
F
IG

. 1

TR
AN

SC
EI

VE
R

M
O

NI
TO

RI
NG

CL
IE

NT
FR

EE
 F

LO
W

 D
ET

EC
TO

R
CO

M
PO

NE
NT

FL
O

W
 M

ET
ER

CO
NT

RO
L 

CO
M

PO
NE

NT

EX
PO

SU
RE

 C
O

M
PO

NE
NT

TR
AN

SC
EI

VE
R

PR
O

CE
SS

O
R

FL
O

W
 R

AT
E 

ES
TI

M
AT

O
R 

CO
M

PO
NE

NT

1

3

12

7

17

11

10

4

18

15

5

41
4

8

616

20

5 5

2

9

291413

FL
UI

D 
RE

SE
RV

O
IR

PA
TI

EN
T

VA
LV

E

DR
IP

 C
HA

M
BE

R

19

 

1/232



FIG. 2

22

23

21

24

25

SELECT A REGION OF INTEREST

DETERMINE IF A PIXEL IS WITHIN THE REGION OF INTEREST

EXPOSE THE PIXEL

ACTIVE A BACKLIGHT IF THE PIXEL IS WITHIN THE REGION OF
INTEREST

 

2/232



FIG. 3

29

26

27

28

 

3/232



FIG. 4A FIG. 4B

 

4/232



FIG. 5

74

71

73

72

69

68

67

75
70

409

IV BAG

 

5/232



FIG. 6

79

59

63
80

90

78

91

PROCESSORIR 
FILTER

UNIFORM
BACK
 LIGHT

DRIP
CHAMBER

 

6/232



FIG. 7

81

83

82

82

82

59

82

 

7/232



FIG. 8

79

85

59

63
80

90

84

91

PROCESSORIR 
FILTER

DRIP
CHAMBER

ARRAY OF
LINES

 

8/232



FIG. 9

85
88

87

59

86

 

9/232



FIG. 10

89

TYPICAL BACKGROUND IMAGE

 

10/232



F
IG

. 1
1

F
IG

. 1
2

F
IG

. 1
394

D
iff

er
en

ce

93

B
ac

kg
ro

un
d

92

R
eg

io
n 

of
 In

te
re

st

 

11/232



70
0

60
0

50
0

40
0

30
0

20
0

10
0 0

0
60

12
0

18
0

24
0

Ro
w 

/ C
ol

 S
um

m
at

io
n

Co
l

Intensity

30
0

36
0

42
0

48
0

H
o
ri
z 

P
o
in

ts
 t
o
 A

ve
ra

g
e

64

V
e
rt

 P
o
in

ts
 t
o
 A

ve
ra

g
e

7

S
tr

e
a
m

 W
id

th
 T

h
re

sh
o
ld

8

S
co

re
 T

rig
ge

r

17
4

Lo
w

er
 Im

ag
e 

Th
re

sh
ol

d

20
0

C
on

tin
uo

us
 li

ne
 s

co
re

86

P
ea

k 
co

nt
ro

l Pe
ak

 H
ol

d

F
IG

. 1
4

18
3

18
4

Co
nt

in
uo

us
Se

gm
en

t

Cl
os

e
y-

ax
is

x-
ax

is

18
5

 

12/232



F
IG

. 1
5

F
IG

. 1
7

F
IG

. 1
6

95
96

97

 

13/232



H
or

iz
 P

oi
nt

s 
to

 A
ve

ra
ge

Ve
rt 

P
oi

nt
s 

to
 A

ve
ra

ge

S
tre

am
 W

id
th

 T
hr

es
ho

ld

S
co

re
 T

rig
ge

r

Lo
w

er
 Im

ag
e 

Th
re

sh
ol

d

C
on

tin
uo

us
 L

in
e 

S
co

re

P
ea

k 
C

on
tro

l

64 7 8 17
4

20
0

37
5

Pe
ak

 h
ol

d

70
0

60
0

50
0

40
0

30
0

20
0

10
0

   
 0

0
60

12
0

18
0

24
0

30
0

36
0

42
0

48
0

Intensity

Ro
w 

/ C
ol

 S
um

m
at

io
n

Co
l

Cl
os

e

18
7

18
8

18
6

F
IG

. 1
8

Co
nt

in
uo

us
Se

gm
en

t

 

14/232



PatternMatch

Score Trigger
75

Pattern match score
50

Pattern

Close

189

190

FIG. 19

 

15/232



98 99

FIG. 20 FIG. 21

 

16/232



103

104

104

100

105

106

102

102

102

101

101

103

103

101

SENSOR / 
CAMERA

SENSOR / 
CAMERA

SENSOR / 
CAMERA

LIGHT
SOURCE

LIGHT
SOURCE

LIGHT
SOURCE

CALIBRATED
PATTERN

CALIBRATED
PATTERN

VIEW FROM THE CAMERA’S
PERSPECTIVE

VIEW FROM THE CAMERA’S
PERSPECTIVE

FIG. 26

FIG. 25

FIG. 24

FIG. 23

FIG. 22

107
104

CALIBRATED
PATTERN

107

 

17/232



FIG. 27TO FIG. 28

200
214

DETERMINE A BASELINE OF A DROP FORMING AT AN OPENING 
OF A DRIP CHAMBER

201
CAPTURE A FIRST IMAGE

202IDENTIFY THE DROP WITHIN THE FIRST IMAGE AND A PREDETERMINED
BAND NEAR AN EDGE OF THE DROP

203INITIALIZE A BACKGROUND IMAGE BY SETTING EACH PIXEL TO THE FIRST
IMAGE UNLESS IT IS WITHIN THE IDENTIFIED DROP OR A PREDETERMINED

BAND NEAR THE EDGE OF THE DROP

204SET PIXELS WITHIN THE REGION OF THE DROP OR WITHIN THE
PREDETERMINED BAND TO A PREDETERMINED VALUE

205
INITIALIZE AN INTEGER ARRAY OF INTEGERS TO ZERO

206INITIALIZE AN ARRAY OF VARIANCES TO ZERO

207
CAPTURE  ANOTHER IMAGE

208IDENTIFY THE DROP IN THE ANOTHER IMAGE AND ANOTHER PREDETERMINED
BAND NEAR AN EDGE OF THE DROP

209UPDATE THE BACKGROUND IMAGE, THE ARRAY OF INTEGERS, AND THE ARRAY OF
VARIANCES

210COMPARE THE ANOTHER IMAGE TO THE BACKGROUND IMAGE AND
IDENTIFY A PLURALITY OF PIXELS OF INTEREST
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FIG. 28

211

FROM FIG. 27

DETERMINE A SUBSET OF PIXELS WITHIN THE PLURALITY OF PIXELS OF
INTEREST THAT CORRESPOND TO A DROP

212
PERFORM A ROTATION OPERATION ON THE SUBSET OF PIXELS

213ESTIMATE A VOLUME OF THE DROP WITHIN THE DRIP CHAMBER BY
COUNTING THE NUMBER OF PIXELS WITHIN THE ROTATED SUBSET OF PIXELS
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FIG. 31
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IF THE INPUT PIXEL IS TO THE LEFT OR RIGHT OF THE BASELINE (GREEN LINE) IN THE IMAGE, 
THEN ITS OUTPUT VALUE IS SET TO ZERO.

IF THE INPUT PIXEL’S BACKGROUND COUNT ARRAY INDICATES THAT FEWER THAN A PRE-DETERMINED NUMBER OF IMAGES 
(E.G., 100) HAVE BEEN USED TO MAKE THIS PIXEL’S BACKGROUND VALUE, THEN

IF THE INPUT PIXEL’S INTENSITY IS LESS THAN THE THRESHOLD INTENSITY (E.G., 140 IN AN RANGE OF 0 - 255),
THEN SET THE PIXEL’S OUTPUT VALUE TO NOT - ZERO (255).

IF THE INPUT PIXEL’S INTENSITY IS GREATER THAN OR EQUAL TO THE THRESHOLD INTENSITY, THEN SET THE
PIXEL’S OUTPUT VALUE TO ZERO.

IF THE INPUT PIXEL’S BACKGROUND COUNT ARRAY IS GREATER THAN THE PRE-DETERMINED NUMBER OF IMAGES , THEN:

IF THE SQUARE OF THE DIFFERENCE BETWEEN THE INPUT PIXEL INTENSITY AND THE BACKGROUND PIXEL INTENSITY
IS GREATER THAN THE PIXEL’S ESTIMATE OF BACKGROUND VARIANCE TIMES A

CONSTANT !!!!!, THEN SET THE PIXEL’S OUTPUT VALUE TO NOT-ZERO (255). (THIS EFFECTIVELY SAYS IF
THE CURRENT PIXEL VALUE IS MORE THAN    , THEN THE PIXEL IS DISTINCT.)

1.

2.

3.

a.

IF THE SQUARE OF THE DIFFERENCE BETWEEN THE INPUT PIXEL INTENSITY AND THE BACKGROUND PIXEL INTENSITY
IS LESS THAN OR EQUAL TO THE PIXEL’S ESTIMATE OF BACKGROUND VARIANCE TIMES

A CONSTANT       , THEN SET THE PIXEL’S OUTPUT VALUE TO ZERO.

b.

a.

b.

FIG. 32
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"
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FIG. 33 FIG. 34
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FIG. 35 FIG. 36
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FIG. 37

1. PUSH THE LOCATION OF THE FIRST PIXEL ONTO A STACK

2. WHILE THE STACK IS NOT EMPTY:

a. POP THE NEXT LOCATION (i,j) OFF OF THE STACK

b. MAKE THE OUTPUT PIXEL VALUE AT (i,j) WHITE

c. EXAMINE THE EIGHT PIXELS ADJACENT TO (i,j) :

d. RETURN TO 2

i. IF THE ADJACENT INPUT PIXEL (  ,!!!) IS WHITE, BUT THE OUTPUT PIXEL (  ,!!!) IS BLACK ADD

THE LOCATION (  ,!!!)  TO THE STACK
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FIG. 38
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20mm

LENS
FOCAL
LENGTH

LENS
SEPARATION
FROM THE
CAMERA

FOCUS
SEPARATION
FROM THE
CAMERA

FIELD OF
VIEW

DEPTH OF FIELD
(DBLUR/DPIXEL)=1

DEPTH OF FIELD
(DBLUR/DPIXEL)=2

0mm 18.6mm +9.7mm +2mm +4mm

20mm 60mm 78.2mm +12.3mm +3mm +6mm

40mm 0mm 34.8mm +18.2mm +5mm >10mm

40mm 60mm 93.5mm +22.6mm +10mm >10mm

60mm 0mm 48.9mm +25.6mm >10mm >10mm

60mm 60mm 106.4mm +31.4mm >10mm >10mm

FIG. 42
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CAPTURE AN IMAGE OF A DRIP CHAMBER

MOVE THE TEMPLATE TO A SECOND POSITION

POSITION A TEMPLATE WITHIN THE CAPTURED IMAGE TO
A FIRST POSITION

AVERAGE THE PIXELS WITHIN THE TEMPLATE TO
DETERMINE A SECOND AVERAGE

CORRELATE THE SECOND POSITION WITH A VOLUME OF
THE DROP

IF A DIFFERENCE BETWEEN THE SECOND AVERAGE AND
THE FIRST AVERAGE IS GREATER THAN A PREDETERMINED

THRESHOLD VALUE, DETERMINE THAT THE TEMPLATE IS
LOCATED AT AN EDGE OF A DROP

AVERAGE THE PIXELS WITH THE TEMPLATE TO
DETERMINE A FIRST AVERAGE
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