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The Practical Applications of lIIF Project Presents:

A Seminar on Image Registration

Agenda:

e Welcome

e Brief introductions to each of
our speakers and their work

e Discussion

Topics for Discussion:

Why do we want to register
images?

How should we go about image
registration? And how good is
‘sood enough’?

How would we like to accomplish
image registration in the future?
Is there a place for IlIF in these
workflows?
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Andrew Bruce
Photographer at the National Gallery




Image Registration Processes

* Mosaicking (Registering image to image to create a larger composite image).
Of visible light and X-radiography images.

* Aim is to image every painting with a spatial resolution of 600ppi (42.3um).

* Producing 2 to 3 mosaicked images per week.
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Titian, The Death of Actaeon. NG6420



Imaging at high spatial resolution for mosacking and
focus stacking

600ppi Tile 1200ppi Tile Focus-Stacked Photomacrograph
Hasselblad H5D 200MS, H 120mm mkll macro lens Hasselblad H5D 200MS, H 120mm mkll macro lens Canon 5D marklV, MP-E 65mm lens
Sensor Dims: 8176 x 6132px Sensor Dims: 8176 x 6132px Sensor Dims: 6720 x 4480px
Capture Area: 346 x 259mm Capture Area: 173 x 129mm Capture Area: 7.54 x 5.03mm

600 Pixels per inch 1200 Pixels per inch 22638 Pixels per inch

1px = 42.333um lpx =21.166um 1px =1.122um

1mm = 23.6px 1mm =47.24px 1mm = 891.25px

=== =5mm



Precise imaging for precise registration

e Uniform and repeatable illumination, no matter the
radiation source. Flat-field correct for uniformity.

* Whether the imaging device is stationary, and the /
painting is moving, or only the imaging device is moving ‘
and whether it is panning or tracking. Whether the
radiation source is stationary or moving. These factors
will influence the processing of the images and
subsequent registration.

* Work with long focal length flat field lenses to
minimising geometric distortion (Or a longer SID in X-
radiography) and correct for distortion.

e Use lenses optimised for the magnification range you
are capturing.

* Procedures for precise and repeatable alignment of the
imaging device and painting.




How?

Very manually...

Using PT Gui for mosaicking.

Superb software; very fast, very automated, very stable, easy to use, logical Ul, multiband blending, smart seam placement, Lanczos16 interpolation, colour managed.

But is designed for spherical panoramas and does not by default register images with the level of precision that we require.

Registration in PT Gui is accomplished through automated image to image feature identification — the offshoot of this process is that any errors in registration are cumulative,
for paintings with significant warping (not perfectly flat surface) the resulting image suffers from geometric distortion due to the change in distance from the surface of the

painting to the imaging device and resultant change of magnification.

= Align to Grid - X

Grid Shooting configuration
Apply to: ¥ all images Order: | By row v
g [ oo [ —_—
= — Direction: | Unidirectional v | el
Grid: |6 | rowsx |4 | columns | Preset 1
o el s Start at: ‘ Top left |
Horizontal axis Vertical axis
¥ Center horizontally ¥ Center vertically
o spwetty [ S
X Spacing:
Spacing: ® Overlapof [20% | ® Overlapof [20% |

() Stretch to a 360° panorama
Orientation
Roll angle Do not change
Setto |0°
P
¥ Adjust panorama field of view and projection to fit the panorama

[ wee | ey |

Align to grid feature in PT Gui

NG5787 details. 4.2GB 26176x29216px

. . Distortion
" (Before/After)

NG1314 detail. 31.8GB 106654x105532px



X-radiography parallax

Parallax issues with registering X-radiography caused by
beam divergence.

Mosaicking transmission X-radiographs so that all features
register perfectly is impossible unless the source remains
stationary throughout the capture process. This is often
not practical or possible.

A large enough source to image distance is required so
that the angle of beam divergence is kept as small as
practically possible.

Some misalignment is inevitable, so software which
places seams at points where there is minimal difference
(so the resulting composite image at least doesn't have
any visually jarring areas of misalignment).

NG253. Detail showing area of overlap from
two X-radiographs.



How do we assess and express the precision with
which images are registered?

* Confidence Heatmap within Agisoft Metashape (Photogrammetry Orthomosaic).

* Average, minimum and maximum pixel distance between control points in PT Gui.

e A script from Digital Transitions that produces a JPEG to aid visual inspection of composite image files made in
Photoshop.

erage control point distance: 0.948377
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Approaches to the mosaicking and registration of images and
spectroscopic imaging data at the National Gallery

Catherine Higgitt / Nathan Daly / Marta Melchiorre (Scientific)

Practical applications of IlIF as a building block towards a digital National Collection: Seminar on Image Registration 26/7/2021



Image modalities

— Visible light (incl. UV induced) at various

magnifications . B % L

— Infrared reflectrography t TN y -
— X-radiography A L4 : Qa’ By &
— 3D imaging | o ) < I SO
— MA-XRF scanning '

— Reflectance/Hyperspectral imaging
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MA-XRF SCANNING REFLECTANCE/HYPERSPECTRAL IMAGING ’ e

3D IMAGING (surface texture mapping)



Engaging with the registered images

— Those generating the technical images often using overlays in Photoshop or GIMP — very
large files, not everyone can handle these and not good for external sharing

— Interested in
alternatives for use within
and outside the Gallery
e.g. side-by-side viewer;
curtain viewer

— With spectroscopic
imaging techniques,
ideally would be able to
register entire data cubes
for further spectral
investigation

NATIONAL
GALLERY

National Gallery: Registered Images
s . s jes currentl

NG1473: Francisco de Goya, DoAxa Isabel de Porcel, before 1805, Oil on canvas, (82 x 54.6 cm)
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Difficulties

— Paintings are 3D objects — not entirely flat, signal in
different modalities could be from different layers or
components thereof

— Multi-modality challenges — difference in intrinsic
distortions, signal type, resolution

— Mosaicking & registration challenges — error propagation,
overlap regions

— Most registration approaches are feature-based, which
can be challenged by multi-modal datacubes

— Other difficulties — datacube size/processing power,
documentation of methods

Varnish
Glaze

~ Paint layers

Sketch
Ground layer(s)

Size

Support

Alfeld & Broekaert, 2013
10.1016/j.sab.2013.07.009
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https://doi.org/10.1016/j.sab.2013.07.009

Other difficulties

— How to deal with the regions of overlap?

— How to balance sub-images or sub-datacubes when combining?
— File sizes (and formats in some cases)

— Computing power requirements

— How to record information about image or datacube processing including
mosaicking/registration steps and how to associate image sets etc.

— Need to register/mosaic images by different means or against different target images
depending on intended use of the images, etc.
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THE

Multimodal image registration of Old Masters Paintings NATIONAL Imperial College
GALLERY London

Maria Eugenia Villafane — Collaborative Doctoral Partnership PhD research project
Supervised by Prof. Pier Luigi Dragotti (Imperial College London) and Dr. Catherine Higgitt (The National Gallery)



Multimodal image registration of Old Masters Paintings

1. Introduction

XRF DATACUBES TO REGISTER

do4

AREAS SCANNED

FIXED IMAGE size =

d02 =941 x 959
d03=1289x 391 -
d08=411 x 966
d09.= 596 x 967
d10=710x 832
d13=148x 963
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London

DATACUBES AT FINAL LOCATION WITHIN VISIBLE IMAGE OF THE PAINTING
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NG6420 Titian - Death of Actaeon. Ensemble of registered XRF
images showing (inverted) presence of Fe-Ka within the painting.



Multimodal image registration of Old Masters Paintings

3. XRF Datacube = Selection of elemental maps
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Selection of elemental maps

(Slices from Datacube = Stack of images
aligned by construction)

Imperial College
London



THE

Multimodal image registration of Old Masters Paintings TETIONEL Nkt

3. XRF Datacube = Selection of elemental maps
Feature detection + descriptors




THE

Multimodal image registration of Old Masters Paintings TETIONEL Nkt

3. XRF Datacube = Selection of elemental maps

Feature detection + descriptors
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THE

Multimodal image registration of Old Masters Paintings TETIONEL Nkt

3. XRF Datacube = Selection of elemental maps

g

Mutual information as a metric for alignment




THE

Multimodal image registration of Old Masters Paintings TETIONEL Nkt

3. XRF Datacube = Selection of elemental maps

Mutual information as a metric for alignment J

“SimpleElastix”: developed for the medical imaging sector, supports registration based on various transform models
(rigid, affine, nonrigid), similarity measures (e.g., mutual information) and optimisation methods (e.g exhaustive search)
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4. “SEARCHES” at increased resolution

— Registration of XRF Datacube

=

P 4



THE

. . . : 7 ? NATIONAL Imperial College
Multimodal image registration of Old Masters Paintings el o

4. “SEARCHES” at increased resolution

— Registration of XRF Datacube

v
} “Search” Best Transformation for each image (elemental map)
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Multimodal image registration of Old Masters Paintings

4. “SEARCHES” at increased resolution

SEARCH 1

SEARCH 2

SEARCH 3
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. . . . ) ) NATIONAL Imperial College
Multimodal image registration of Old Masters Paintings GALLERY London

Thank you for your attention

Maria Eugenia Villafane — Collaborative Doctoral Partnership PhD research project
Supervised by Prof. Pier Luigi Dragotti (Imperial College London) and Dr. Catherine Higgitt (The National Gallery)
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Luca Carini

https://vanda.github.io/vam-
talks/presentations/2021/tanc-
registrations.html



https://vanda.github.io/vam-talks/presentations/2021/tanc-registrations.html
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THE GEORGE WASHINGTON UNIVERSITY

SCHOOL OF ENGINEERING

AND APPLIED SCIENCE

Software Tool for Automatic Registration and
Mosaicking of Conservation Images

Damon M. Conover!, John K. Delaney!?, Murray H. Loew?

1 George Washington University, Department of Electrical
and Computer Engineering, Washington, D.C.
2 National Gallery of Art, Department of Scientific
Research, Washington, D.C.

15 May 2013

John K Delaney, Senior Imaging Scientist
National Gallery of Art



Image Processing Tools For Paintings & Works On Paper

Image Mosaic & Registration Open Sourcre Software Tools

Conover et al.
Applied Physics
A 119, no. 4
(2015), 1567—-
1575.

Developed in MatLab, Complied and runs on PC or Mac
For: Multispectral IRR, X-radiograph, Hyperspectral, XRF Maps

Uses a reference image to automatically reregister & mosaic images
Current used by conservators and scientists at 6 museums

Art Registration Tool Results

Final disparity: 0
r of feature point pairs: 153
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Color Reference Image

Giovanni di Paolo, The Adoration of the Magi, (c. 1450), Andrew W. Mellon Collection



Detail Color




X-ray Image Detall




Detail MS-IRR

Giovanni di Paolo, The Adoration of the Magi, (c. 1450), Andrew W. Mellon Collection



Detail Color




Mosaic Hyperspectral Cubes

Collection of 4 to 100 images cubes registered to color image for mosaic
— Corrected for scan mirror distortion using 4" order cube

Scan-mirror distortion
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P. Gauguin's “Brittany Landscape ”, (1888)
Chester Dale Collection

12 image cubes collected

640x640 by 256 bands




P. Gauguin's “Brittany Landscape ”, (1888)

Conservator: C. Christensen Chester Dale Collection



HS-IRR — False Color (1100, 1350, 1650 nm)
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Practical IlIF Project
Seminar on Image Registration

Adam Gibson
UCL Institute of Sustainable Heritage
UCL Medical Physics & Biomedical Engineering
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Silverpoint drawing by Leonardo da
Vinci

Jones C, Donnithorne A, Terras M, &
Gibson AP. (2018). Leonardo brought to
Light: Multispectral Imaging of Drawings
by Leonardo da Vinci. STEM for Britain
2018, UK Parliament, Westminster,
London, UK, 12 March 2018.


http://doi.org/10.5281/zenodo.1208430

15" Century drawings of Aldermen of City of London, held by
London Metropolitan Archives

Jones C, Christens-Barry WA, Terras M, Toth MB, Gibson AP
(2019) Affine registration of multispectral images of historical
documents for optimized feature recovery. Digital Scholarship in
the Humanities, fqz054,


https://doi.org/10.1093/llc/fqz054

Further reading

Heritage imaging
+ Jones C, Duffy C, Gibson AP & Terras M. (2020). Understanding Multispectral Imaging of Cultural Heritage: Determining
Best Practice in MSI Analysis of Historical Artefacts. Journal of Cultural Heritage.

« Jones C, Christens-Barry WA, Terras M, Toth MB, Gibson AP (2019) Affine registration of multispectral images of
historical documents for optimized feature recovery. Digital Scholarship in the Humanities, fqz054,

« Jones C, Donnithorne A, Terras M, & Gibson AP. (2018). Leonardo brought to Light: Multispectral Imaging of Drawings
by Leonardo da Vinci. STEM for Britain 2018, UK Parliament, Westminster, London, UK, 12 March 2018.

+ Giacometti, A., Terras, M. M., Campagnolo, A., Macdonald, L., Mahony, S., Robson, S., . .. Gibson AP (2015). The
Value of Critical Destruction: Evaluating Multispectral Image Processing Methods for the Analysis of Primary Historical
Texts. Digital Scholarship in the Humanities 32(1) p101-122.

Medical imaging

» Fitzgerald A, Tie X, Hackman M, Cense B., Gibson AP & Wallace, V. (2020). Co-registered combined OCT and THz
imaging to extract depth and refractive index of a tissue-equivalent test object. Biomedical Optics Express. 11(3) pp.
1417-1431

*  Proverbio, A., Siow, B.M., Lythgoe, M.F., Alexander, D.C. and Gibson AP, 2014. Multimodality characterization of
microstructure by the combination of diffusion NMR and time-domain diffuse optical data. Phys. Med. Biol, 59(11),
p.2639.


https://doi.org/10.1016/j.culher.2020.03.004
https://doi.org/10.1093/llc/fqz054
http://doi.org/10.5281/zenodo.1208430
doi:10.1093/llc/fqv036
https://doi:10.1364/boe.378506
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Practical IlIF Project
Seminar on Image Registration

Charlie Willard
UCL Institute of Sustainable Heritage
UCL Medical Physics & Biomedical Engineering



© Guildhall Art Gallery, City of London Corporation
© The Trustees of the British Museum

E. Poynter - Israel in Egypt

Willard, C., A. Gibson, and N. Wade.
"High-resolution visible and infrared
Imaging for large paintings: a case study
of Israel in Egypt by Poynter." Optics for
arts, architecture, and archaeology VII.
Vol. 11058. International Society for
Optics and Photonics, 2019.
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Imperial College John Cupitt, BioMedIA, Department of Computing
London TANC Image Registration Seminar 2021

1990 — 2005, The National Gallery, London
libvips, Colour calibration, Multispectral imaging, Infrared, X-ray, etc.
2005 — 2021, Imperial College, London

Proteomics, Pulmonary PET-CT, Neonatal MRI
CHARISMA, IlIF pyramid generation

https://github.com/jcupitt/libvips
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The Visual Geometry Group’s Image Comparator

Practical Applications of IlIF Image Registration Seminar
30th July 2021

Giles Bergel
University of Oxford



Visual Geometry
VGG Group
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Image Comparator (IMCOMP) Q®O

Shrinivasan Sankar, Abhishek Dutta and Andrew Zisserman

Overview

Image Comparator (or, IMCOMP) is a web application to automatically compare a pair of images using geometric and photometric transformations. It is an open

source project maintained by the Visual Geometry Group.

Here are some features of IMCOMP:

available as an online tool that can be accessed from any modern web browser

o alarge number of visualizations are available to help users spot the difference between two images

Supports photometric transformation to compensate for colour differences between two images

Supports different types of geometric transformations (e.g. similarity, affine, thin-plate spline, etc.) to enable comparison of images containing many types of

deformations.

Results can be saved as an image.

Online Application

Click here to load the IMCOMP online tool

http://www.robots.ox.ac.uk/~vgg/software/imcomp/



http://www.robots.ox.ac.uk/~vgg/software/imcomp/
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Foele, Can'teell how ;afmk.smhn his (hell?

bue I can tell why a Snaile ha's

‘shead in,notto giueitaway co his
shiormes withou 2 caf

s are gone about 'em:
1 feuen,is a pretey rea

s would'ftmake s goo.

¢ perfarce; Manftesdngracicude !
y Foole Nunckle, 11'd haue thee
be ibefore thy time.

Thou fhould noc haue bin old, till chou bad(t

, not mad (weee Heauen »
et 1 would notbemad,, How now sre

yLord,
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Fool,Shethat'sa Maid now plisas departare,
She 1, ., g
oot be a Maid long, vn«ife things be cue fliorcer.
& xeume

us Sectundus. ScenaPrima.

[
[
Enter Buflard and Coran fowerally,
Rafi. Sauethee Curan,

Cur, And yoor Sir,1}
/ithyour Father

Will behete s
Baf?. How com
Cur, Nay 1 kno

brosd,lmeane ¢

{ Thacthe Duke of Corswai,and Ducheffe J
[

ou haue heard ofthe newes s
t'd ooes, fortheyare yetbut

2 pra
(or. Haveyou

Wirres towacd,
*Twixtthe Dukes of Cer

Aibemy?

) Exit,
i, 7T

¢ The betrer beft,
This weaues it forcein y bufinefle,
My Fathe | ske my Brothes,

fa queazie queftion
¢ J Fortune worke
.
16y,
this place,
uare hid;

of thenight,

¢ Dake of Albany 2

‘rnotaword,

ather comming,pardon me:
1t Jeaw my Sword vpoa you

1e to defend your felfe,

ome before my Facher,lighthoabere,

jrother, Torches, Torches, (o faxewell,

FExit Edger.
) me. would beget opinion

ur. Jhaue feenc drunkards
; Father, Father,

Enter Glofier nd Sernants with Torches,

Gle. Now Ednmnd where's the villaine?

Baft. Here food he in the dark bis fharpe Sword eut,
Mun ub‘u of wicked charmes,coniuring the Moone
To ftand aufpicious Mifris,

le. Bat rets bed
Looke Sir,] bleed.
. Whereis the villaine, Edawnd ?
£eft. Fled this way Sir,when by no mesnes he could,
Pucfie him,bo-go after, By no mesnes,whae?

Eqff, Pecfwade me o the marcher of your Lordihip,
Buc|
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And hlﬂenyour returne; nn,no,m) [md
This milkyl pendeneffe,and courfe of yours
Though I condemne not,yet yader pardon
Your are much mare at task for want of wifedome,
Then prar'sd for harmefall mildnedle,

Alb. How farte yout cies may piesce T cannot ell
S'nvm" to better, oft we marre what's wells
. Nay then
Ab, Wellwellthe'vent. Exexnt

Scena Quinta.

Ebrer Lear, Kot Gentleman xd Fosle,

Leer. Go youbefore:to Glaffer with thefe Lectersy
my Daughter nofunhzr with any thing you
10, then comen from her demand oue of the Leiter,
ifyour Dilligence be notfpecdy, 1 (hall be theve afore

you.
Kent, Twilinot fleepe my Lord, till Thave delivered
your Letter. Exar,

Feole. 1Famans draines werein's heeles, wertnotin
danger of kybes?

Lear.'1 Boy-

F ThenI prythes be merry, thywic fhalinot go

flip-fhod,

Lear. Hababa,

Fool. nlr fee thy other Daughter will vlftlugc‘um'
lv,lor though fhie'sos like this, asa Crabbe'd'likean
Apple,yet1canc

Lear: Whar can't (:f\ Boy ?

Fesle; Shewill tafte s like this 3, sCrabbedo's toa
Crab : thon canli tell why ones nofe ffands {"dh'middie
on’s face?

Lear. No. =

Foele, Whytokespe o es of cithet fide ’s nofe,
that what a maa cannot fmell out,he may fpy into,

Zear, 1did ber wron

Foole. Can'ftecllhow aa Oyficrmakes his (hell?

Lear. No.

Foele, Nor I neither; but I can tell why a Snaile ha's
a houfe.

Lear, Why?

Wiy 'to put'sliead fn,notto glueiraway to his
ughters,s0d lesac his hornes wichout 2 ¢

Lear vw'}lu gerniy Notre, fo kind aFather {Be
my Horfles res

Foole. Thy s are gone about "em; the reafon why
the feven Stacces sre no mo chen feuen,is 3 pretey reafon,

Foole, ou would Ihm‘u a good Foole.
Leer. ¢ perfored; Monfierlogratirude !
Foole. eremy Foole Nunckie, 11'd have thee

efore thy time.

Leer, How'’s chat?
Feole, Thoufhouldft not heve bin oldjtill thou hadft
bin wife.

Gent, llrnn n‘\'l ord,
Lear. Couwe Boy.

Ful, She chat'sa Maid now,& laughs at my deparure,
Shall noc bea Maid loog, volefle chings be cut fhorter,
Exeime,

Aelus Secundus. Scena Prima.

Enter Baft ard gwd Covan fenerally,

Taft, Sauethee Curam,

Cwr. And yourSir,1 haus bin
With your Father,and giuen him notice
That the Duke of Cormwaf,and Regan his Duchefle
Will bebere with him this night.
. How comes that?

Cwr. Nay 1 know not, you haue heard of the newes a-
broad,] meanc the whifper'd ones, fortheyare yecbue
eur ifing arguments.

o likely Warres toward,
and A

<. Notaword,
Cur. Youmay dothenin time,

Exis,
¢ behere conighs 2 The beteer beft,
f y bufinefle,
| My Father ! my Brothes,

nd nig of a queazie queftion
fenefia,and Fortune worke,
Evter [;nv,ﬂ

E'IU("" (1 -'-cm,L f:m».,hwzh:ylhv
| MyFs O Sir fiy this place,
Tosell where yousce hid;

e now the good aduantage of thenight
Haucyou ot fpoken ‘gainft the Duke of Cor, ewall?
Hee's comming hither,now i'th’ night,i'th’ hafte,
And Regen with him have y nuno(l.mg faid

s partie 'gainlt the Dake of Aibany 2

our f¢
I am fare on’t,00t 3 word.

1 heate my Father comming,pardon me;
ning,lmuft draw my Sword vpon you:

| Draw,fecme to defend your feife,

| Now quic you well,

| Yeeld,come beforemy Father,light hoa,here,

Fly Brother, Torches, lurwc:,’omcwdl

Youoh:

Exit Edgar,
Some blood drawne an me.would beget opinion
Of my more fierce endeauour, Thaue feene drunkards
Do more thenthis ia (pors; Father,Father,
Stop,fop,ae helpe?

Entor Glofter gnd Sernants wish Terchas,

Gls. Now Edmuwd ,whete's the villaine?
Baft. Here flood he in the dark,his fharpe Sword out,
Mumbling of wicked charmes,coniusing the Mooae
To fland :l.fpmmu Mifiris,

Glo. But whereis het
Looke Sir,] bleed,
Gla, \Vhevtu(henllnnc,ilt-md?
Baft. Fled this way Sirywhen by no meanes be could.
Gls. Purfue him,bo:go after, By no meanes,what?
Baff, Perfwade me to the murther of your Loy(.m“p‘,

3ainf
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‘ And haftea yous returne; no,ne,my Lord,
{ This milky gentlenelfe, and courfe of yours
Though Icondemne not,yet vindes pardon
Yous are much more st task for wang of wiledome,
Thea peai'sd for harmefull mildne(Te,
Alb. How faree your cies may pncrcc 1 cunnoe tell;
Striving to beser, oft wemarre what s wells
Gy Nay then
Alb, Well,wellthe'uent, Exewni

Scena Qujnm.

Enter Lear, Kent Gentichuanand Focle,

Lear. Go youbefore to Gloffer with thefe Leters;
acquaine my Daugheer no fusther with any thing you
know, then comes from her demand out of the Letter,
ifyour Dilligence be not fpecdy, 1Mall betheie afore

you.
Kent, Twillnot lecpe my Lord, till 1 have deliuered

your Letter, Exit,
Foole. 13 mans braines werein's heeles, wercnotin
dangerofkybes ?
Lear, 1 Boy.
. Fu«. Theal prythee be merry, thy wic Mall ot go
ip-Mod.

Lear. H:,ha,lu.

Fool, Shale fee thy other Davghrer will vie thee kind-
ly, forchongh (he's as like this, asa Crabbe's likean
Apple,yee ] cantell whae Ican eell,

Lear. \What con'lieell Boy ?

Foole, She willtalle as likethis as, a Crabbe do’s toa
Crab ; thou canft el why onies nofe Rands 1'th'middie
on'sface?

Lear. No,

Foolr, Whytokeepe ones eyes of either ﬁdc s nofe,
thatwhit a man cannot fmcllout,he may fpy into.

Lear, 1did her wrong,

Foele, Can'tteell how an Oyftermakes his (hell?

Lear. No,

Foole. Nor I neither; buc I can tell swhy a Snaile ha's
3 houfe.

Lear. Why?

Fuole. ery taput'shead in,notto giue icaway co his
daughrers,aod Jeaue his homes without a cafe.

Lewr. Twilk forget my Nature, {o kind a Facher {Be
my Horfles ready 2

Feale. Thy AfTes are gene about "em;the reafon why
the feuen Starres aré no wo thien feuen,is a pretey realon,

Lew. Begsale they are not cight.

Fesle, Vet indeed,thou would'ftmake s good Foole.

Lewr. Togak’s againe perforee; Maonfterdngracicade !

Feole. 1 chou were my Foole Nunckle, 11'd haue thee
bearen for being old before thy time.

Leer, How's that?

Fesle, Thou thouldf not haue bm old, till thou badft
bin wile. ¢ 44

Lear. Oleemenstbe m:d, not mad fweee Heaven »
keepzme o teaperyd would not be mad, How now are
the Horfes ceady ¢,

Gest. ReadymwyLord.

Lur. Come Boys 3ot A

| aa

Fool, She that's a Maid now, ¢ laughs as. my dcylme
| ﬁhxlluubu“ndlong,vn ﬂnhmgnbuu:ﬂxm |

Addus Secundus. ScenaPrima,

Enter Buflard aed

Paff, Sauethee
Cur. And yoor
Withyour Father,
That the Duke of
Will behere with
B, How come |
Cour, Nay 1 know
broad,Imeancthe 1 -
esr‘-‘nﬂ‘-ng Irgums
Buft, Notk:
(ar. Havey
*Twixtthe Dokes
Bafi. Notawo
Cur. Youmay
Fare you well Sie,
Ball, TheDu
This weaues it felfe
My Father hath fec
And 1 haue one thi
Which Imuft a&,

Brother, » word, ¢

And Regan wich hi
Vpon his partie
Adwife your felfe,
Edg. 1am forcor
Baff. Vheatemy
In cunning, Lnnft de -
Draw,fecme co defec
Now quic you well,
Yeeld,come beforer
Fly Brother, Torches

Some blood drawne -
Of my more fierce et
Do mote then this inf
Stop,ftop,ao helpe

Ester Glofir b Te

Gle. Now Ednmd wheres the villaine?
'Ba . Here flood he in undnk.hhﬂm‘:ﬁndut.
Mumbling of wicked charmes,coniuring
To ftand aufpicions Miftris,
? . Batwhereis he?

4. Looke Sir,1 bleed.
Glo. Whereis thevi
2aft. Fled this way Sir,when by no mesnes he could,
Glo, Purfiehinybosgoafter, B mmﬁhﬂ
Baff, Petfwade meo the of your l.onﬂp.

wemarre what's

rpes s
.dzmﬂnf-m oudumypi«e;&mnl;

a- N., .__.-.V. P ]
Alb, Wellywellthe'uent.  Exexmt

ool She chat's s Maid now, &
ﬂhﬂmhawubog.vﬂe&chnphmmm

yours

now g lnughs st my deparare,

b Imndlmdnwulgn‘ oou,fenluy-:yn

hlm‘: m-“ﬁ?ﬂh L.“ 'whatarethey ?

ir fly
Youhzue the otage of | i
H?mym::'fpé?:*ﬁdf of Cernewall? |
o ; - And Regen with him,have yz 2l
e e A
muft 3 Sword
6‘3”‘""',:.*»_;',:{% i
~ mm"“”"hfm-;m-mm
A
G mummn., obreremager l‘d!aﬁ:bn et
oo e the rea do more sia fpors; 7
M"*’W vhe, 4 &3 6 &
k‘,thnm:&hdﬁ l'oolc.~ mmﬂmmrm
g Nowihll. é"illdal* i
. Here food e 1o e dark sty Josk)
!’Ta.; F eiched chhsmeseoniaciog e Mooee
el 7 uquni O e !
Lear. ohtmnthd,ut-‘ﬁl‘aﬂenmn . Looke .IM' . }
M-uh-mﬂnmm' Glo,

WMUWC-M.
. Sauethee Curan,
Car. And your Sir,1 haus bin L
‘With your Father, him

Will behere
34 How comes that? o
N!ylhawnu,yuhwhuluﬁh n-weu-

nohm,mevmd.
*Twi che

Car. Yon-ydothnhdnq
L. The Dike bebere i Thebeter bef
'+ TheDuke © i3
This weaues it felfe bufinefle,

or- 32 543 wter Edgar.
Brother, 8 word, difcends Brother 1 fay, A
My Father wazches: O Sir fly this place,

ﬁ l hnolll.
z m'“""s".h byu-u-a

aff. Perfwade meto the | G:M
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