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Overview

The LSN Liquid Dispenser is designed to deliver small, precise volumes of liquid foods to monkeys.  The device overcomes many of the limitations of earlier dispensers, like susceptibility to suction created by the monkey.  

The Dispenser has three components: 


Control Unit
User interface, power supply, and connections to computer


Reservoir Unit
Refill bottle, air pressure control


Solenoid
Mounts near animal and provides the fluid output
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Features

· Delivers different fluid volumes under computer control

· Direct selection of reward volume using stored tables for each fluid

· Pressure driven fluid chamber and remote valve operation for precise volume control

· LCD and web user interfaces for easy programming and operation

· Can be programmed to deliver a reward every N seconds.

· Counts rewards

· > 350 ml reservoir capacity

· Handles thick fluids (e.g., apple sauce).

· Microprocessor controller can be easily reprogrammed for new features

Connections, setup, and controls

Reservoir Unit

Filling

The Reservoir requires an air pressure source with 20 psi of pressure, but the pressure must be turned off to refill the reservoir.  Use the red button above the reservoir to release pressure in the reservoir before refilling.  Loosen the reservoir by rotating counterclockwise.  The reservoir can then be filled and refitted to the Unit. Tighten by hand. Turn the air pressure back on and adjust black pressure control knob to set the desired pressure (see below).  

Control Unit

Front Panel

The front panel has an LCD display, two knobs (“Volume” and “Liquid”), two pushbutton switches (“Reset” and “Reward”), and a bi-direction switch (“Flush”):

	Control
	Type
	Purpose

	Volume
	Knob
	Sets reward volume and selects options within a menu

	Liquid
	Knob
	Selects substances to deliver and other menus

	Reset
	Pushbutton
	Returns the reward counter to zero.

	Reward
	Pushbutton
	Delivers a reward using the current settings

	Flush
	Bi-directional toggle switch. Up for momentary, down for locked
	Flushes the system by locking the valve open, or gives repeated “free” rewards.


Connections

The Control unit has for major connections.  One custom cable connects the Control unit to the Reservoir Unit.  The Control unit also has Ethernet, serial, and Digital Input connections.  The Ethernet connection is used for the Web interface (see below).  The serial connection is primarily for reprogramming the unit at time of installation, but may someday be used for additional experimental control.  The primary connection for controlling the feeder is the Digital Input.  You can connect the Control unit to the computer through the Digital Input connector.  Here are the pin assignments for that connector:

	Pin #
	Signal

	
	

	1
	Trigger bit 0

	2
	Trigger bit 1

	3
	Trigger bit 2

	4
	Trigger bit 3

	5
	Trigger bit 4 (manual)

	6
	

	7
	+5 v (via 1K)

	8
	

	9
	Ground


The same connector can be used for operation with a simple push-button (see below). The next section describes the use of trigger signals.

Triggers

Triggers are used to determine when a reward is given and how big a reward is given. There are 3 kinds of triggers.  

· Front panel REWARD button

· Numeric input (through Digital Input connector)

· External reward (through Digital Input, Trigger bit 4)

· Free rewards

The front panel REWARD button will trigger a single reward with each press.  The reward volume is based on the current settings (visible on the LCD display).  The volume delivered is also the equivalent to a numeric reward of value “1”.

Numeric input can select different reward sizes.  Normally, numeric rewards are selected with a computer, but any switch will also work.  For operation with a pushbutton switch, connect the switch between pins 5 and 7 of the Digital Input connector.  For computer operation, trigger (input) bits 0 through 3 are connected to computer output bits 0 through 3.  This allows for 16 possible input values (0 through 15):

	Numeric input
	Bit 3
	Bit 2
	Bit 1
	Bit 0
	Notes

	
	
	
	
	
	

	0
	0
	0
	0
	0
	No reward

	1
	0
	0
	0
	1
	

	2
	0
	0
	1
	0
	

	3
	0
	0
	1
	1
	

	4
	0
	1
	0
	0
	

	5
	0
	1
	0
	1
	

	6
	0
	1
	1
	0
	

	7
	0
	1
	1
	1
	

	8
	1
	0
	0
	0
	

	9 – 15
	
	
	
	
	Not used


An input value of 0 always means “no reward”.  An input value of 1 will generate a reward based on the front panel setting for the current substance.  Using the web interface, it is possible to assign reward volumes for input values of 1 through 8.  (See the discussion of the web interface below.)  Input values of 9 through 15 are currently not used.

Free rewards are the equivalent of pressing the REWARD button every N seconds.  N is selected using the LCD display.  Use the Free Reward Rate menu to set the number of seconds between rewards.  Use the Trigger menu to select “FREE”.  This enables Free rewards.  Once enabled, the Flush switch is used to engage the process.  

Web interface

If the Ethernet option is enabled, the NIH Liquid Feeder will act as a web server.  You must know the IP address assigned to the feeder, which is determined by the programming of the feeder’s microprocessor during installation.  The web interface has two sections.  One is the substance table, the other is the reward volume table.    The substance table has all the calibration information for each food that the feeder can deliver.  A calibration table consists of the pressure setting necessary to deliver the food, and the valve opening times needed to deliver 0.05, 0.10, 0.15, 0.25, 0.35, 0.50, 0.70, 1.00, and 1.50 ml of the fluid.  Once the task of calibrating the feeder is done, the calibration values can be loaded into the Liquid Feeder via the web interface.  From that moment onwards, all reward adjustments are done as volume settings (ml) rather than valve opening times (ms).  

The reward volume table assigns a reward volume to each Trigger as discussed above.  Trigger 1 can be set either via the web interface, or via the front panel LCD display.  The other trigger values can only be set via the web interface. 

Serial port

The serial port is used to program the network parameters.  Network programming will reset all data in the Dispenser, so make copies of the table information before hand.  Connect the serial port to a computer serial port (using a regular cable, not a null modem). Use Hyperterminal or other terminal program set for 9600 baud, no parity, 8 data bits, and 1 stop bit (9600,N,8,1).  Power off the Liquid Dispenser for 20 seconds.  Then, power on the liquid dispenser while holding down the RESET button. The Dispenser should give this message:
Hit any key to begin network setup.

The Dispenser will wait up to 20 seconds for the user to hit a key.  If no user response is detected, the Dispenser will proceed with the rest of the power-on sequence.  Here is a typical interaction for setting the network parameters. Backspace is not supported, so you must restart the process if you make any typing errors.

Type IP Address followed by the Enter key

Type carefully, backspace is not supported

128.231.33.04
<--- user entry

Type Subnet Mask

255.255.255.128
<--- user entry

Type Gateway

128.231.33.1 
<--- user entry

Done

Beeper

The NIH Liquid Feeder can be programmed to beep each time a reward is given.  The beeper is enabled and disabled via the Web interface.

Pressure adjustments

Once a substance is selected using the Control Unit front panel controls, the pressure regulator on the Reservoir Unit must be adjusted to the value listed in the substance table.  The Reservoir Unit has a pressure gauge and three LEDs labeled “High”, “Good”, and “Low” to help with the adjustment.  When the pressure adjustment is at the proper setting for the selected substance, the green “Good” LED lights.  The LCD display on the Control Unit also has a HI / LO indicator, as well as a digital pressure readout.

Operation

Flush

Rotate the “Liquid” front panel control until the “Flush” menu appears.  Use the “Flush” switch on the front panel to lock the feeding valve open.  The Flush switch can be push up for a momentary action, or pushed down for a locking action.  Note that the Flush operation will not be effective without at least a few PSI of air pressure.

Manual mode

The Manual mode allows direct control of how long the valve is opened for each reward.  This mode ignores all the calibration tables.  Rotate the “Liquid” front panel control to get the “Manual mode” display on the LCD.  Rewards can be triggered via the front panel “Reward” button or via any of the Trigger inputs.  The “Flush” switch will provide “Free” rewards if the Free reward triggering is enabled (see below).

Free rewards

The Free rewards trigger will deliver one reward every “N” seconds.  Two LCD menus are needed to set up free rewards.  Use the Liquid knob to select the Trigger menu.  Rotate the Volume knob to select “Free”.  (The display will show “Trigger: Free”.)  Then Use the Liquid knob again to find the Free Reward Rate menu.  Use the Volume knob to select the number of seconds between each reward.  Finally, rotate the Liquid knob to one of the substance types and select a volume.  The Manual mode can also be used.  To deliver “free” rewards, lock the Flush switch on by pushing it down.  

Calibration
Reservoir Unit analog sensor

Remove the cover to the plastic enclosure on the back of the Reservoir Unit by unscrewing the 4 Philips head screws.  Locate the 5 test points on the exposed circuit board. They are numbered 1 to 5 in this photograph.
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Disconnect the air pressure source and remove the bottle from the Reservoir Unit.  Use a voltmeter able to read 5 volts.  Clip the ground lead to test point 5 (lower left of circuit board) and the positive lead to test point 2 (center of board). Turn the Control Unit on and set it for Manual mode. Adjust the screw on R5 (to the left of test point 4) until the voltage reads zero. Look at the PSI reading on the Control Unit.  Adjust R5 until the PSI reading flashes back and forth between 0.0 PSI and 0.1 PSI.  The adjustment is complete. Screw the plastic cover back in place.  
