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“la Grande Jatte”, Georges Seurat (1884)
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“The Sower”, Vincent Van Gogh(1888)
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The Halftone Process (invented in 1852, credited to William Henry Fox Talbot)

Four-Color Halftone Letterpress Images

Figure 21a Microscopic

In theory, all colors should be printable using just a combination of yellow, magenta, and cyan
inks. Early experimentation with different types of three-color printing led to the realization that
the optical properties of real color pigments used for color photomechanical printing did not
produce a good black color. Even the best three-color printed images lack the contrast and color
saturation of the color photograph being reproduced. That was the reason for adding a fourth
color, black (K, meaning key)—usually but not always overprinting—to the standard printing
using cyan (C), magenta (M), and yellow (Y) halftone separation negatives (fig. 20). This was
similar to today’s high-performance color inkjet printers that also use the CMYK color system

and sometimes add pigmented inks to produce perfect prints.

The microscopic details of ﬁgurc 20 recorded at different magnifications (figs. 21a-21c) show
superposition of all four color print layers (CMYK).
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https://lwww.getty.edu/conservation/publications_resources/pdf_publications/pdf/atlas_halftone.pdf



4 Color Halftone Process (Mountain States Lithographing LLC)

https://www.mslwyo.com/color-printing-process/




Roy Lichtenstein, Pop Artist (1964)

) YOU TOO..

https://www.moma.org/artists/3542#works



“Perpetual Photos”, Allan McCollum (1989) Chemical-Based Film Grain

https://www.petzel.com/exhibitions/allan-mccollum2/selected-works?view=thumbnails



Photo scene with digital close-up of painting on wall revealing pixel grid order
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IBM 7090 at Lawrence Radiation Laboratory, Livermore, CA, April 1960
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“Dancer Deborah Hay”, Leon Harmon, Ken Knowlton, engineers (1966)

Art and Science Proc]a{m Allianc

By HENRY R. LIEBERMAN

In & sound-drenched Lower
Manhattan loft bullding that
was enlivened by revolving
painted disks, film projec
tioms, Doating pillows and
miniskirted girls In paper
smocks, representatives of
industry azd labor joined a
number of artists and scien-
tists yesterday to proclaim a
“working alliance™ between
art and techaology.

This modest and uncertain
merger seeks to bridge the
gap detween the two worlds,
It s intended 1o bring mod-
ern technelogical tools (o the
artist for creating sew art
forms and fresh insights and
viewpoints to the engineer
for creating a “pecple-crient-
od" technology

The event was celebrated
at a news conference “hap-
pening” in the six-story loft
bullding at 381 Lafayette
Street used for studio pur,
poses by Robert Rauschen-
berg, the avant-garde arlist

Kheel's “Biggest Mediation'

Mr. Rauschenberg, along
with Dr. Billy Klover, an

electromics engineer who is
specializing in laser research
at the Bell Laboratories, and
Theodore W, Kheel, the law-
yerdabor mediator, are prime
movers in the art-iechnology

with & device operating like
a television camerz,

The intormation on the
trapsparency was thens stored
o0 magnetic tape in the form
of pulses standing for digits,
with the brightness level of
the picture elements rep.
resented by numbers ranging
from 0 to 7. Afler processing
all the numbers, the com-
puter printed a drawing of
micropatierns formed by clus.
wrs of symbols used in elec-
tronic design

Visitors at the studios were
intrigued by a sculptural rep-
resentation of a woman tak-
ing & shower. As droplets of
water dripped from ihe
shower-head in a white stall,
moving-pecture images of the
woman were registered by a
projector  behind the stall
on a sand-blasted Plexiglass
panel

Rauschenberg's "Oracle’
Another sculptural con-

struction was a sound-emit-
ting assembly consisting of &

tire, truck door, window
frame, bathtub and alr vent,
This is Mr. Rauschenberg’s
“Oracke."

Five radsos are used, with
the tuning dial of each being
rotated by motor. Thus, ¢ach
radio picks up snatches of
Lthe broadeasts of all the local
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Harmon and K, C, Knowlten, engineers. Black square encloses the detail shown,

contribution dollar that goes
to the arts"

“Along with its obligation
to be a profit-maker for its
owners, the modern business
corporation has an obligation
to be a good citizen in the
community,” he sald, “As a
basic part of this obligation,
the corporation must examine
. Hy jts resoons!

dividoals in seeking to make
“valuable contributions."

He moted that union mem-
bers were also consumers,
members of awdiences and
citizens concerned with th
quality of soclety.

The event served 10 drama-
tize a drive 1o win orgapiza-
tional support for the art.
technology merger and to
mark the transf f

http://dss-edit.com/plu/NYT_Art-Science_10-11-1967.pdf

with human problems caused
by automation —notably the
problem of individual “isola-
uon.™

Dr, Brodey, who heads
MILT's scicnce camp for
underprivileged younpsters,
noted that new technologies
had opened Jarge new areas
of creativity. While the in.
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“A mulher que nao é B.B.”, Waldemar Cordeiro (1971

moma.org/collection/works/166022?sov_referrer=artist&artgg
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“Writing New Codes”, Exhibition installation at Mayor Gallery, London (2018)



Leon Harmon

SCIENTIFIC
AMERICAN

THE RECOCGNITION OF FACES CONLLHHL A
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The Recognition of Faces. Scientific American (1973 Nov) 229(5):71-82



https://psychology.fandom.com/wiki/Scientific_American

REDUCED-INFORMATION-CONTENT PORTRAITS were gen-
erated by a computer. The picture at left is a block portrait; it is
an array of 16 XX 16 squares, each one of which can assume any one

of 16 levels of gray. Not all the 256 squares are required to rep-
resent the face. The contoured representation at right was pro-
duced by filtering the block portrait to remove high frequencies.

FLYING-SPOT SCANNER

COMPUTER VIDEO TERMINAL
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SYSTEM FOR MAKING BLOCK PORTRAITS uses a flying-spot
scanner, a device similar to a television camera. The image, usual-
ly in the form of a 35-millimeter photographic transparency, is
scanned in a raster pattern of 1,024 lines. In the analogue-to-digital
converter each line is sampled at 1,024 points and the brightness of
each point is assigned one of 1,024 values. Using this information
stored on magnetic tape, the central processing unit divides the

https://psychology.wikia.org/wiki/Leon_Harmon

image into n X n squares and averages the brightness values of all
the points within each square. The number of permissible bright-
ness values is then reduced to eight or 16. The resulting image is
displayed on a video terminal (a television screen) and photo-
graphed. The computer can also be made to operate a facsimile
printer, which produces a finished picture directly. Most of the por-
traits used in these experiments were made by the latter process.

SELECTIVE FREQUENCY FILTERING influences the ease with
which block portraits are recognized. The original block portrait
of Abraham Lincoln is at top left. It consists of the photographic
“signal,” whose highest spatial frequency is 10 cycles per picture
height, and noise frequencies extending above 10 cycles. As was
anticipated, filtering out all spatial frequencies above 10 cycles
(top right) greatly enhances recognition. Selective removal of only

part of the noise spectrum, however, reveals which frequenc
most effectively mask the image. At bottom left all frequenci
above 40 cycles have been removed; even though the sharp edge
of the squares are climinated, perception is improved only sligh
ly. When the two-octave band from 10 to 40 cycles is removed (bo
tom right), the face is more readily recognized. The phenom
non apparently responsible for this effect is critical-band maskin




Leon Harmon, Bell Labs (American Scientific, 1973)
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RANDOMLY DISTRIBUTED NOISE of uniform amplitude is added to smoothly blurred
portraits of Lincoln. When the noise is in the band adjacent to the signal frequencies (left),
it obscures the picture more effectively than when it is at least two octaves removed from
the picture frequencies (right), confirming that critical-band masking is the most important
mechanism limiting the recognition of degraded or blurred images such as block portraits.

How much information is required for recognition and what information is the most important






MECHANICS SUBSCRIBE

Nowhere to Hide: Algorithms Are Learning to ID
Plxelated Faces

*& // BY AVERY THOMPSON
v.v.: 4 L
Il‘ s

https://lwww.po /a22829/machine-learning-blurred-faces/



“Pixillation”, Lillian Schwartz & Ken Knowlton (1970)

http://lillian.com/



PLATFORM STUDIES

PERIPHERAL VISION

Bell Labs, the S-C 4020, and the Origins of Computer Art
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Zabet Patterson

Peripheral Vision
Bell Labs, the S-C 4020, and the Origins of Computer Art

Zabet Patterson
2015

How the S-C 4020 - a mainframe peripheral intended to produce
scientific visualizations — shaped a series of early computer art
projects that emerged from Bell Labs.

In 1959, the electronics manufacturer Stromberg-Carlson produced
the S-C 4020, a device that allowed mainframe computers to
present and preserve images. In the mainframe era, the output of
text and image was quite literally peripheral; the S-C 4020 -a
strange and elaborate apparatus, with a cathode ray screen, a tape
deck, a buffer unit, a film camera, and a photo-paper camera —
produced most of the computer graphics of the late 1950s and
early 1960s. At Bell Laboratories in Murray Hill, New Jersey, the S-C
4020 became a crucial part of ongoing encounters among art,
science, and technology. In this book, Zabet Patterson examines
the extraordinary uses to which the Bell Labs SC-2040 was put
between 1961 and 1972, exploring a series of early computer art
projects shaped by the special computational affordances of the S-
C 4020.

The S-C 4020 produced tabular data, graph plotting and design
drawings, grid projections, and drawings of axes and vectors; it
made previously impossible visualizations possible. Among the
works Patterson describes are E. E. Zajac's short film of an orbiting
satellite, which drew on the machine's graphic capacities as well as
the mainframe's calculations; a groundbreaking exhibit of
“computer generated pictures” by Béla Julesz and Michael Noll, two
scientists interested in visualization; animations by Kenneth
Knowlton and the Bell Labs artist-in-residence Stan VanDerBeek;
and Lillian Schwartz's “cybernetic” film Pixillation.



ILM produces The Genesis Effect for Star Trek II — J
The Wrath of Khan

1086 8 Pixar is founded

Star Trek Il - The Wrath of Khan, features one of the most
groundbreaking segments in the history of early computer graphics,
The Genesis Effect. Portraying the rebirth of a barren planet, the
computer graphics group of Lucasfilm created the sequence, basing it
partly on the simulation of satellite fly-bys done by Jim Blinn for
NASA's Jet Propulsion Laboratory. The team, directed by Alvy Ray
Smith, produced the effect using Lucasfilm's DEC VAX computer and an
Evans and Sutherland Picture System. The sequence, considered to be
one of the major milestones in computer animation, lasts just over a
minute, and took two person-years of work to complete.

Pixar was originally called the Special Effects Computer Group at
Lucasfilm (launched in 1979). The group created the computer-
animated segments of films such as Star Trek II: The Wrath of Khan
and Young Sherlock Holmes. In 1986, Apple Computer co-founder
Steve Jobs paid 10 million dollars to Lucasfilm to purchase the Group
and renamed it Pixar. Over the next decade, Pixar made highly
successful (and Oscar-winning) animated films. It was bought by
Disney in 2006.




A STILL VIDEO SYSTEM (DRAFT COPY - 3/20/87

E. Brooks, L. Goolsby, E. Kendrick, T. Nutting, F. Oleson, D. Pophal
Eastman Kodak Co.
Electronic Photography Division
Rochester, New York 14650

INTRODUCTION
A complete Still Video System has been developed that includes all the components necessary for
capturing, displaying, printing and sending and receiving Still Video Images.

STILL VIDEO MULTIDISK RECORDER

MONITOR

e
-j:% *— § i

COLORVIDEO PRINTER

R

STILL VIDEO TRANSCEIVER

Figure 1 - The Still Video System
SYSTEM CONCEPT

The system consists of a Still Video Camera, a Multidisk Recorder (and player), a Printer, a Video
Transfer Stand, a telephone line Transceiver and a TV monitor. The Camera and Recorder utilize




TRUEVISION ADVANCED RASTER GRAPHICS ADAPTER

High Spatial-Resolution Frame Capture And Display

FARGA S FTARGA MBS TARGA 16 FARGA 24 FARGA 32

TRUENWISION™

Add A New Dimension To Personal Computer Graphics
With Truevision High Color Resolution Imaging Products

Targa Imaging Capture Board, 512 x 512 pixels, 32768 colors with alpha channel (1985)

Overscan For TARGA
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Legrady Studio with IBM/Targa Imaging System and Jetgraphix prints, Los Angeles (1988)



Shroud of Turin (the first chemically recorded image?)

Blood from ‘crown of thorns’

Welts or whip marks

Blood from arm wounds: mconsnstent

bruised
cheek

Swollen,

_ 1 | b

No visible thumbs:

Blood from ‘spear wound’:
inconsistent front and back

Consistent with
crucifiction

https://www.thesun.ie/tech/4879407/believers-in-shroud-of-turin-that-covered-jesus-christ-call-for-re-test-after-cloth-dated-to-just-800-years-ago/
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Volume 12, Issue 1, 1988, Pages 81-90

Technical section

Rendering of the Shroud of Turin using sinusoidal pseudocolor
and other image processing techniques

Clifford A. Pickover

Show more

https://doi.org/10.1016/0097-8493(88)90012-X Get rights and content

Abstract

To help characterize noisy and subtle features in images, computers with graphics can be used
to produce visual representations with a spectrum of perspectives. In this article, processed
images of the Shroud of Turin—a 2000-year-old linen burial cloth—are computed, and they are
presented with accompanying descriptions of patterns produced by the image processing. The
images of the Shroud are created by using sinusoidal pseudocolor functions, and the resultant
pictures reveal a beautiful, complex picture and help to differentiate various regions of potential
interest. This paper differs from others in that it focuses on mathematical techniques for
rendering this image which include unusual equations, shading, and convergence schemes.
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then the standard deviation at any point in the average
image is given by

[}
ofx, ) = V,\-lul' »n “w

which indicates that as M increase the variability of
the piel value decreases{ 7). With the Shrowd, like other
archeological astifacts, the “noise™ is in the object itself

Using this technique, a graphically “rich" lookup
wble function can be produced with oaly a small
number of input parameters. By exploring a variety of

d be made to

well with others. In order 10 use fla, p, X) 1o transform
the Shroud, the value of each (x, y) clement of the
resultant picture is obtained by taking the kth element
in fik), where & is the value (intensity) of the element
at (x, ) in the original image. This approach produces

Fig. 9. Image produced
o= Jand s = 3 In ddibon, srong ocal veagog
bring out the region where coins are wm

by 3 Boo-monolonic lookup table dened by fla, p, X) = sinfax + sin(px)) where
s performed (1 = 23). mmuwnm«m

have beeo placed over the eyes. a first<catury

Jewith custom.

created using a psevdocolor look-up-table for mapping
gray scale images to color. | generated the look-up-
table from three sine waves (one each for red, green,
and blue) each with random phasc (¢) and frequences.
(a). For example,

Joa = Bsin(ax + ¢) + 8, m

where § = 125, Like the previous method, this protocol
produces continuous color change, and the noe-
monotonic LUT is useful in revealing various low-
contrast features. Local averaging is also performed
for these pictures. Note that this approach produces
well saturated cobors (i.e.. pure colors not diluted with
much white light). § allows the user to control the color
changes in a picture; for example, reducing the § pa-
rameter gives a moee correlated image with less color
extremes and less rapid changes in color.

CONCLUSIONS
Among the methods available for the characteriza-
tion of complicated physical phenomena and objects,

computers with graphics are cmerging as an important
ool (for several papers by the author, see [10]). In the
current article, images of the Shroud of Turin are cre-
ated by using sinusoidal pscudo-color functions, and
the resultant pictures reveal a beautiful, complex image,
ard in some cases improve the pictorial information
for human interpretation. With the chaice of proper
contour, a number of objectively different patterns can
be made 1o appear in the Shroud which are not as
evident when seen by the eye or with coaventional
photography. The color renditions appear to be best
for such purposes, but even the monochrome pictures
bave a certain degree of utility. For example, Figs. 6,
7 and 8 visually bring out those parts of the face which
touched the cloth or were in contact with it the longest.
Figure 9 appears 10 highlight 1he region where other
authoes have suggested that coins have been placed
over the eyes, a first-century Jewish custom. In some
figures the blood stains arc apparent and can be high-
lighted. For example, Fig. 6 shows certain well defined
regions on the forehead and hair at the side of the
face—and these are precisely where hemoglobin has
been found.

@ = 1and p = |. This figere visually
contact with it

6. Image produced by & non-monctonic lookup table defined by fla, 5, X) = siafax + sn(a)] where
brings out those pacts of the face which touched the cloth or were in
Jongest. Note that certain well defined closed segpoms (bloodstains) on the forehead aad
air at the sde of the face are aho mad evident—and these are peeciscly where hemoglobin has been found
(soc arrows).

Fig 10, Image produced by usieg.

From an antistic standpoint, these approaches pro-
vide 2 vast and deep reservoir from which artists can
draw, Some of the figures cootain an artstic appeal
reminiscent of the works of Picasso and other abstract
painters (Fig. 10). The computer is a machine which,
when guided by an artist, can render images of capti-
vating power and beauty. New “recipes,” such as those
outlined bere, interact with such traditional clements
a8 form, shading and color 10 produce faturistic images
and effects. The recipes function as the artist’s helper,
Quickly taking care of mach of the repetitive and
sometimes tedious detail. By creating an environment
of advanced computer graphics, artists with access o
computers will gradually change our perception of art
Thzbuuryndmaleulydm&!mwm

s which 00 on¢ could fully have

have an artistic appeal cemiascent of the works of Picasso and ceher abstract painters.

2.0 = 3) Many by this approach

from their “artistic™ appeal, these images are useful in
ly S of interest in the Shroed
(see Fig. 11). One large question remains: How did the
image on the cloth form? To date, scientists have not
been able 10 account for the manner in which the image
was imprinted on the cloth, The Shroud's asthenticity
has been called into question repeatedly, but the 1978
tests did not prove conclusively cither that the Shroud
was genuine o 3 hoax| 11, 12). The age of the Shroud
has not been established with certainty although en-
hanced images suggest that Pontius Pilate coins were
placed over the eyes{1). and this may add further cred-
ibslity to the Shrowd.
A report such as this can oaly be viewsd as intro-
ductory; however, it is hoped that the techaiques,
equations, and system will provide a useful artistic and

Fig. 8. Image peoduced using a LUT defined by sia'(v)

(B CAS AT

“The buuly and mmpﬂmxy of these mo;w
respond 10 mappings which no one could fully have
appreciated or suspected before the age of the com-
puter. This complexity makes it difficult to objectively
characterize structures such as these, and therefore, it
is useful 10 develop graphics systems which allow the
maumbebuo-edmamunwuvenﬂmhm«

of resultant i

lrnh with the simplicity of the LUT formula. Apart

Fig. 1. Preudocolor
cloth o were in coatact with it the longest. Dark red blotches above the.
evident—and these are peeciscly where

Mory‘hamf nahoped:rulhelmhnnm
equations, and system will provide a wseful artistic and
archeological exploratory tool, and stimulate future
studies in the graphic characterization of the morpho-
logically rich structures produced by unusual image
processing techniques.

Note: For more information on color Shroud ren-
ditions. coatact the author.

rendition of the Shroud. Dark red areas are those parts of the face which touched the

eyes (“Dloodstaias”) are skio made
bemoglobin has been found.




Software generated images, 3D graphics, installation at YYZ Gallery, Toron



Shroud Sinusoidal Algorithm & Fontainebleau (2018)
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https://www.mat.ucsb.edu/~g.legrady/glWeb/Projects/fb/shroud.pdf
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Thomas Knoll, John Knoll, Steve Guttman
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“Reconstruction #1”’, Jim Campbell (2002)

http:/lwww.jimcampbell.tv/



Invisible Images (Your Pictures Are
Looking at You)

e

I. Eigenface (Colorized),
Labelled Faces in the Wild Dataset
2016

“Winona"

JR eyes are fleshy things, and for most of human history our visual culture

s also been made of fleshy things. The history of images is a history of

rments and dyes, oils, acrylics, silver nitrate and gelatin-materials that one could use to paint a
e, a church, or a canvas. One could use them to make a photograph, or to print pictures on the
ges of a magazine. The advent of screen-based media in the latter half of the 20th century wasn'’t
different: cathode ray tubes and liquid crystal displays emitted light at frequencies our eyes
rceive as color, and densities we perceive as shape.

The overwhelming
majority of images
are now made by
machines for other
machines, with
humans rarely in the
loop...



To be continued...



