
1111111111111111111111111111111111111111111111111111111111111111111111111111

(12) United States Patent
Krasowski et al.

(54) TWO AND THREE DIMENSIONAL NEAR
INFRARED SUBCUTANEOUS STRUCTURE
IMAGER USING REAL TIME NONLINEAR
VIDEO PROCESSING

(75) Inventors: Michael J Krasowski, Chargin Falls,
OH (US); Joseph M Flatico,
Lakewood, OH (US); Phillip P
Jenkins, Cleveland Heights, OH (US);
Lawrence C Greer, Avon, OH (US)

(73) Assignee: The United States of America as
Represented by the Admin of
National Aeronautics and Space
Administration, Washington, DC (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 642 days.

(21) Appl. No.: 12/285,157

(22) Filed: Sep. 30, 2008

(51) Int. Cl.
GOIJ 1/44 (2006.01)
G09G 5/10 (2006.01)
H04N 5/33 (2006.01)
GOIJ 5120 (2006.01)

(52) U.S. Cl.
CPC .................. G09G 5/10 (2013.01); GOIJ 1/44

(2013.01); H04N 5/33 (2013.01); GOIJ 5120
(2013.01)

(58) Field of Classification Search
CPC ..... H04N 5/33; GOIJ 5/20; GOIJ 1/44; G09G

5/10
See application file for complete search history.

BLACK LEVEL

CLAMP (BLC)

VOLTAGE

Video Signal ADJUST
Black level

Sync Signal

E V CLAP
Cl

> R1
SW1

BURST

C2 VIDEO

VIDEO IN SYNC

SEPARATOR
0.5 V REF

DC blocking

Capacitor COMPOSITE SYNC

(1o) Patent No.: US 10,062,356 B1
(45) Date of Patent: Aug. 28, 2018

(56) References Cited

U.S.PATENT DOCUMENTS

4,817,622 A 4/1989 Pennypacker et al.
4,980,756 A * 12/1990 Lagoni ..................... H04N 5/57

348/675
5,148,809 A 9/1992 Biegeleisen-Knight et al.
5,512,958 A * 4/1996 Rzeszewski .................. 348/607
5,608,210 A 3/1997 Esparza et al.
6,120,461 A * 9/2000 Smyth ........................... 600/558
6,178,340 131 1/2001 Svetliza
6,230,046 131 5/2001 Crane
6,556,858 131 4/2003 Zeman
6,584,340 131 6/2003 Horiuchi
7,239,909 132 7/2007 Zeman
7,381,953 131 6/2008 Kaufman
7,415,139 132 8/2008 Takiguchi
7,952,557 132 * 5/2011 Amundson et al. .......... 345/107

2004/0215081 Al 10/2004 Crane et al.
2005/0014995 Al 1/2005 Amundson et al.
2005/0228265 Al 10/2005 Robertson et al.
2007/0038118 Al 2/2007 DePue et al.
2008/0122857 Al* 5/2008 Hsuan ........................... 345/589

(Continued)

FOREIGN PATENT DOCUMENTS

WO WO 2006128648 A2 * 12/2006
Primary Examiner David Porta
Assistant Examiner Carolyn Igyarto
(74) Attorney, Agent, or Firm Robert H. Earp, III;
William M. Johnson

(57) ABSTRACT

An imager is provided for viewing subcutaneous structures.
In an embodiment of the invention, the imager includes a
camera configured to generate a video frame, and an adap-
tive nonlinear processor. The adaptive nonlinear processor is
configured to adjust a signal of the video frame below a first
threshold to a maximum dark level and to adjust the signal
of the video frame above a second threshold to a maximum
light level. The imager further includes a display, configured
to display the processed video frame.

17 Claims, 5 Drawing Sheets
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Receive a video frame from camera

Adjust signal of the video frame below a threshold
to the maximum black level

Adjust signal of the video frame above the threshold
to the maximum light level

Send the video frame to display
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Receive a first field of a video frame
from a first camera

Receive a second field of the video frame
from a second camera
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Adjust signal of the video frame below a threshold
to the maximum black level
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Adjust signal of the video frame below a threshold
to the maximum light level

Send the first and second field of
the video frame to the display
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TWO AND THREE DIMENSIONAL NEAR
INFRARED SUBCUTANEOUS STRUCTURE
IMAGER USING REAL TIME NONLINEAR

VIDEO PROCESSING

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract and is subject to the
provisions of Section 305 of the National Aeronautics and
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42
U.S.C. 2457).

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to imaging sys-
tems, and particularly near-infrared imaging systems.

Description of the Related Art

In a clinical setting, the locating of subcutaneous struc-
tures, such as veins, for needle insertion can often be
problematic. For example, small veins in pediatric patients,
or veins in very dark-skinned or obese people, can be
difficult to see or palpate. In emergency situations, such as
accident sites, or battlefield situations, the need to locate a
subcutaneous vessel, or a vessel exposed in a wound site,
can arise unexpectedly. Thus, under-skilled persons may be
called upon to access a subcutaneous vessel, for example, to
insert a needle, or to tie off a bleeder. Thus, an imager that
allows a user to view the subcutaneous vessel is needed.

Present subcutaneous vessel imagers use large, multiple,
and often separate assemblies with complicated optics to
image subcutaneous structures as two-dimensional maps on
a wide monitor, or as maps extracted by a computer and
focused onto the skin by a video projection. Furthermore,
due to the scattering of the infrared light, veins imaged by
prior art methods appear shadowy and distorted. Thus, an
imager which allows a user to view subcutaneous structures
and produce two-dimensional or three-dimensional images,
yet which is still compact and inexpensive, is needed.

SUMMARY OF THE INVENTION

Some embodiments of the invention can provide an
apparatus, which includes a first camera configured to gen-
erate a video frame. The apparatus further includes a pro-
cessor, operatively connected to the first camera, configured
to adjust a signal of the video frame that is below a threshold
to a maximum dark level and to adjust the signal of the video
frame that is above the threshold to a maximum light level.
The apparatus further includes a display, operatively con-
nected to the processor, configured to display the video
frame.

Furthermore, some embodiments of the invention can
provide a system, which includes a first camera configured
to generate a video frame. The system further includes a
processor, operatively connected to the first camera, config-
ured to adjust a signal of the video frame that is below a
threshold to a maximum dark level and to adjust the signal
of the video frame that is above the threshold to a maximum
light level. The system further includes a display, opera-
tively connected to the processor, configured to display the
video frame.

2
Furthermore, some embodiments of the invention can

provide a method for generating an image of a subcutaneous
structure. The method includes the step of receiving a video
frame from a first camera configured to generate the video

5 frame. The method further includes the step of adjusting a
signal of the video frame that is below a threshold to a
maximum dark level. The method further includes the step
of adjusting the signal of the video frame that is above the
second threshold to a maximum light level. The method

10 further includes the step of sending the video frame to a
display configured to display the video frame.

Furthermore, some embodiments of the invention can
provide a computer readable medium, encoded with a com-

15 puter program, for controlling a processor to implement a
method. The method includes receiving a video frame from
a first camera configured to generate the video frame. The
method further includes adjusting a signal of the video frame
that is below a threshold to a maximum dark level. The

20 method further includes adjusting the signal of the video
frame that is above the second threshold to a maximum light
level. The method further includes sending the video frame
to a display configured to display the video frame.

Furthermore, some embodiments of the invention can
25 provide an apparatus, which includes a video input circuit

configured to receive a video signal. The apparatus further
includes a black level clamp configured to set a portion of
the video signal to a maximum dark level. The apparatus
further includes a video amplitude gain adjust circuit con-

30 figured to set a portion of the video signal to a maximum
light level. The apparatus further includes a maximum value
circuit configured to adjust the video signal that is below a
threshold to the maximum dark level. The apparatus further

35 includes a gain difference amplifier circuit configured to
adjust the video signal that is above a threshold to the
maximum light level. The apparatus further includes a video
output circuit configured to send the video signal.

Furthermore, some embodiments of the invention can

40 provide an apparatus, which includes camera means for
generating a video frame. The apparatus further includes
processor means for adjusting a signal of the video frame
that is below a threshold to a maximum dark level and for
adjusting the signal of the video frame that is above the

45 threshold to a maximum light level, The apparatus further
includes display means for displaying the video frame.

Furthermore, some embodiments of the invention can
provide an apparatus, which includes video input means for
receiving a video signal. The apparatus further includes

50 clamping means for setting a portion of the video signal to
a maximum dark level. The apparatus further includes gain
adjust means for setting a portion of the video signal to a
maximum light level. The apparatus further includes maxi-
mum value means for adjusting the video signal that is

55 below a threshold to the maximum dark level. The apparatus
further includes gain difference amplifier means for adjust-
ing the video signal that is above a threshold to the maxi-
mum light level. The apparatus further includes video output
means for sending the video signal.

60

BRIEF DESCRIPTION OF THE DRAWINGS

For proper understanding of the invention, reference
should be made to the accompanying drawings, wherein:

65 FIG. 1 illustrates an example embodiment of an adaptive
nonlinear processor according to an embodiment of the
present invention.
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whether the current field contains the odd or even scan lines.
This is known as generation locking or genlocking.

According to certain embodiments of the invention, the
genlocking of two images with odd/even field multiplexing
is replaced with left/right camera multiplexing, so that
cameras 300 and 310 both produce their even field at the
same time, and both produce their odd field at the same time.
Thus, according to certain embodiments of the invention,
cameras 300 and 310 may be multiplexed such that first
camera 300 and second camera 310 each supply a separate
field of the video frame to the adaptive nonlinear processor
320. This ultimately produces a stereoscopic image which
can be displayed by display 330. The stereoscopic image
may produce a three-dimensional image to the user who
views display 230.

According to certain embodiments of the invention, dis-
play 330 may correspond to display 200 as depicted in FIG.
2. Furthermore, according to certain embodiments, the dis-
play 330 of the imager may be a virtual reality headset. In
certain embodiments, cameras 300 and 310 are affixed to an
adjustable binocular assembly mounted to the front of the
virtual reality headset display. The virtual reality headset
display is configured to display the fields from first camera
300 to the left eye of a user and those from second camera
310 to the right eye of the user. Thus, the virtual reality
headset display may display a three-dimensional image
based on the stereoscopic image produced by the multiplex-
ing of cameras 300 and 310.

According to certain embodiments, the imager may
include an illuminator 340 According to certain embodi-
ments of the invention, illuminator 340 may correspond to
illuminator 230 as depicted in FIG. 2.

According to the embodiment depicted in FIG. 2, cameras
300 and 310, adaptive nonlinear processor 320, and display
330 may be separate components, which may be operatively
connected. However, one of ordinary skill in the art would
readily understand that in alternative embodiments, cameras
300 and 310, adaptive nonlinear processor 320, and display
330 may be physically connected as an integrated structure.

FIG. 4 is a method for generating an image of a subcu-
taneous structure, in accordance with an embodiment of the
invention. At step 400, a video frame is received from a
camera configured to generate the video frame. At step 410,
the signal of the video frame is adjusted below a threshold
to a maximum dark level. At step 420, the signal of the video
frame is adjusted above the threshold to a maximum light
level. At step 430, the video frame is sent to a display
configured to display the video frame. Thus, according to the
embodiment of the invention, the method may produce a
two-dimensional image of a subcutaneous structure.

FIG. 5 is a method for generating an image of a subcu-
taneous structure, in accordance with another embodiment
of the invention. At step 500, a first field of a video frame is
received from a first camera. At step 510, a second field of
a video frame is received from a second camera. At step 520,
a signal of the video frame is adjusted below a threshold to
a maximum dark level. At step 530, the signal of the video
frame is adjusted above the threshold to a maximum light
level. At step 540, the video frame is sent to a display
configured to display the first field of the video frame and the
second field of the video frame. Thus, according to the
embodiment of the invention, the method may produce a
three-dimensional image of a subcutaneous structure.

The method steps performed in FIG. 4 and FIG. 5 may be
performed by a computer program product, encoding
instructions for the nonlinear adaptive processor to perform
at least the method described in FIG. 4 and the method

10
described in FIG. 5, in accordance with an embodiment of
the present invention. The computer program product may
be embodied on a computer readable medium. A computer
readable medium may be, but is not limited to, a hard disk

5 drive, a flash device, a random access memory, a tape, or any
other such medium used to store data. The computer pro-
gram product may include encoded instructions for control-
ling the nonlinear adaptive processor to implement the
method described in FIG. 4, and the method described in

10 FIG. 5, which may also be stored on the computer readable
medium.

The computer program product can be implemented in
hardware, software, or a hybrid implementation. The com-

15 puter program product can be composed of modules that are
in operative communication with one another, and which are
designed to pass information or instructions to display. The
computer program product can be configured to operate on
a general purpose computer, or an application specific

20 integrated circuit ("ASIC").
As described above, prior art subcutaneous vessel imagers

use large, multiple, and often separate assemblies with
complicated optics to image subcutaneous structures. In
contrast, embodiments of the invention may be light -weight,

25 inexpensive, and completely self-contained, may operate as
a two- or three-dimensional imager, and may use an adaptive
nonlinear processor to increase image contrast.

These features make embodiments of the invention useful
for clinicians and field users alike. As stalling costs go up,

30 and as hospitals and clinics strive to lower costs, more and
more health professions are being called upon to cross -train.
Embodiments of the invention may allow persons who are
not trained as phlebotomists to quickly master the skills

35 necessary to access veins. Furthermore, in the battlefield,
embodiments of the invention may enable an individual
service member to deliver medications or fluids intrave-
nously with a greater possibility of success. The closed
headset and the chosen illumination wavelength may com-

40 bine to enable light discipline on the battlefield. Addition-
ally, during an aircraft or spacecraft mission, intravenous
access for drawing blood or infusion could be carried out by
under -skilled personnel, thus allowing for a higher level of
personnel health mitigation during flight. Finally, sub-sur-

45 face lesions, especially heavily vascular sub -surface lesions,
such as cancers, could be imaged by embodiments of the
invention in any modest setting.

One having ordinary skill in the art will readily under-
stand that the invention as discussed above may be practiced

50 with steps in a different order, and/or with hardware ele-
ments in configurations which are different than those which
are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, it would
be apparent to those of skill in the art that certain modifi-

55 cations, variations, and alternative constructions would be
apparent, while remaining within the spirit and scope of the
invention. In order to determine the metes and bounds of the
invention, therefore, reference should be made to the
appended claims.

60

We claim:
1. An apparatus, comprising:
a first camera configured to generate a composite first

video signal;
65 an analog non-linear processor operatively connected to

the first camera, the analog non-linear processor com-
prising:
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a sync separator circuit configured to produce a burst
sync and a composite sync to preserve the timing of
all blanking level and sync pulse timing of the first
video signal;

a first user adjustment potentiometer configured to
permit a user to adjust a voltage threshold;

a clamp circuit configured to be activated by the burst
sync and configured to set any portions of the first
video signal below the threshold to a maximum dark
level;

a difference amplifier circuit configured to adjust the
maximum dark level to a black level voltage;

a second user adjustment potentiometer configured to
permit the user to adjust gain such that portions of
the first video signal which are above the threshold
are adjusted to a maximum bright level to produce a
processed video signal;

an analog switch circuit configured to be actuated by
the composite sync and configured to combine the
processed video signal with a sync tip voltage to
produce a second composite video signal; and

a display, operatively connected to the analog non-linear
processor, configured to display the second composite
video signal.

2. The apparatus of claim 1, wherein the display further
comprises a virtual reality headset, and an adjustable bin-
ocular assembly mounted to the front of the virtual reality
headset.

3. The apparatus of claim 1, wherein the first camera
comprises a first imager.

4. The apparatus of claim 3, wherein the first imager
comprises a CMOS imager chip.

5. The apparatus of claim 1, further comprising an illu-
minator configured to illuminate a site that the camera is
viewing.

6. The apparatus of claim 5, wherein the illuminator is
mounted on the camera.

7. The apparatus of claim 5, wherein the illuminator
further comprises one or more infrared light -emitting
diodes.

12
8. The apparatus of claim 5, wherein the illuminator is

further configured to illuminate at a wavelength of a range
of 940 to 950 nanometers.

9. The apparatus of claim 1, wherein the first camera is
5 further configured to generate the composite first video

signal using a NTSC format.
10. The apparatus of claim 1, wherein the apparatus is

further configured to automatically set the threshold and the
maximum bright level to a default value.

11. The apparatus of claim 1, wherein the first camera
10 

further comprises an optical lens and a filter.
12. The apparatus of claim 1, wherein the apparatus

further comprises a second camera,
wherein the first camera is configured to generate a first

field of the composite first video signal,
15 wherein the second camera is configured to generate a

second field of the composite first video signal, and
wherein the display is configured to display the first field

and second field of the second composite video signal.
13. The apparatus of claim 12, wherein the display further

20 comprises a virtual reality headset, and an adjustable bin-
ocular assembly mounted to the front of the virtual reality
headset, and

wherein the virtual reality headset is configured to display
the first field of the second composite video signal to

25 the left eye of the user and to display the second field
of the second composite video signal to the right eye of
the user.

14. The apparatus of claim 12, wherein the first camera
comprises a first imager, and wherein the second camera

30 comprises a second imager.
15. The apparatus of claim 14, wherein the first imager

and the second imager each comprise a CMOS imager chip.
16. The apparatus of claim 12, wherein the first and

second camera are each further configured to generate the
35 first and second field of the composite first video signal

using a NTSC format.
17. The apparatus of claim 12, wherein the first and

second camera each further comprise an optical lens and a
filter.
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