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Abstract

The olfactory stimulation device presented here is designed to assist in research aimed at comparing the ability of young and aging Rhesus monkeys to make correct, discriminatory selections of specific odors and tastes.  The device performs a two-choice discrimination test and functions with the new cages.  By presenting two sensory stimuli to the monkey and provides a reward for the correct choice.  The device uses a door-inactivation locking mechanism that utilizes push-solenoid door locks, and a Parallax Basic Stamp 2 microcontroller as the controlling element, which imparts great functional flexibility to the device.

Introduction

Research has shown that sensitivity to smells and tastes changes over the life of the Rhesus monkey (Macaca mulatta); there are significant differences between the sensory abilities of young and old monkeys (Hellekant, 2002).   Due to their close physiological relationship to humans, knowledge of primates’ sensory abilities is invaluable.  Some of the methods used by researchers to study the sensory performance of monkeys include two-bottle preference tests, where the animal prefers one liquid to another – and two-choice discrimination tests.  The goal of our project is to develop a system that can be used to perform an olfactory two-choice discrimination test with Rhesus monkeys as subjects.  

The two-choice discrimination method can be described as follows:  The animal is offered a choice of two stimuli, one being “positive,” and the other one being “negative” – in the sense that the positive stimulus indicates a “correct” choice, and the negative stimulus infers an “incorrect” choice on the part of the monkey.  A correct choice earns the monkey a reward, while the incorrect choice simply means the lack of a reward – a neutral consequence (as opposed to the negative consequence of punishment).  As the experiment continues, the difference between the two stimuli will become progressively smaller; eventually, a threshold is reached where the monkey can no longer accurately distinguish between the stimuli.  Researchers wish to see how this “threshold” level changes over the lifespan of the Rhesus monkey.  Training the monkey to use any device requires a substantial amount of time; therefore, a simpler design is strongly preferable. 
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Fig. 1:  A.  The prototype viewed from front/side.   B. View from back showing circuit and left solenoid 
  

Technical Specifications


The prototypic device is roughly the shape of a box, measuring 28.5 centimeters high, 20.5 centimeters wide, and 15.2 centimeters deep.  The structure is composed of four fabricated pieces of 0.062-inch thick aluminum sheeting, held together using twelve #4/40 x ¼ inch steel machine screws and matching nuts.  The two doors are made of brass, and each door has a 0.5 x 1.0 cm. tab of thin tin plate soldered to its reverse side.  Each door is affixed to the front plate of the device using a single brass hinge; one side of the hinge has been soldered to the back of the door, and the other half of the hinge is mounted to the body of the device using two #4/40 x ¼ inch machine screws.  To prevent the monkey from reaching through the interior of the device to the other side, a central divider of sheet aluminum is placed between the two doors.


Two openings have been cut in the front of the device; they measure 4.6 cm wide by 5.0 cm high.  They are positioned a distance of 9.3 cm apart, from inside edge-to-inside edge; when the device is properly mounted on the standard monkey cage, these openings are positioned to align with the far left and far right large cage-mesh openings.  The photosensors are mounted on a U-shaped bracket of 0.062-inch thick aluminum.  The solenoids are likewise mounted beneath the shelf of the device on a similar aluminum bracket.  The circuitry and the battery power supply are attached to the interior floor of the device.  A power on/off toggle switch and a reset button are mounted in the lower half of the device’s right side aluminum panel.  

The device (Fig. 1) utilizes a Parallax Basic Stamp 2 (BS2-IC) microcontroller, which is a programmable chip that coordinates all the functions of the device.  The microcontroller is approximately two centimeters wide and three centimeters long, and has twenty-four pins – sixteen of which are input/output (I/O) pins that can be assigned to run a number of external hardware elements.  During use, the microcontroller module must be mounted on a BASIC Stamp 2 carrier board (size: 8.1 cm x 6.6 cm); together, the module and the carrier board cost about sixty dollars.  Programs for the Parallax microcontroller are written on a PC using PBASIC programming language and subsequently downloaded into the microcontroller though an RS-232 serial port.  Upon being disconnected from the PC, the microcontroller will execute its programming until a new or modified program is downloaded.  Also incorporated into the design is a liquid crystal display (Parallax 2 x 16 Serial LCD, size: 8.0 cm x 3.6 cm, cost: approximately $40); it can display two lines of text, sixteen characters each, and can also “wrap” characters.  A 5-Volt voltage regulator (JRC 7805A, cost: $0.50) is also included.  Finally, a rechargeable, sealed lead-acid twelve-volt battery (Panasonic, model # R122R2P; 6.97” wide x 1.34” high x 2.36” deep, 1.67 lb; cost: $21.50) is used as the primary power source for the circuit.
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Figure 2:  Parallax microcontroller module (left) and carrier board (right) (www.parallax.com)
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Figure 3:  2 x 16 Serial LCD
The microcontroller circuit (Fig. 3) in the latest version of the device also utilizes photo emitter/photo-detector sensors (Omron); the component is designated EE-SY310/SY410.  Each sensor has an emitter and a detector.  The sensors operate as such: a light-emitting diode emits infrared light, when a reflective surface passes in front of the sensor (located on the opened reward door), the reflected light is picked up by a photo-detector situated next to the emitter.  Also included in the circuit are two International Rectifier N-Channel Hexfit transistors (IRFD110/113); these provide the necessary current amplification to run the solenoids.  

The actual door-locking is done by two tubular push-solenoids (Guardian Electric, # A420-067074-01, cost: $3.30 each), each drawing approximately 300 milliamps of current.  The solenoids have a 44 Ohm coil, are 1.17” long, 0.63” in diameter, and operate on a continuous duty cycle at 12 VDC.  When energized, the plunger travels 0.165”.  Below is a picture of one of the solenoids.  The total overall cost for the device, including materials and components, is about one hundred and ten dollars.  
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Figure 4:  Guardian Electric #A420-067074-01. Tubular push-solenoid

(http://www.73.com/a/0201.shtml)
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Figure 5:  Diagram of the microcontroller circuit

Our locking mechanism circuit is diagrammed above, and is arranged as follows:  Each of the sixteen input/output (I/O) pins on the Parallax microcontroller are initially set to a low-state voltage.   Pin thirteen of the microcontroller is designated as a serial output; this pin is connected to a liquid crystal display.  Pins six and seven are the only designated input pins, and are assigned to the two photosensors.  An input pin is switched to a high-state voltage when a reflective tab (attached to a door) passes in front of the photosensor.  Pins eight and nine are designated as outputs, and handle the operation of the solenoids.  A solenoid activates when its associated output pin becomes set at a high-state voltage through the action of the programming.  As dictated by the program, the solenoids remain active until the reset button is pushed.  Currently, the reset function of our circuit is not a software (programming) function; the reset button is wired directly to the hardware reset of the parallax microcontroller.  

The entire circuit is powered using the Panasonic twelve-volt lead-acid battery.  The solenoids are operated off of twelve volts, while every other circuit element operates using five volts.  The Parallax microcontroller possesses an internal five-volt voltage regulator, but this alone is not sufficient to support the needs of both the microcontroller and several additional hardware components.  For this reason, our circuit contains a separate five-volt voltage regulator.  


When a photosensor detects the opening of one door, its corresponding input pin voltage is switched to a high state; this action routes the flow of the program to the appropriate if-then statement, which activates the solenoid associated with the opposite door.  An identical situation exists for the other door: when the second door is opened, the appropriate output pin is set to “high” and the solenoid on the opposite side engages.  As part of each loop, a message is sent to the LCD display regarding the status of the device.  After either solenoid has been activated, the program stops.  When the reset button is depressed, the program returns to the beginning, and all I/O pins on the microcontroller are set to a low-voltage state.  A copy of the PBASIC code used in the device in included below in Appendix A.  

The PBASIC code currently in use is a relatively simple set of statements that give the microcontroller the capacity for functions of much greater complexity.  The Parallax microcontroller can be programmed to operate an automated stimulus presentation system and/or print out statements regarding the results of each trial.  Accomplishing these tasks would require a more advanced understanding of PBASIC programming, but would also provide a more complete operational framework.  The programming of an automated operation of either a stimulus presentation or reward delivery system into the microprocessor provides a promising area of future development.

Conclusion


This device, composed of an electronic circuit housed inside aluminum casing, allows for the two-choice discrimination test to be performed on Rhesus monkeys.  The integral components of the circuit include a Parallax Basic Stamp 2 microcontroller, two photosensors that detect the status of the doors, and two push-solenoids that serve as door locks.  It is easy to reset between individual trials, and is mechanically compatible with the standard monkey cage.  The device is designed with ease of operation in mind, for both the monkey and the experimenter.  In the future, this flexible device can incorporate a variety of additional features, including an automatic fluid stimulus delivery system controlled by the microcomputer.  The device will also be able to record and store data gathered during experimental sessions.  

Appendix A:  PBASIC code
 F1 Help                                                       BASIC Stamp II
______________________________________________________________________________

 'header

 input 6: input 7: input 4

 output 0: output 1: output 2: output 3: output 14:

 output 5: output 8: output 9: output 10: output 11:

 output 12: output 13: output 15

 'code for printing one line of text to LCD display

 n9600   con     $4054

 I       con     254

 CLR     con     1

 LINE2   con     192

 L1_C7   con     135

 pause 1000

 serout 13, n9600, [I, CLR]

 pause 1

 serout 13, n9600, ["MONKEY DEVICE"]  

 pause 2000

 'declare the photodetectors and solenoids

photo1 var bit

photo2 var bit

again:

out8 = 0

out9 = 0

‘Pauses are given in milliseconds
pause 20        
photo1 = in6

photo2 = in7

if photo1 = 0 and photo2 = 0 then loop3

        if photo1 = 1 then loop

                if photo2 = 1 then loop2

loop3:

        serout 13, n9600, [I, CLR]

        pause 1

        serout 13, n9600, ["Device is Ready"]

        goto again

        loop:

         out9 = 1

        debug "turned on sol2"

        serout 13, n9600, [I, CLR]

        pause 1

        serout 13, n9600, ["Solenoid 2 is on"]

        stop

        loop2:

        out8 = 1

        debug "turned on sol1"

        serout 13, n9600, [I, CLR]

        pause 1

        serout 13, n9600, ["Solenoid 1 is on"]

        stop

Appendix B:  Schematic of the Device
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