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point, in step 5298, if the delivery of another full chamber volume would cause the target

volume to be exceeded, step 5298 is performed.

In step 5298, a targeting trigger may be set as the difference between the total

delivered volume for the pumping operation and the target volume for the pumping operation.

The pump stroke may then proceed in step 5300 until the controller calculates through5

pressure decay measurements that the target volume has been reached. At this point, step

5302 may be performed in which the stroke is ended and an FMS measurement may be made

to confirm that the target volume of fluid has been moved.

Computing an estimated flow rate from a pressure decay curve during a pump stroke

may also allow the controller to close a valve or valves in a preemptive manner in order to10

more precisely deliver a pre-determined fluid volume. That is, the valve(s) may be closed

before the target volume is delivered to account for a delay between the controller command

and the valve’s mechanical response. The flow which occurs during the period of time

required to physically close the valve (s) may then cause the target volume to be substantially

met. Specifically, the controller may estimate the amount of time required to physically to15

close the valve(s). In some embodiments, this estimation may be a preprogrammed value. For

example, for a particular valve arrangement the response delay may be approximately 100ms.

Based on a real time computation of the flow rate, the volume of fluid moved during the valve

response delay can be estimated. This amount of fluid may be subtracted from the target

volume to yield a valve closure trigger volume. Once the valve closure trigger volume has20

been met, the cycler controller can command the valves to close.

Fluid Line Prime State Using Estimated Flow Rate and Estimated Stroke Displacement

In some embodiments, in-stroke computed flow rate and estimated stroke

displacement may be used to determine the prime state of a fluid line. This may be25

accomplished as described in in United States Patent 10,201,647 to Norris et alissued

February 12, 2019, filed June 5, 2015, entitled "Medical Treatment System and Methods

Using a Plurality of Fluid Lines," which is incorporated herein by reference in its entirety.

Set Differentiation

In some embodiments, a controller-computed flow rate and estimated stroke30

displacement may be used to determine which type of fluid line set is installed in a cycler (the

types of fluid line sets may differ in total volume due to variations in tubing length, diameter,

size and number of drip chambers, Y-connections or branches, etc.). The controller can also
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By assuming that the pump chamber sheeting 151 transits from the target position to

an extreme of travel, these models may be employed to determine the target position based

on a desired maximized detection range. For any given target pump sheeting 151 position

(and therefore Vcon,i) head height sensitivity ranges may be determined. Pi may be known (e.g.

set at 101 kPa, or measured by a sensor communicating with ambient). By assuming the pump5

sheeting 151 will transit to an extreme of travel, a value for Vcon,f may also be known. From

this, pressure changes needed to bottom out the pump sheeting 151 at an extreme of travel,

and therefore head height sensitivity can be determined. Thus, it is possible to choose a pump

sheeting 151 target position which has the greatest sensitivity range to different head heights

based on observed equalization time.10

In the event that a controller determines the head height to be around the edge of a

sensitivity range, optionally a second head height detection determination may be made. If

the head height is at an edge of the sensitivity range, it can be surmised the pump sheeting

151 had displaced to or near an extreme of travel. In the second head height detection

determination, the pump sheeting 151 position target used may be the opposite extreme of15

travel. This would allow for greater visibility on head heights of the type (e.g. positive or

negative) detected in the first head height determination but of greater magnitude.

FIG. 132 shows a number of exemplary actions which may be executed to calculate

head height pressure in another embodiment of a head height determination. As shown in

FIG. 132, in block 8000 the cassette may primed. In block 8002, a pump chamber may be20

placed in an initial state where the chamber’s sheeting can displace in response to any pressure

exerted by the head height of a component of interest. In certain embodiments, the pump

sheeting may be placed in a state where it may displace in response to either positive or

negative pressure. Thus, if the pump chamber is placed in fluid communication with a system

component of interest at either positive or negative head height with respect to the pump25

chamber, the establishment of fluid communication between the chamber and the component

of interest may displace the sheeting. This state may be referred to as an intermediate or mid-

stroke state or position. This intermediate postion may be determined by the control system

as described above or may be preset.

In situations where it is anticipated that the head height of the component of interest30

will exert a positive pressure on a pump chamber, the pump chamber may be placed in a first

biased state in block 8002. The first bias state may be a state which biases the detection range

toward detection of positive head heights. For example, the pump chamber may be left in a

fully delivered state. Likewise, if it is anticipated that the head height of the component of
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What is claimed is:

1. A cassette based fluid pumping system comprising:

a pumping cassette having a first side including a plurality of valve wells and second side

having a fluid bus, the first and second side each covered by a flexible membrane;

a control surface having a plurality of valve well control stations actuatable with respect to

the flexible membrane covering the first side of the cassette to open and close the plurality of valve

wells when the cassette is mated against the control surface;

a pressure distribution assembly having a positive and negative pressure source and a

plurality of pneumatic valves;

a controller configured to selectively actuate the plurality of pneumatic valves to apply

pressure against the valve well control stations in a valve pumping sequence causing the plurality

of valve wells to be opened and closed in sequence so as to pump fluid through the fluid bus of the

pumping cassette from a source to a destination until a volume displaced through the fluid bus of

the pumping cassette from the source to the destination is within a range of a target volume.

2. The system of claim 1, wherein the destination is selected from a list consisting of a mixing

reservoir in fluid communication with the cassette, a heater bag in fluid communication with the

cassette, and a pump chamber disposed within the pumping cassette.

3. The system of claim 1, wherein the source is selected from a list consisting of a pump chamber

disposed within the pumping cassette, and a source component in fluid communication with the

cassette.

4. The system of claim 1, wherein the source is a source component containing one of component

from a list consisting of a buffer solution, an acid solution, a purified water source, and a dialysate

concentrate.

5. The system of claim 1, wherein each valve pumping sequence transfers under 150 microliters.

6. The system of claim 1, wherein each valve pumping sequence transfers a nominal volume of 70

microliters.
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7. The system of claim 1, wherein at least one of the plurality of valve wells is a dedicated holding

volume valve well.

8. The system of claim 1, wherein the pumping cassette includes a pump chamber on the first side

of the pumping cassette, the control surface includes a pump chamber control region adjacent the

pump chamber when the cassette is mated against the control surface, and the controller is further

configured to apply negative pressure to the pump chamber control region via actuation of the

pneumatic valves while selectively actuating the plurality of pneumatic valves to apply pressure

against the valve well control stations in a valve pumping sequence.

9. The system of claim 8, wherein the controller configured to monitor the volume of the pump

chamber while selectively actuating the plurality of pneumatic valves to apply pressure against the

valve well control stations in a valve pumping sequence via a pressure sensor disposed in a volume

bounded at least partially by the pump chamber control region.

10. The system according to claim 1, wherein the pumping cassette only includes valve wells

between the source reservoir and the destination.

11. The system according to claim 1, wherein all of the valve wells include volcano valves.

12. The system according to claim 1, wherein the valve wells includes a first valve well, a second

valve well, and a third valve well.

13. The system according to claim 1, wherein the control surface is configured to fluidly isolate

the valve wells from each other when the control surface is mated against the flexible membrane

covering the first side of the cassette.

14. A fluid pumping system comprising:

a pumping cassette having a first side and a second side, the first side covered by a first

flexible membrane and the second side covered by a second flexible membrane, the pumping

cassette further including a midbody disposed between the first flexible membrane and the second
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flexible membrane, the midbody forming a plurality of valve wells on a first side of the midbody

adjacent the first flexible membrane, the midbody forming a common fluid bus on a second side

of the midbody adjacent to the second flexible membrane;

a control surface configured to mate against the first flexible membrane of the pumping

cassette, the control surface including valve-well control stations, wherein each valve-well control

station of the valve-well control stations configured to engage with a respective valve well of the

plurality of valve wells of the pumping cassette;

a positive pressure source configured to selectively apply a positive pressure to the first

flexible membrane adjacent to one or more of the plurality of valve wells;

a negative pressure source configured to selectively apply a negative pressure to the first

flexible membrane adjacent to one or more of the plurality of valve wells; and

a controller configured to selectively control application of the positive pressure source

and the negative pressure source to the valve-well control stations in order to displace the first

flexible membrane to open and close the plurality of valve wells in a valve-pumping sequence

causing the plurality of valve wells to be opened and closed in sequence so as to pump fluid through

the fluid bus of the pumping cassette from a source reservoir to a destination, the controller

configured to repeat the valve-pumping sequence until a volume transferred via the pumping

cassette from the source reservoir to the destination is within a first range of a target volume.

15. The system of claim 14, wherein the destination is a mixing reservoir.

16. The system of claim 14, wherein the destination is a heater bag.

17. The system of claim 14, wherein the destination is a pump chamber disposed within the

pumping cassette.

18. The system of claim 14, wherein the source reservoir is a pump chamber disposed within the

pumping cassette.

19. The system of claim 14, wherein the source reservoir is a source component connected to the

pumping cassette via a fluid line.
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20. The system of claim 19, wherein the source component is selected from one of a buffer

solution, an acid solution, a purified water source, or a dialysate concentrate.

21. The system of claim 14, wherein each valve pumping sequence transfers under 150 microliters.

22. The system of claim 14, wherein each valve pumping sequence transfers a nominal volume of

70 microliters.

23. The system of claim 14, wherein at least one of the plurality of valve wells is a dedicated

holding volume valve well.

24. The system of claim 14, wherein the pumping cassette includes a pump chamber on the first

side of the pumping cassette and the control surface includes a pump chamber control region which

is in selective communication with the positive pressure and the negative pressure via pneumatic

pump control valves, and wherein the controller is further configured to fill the pump chamber by

applying the negative pressure to the flexible membrane adjacent to the pump chamber via

actuation of one of the pneumatic pump control valves, the controller configured to monitor the

volume of the pump chamber and close the one of the pneumatic pump control valves when the

volume of the pump chamber is within a second range of the target volume.

25. The system of claim 24, wherein a difference between bounds of the second range is greater

than a difference between bounds of the first range.

26. The system according to claim 14, wherein the positive pressure source and the negative

pressure source are in fluid communication with the plurality of valve wells through a pneumatic

valve network.

27. The system according to claim 14, wherein the pumping cassette only includes valved-pumping

chambers between the source reservoir and the destination.

28. The system according to claim 14, wherein all of the valve wells include volcano valves.
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29. The system according to claim 14, wherein the valve wells include a first valve well, a second

valve well, and a third valve well.

30. The system according to claim 29, wherein the control surface is configured to fluidly isolate

the first valve well, the second valve well, and the third valve well from each other when the

control surface is mated against the first flexible membrane.
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