US 20050036655A1

a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2005/0036655 A1l

Lettvin 43) Pub. Date: Feb. 17, 2005
i
(54 IMAGING SYSTEM (52) US. Cl oo 382/100; 382/154
(76) Inventor: Jonathan D. Lettvin, Watertown, MA
(US) (57) ABSTRACT
Correspondence Address:
WEINGARTEN, SCHURGIN, GAGNEBIN & Signals from an object in a field of view are detected by an
LEBOVICI LLP array of directional sensors and “re-converged” to create a
TEN POST OFFICE SQUARE three-dimensional image as the object changes contrast or
BOSTON, MA 02109 (US) moves relative to the sensors. Each sensor is oriented along
an axis toward the field of view. Sensor signals are converted
(21) Appl. No.: 10/918,151 to logarithms thereof and transients are detected and com-
(22) Filed: Aug. 13. 2004 pared to background signals. Resulting signals are con-
’ 8 1% nected in overlapping groups to coincidence detectors in a
Related U.S. Application Data matrix. Each point in the field of view where two or more
o sensor axes intersect is represented by a coincidence detec-
(60) Provisional application No. 60/494,717, filed on Aug. tor, which is connected to the corresponding group of
13, 2003. sensors. If a threshold number of sensors in the group detects
a transient, the corresponding point in the image is deemed
Publication Classification to be “contrasty” and can be made visible or otherwise
perceivable by a human or can be further processed by a
(51) Int. CL7 oo eeiine s GO6K 9/00  computer or other circuit.
. 100
Input Signals ~
Sensor
Array
102
\
Coincidence
Detector
Matrix
104
L A Al
Output
(Visual, Audio
Tactile, etc.) or
Further Processing
106




Patent Application Publication Feb. 17,2005 Sheet 1 of 21 US 2005/0036655 A1

10
Input Signals =~ 0

'

Sensor
Array

102

i

Coincidence
Detector
Matrix

104

YYYVYYVVYVVYVYYVY

Output
(Visual, Audio
Tactile, etc.) or

Further Processing

106

FIG. 1



Patent Application Publication Feb. 17,2005 Sheet 2 of 21 US 2005/0036655 A1

Object
Signal
202 Background
(Ambient)

Signals
N

——-200b
Directional

Sensor \}& p/ ,{/

200  200a Non-Directional
' Sensor
, | 204

Logarithmic Logarithmic
Converter Converter
208 210
) Y
Transient Transient
Detector Detector
(Differentiator) (Differentiator)
212 214
+ l l —

Comparator

Output

FIG. 2



Patent Application Publication Feb. 17,2005 Sheet 3 of 21 US 2005/0036655 A1

318

Sensor
Visible Sensor l»/ S%r(f)ice
;IE!ﬁht Complexes|
e 302 |
330 316 \) \,I 308>
=24 Vi N 2N 2
<~ Z N 7 N1 7~ 7~ —27

1 S 7
19

929.9.0.9-¢.
\‘:’:0:0;020
SOe%ee

\\‘\

‘/(—-/. Coincidence  Transient
Alternative: Detector Signal Line -
To Further 399 320
Processing

332

FIG. 3






Patent Application Publication Feb. 17,2005 Sheet 5 of 21 US 2005/0036655 A1

Sensor
Surface
406

FIG. 5 —1 U



Patent Application Publication Feb. 17,2005 Sheet 6 of 21 US 2005/0036655 A1

FIG. 6 -



US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 7 of 21

L OIA

V-Y UON8S

¥09
aoepng
losuag

(uomisod
J ainn4)

| walqo
— |.|.|.|.|.|.W.V¢...|
82L
Hod piL
Bumalp ued
108ldo

[A¥A
wiod
8ouaploulo) cel

108lq0 80L
voL \ co:_won_
Emt:O

1 108[90




US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 8 of 21

wﬁ/\l

¥09

& OIH

V-V NOILO3S

(uonisod JeaN)

1 199[0
208

4

8

918
(uonisod Je4)

1 193[q0




US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 9 of 21

¥09

6 ‘OIA

008
(uonisod JeaN)

| 109lq0

918
(uonisod Je4)

1 393[Q0



US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 10 of 21

9001
uojuod
paunuy 0101 Anae)
001 pajii4-pin|4
sse|n
paxid4

¢00}
000_Q0>w 8001
papeaiylL aueiquiai\
Jualedsuel |
aqix9|d

01 ‘DI




US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 11 of 21

uolsse29ns pidel ui suonisuen yiog &
15eU0/ANANDBYBI JBMO] 0} uoRIsuRl] X

1senuo9/AiAnosyal Jaybiy oy uonisuell O

(1amaIp
0} dAlelay
JUBWAAON

103[00

I DI

Il "OId

aueiqwia\ Ained
lualedsuel| pajii4-pinid
o|gixe|l4

oogK

aosidalg
pspealylL



Patent Application Publication Feb. 17,2005 Sheet 12 of 21 US 2005/0036655 A1

+V
Fan. 42
/ N\
| |
\\ x /I ) Q1
Sensor/\\__//
1300 Logarithmic
O Output
1 o 1302
L T Comparator 1412 T |
| Transient | Comparator 1412 iTransient:
i Detector | Fmm e r———————- | Detector |
| 1408 || Current | +vi Current | 1 1410 |
! | | Mirror 1414 A |Mirror 1416} | !
: | | | = |
| | | [ I
| ¥ i | N |
SR | | R
: L | | 1 |
| : +—¢ 4 $ L (. :
I 1= : : : : : : c2 :I t2
nput 1, - I i r | jinpu
—F | | DU
I C1 N : | | 1 QR2 |
| | S L i
I A sl B
o
Output

FIG. 14



Patent Application Publication Feb. 17,2005 Sheet 13 of 21 US 2005/0036655 A1

FIG. 15

D1500 =—C1
_ Coincidence
Output
D1502

FIG. 16




US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 14 of 21

61 OIA

g-g uonoag

sJajew!||0o
/sepoipoloyd

S

sindino

40081
apoIpoloyd

e00sL
J01eWI|0D

81 DIA



Patent Application Publication Feb. 17,2005 Sheet 15 of 21 US 2005/0036655 A1

Object

X/Signals‘—y/

FIG. 20

Outputi\
/ {Signals



US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 16 of 21

cLiz |l ocie || 89t (| 991e || ¥oLZ || 29l || 09Le || 8SLC || 9SiLe || vSke || 2Ssle || 0sie
4 d 3 9 E| a 3 0 E a 3 2
aanjlaaijlaa|faan|{a3a {ja31 {431 || a3t || a3 || @371 || @31 || @31
Juaisuels |
orle umoq
114 %4 *) AN 144%7 A4Y4 “Jedwo)
+ ] = + ] — + ] - + ] - +] | —
_ . . . :
9€Le
Jabelany
12 X4 cele ocle 8¢l¢c 9cie vecie
lopaag 1010919 1010919 lojoalaQ l010918Qg l0j0819Q
Juaisuel | waisuel | Jsisuel| Juaisues | aisuel | alsues )
| _ | _ | _
ccle ocie 8112 9tic 14974 chiec
Jauaauo) JauaAuo) JauaAuo) JaUaAu0) layaAuo) Iayaauo)
oiwyebon oiwyebo aiwypiebo oiwyuebo ojwysebo oiwyiiebo]
_ _ _ _ { _
OLLe 801¢ 90lL¢ voLe cole 00L¢
9 3poIpoloYyd || G BPOIPOIoYd || ¥ Spolpoloyd || € 3poipoloyd || ¢ @Polpoloud {| | @pPolpoloyd




Patent Application Publication Feb. 17,2005 Sheet 17 of 21 US 2005/0036655 A1




Patent Application Publication Feb. 17,2005 Sheet 18 of 21 US 2005/0036655 A1

From LED
(Excites C) From LED
(Excites D)

Nanodot Line
from Sensor

2509 Complex 1 2312 (%) 2310

2302

®
@

Nanodot Line
from Sensor
Complex 2
2304

C+D excites A to glow green (to indicate an up transient)
E+F excites B to glow red (to indicate a down transient)

FIG. 23



US 2005/0036655 A1

Patent Application Publication Feb. 17,2005 Sheet 19 of 21

P — ————————————————————— T— i e e it = e e e S ——— —————————————————— {—

1406

Transient
Detectors

Converters
1404
h 4 DJ
Q1
NG
J1
W D2
, ¥
1 Q2
h 4

Logarithmic

FIG. 24



Patent Application Publication Feb. 17,2005 Sheet 20 of 21 US 2005/0036655 A1

2500

~

SIS NSNS NNNNNNNNNNNNANNNNG]
AT TSI

r\ 2502

G

L— 2504
N\

Differential
Output 2506

AN

FIG. 25



Patent Application Publication Feb. 17,2005 Sheet 21 of 21 US 2005/0036655 A1

T T ]
I
i Logarithmic ! Transient !
1 Converters I Detector r\2600
; 2600a : 2600b !
I |
I I '
i
+ +—101— A~ | - +—O High Output
| I R1 - C2 :
’ I !
/ I ! l
| : : !
\ | Q1 I :
Sensor ! I +—O Sink
! Ll | J2 |
| R :
] : C1 :
! D2 E :
I
V+e—7O i i’v\/\, Jl 'f ; O Low Output
! | R2 c3 |
| [ '
l I '
| I '
L L J
Sink - ' '
(&) (&)
Sensor \\\ AN \\ N
2800 2802
_O +V V+ XX
> S see
Sink V- — e
—0 -V o808 2806
Low 2804 ¢ 2810
Output \2700
R1 R2
High
Output J)
F I G. 2 7 Output

FIG. 28



US 2005/0036655 Al

IMAGING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/494,717 titled “Vision System,”
filed Aug. 13, 2003.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] (Not applicable)

BACKGROUND OF THE INVENTION

[0003] The present invention relates to imaging systems
and, more particularly, to systems capable of imaging hidden
or otherwise invisible objects. There exists a large and
growing demand for devices that can detect, and display
images of, hidden or otherwise invisible objects. Security
applications include airport baggage screening and search-
ing for contraband at border crossings. Military applications
include detecting hidden weapons and soldiers. Public safety
applications include locating victims in burning buildings.
Commercial applications include locating pipes, wires or
other infrastructure within walls or under roads.

[0004] Existing systems, such as x-ray and computerized
tomography (CT), capable of imaging hidden objects are
large and complex. These systems typically consume large
amounts of energy and are typically not portable. Existing
portable devices, such as electronic stud sensors, use radar
or measurements of dielectric constants to detect hidden
objects, however these devices provide essentially binary
results, not images of the hidden objects. Existing infrared,
ultrasonic and other imaging systems produce adequate
images, however, these systems typically operate over rela-
tively small dynamic ranges of signal flux or require re-
calibration or relatively slow automatic gain control (AGC)
circuits.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides methods and appa-
ratus for acquiring signals from an object within a field of
view over a wide dynamic range of signal flux using an array
of directional sensors. The methods and apparatus “re-
converge” signals from the sensors to create a three-dimen-
sional image of the object, as points on the object change
contrast or the object moves relative to the array of sensors
(or the array of sensors moves relative to the object). The
image of the object can be made visible to a user or it can
be further processed, such as by a computer.

[0006] The signals from the object can be in the form of
transverse or longitudinal waves, such as visible light,
infrared light, radio frequency (RF), sound or ultrasound, or
any other type of signal that can be detected by a sensor,
such as pressure or a chemical attribute. Any combination of
signal types can be used. The signals from the object can be
reflected, refracted, and/or radiated from the object. In
addition, signals from around a backlit object, as well as
shadows cast by such an object, can be detected. The
invention encompasses active embodiments, which illumi-
nate the object and detect reflections from the object, as well
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as passive embodiments, which do not illuminate the object
and rely on ambient illumination or radiation from the
object.

[0007] Systems according to the present disclosure can
include features to modify signals in ways that simplify
subsequent processing of the signals. For example, sensor
signals can be converted to signals representing logarithms
thereof to enable systems to operate over wide dynamic
ranges of flux impinging on the sensors, without requiring
automatic gain control (AGC), time to adapt to changes in
background flux or time to recover from overloads.

[0008] Other signal modifications can include removing
unnecessary information from the signals. For example,
signals can be modified so that only contrast-changing or
moving objects are detected. In this context, portions of an
object that change contrast over time (such as blink), as well
as edges between the object and its contrasting background
and edges between two contrasting portions of the object,
are highlighted in the object’s image, as the object changes
contrast or moves relative to the array of sensors. Circuits
detect changes (transients) in the signals received by the
sensors from the object to detect these changes in contrast.

[0009] Another signal modifying technique involves
removing background (common mode) information from
the sensor signals. This can be accomplished by comparing
the signal from each directional sensor to a background
(ambient) signal, such as from a non-directional sensor or an
average of several of the directional sensors, and retaining
only differences between the compared signals.

[0010] In addition to simplifying the detected signals,
systems according to the present disclosure can create
images for viewing by a human or for subsequent processing
by a computer or other circuit. This can be accomplished by
detecting coincident transients (i.e., transients coincidentally
detected by a plurality of directional sensors), determining
points in the field of view where the transients occur and
mapping these points to points in the image.

[0011] To detect transients in the field of view, each
directional sensor is oriented along an axis toward the field
of view. The directional sensors are oriented in diverse
directions and collectively cover all or portions of the field
of view. Outputs from the directional sensors are connected
in overlapping groups to coincidence detectors in a coinci-
dence detector matrix. Each point in the field of view where
two or more directional sensor axes intersect is represented
by a corresponding coincidence detector, which is connected
to the two or more intersecting directional sensors. The two
or more intersecting directional sensors are referred to as a
“group.”

[0012] If a predetermined number of the sensors in the
group detects a transient within a predetermined time (or
another predetermined threshold is reached), the corre-
sponding point in the image is deemed to be “contrasty”
(such as an edge point). Alternatively, contrast can be a
continuous attribute of the point in the field of view. In
addition, the point in the image can be labeled to indicate
whether the contrast of the corresponding point in the field
of view is increasing, decreasing or cycling. Contrasty
points can be made visible or otherwise perceivable by a
human, such as by connecting each coincidence detector to
a light emitting diode (LED) or other output device. Option-
ally or alternatively, the outputs of the coincidence detectors
can be processed by a computer or other circuit.






