ﬁﬁg’wﬁ%fqdr-r%‘%@%i{?ﬁ@omut er
programinstr lé%bb@i@é ,fuﬁétfahsaéorﬁﬂp%@lbﬁg of §t &formihg tﬁé‘%?é&héd program

code | ogi ¢ neans, performng the speci i.ed Punctl ons al so be
under st ood t héumm@s; and coanpulter prngrmmtwtlbps Sshusti a8 epbogiesien computer-

har dwar e- based ¢ ut er st ens orm he. sp c ifie nct.i ons
Crepdd or contrRCATE RouBIE IR It (iRaBS e o arHAR i Ta spermistdPatidia &
program code |vﬂHJb%o%ﬂﬁder%ﬁ{dbotﬁélfﬁtiéﬂd?%réﬂ?f 5e whbl%ﬁférﬁ@drﬁyts@écm BardiEe

i nstructions, such as enbodied in conputer-readabl e program code |ogic, my

al so be stor emardtNarecbmﬂ@@mpetmaMst@mﬁewbm periarmcthe specdied fancfmmrer or
th bl t t t I
auch that ¢ ho SCARSt PLERT BT RPo R aPPR RurRsrity Lp 8 et BB Rhisro Po B Bavce.

an article of p2GaRRESEs Wfc Migngdi ng i nstruction neans which inplement the
function specified in the block(s) of the flowhart(s). The conputer

pr ogriam i[ﬂgﬁﬂuct i ofririfgymare dhese Comgeterpiiegram awifpatiens, suchtaseembodied
programmabl e pracess ratus to ¢ e .a seri s of erational teps to
D Ter T ormed IhosTEuldieARRRe b8t o8 158, ko5 54 sRBEN 7L 20Rp el |
produce a 25C¢€M’étﬂémémbl%ﬂl¢1@t esn ﬁfr@éﬁééoﬁiwtbrtdﬁithémogl‘@rﬁmé ons which
execute on the conputer or other programmabl e processing apparatus provide

steps for i nplrspesasingyappryatscoi funelprt iink padigslar manner, such that the
instructions stored in the computer-readable memory produce an article of

20 manufacture including instruction means which implement the function
specified in the block(s) of the flowchart(s). The computer program
instructions may also be loaded onto a computer or other programmable
processing apparatus to cause a series of operational steps to be performed
on the computer or other programmable processing apparatus to produce a

25 computer-implemented process such that the instructions which execute on
the computer or other programmable processing apparatus provide steps for
implementing the specified functions.

[0063] From the foregoing, it will be appreciated that the present invention can
be embodied in various ways, which include but are not limited to the

30 following:

[0064] 1. An image registration system, comprising: an imaging device
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[0063] Fromthe foregoing, it will be appreciated that the present invention
can be enbodied in various ways, which include but are not
limted twothe/B8d78] | ow ng: [0064] 1. An inage regi strat iPOM/USEI1BBI622
conprising: an imaging device WD 2011/143073PCT/ US2011/035622 confi gured

to obtain first nd Seco f a surface; sensor configure

obt ai n second&P{/‘ ol bt o e Cas it mcesof 280 e praggeer oaTioured

processor ; OHRAH 38T GLr P KRR HABIR) RIS AE RS RGN |fﬂ?’gesc%| culating a
uncti on of n

transform rmd as a oth"the tirst and seco I mages and said
5secondary datpgocessat;iargl pnmgsaammlrng execadleswreaid proeessor famdalgatadingta ng an

| mage registratio betvvee fIl’St s _a funct,ion, of
s 0t ansf or IARSIRT MOShaT 3 TunsHon i 15 AT A Eee00d S dars ANE AaBk: rrent
1. wherein thgecondary data réﬁflﬁg?lfc?sélarf%t' érﬁ?sé’cd?ﬁ)t |h?é§es$aﬁ5'g'énef’dm rein
the first and second’i mages 10Conprise Sub-Epi dermal” Mdistdre IKg/p dat a.
[0066] 3. The iimage reglgtratlcbrabetweery@teefrrsbandaamdrmag@ aw\aéwrmtuo)ntctfesagbnsor

conprises a prtessthre S%B prs and wherein the secondary data conprises
pressure data ‘FEPH §'-application of the imagi ng device. [0067]4. The

e st o el e st e 1
appl i cati on ofsutfaee icoryirisgs depationt 6 \8kin; andwheréinstineffiusteand second images
10 comprise Sub-Epidermal Moisture (SEM) data.

[0066] 3. The image registration system of embodiment 2: wherein the
sensor comprises a pressure sensor; and wherein the secondary data
comprises pressure data relating to application of the imaging device.

[0067] 4. The image registration system of embodiment 2: wherein the sensor

15 comprises a bend sensor; and wherein the secondary data comprises bend
data relating to application of the imaging device over a curved surface.

[0068] 5. The image registration system of embodiment 3: wherein the sensor
further comprises a bend sensor; and wherein the secondary data further
comprises bend data relating to application of the imaging device over a

20 curved surface.

[0069] 6. The image registration system of embodiment 5, wherein said
programming is further configured for: examining each image for a bony
prominent beneath said skin surface;  modeling surface features based on
said bony prominent to obtain a surface equation for surfaces imaged in the

25 first and second image; and performing a surface translation as a function of
said equation to calculate said transform model for a surface in the first and
second images.

[0070] 7. The image registration system of embodiment 6, wherein said
programming is further configured for: integrating first and second transform

30 models to obtains said transform model.

[0071] 8. The image registration system of embodiment 5, wherein said
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[ 0068] 5. The inmage registration system of enbodi ment 3: wherein the sensor
further conprises a bend sensor; and wherein the secondary data further
conpri seswbend/dai7a rel ating to application of the inmagiPog/usemilogseorver a
20curved surface. [0069]6. The imge registration system of enbodi ment 5,

wherein said programm ng i.s further configured for: am ni ach i mage
for & bony pr FEUIBRIMGHS LtNElHANTIGNIGH Ol SHARINASLEAG T ASS PR PAat ur o

based on sai d \ fadi ta| . f i r f aces
rmsaa e MO OB sA0 Kbl Ak sHalPESonpu penl opHe |

transl ati on asntagfaimgtfirsinand sseord! ansiorm maedels & obtan eaisidrahsforansfasiem
nodel for urface in the first and second i.mages,. [0070]7. The i nmage
oo sty oGy ool othe Hiaes i RiorHaran ot eattepdiment 8, Wherelt 5.4 B ng i s

further confi gusRthdrReis ht RAMAL 589 ;%rb@%rgﬁl RAGARE: ErRBFEd MBrafiBRdahg O

obt ai ns said transform nodel. [0071] I mage registration systemo

enbodi nent 5, swifeceifeatsegsdbasad @0 $ARIBYIIPAINGIB20 D@6 26 R Taqer @guradiom ng i s
further confi qured for: exagiﬁni m nent I_Feneat h

, .ni,ng..e chimagef.or a bo ron
sai d skin sur falcsHrages IMAYEAHE HIE b AMASREONd IMBgRAIhPRae R Na S YA and
second transf gignsidal & 4 urtlbaidt saR %ﬁdt%sttﬁfa“@d@g?aid transformSmod&&of Mage

regi stration system of enbodi nent 8, ereinif a y prom nence i s not
found, said preoguriang indhé dirgtiandreacoodrifiages @diof to integrating figst sundf secend
featuyres baseg on. sai dogopsy prom nent to obtain a surface equation for
surfdles i mgd@ PRTTHEPEISst and second i mage; and performing a surface

transl atijpg73s 2 flﬂl@f?tArﬁ)ﬂn%e @i&ré’tﬂ#ﬁéﬁs@é‘m@ BoptiSigah Prédedsol st orm
nmodel for a surface in the Tirst and second inmages prior to integrating
first and sec@iegramminge@cutalie on said proceseor fan: acepiring gt snd second syst em

conprising: a.processor; and_progranmn xecut abl e. on_sai rocessor. for:
scqui 1 ng 1 r SRRG OL B SHRACE AL SN aa e 73 6t SRl e e agr R, S S
acqui ring secepdaidvfirdeaid 586a1d MEades H&inth sémsdr; ééléul%ﬂﬁg%chémnfddém a
sensor; calculating a transform nodel as a function of both the first and

secorl@ i mages agraifusigtian o&botiuthefiraiand secend inpges ax saiflisesonaany datgdond
e " PSRBONS 1SR ke A BB BRI Thidh i
between the first and second images as a function of said transform model.

[0074] 11. The image registration system of embodiment 10: wherein the
surface comprises a patient’s skin; and wherein the first and second images

20 comprise Sub-Epidermal Moisture (SEM) data.

[0075] 12. The image registration system of embodiment 11: wherein the
sensor comprises a pressure sensor; and wherein the secondary data
comprises pressure data relating to application of the imaging device.

[0076] 13. The image registration system of embodiment 11: wherein the

25 sensor comprises a bend sensor; and wherein the secondary data comprises
bend data relating to application of the imaging device over a curved surface.

[0077] 14. The image registration system of embodiment 13: wherein the
sensor further comprises a bend sensor; and wherein the secondary data
further comprises bend data relating to application of the imaging device over

30 a curved surface.

[0078] 15. The image registration system of embodiment 14, wherein said
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11. The image registration systemof enbodi ment 10: wherein the surface
conprises a patient's skin; and wherein the first and second i mages
conpri se BokoHpi4swsmal Mi sture (SEM dat a. 12. Pha/USa®gm35622
regi stration system of enbodi nent 11: wherein the sensor conprises a

pressure sensor; and wher t he seco data co ri ses essure data
el ating Lo apbte BRIy BiUTIE CRIGHE Bers e Ning She RPodioE & ke
registration ﬁéﬁ%r@%eﬁ@?ﬂ%d@@kmléurfé&‘éeﬁ%déhﬁg%uﬁfﬁeé@éateﬂérge)c?és%%sor@s@iﬁnd

sensor; and erein the secondary data conprises bend data ating to
appl i cation ofbonerometgnido dbteica swkaceequatiordorssurfaoes.imaged in thetfirsThe
i mage regi stratlon S enbodi nent 13: whe

compri ses. a b SRLIITAgRI IR BPEPRT G SWRRREAY AR5 as G HEIOL BT s es

bend gata rel @q‘u@ﬂoﬁ ‘Po epRLiteshRNraHs6Me mdBIFdIh SGYAGEINAMB irdt dHH ¥&hnd
surface. . The image registration system of enbodinent 14, wherein

said WO 2011/mage§3PCT/ US2011/ 035622 programming is further confi gured

ot | ng ROMISce A8 oF B At el P ESRUR) Ol BRGRENT b5 OHRSIEID SAEur T ace
equation for %ér%ﬁﬁﬁurﬂgﬁ@g%érrbdntﬁguféd o |ﬁ ﬁggfﬂt%t bﬂa%coﬁ@%aﬂgf’d‘rﬁr m ng

a surface translation as a function of said ion to calculate sai d
t r ansf or m nodehodels taobiain agid transfdren friqosy. and second i mages. 16.

The i mag istrati sstemof odirret 1, erein id pro ng is
furt HBr S8 flgur o Wor 10 Fddh ReisiERRr e tem e SaLgri e Pk hr dhfFeifoaahs 1o
obtain said t a%rﬂ?n@qgﬁf’urther configufed foﬂ'éé(drfmg\%; E8H Phdc 1P 1Sorft em of
enbodi ment 14, erei n sai d programm ng further configured for:

exam ni ng eacrprd)mﬂuga@tbeneathb&mqstsmcﬂurfa@m abénf@b@mxarcdnmlenhlsg‘oum@ce and if

a bony promne rafing first d,second trgnsformmmdels to
obtat ms said TEABEr o SSE5 ta%igih Hadii s 86BN R TESIoT BRERT o
embodi menped], Whergl Mhd infadmgiftFRBNNRREM 0T hilodiPERE1 7 Sahérelf RASBAY NY
IS further configured for: nodel’ing surface features based on said bony

pronilAent to mminer@esanbh&mndqaaumngrammmlrsa‘u@beﬁcmg@@urequrhmoﬁneh@g and
second i nmage; Erd gs e a surfﬁ'e transl. ath l??]? uLH_?tlon oft sai d
equation to caEgPale ATl rOFEPe e IR & TGS and
second i mages f@r $fade8 i2igedidthd rst aha8lse@ddd $Rag§edard pagheniny mpslatsce

19. An image registration nethod, conprising: acquiring first and second

i mges of a smrmétaéloasa&@fmtlpﬁa@ﬁﬁgi euation:; toazeéﬁulaterﬁ@lcwaaaf@amynqdelafor

[ anst or m noad Sutace T RS EF B eso R PRt s orl: TR Blinn iR AR s o

secongdary dat ardnefctii mader.said first and second i mages; and generating an
I mage I’eﬁl stration between the first and second inages as a function of
sai d tran89&¢m noddiS. Animage pegistration melwd, €gMarisid: @squeingdtisteand

oo et 1Sl S k08 MLAER VSREPH! B B cEChed i el o
21. The inmage daeftsiati®y tosaidEivstathdodecdmaafiagestusiiy a ¥BasEH; Balchfating a
transform model as a function of both the first and second images and said
25 secondary data relating to said first and second images; and generating an
image registration between the first and second images as a function of said
transform model.
[0083] 20. The image registration method of embodiment 19: wherein the
surface comprises a patient’s skin; and wherein the first and second images
30 comprise Sub-Epidermal Moisture (SEM) data.

[0084] 21. The image registration method of embodiment 20: wherein the
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WO 2011/ 143073PCT/ US2011/ 035622 sensor conprises a pressure sensor; and
wherein the secondary data conprises pressure data relating to application
of the i msgi2og/dawiBce. 22. The inage registrati ofCraShad/065622
enbodi ment 20: wherein the sensor conprises a bend sensor; and wherein the

secondary data conprises bend data relating . tq appljcation of e imgin
Govi co over o SeTSOLe RGN aea prostiie sEpg0r g WhetBR the SecoPastAet hod of

enbodi nent 22: [<@l %:F?B,F | & fit% h AP Ogar; and
wherein the secgo dgr%rbcqg%gjr?urt eergcodrrgfléps@g%ggn?da?% reﬁ%?i%ng%eto

appl i cat i[008%)f t he 22maliengnalyss registtation raethodvafersibodiemsat 20: whereik4he The

i mage registration nethod of enhodi ment 23, further corrBri s(:i&r}g: exam ni ng
each i mge forre@5YorMprYH RERM E&Hé%ﬁ”&'a‘@”&ler_?m CsIPACELY PR 6 f ace
featuses basegen dth delfRY IPBOPAAEBH dith® Phadifig Uchiel Gk LAIEH QDrrhes.
surfaces imaged in the first and second i mage; and performng a surface
transl at i[0086ls a f A3t Theinodgeseagisteatioat methoadoofeahibadiatent 221 wheraindfier m
nodel for a surface . in the first gnd second i S, . 25, The, i nage
egi stration FEMRICUENCLAETRRER 2 BE QIR DB ARIS R ey SeedBiam AF cach
image for a bemhdl Gpedls haedata réPdtiﬂg%'a%pﬁé'étf&P@ﬁthé%agfn Ay over |
promnent is found integrating first and second transform iodels to obtain
sai d transfor@acwded surface. 26. The inage registrati on net hod of

enbodi e , Wherein_if.a bony.prom nence is not foun further

conpre; RGOSTh el 7g- i isfacd Ehaidli BBkt Bbed By 25 bitEnt 1o
obtain a Surf%ﬁ];ﬁ&ﬂfﬁ:'e&ﬁr‘rfir‘ﬂhg%é&:ﬁ%%?e'fﬁiﬁﬁ%nyfbrérﬂ%édt'béheét‘hdsaﬁﬁ%ﬂihd ,

i mge; and performng a surfaCe translation as a function of said equation

to cal cul ate saifdcermadeingrsudaies fefaturea baset anesdic bohg promiteniiriobiedvad

i mages prior togg nt e rahi nggfi rrPt and Sem&‘ tfragsfgrm nodel s. .

Al'though the GESBFS SRUBHORRSITRSHE HMAGECHINelPRATS SCPLNGHAY not be
construed as ljefotrniigy 4 BErfa6&RanSGLIEAASI INPRHGO BT BAl RfualBh ¢ XaRURME GaRD
illustrations of sone of the presently preferred enbodi nents of this

i nveribi on. 30Ttaesidroy modet fonial surtesedp phe drsiteed secandtmagesope of the
present i tion ful ly enconpasses .ot her, enbadi nent.s whi,gh becone

obvi ous t[gdﬁlose slgilﬁ'lﬁbe 'W%@iﬁi%?@ﬁ&@?pﬁ%ﬁtﬁ%%?%l Wr'lﬁl?é art, and
that the scopeofiprisiiy: RixaRRMhgica¢RNNaQR fbSa #ORQHbMEHeNt benbathl da1d sRE by
not hi ng ot her than the appended clains, in which reference to an elenent in

t he singul ar isgrfaee; and &adeenyt pronsagnt'is feunthimtegiplingfiest andlsesongxplicitly
so stated, but _r r_"aon r re. " Al stru al, chemcal, and

5f uncti onal efﬁiﬂngtﬂl}ﬁhwg%% t&?ﬁ%’ﬁeﬁ%%ﬁ?”#’”ﬁ]ﬁﬁgg%love- descri bed preferred
enbogpmenpogdat ar @ek MMAinidyd RYFStrafonaheiHddr of gilibbdiniemt PBewhBteifife

expressly incorporated herein by reference and are intended to be
enconpassed byponkerpmanee isingt mndvbirdwromprising meodelingcistasefeaires,

he present | hpeRt ooread PRy FROR BB YElein B L ReEEisHOMEh o ubfReBt) LT

Furthernore, npagk@ieie fire0aR@REBONd Phag@tdtbp&ferming atdiefaeeareidlation as
di sclosure is intended to be dedicated to the public regardl ess of whether

the el ement, @ofﬂﬁﬁﬁf@h_@f S@iﬁ egbieton te calgulade erisl transforym m,dql é@r 3 pUEfaRe 1 ai ns.
NP o8 1 ST SN b BB BB 8 RS S AR 0Pl
usi ng the phr asedélgeans for."
[0090] Although the description above contains many details, these should not
be construed as limiting the scope of the invention but as merely providing
illustrations of some of the presently preferred embodiments of this invention.
30 Therefore, it will be appreciated that the scope of the present invention fully

encompasses other embodiments which may become obvious to those skilled
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WO 2011/ 143073PCT/ US2011/ 035622 CLAIMS What is clained is: 1. An inage

regi stration system conprising: 5an imagi ng device configured to obtain
first andweeonrd3i7aages of a surface; a sensor comrCirgise@d/oss2nbt ai n
secondary data relating to said first and second irrages a processor; and

t abl e or for: .10c lc ating.a transform
P A 09, e f A Biat T sBhe oF PR mre SR méésaC'aﬂﬁi' 4y & S&condary

dat | at t
ata rel ati nghFrﬁte‘éjgdr%ﬂtﬁ@fﬁ?@gﬁgﬁﬂggéﬁgﬁ%a A, BPRRICAlERGeRte tdTRYC

regi stration betwe i mages as a function of said
t ransf or m nodelemésinAhe ish@mrrieglbttrﬂmdeﬂ\tosmeaeﬁoae anda@anlydné' hurdea$ m 1:

e e Ry 58 T e ol S R o™ AP B L o™
Lfg;:é; 2t ;gzsg%(%t%rrﬁ‘aﬁéquﬁﬁl'eh%dto‘ hedI@hBh& oMh8BVe (diRcABES PrefeRElT | Ses a
embodiment that are known to those of ordinary skill in the art are expressly
incorporated herein by reference and are intended to be encompassed by the
present claims. Moreover, it is not necessary for a device or method to
address each and every problem sought to be solved by the present invention,
10 for it to be encompassed by the present claims. Furthermore, no element,
component, or method step in the present disclosure is intended to be
dedicated to the public regardless of whether the element, component, or
method step is explicitly recited in the claims. No claim element herein is to be
construed under the provisions of 35 U.S.C. 112, sixth paragraph, unless the

15 element is expressly recited using the phrase "means for."
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wherein the secondary data conprises pressure data relating to application
of the inmaging device. 254. An image registration systemas recited in claim
2: wher eiwotzhe/g8e73or conpri ses a bend sensor; and PCRAUSR@EIi10336DE
secondary data conprises bend data relating to application of the inaging
devi ce over a curved surface. 305.An i e W\%i stration systemas recited
in claim3: wherein the sensor furtherngﬂ-rﬁl es a bend sensor; and WO

2011/ 143%@51(};&?@-@@%935622 wherein the secondary data further
conprises bend data relating to application of the imgi ng device over a
curved surface. 6. An inmage registration systemas recited in claim

5, wherein said 5progranm ng.i.s .furthfr confilgure_d for: exam ni ng each
i mage for a bdny pl‘SﬁW\aeqﬁr LR SYSIENsEAPLIPYace; nodel i ng surface

feat uges basednamaMddenny cBhfgaans o‘b@aiﬁ@i@idﬁo@%&d&nﬁ%%g%‘dﬁtai é?Jf?fd‘c‘éE

surfaces imaged in“thHe first and second | nmage; an performng a
sur f ace tr anslaagsensor aontgudreddo iobtainisesandbryqiada relating tasdiddirsit andss¢edbnd
10t ransform nodel for a surface in the first and second i nages. 7.
An i mage "M@8FStration systemas recited in claim6, wherein said
programm ng i g hreckE&dr 6A@figured for: integrating first and second
transform nodel's to obtains said transform nodel .

programming executable on said processor for:

10 calculating a transform model as a function of both the first and second
images and said secondary data relating to said first and second images; and
generating an image registration between the first and second images

as a function of said transform model.

15 2. An image registration system as recited in claim 1:
wherein the surface comprises a patient’s skin; and
wherein the first and second images comprise Sub-Epidermal Moisture (SEM)

data.

20 3. An image registration system as recited in claim 2:
wherein the sensor comprises a pressure sensor; and
wherein the secondary data comprises pressure data relating to application of

the imaging device.

25 4. An image registration system as recited in claim 2:
wherein the sensor comprises a bend sensor; and
wherein the secondary data comprises bend data relating to application of the

imaging device over a curved surface.

30 5. An image registration system as recited in claim 3:

wherein the sensor further comprises a bend sensor; and
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15 8. An image registration systemas recited in claim5, wherein
said progranmng is further configured for: exam ni ng each i mage for
a bony prwoiznant43ieneat h sai d skin surface; and if a bomgTarseotiioaise2 i s
found integrating first and second transform nodels to 20obtain said

transf orm nodel,. registratio em a ited.in. claim

b A herel n T WiesginyngssRpRANYITS e Gl s en e p iy SN a o oA

confi gur f tddmaging device ove@d&Iri8g siHaédice features based on said bony
prom nent to obt ai% a surface 25equation for surfaces imaged in the first

and second i nmage; and performng a surface translation as a function
of said equation tqg cal culate said trgnsformm) or urface.jn the

| f
Pren Sngdaalenn | AdRes Rofetfion DB Aty g o' souBEN SPidhat of

nmodel §g. ’g)%%aﬁﬂnjngqgeuﬁ@i&tnrﬁ Lk opySstem conprising: a processor; and WO
2011/ 143073PCT/ USZ011/ 035622 progranmm ng execut abl e on said processor for:
acqui ring fir sxamicingeashdmiagadesa dony psomirsnd beneathasaid skin suyfadeyi ce;
acquiring secondary data relating to said fjrst and second i nages froma
Sensor:  5cal cd1o3ahg ricaiertres hoted Onsalr bAPRGHNER BRFIAPHSHIRGE and
second | R@@GoRNSH KAfAtes GRAREANY tHEafidt BRY BbLHYd IRag@ighd 1 rst and second

| mges; and generating an inmage registration between the first and second

i mages as a f eciormingod ssdace translefion @srepfieiction of said equation to calculate said

10  transform model for a surface in the first and second images.

7. An image registration system as recited in claim 6, wherein said
programming is further configured for:
integrating first and second transform models to obtains said transform model.
15
8. An image registration system as recited in claim 5, wherein said
programming is further configured for:
examining each image for a bony prominent beneath said skin surface; and
if a bony prominent is found integrating first and second transform models to
20  obtain said transform model.

9. An image registration system as recited in claim 8, wherein if a bony
prominence is not found, said programming is further configured for:
modeling surface features based on said bony prominent to obtain a surface
25  equation for surfaces imaged in the first and second image; and
performing a surface translation as a function of said equation to calculate said
transform model for a surface in the first and second images prior to integrating first

and second transform models.

30 10.  Animage registration system, comprising:

a processor; and
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1011. An image registration systemas recited in claim10: wherein the
surface conprises a patient's skin; and wherein the first and second i nages
conpri se BokoHpi4sE@smal Mi sture (SEM data. 1512. An i na@€TSQI130822 on
systemas recited in claim1l: wherein the sensor conprises a pressure

sensor; and wher ein th econd g dat a QPHDFISES pressure data
relating to ayﬁ)ﬁ?gr@gim@rg o) ia¥ ?Rﬁgﬁaﬁ[y EFPER . 105013. An i mage registration

system as recited ijq Glrﬁ’ﬁgrﬂrétland"’géécﬁidqlrﬁ ST ir 6r‘n5é9r§|n%‘a$ﬁ§'@e§%€5°r

and wherein the secondary data conprises bend tarelating'to
appl i cation of the a@cqayginggedendary cdnjterremtlogrttvedlobmrsfan@seMmmgesrﬁaqa
registration systemas recited in claim13: wherein the sensor further
conprises a béF¥rsor; and wherein the secondary data further

conprises bend dat %arc%'lé’f rg?arwtr‘iafélsm%i&‘rlif\'rhééél'a%‘a‘Flmdt&sﬁ df%@rhﬂ%fﬂ%?bﬁ@s@&@rﬁda
curved surface. 3015. A ge registration systemas recited in claim 14,

wherein said rumegeaandmgud sedandaine datorelatingrtecseid first and second images; and
2011/ 143073PCT/ U82011/0 5622
generating an image registration between the first and second images

as a function of said transform model.

10 11.  Animage registration system as recited in claim 10:
wherein the surface comprises a patient’s skin; and
wherein the first and second images comprise Sub-Epidermal Moisture (SEM)

data.

15 12.  Animage registration system as recited in claim 11:
wherein the sensor comprises a pressure sensor; and
wherein the secondary data comprises pressure data relating to application of

the imaging device.

20 13.  Animage registration system as recited in claim 11:
wherein the sensor comprises a bend sensor; and
wherein the secondary data comprises bend data relating to application of the

imaging device over a curved surface.

25 14.  Animage registration system as recited in claim 13:
wherein the sensor further comprises a bend sensor; and
wherein the secondary data further comprises bend data relating to application

of the imaging device over a curved surface.

30 15.  Animage registration system as recited in claim 14, wherein said

programming is further configured for:
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exam ni ng each image for a bony prom nent beneath said skin surface;

nodel i ng surface features based on said bony prom nent to obtain a surface
equat i on wonosumBEses i maged in the first and second i mege/USand/035622
perform ng a surface translation as a function of said equation to

calcul ate said 5 transf mrmd in the first and second

f
Cmmges. - SxaginiAd saradueBegSe BRrY GROBYE EheRealiceie SAIn SHTEC m 15,
wherei n Sai d phoIANTEMhcETodikédBEsEOEh A Bh BiomihBhERI Btk Shifate and

second transform nodels to obtain said trans
i mage reggsatian if@’rstgﬁﬁ@eerinnagedemtheeﬁrst andlsacomd@agﬁe&r@l n said pr ogr amm ng
is further configured rom

Ler ]
bencat h oni 4 GErBToNG &euitacs rans BEOR gay prchsh ol Faned-BlaR oty RhEr "

Fi rst sandrp@fRRImotRNr & SUrfREah $hé ‘ﬂrsje%%t@c%d%bgeéf ansf orm nodel .
18. An image registration systemas recited in clarm17, wherein if a bony

prom nence i s not found said programming is further confl gured for:

nodel i ng surfagce f ures based .on sai d baon ent .to tain a surface
Soequat Lon 1 orour At BEga R At Reve g Aoreales ELBMY 1 Prgeieh o

perform rwo@a%fn@qgf@ﬁ@é}sd@ﬁlpgfboaﬁ)ra function of said equation to

cal culate said transformnodel” for a surface in the first and second i nages
prior to intedntagratggffirsisancaeicarstivanisiorm méds!snorodiEis saigd31msiorm magke!.

regi shr ation nmethod, conpri sing: acquiring first and second i mages of a
surf dle using an imaging device; acquiring secondary data relating to said

first and secamd | nRORsadeSidiistratRPNSRlem as recited in clih 44! @hbRdn %aFdr ansform
nodel as a function of boththe first and second 30i rages and said

secondar yregreamigigas ifughercasdigdred 1051 and second i mages; and generating an

I mage registr aetx'a(r)nrllnlgstevé%ﬁ |mta58 fg} 5%ton§;}?)orlor%?nceon?%enea C5hid 3k surface; and

if a bony prominent is found integrating first and second transform models to

15  obtains said transform model.

18.  Animage registration system as recited in claim 17, wherein if a bony
prominence is not found, said programming is further configured for:
modeling surface features based on said bony prominent to obtain a surface
20  equation for surfaces imaged in the first and second image; and
performing a surface translation as a function of said equation to calculate said
transform model for a surface in the first and second images prior to integrating first

and second transform models.

25 19.  Animage registration method, comprising:
acquiring first and second images of a surface using an imaging device;
acquiring secondary data relating to said first and second images using a
sensor;
calculating a transform model as a function of both the first and second
30 images and said secondary data relating to said first and second images; and

generating an image registration between the first and second images as a
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WO 2011/ 143073PCT/ US2011/ 035622 function of said transformnodel. 20. An
I mge registration nethod as recited in claim19: wherein the surface
conpri seswa 2pati4a0m8' s skin; and S5wherein the first and ®etarsdolileises
conpri se Sub-Epi dermal Misture (SEM data. 21. An image registration

met hod az%%émted n, clai m 20: erein the sensor conprises a pressure

sensor; g s Hﬁ‘%@@éﬁ%ﬂ ary data conprises pressure data rel ating

to application of the inaging device. 22. An image registration nmethod as
recited in claim20: wherein the sensor conprises a bend sensor; and
15wherein the Eecomaimgmﬂ@isimmnimemokiemﬂrmﬁedim elagnit®y to application of
t he i magi ng devi ce. }é u\;Ia_,\lﬁcurved sur mage regi stration nethod

as recited in ISPt 8?&9%%&85%%%”%{5&% deonpri ses a bend sensor:

and 5 wherein the first and second images comprise Sub-Epidermal Moisture (SEM)
data.

21.  Animage registration method as recited in claim 20:
wherein the sensor comprises a pressure sensor; and
10 wherein the secondary data comprises pressure data relating to application of

the imaging device.

22.  Animage registration method as recited in claim 20:
wherein the sensor comprises a bend sensor; and
15 wherein the secondary data comprises bend data relating to application of the

imaging device over a curved surface.

23. Animage registration method as recited in claim 22:
wherein the sensor further comprises a bend sensor; and
20 wherein the secondary data further comprises bend data relating to application

of the imaging device over a curved surface.

24.  An image registration method as recited in claim 23, further comprising:
examining each image for a bony prominent beneath said skin surface;
25 modeling surface features based on said bony prominent to obtain a surface
equation for surfaces imaged in the first and second image; and
performing a surface translation as a function of said equation to calculate said

transform model for a surface in the first and second images.

30 25.  An image registration method as recited in claim 25, further comprising:

examining each image for a bony prominent beneath said skin surface; and
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20wherein the secondary data further conprises bend data relating to
application of the inmaging device over a curved surface. 24. An inmage
regi stratworonembayd as recited in claim23, further conpCITAiSag1/0856ai ni ng
each imge for a bony prom nent beneath said skin surface; 25nodeling

surface featur s, based on s nent to, obt ai urface at| on
or surf aces. AB8AY PPTTRET I GHNG MIBIRLBRATF g Sen ranSIOmR Eraasina
surface tdb?é]ﬁ's%?d fansSrA rhoditi on of said equation to calculate said
transformnodel for a surface in the first and second i mages. 3025. An inage

regi stration net hod as recited in claim?25, further conprising: exam ning
each imge for,.a b rom ne t benea {hg)dsald kin sutf

. and V
2011/ 143073PCRBUS20Y igistration Method 2 (CRed i H@H?a%e%‘ﬁ'ﬂ\/ﬁﬁp@a}’ati ng

first saneh soaRMetis ﬁ@ﬁdg,rn@ fmg%lr%ohg)r%mgal n said transform nodel. 26. An
i mage registration nethod as recited inclaim25, wherein if a bony

5prom nence i @wdnllngmm@,ceﬁeawm basmbon saithbony promlned’eﬂq oljaia badace
f eat ures bas on s%& \é gr @_t to obtald a surfadce equation for
sur f aces SWd %'31 qrnsu[ epiimaged iy e shand vegend fpage performng a
surface translaioRRikpa %uﬁﬁe‘?@ﬁrbﬁ@la%n %@'éjfu‘ﬁ%t»i@rﬁ bPQaH%cﬁ%h@H't@bﬁloﬁPdt@ said
transformnodel for a surface in the first and second inmages prior to

i nt egr at itregsfarmsmode! @ surtemedn tthefiest @nch sesdat dmages prior to integrating first
10  and second transform models.
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