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CLAIMS

1. A tubing state detector for detecting the presence or absence of a tubing segment,
comprising: |

a first light emitter having a first optical axis directed toward a space in which a
tubing segment is to be positioned;

a second light emitter having a second optical axis directed toward the space, the
second light emitter being adjacent the first light emitter; and

an optical sensor positioned on a side of the space opposite the first and second light
emitters and arranged to receive light emitted by the first and second light emitters to

determine a presence or absence of a tubing segment in the space.

2. The detector of claim 1, wherein the second optical axis is approximately parallel

to the first optical axis.

3. The detector of claim 1, wherein the optical sensor detects a higher or lower light

level from the first light emitter when a tubing segment is in the space.

4. The detector of claim-4 3, wherein the optical sensor detects a lower light level

from the second light emitter when a tubing segment is in the space.

5. The detector of claim 1, wherein with a tubing segment in the space, a detected
light level for both the first and second light emitters is within about 15-20% of a calibration
light level for the first and second light emitters that is detected when a tubing segment is

known to be absent from the space.

6. The detector of claim 5, wherein with a tubing segment not in the space, a detected
light level for the second light emitter is less than about 15-20% of the calibration light level

for the second light emitter.

7. The detector of claim 1, wherein the optical sensor has an optical axis that is

approximately collinear with the first optical axis.
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8. The detector of claim 1, wherein the first optical axis passes approximately

through a center of a tubing segment with the tubing segment positioned in the space.

9. The detector of claim 8, wherein the second optical axis is offset from a center of a

tubing segment with the tubing segment positioned in the space.

10. The detector of claim 1, wherein the optical sensor has a sensor optical axis, the
detector further comprising a third light emitter having a third optical axis that is arranged at

an oblique angle relative to the sensor optical axis.

11. The detector of claim 10, wherein the oblique angle is about 110-120 degrees.

12. The detector of claim 10, wherein the optical sensor and third light emitter are
arranged such that with a tubing segment in the space and the tubing segment containing no
liquid, a light level detected by the optical sensor is over about 150% of a calibration light
level detected with no tubing segment in the space, and such that with a tubing segment in the
space and the tubing segment containing liquid, a light level detected by the optical sensor is

less than about 125% of the calibration light level.

13. The detector of claim 10, wherein the optical sensor and third light emitter are
arranged such that with a tubing segment in the space and the tubing segment containing no
liquid, a light level detected by the optical sensor is over a threshold level, and such that with
a tubing segment in the space and the tubing segment containing liquid, a light level detected

by the optical sensor is less than the threshold level.

14. The detector of claim 13, wherein the threshold level is about 125-150% of a

light level detected by the optical sensor with no tubing segment in the space.

15. The detector of claim 10, wherein the third light emitter and the optical sensor are
arranged such that the optical sensor receives light from the third light emitter both when a
tubing segment in the space is filled with liquid and when a tubing segment in the space is

empty of liquid.
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16. The detector of claim 10, wherein the space is arranged to receive and hold a
tubing segment having a cylindrical outer surface without substantially deforming the tubing

segment.

17. The detector of claim 1, wherein the first and second light emitters are light

emitting diodes.

18. The detector of claim 1, wherein the tubing segment is a portion of a patient line

of a dialysis system.

19. The detector of claim 1, wherein the tubing segment is at a distal end of the

patient line.

20—A-tubing-state-detector-for- detecting-whether liquid-is-contained-in-a-tubing
Seement;-comprisg:

a-fill-state light-emitter-having-an-optieal-adis-that is-arranged-to-pass-through-a-space
in-which-a-tubing-segment-is-to-bepositioned;-the-space-being-arranged-to-receive-a-tubing
segment-having-a-eyvhindrical-outer surface-and-to-hold-the-tubing segment-without
substantiatly-deforming the-tubing segmentrand

Fae

an-ontical cencorrasitioned. on.acide nfibhe DO OTLR o thafill atate liaht vyibtene
mrUpnears (SRS S SLV NS S Suf SR N S VA S g A A LRSS | S O PouTtO-Tht-Titr- ot ESANI e b ¥ 2 a a
asnd-sreangced to-receive Mol emuited haotbhe Gl ctato Tioabt semitt e o0 dot ot o o wmone e o w
TOECTOET 3 ROt oY Bosameiness CELET (ES Wit au v a2 TEIXTY POy On: ¥

absence-of liquid-in-the-tubing segment-the-optical-sensor-havinga-senser-optical-axis-thatis

arranged-at-an-oblique-angle-to-the-optieal-axis-ofthe-fill-state-light-emitter:
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22—Fhe-detector-of-claim-20-wherein-the-optical-sensor-and-fill-state-Hght-emitter-are
arrapnged-sueh-that-with-a-tubing-segmentin-the-space-and-the-tubing segment-containing no
liquid;-a-lightdevel-detected-by-the-optical-sensor-is-over-about-150% of a-calibration-tight
level-detected-with-no-tubingsemment-in-the-space;-and-such-that with-a-tubing segmentin-the
space-and-the-tubing-segment-containingHguid-alight level-detected-by-the-optical sensoris
less-than-about-125% ot the calibration-Hght-level:



10

15

20

25

30

-131-

23~The-deteetor-of-claim-20;-wherein-the-optical-sensor-and-fill-state light-emitter-are
srranged-sueh-that-with-a-tubing-segment-in-the-space-and-the-tubing-segment-containing no
hiquid-a-light-level detected-by-the-optical-sensor-is-over-a-threshold-level,-and-sueh-that-with
a-tubing -segment-in-the-space-and-the-tubing sepment containing liguids-a-Hght-level-detected
by-the-optieal-sensoris-lessthan-the threshold-levek

24— The-detector ofelaim-23—wherein-the-thresheld-levelds-about-125-150%-ofa

bghtlevel-detected-by-the-optical-senser-with-no-tubing-sepment-in-the spaee:

25 Fhe-detector-ef clatm- 20 wherein-the-fill-state light-emitter-is-a-tight-emitting

diode:

2o~ The-detector-of elabm 20 forther-comprising:
a-first-hght-emitter-having-a first-optical-axis-directed-toward-a-space-in-which-a
tubing-sepmentis-to-be-positioned:and
a-seeond-light emitter-having-a-second-optical-axis-directed-toward-the-space;-the
second-light-emitter-being-ndjacent-the-first-Hight-emitter;
wherein-the-optieal-senser-is-positioned-on-a-side-of the space-epposite-the-frst-and
seeond-light-omitters-nnd-arcanged-to-receive-Hght-emitted-by-the-first-and-second-Hight
ot
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2T—Fhe-detector-of-elaim-26,wherein-the-second-optieal-axis-is-approximately

parabelto-the-first-optical-axdis:

28Fhe-detectorof-eluim-26,-whereinthe-optical-sensor- detects-a-higher-or-lower

Lightlevel-from-the-first light-emitter-when-a-tubing segment-is-in-the-space:

20—The-detector-ofclaim 28, wherein-the-optical-sensor detects-a-lower-hight-level

from-the-second-tight-emitter-when-a-tubing sepmentis-in-the-space:
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hghtlevelHor the-first-and-second-light-emitters-that-is-detected-when-a tubing segment-is
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lenown-to-be-absent-from-the-spaee:
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3—The-detector-ofelatm-30;-wherein-with-o-tubingsegmentnot-in-the-spase;-a
detected-lightlovel for-the-second-Hahtemitter is-less-than-about-15-20% o the-ealibration
heht-level-dor-the-second-Hpht-emitter;
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of-a-tubing segment-with-the-tubing segment-positioned-in-the-spaee:

2 The -detectar.of olais
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tabing segment-having-a-evlindrical-outer surface-without-substantially-deformingthe-tubing

segment:

37T he-deteetor-of-elaim 20;-wher

in-the-tubing segment-is-a-portion-ofa-patient Hne

ofa-dialysis-system:

AR Lo detentar.abolain 2 sein-the fubino.secment 1o atoa diatal end of 4l
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wsed-to-eonneet-the patient-line-to-a-patient-aecess-connection:

40—A-peritoneal-dialysis-syster-comprising:
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atleast-one-pump-arranged-to-pump-dialysate for-delivery-to-a-peritoneat-eavity-ofa
patient;

a-patient-ine-fuidly-eovpled-to-the-at-least-one-pump-such-that-dialysate-delivered
from-the-pump-is-directed-to-the-patient-lines the-patieat-line-havingo-distal-end-arranged-for
connection-to-a-patient-and

a-patient-line-state-detector-arranged-to-be-associated-with-the patient- line-and-te

latect haoth o nrecsence.ofth atient. i and-a-prminecandition-aof thepnatient-line
8 S A Wy L L PR iAW S L) LR iy G e AUAN R S uE iy TR ¥ faw LRV VEs LR AV M L 8 & § e

AT he austem-ob.olaim-40 herein-the
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reeetve-the-distal-end-ofthe-patient-lineto-detestthe presence-ot the-distalend-and-whether

the-distal-end-of-the-patient-line-ts-filled-with-laid:

42 —The-system-of-elaim-4--wherein-the-patient-Hine-state-detector-ingludes:

a-eavity-to-reecive-the-distal-end-of-the-patient-hine:

one-ar-more-light-emitters-assoeinted-with-the-eavity-arranged-to-direct lightinto-the
eavity:-and

P ER LR
PR URT TR

deteot Lobi enitied thea-ona-oeaacea.d
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emitters:

aFectlicht emitter. havina o fent ostical avia-directed ward.a.snace snavhich o
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portion-of the-patient-ine-is-to-be positioned:
a-second-light-emitter-having-a-second-optical-axis-divected-toward-the-space-the

seeond-light-emitter-being-adjacent-the-firstHight-emittersand
a-eptieal-sensor-positioned-on-a-side-of-the-space-opposite-the-first-and-second-Hight

emitters-and-arranged-to-receive Heght-emitted-by-the fiest-and-second-Hght-emittersto

deterprine-a-presenee-or-absence-of the-patient-hne-in-the-spaee:

44—The-system-of-elaim-43-wherein-the-second-eptical-axis-is-approximately-parallel
to-the-first-optieal-axeis:
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level-from-the-firstlight-emitter when-a-portion-of the-patient-Hne-is-in-the-space:
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46—thesystem-otelpim 45 wherein-the-optieal-sensor-deteets-a-lower light-level

from-the-second-light-emitter-when-a-portion-of-the-patient-lineds-in-the-space:
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detected-lightlevel-lor-both-the first-and-second-Hght-emitters-is-within-about 15-20% of a
ealibration-lightlevel-for-the-first-and-second-light-emitters-that-is-detected-when-a-tubing

segment-is-known-to-be-absent-from-the-space:

48-The-system-otf-elaim-47-wherein-with-a-pertion-of-the-patient-ine-notin-the
space;-a-detected-tight-level-for-the second-light-emitter is-less-than-abeut 15-20% of the

egtibration-light-level for the-second-ight emitter

49 The-system-of-elaim-43;wherein-the-eptical sensorhas-an-opticabwds-thet-is

approximatebr-collinear-with-the-firstoptical-wxds:

50--Fhe-system-of-elaim-43,-wherehn-the-fisst-optieal-axis-passes-approximately

throveh o centeer.ofanartion of the smatient linewith the sortion-afthe pnatient loenocitioned
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n-the-spaee:

SleThe-system-of-elaim-50; wherein-the second-eptical-axis-is-ofset from-a-center-of

a-pertion-of-the-patient-line-with-the-portion-of-the-patient-line-positioned-in-the-space:
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detector-furthercomprising-a-third-Hght-emitter-having-a-third-optieal-axis-that-4s-arranged-at

an-obliqgue-angle-relative-to-the-senseroptical-axis:

53— The-syster-obelaim-52,-wherein-the- obligus-angleds-about-1-0-120-degrees:

54:Fhe-system-obelaim-520—wherein-th
arranged-such-that-with-a-pertion-ef-the-patient-line-in-the-space-and-the-portion-of the-patient
line-containing no-liquid-a-lightlevel-detected-by-the-optical-sensor-is-over-abowt-150% of 4
ealibration-tight-level-detected-with-no-portion-of the-patient-line-tn-the-space,-and-sueh-that

with-a-portion-ot-the-patient-ine-in-the-space-and-the-pertion-of the-patient line-containing
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heuidsa-lightlevel-detected-by-the-optical sensoris-less-than-about-125% ot the-calibration

bghtlevel:

55—The-system-of-elaim-52-wherein-the-optical-sensor-and-third Hght-emitter are
arranged-sueh-that-with-a-portion-of-the-patient-line-in-the-spaec-and-the portion-of-the-patient
hine-contaiping no-Hauids-a-light-level-detected-by-the-eptical-sensor-is-over-a threshold-level;
snd-sueh-that-with-a-portion-of the-patient-hine-in-the space-pnd the pertion-of the-patient line

containing Hguids-alight-level detested-by-the-optical sensoris-less-than-the-threshold-level:
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tevel-detested-by-the-optical sensor-with-no-a-portion-of-the-patientline-in-the-space:

S1—Fhesystem-of elaipm-43;-wherein-the-pertion-of-the-patient-line-is-a-distal-end-of

the-patient-line:

58~The-system-ot-claim-40;-wherein-the-first-and-second-light-emitters-are-hight

emitting-diodes:

59-—The-system-of-elaim-40-wherein-a-porton-of-the-patient-Hne asseciated-with-the
patient-line-state-detector-hag-a-eylindrical-outer-surface-snd-the patient-line-state detector-is

arranged-toreceive-and-hold-the-patient-Hne-without-substantinlly-deforming the-patient-line:

6020. A method for detecting a presence of a tubing segment, comprising:

emitting first light along a first optical axis toward a space in which a tubing segment
is to be optionally positioned,

emitting second light along a second optical axis toward the space, the first and
second light being emitted from a first side of the space;

sensing at least portions of the first and second light on a second side of the space
opposite the first side; and

determining a presence or absence of a tubing segment in the space based on the

sensed portions of the first and second light.

parallel to the first optical axis.
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6222. The method of claim 6020, wherein a first calibration level of the first light is
detected with no tubing segment in the space, and a first light level is detected of the first
light when a tubing segment is in the space, where the first light level is higher or lower than

the first calibration level.

6323. The method of claim 6020, wherein a second calibration level of the second
light is detected with no tubing segment in the space, and a second light level is detected of
the second light when a tubing segment is in the space, where the second light level is lower

than the second calibration level.

6424. The method of claim 6323, wherein a determination is made that a tubing
segment is in the space when a detected light level for the second light is less than about 15-

20% of the second calibration level.

6525. The method of claim 6020, wherein the first optical axis passes approximately

through a center of a tubing segment with the tubing segment positioned in the space.

present in the tubing segment or not.

6828. The method of claim 6620, wherein the step of determining whether liquid is
present in the tubing segment or not comprises detecting a third light level using a same

optical sensor used to detect at least a portion of the first and second light.

light emitted along an optical axis that is oblique to a sensor optical axis along which the

third light level is detected.

FO——A-method-for-detecting-a-presence-of-liquid-in-a- tubing-segment,comprising:
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