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Abstract:


In order to gain a better understanding of how olfactory performance varies with age, it is beneficial to study the sensory abilities of non-human primates.  The two-choice discrimination method is the choice method for determining the abilities to both smell and taste.  Our clients would like a device that allows them to perform two-choice discrimination testing with Rhesus monkeys located at the University of Wisconsin Regional Primate Center.  To fulfill the needs of the clients, we first constructed a testing device made of aluminum and brass that utilized a simple gravity-operated locking mechanism.  Upon refining our solution, we developed an electronic locking mechanism that was simpler and more automated than the original design.  The new locking mechanism makes use of photo-sensors, transistors, and a dual flip-flop component that trigger push-solenoids upon the opening of a door.  

Problem Statement:

The olfactory stimulation device is designed to assist in research designed to compare the ability of young and aging monkeys to make correct, discriminatory selections of specific odors and tastes.  The device must have the capacity to conduct experiments using either tastes or smells with equal ease. The device must be able to present two different samples to the monkey: one that contains a taste or smell stimulus of variable concentration, and another that contains no stimulus.  The monkey will have the option to select the positive (correct) stimulus after testing both options.  If the correct choice is selected, the monkey will receive a reward; the reward should be hidden behind a door corresponding to the stimulus selection.  Upon choosing one door, the other door must be inactivated by a locking mechanism.  The device should be readily movable between cages, and all interactions between the monkey and the device must occur either inside the testing cage or within reach of the caged monkey.  The device needs to be lightweight, yet durable and reliable.

Background:


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 negative punishment).  Because training monkeys to perform the test may require hundreds of trials over a span of months, a simpler design is strongly preferable. 

Design Constraints:


Several important design constraints exist for our device.  First, a point of attachment to the cage is needed:  In order for it to be best compatible with existing primate cages, it should have a mounting plate that will fit into a slot on the exterior of the monkey cage.  Currently, such a slot is present, and is used to hold a food tray.  The mounting plates on food trays are generally rectangular in shape, being 20.0 cm wide and 12.5 cm high.  Our device must have a mounting plate of identical dimensions.


Secondly, the device must be sturdy and durable, and able to withstand abuses from both monkey contact or from falling on the floor.  The device should be of a durable, non-corrosive material that can be washed and sterilized repeatedly without degrading, such as stainless steel or aluminum.


In order for the device to facilitate interaction with the monkey, there will need to be two openings in the device aligned with the large holes in the cage mesh.  The regular cage mesh is a network of 2.50 cm square holes; meanwhile, feeding monkeys reach outside the cage through any of four large square holes (4.67 cm x 4.67 cm) located directly above the feeding tray.   The monkey must operate the device by reaching through these large holes.  Once the monkey chooses a door, the other door must be immediately locked.  This locking mechanism must be durable, must operate for hundreds of trials without needing replacement components, and must be easy for the operator to reset between trials.  

For more detailed information concerning the design constraints of this project, please consult the Product Design Specifications located in Appendix A.  


Previous Work:

Spring Semester 2002:

Our first version of the prototype was an aluminum box with dimensions of 28.5 cm high, 20.5 cm wide, and 15 cm deep.  Two holes for the presentation of stimuli are visible near the top of the device, while two reward doors can be seen below.  The two brass doors were hinged on the side; the original locking mechanism was completely lacking of electrical components, instead using gravity-driven brass pins to seal the doors.  Its operation was relatively reliable, but resetting the mechanism between trials proved to be quite cumbersome.  The photographs below show the exterior of the original prototype on the left, and the locking mechanism (as viewed from behind) on the right.


Fall Semester 2002: (Early)

Once the prototype was constructed and put into use, a number of small problems arose.  First, the mounting plate did not fit properly into the slot; this problem was solved by filing off some of the height and width from the plate.  Also, our client desired to have the doors swing open in a vertical manner, rather than to the side.  She additionally requested that the bottom of each door be bent slightly inwards to facilitate smooth, safe operation, and that a central divider be added to prevent the monkey from reaching across the interior of the device to the opposite side.  The requested modifications were made promptly, and the prototype was returned to the primate center for use as a training device.  

Progression Towards Latest Design:

While the exterior design of the prototype was suitable, the locking mechanism required significant improvement.  As our original locking mechanism was too cumbersome, we searched for a better solution.  We explored using a system of pulleys and/or mechanical levers to create a more efficient system of locking the doors.  We even questioned whether doors were necessary elements at all.  Eventually it was decided that it would be very difficult to build an improved, mechanical mechanism; thus, we explored several options for electronic locking.  Our first ideas included using some type of sensors that would both sense the status of the doors and trigger a locking mechanism once a door was opened.  The most obvious component to use in an electronic door lock was a solenoid – a thick coil of wire that generates a magnetic field when electric current is applied.  

We began searching for ways to go from sensor output to activated solenoid.  Using a stamp computer was an attractive early option; a stamp computer is a small, inexpensive computer that can be programmed to receive input, process information, and yield output.  The ability to program it was especially appealing, as the program could be adapted as the experimental needs of the operator changed.  However, the output current was much too small to activate the solenoid directly (3 mA, whereas we needed about 300 mA).  We then thought of using a “solenoid driver” – a transistor that amplifies the weak output current of the stamp computer.  In the end, it was considered too impractical to run the computer, transistor, and solenoids off of a single battery.  After eliminating the stamp computer and the transistor, we next thought of incorporating switches instead of sensors.  A switch could both detect the status of the door, and handle the higher current necessary to run the solenoid.  We wanted to use either reed switches or photo-switches, which require no contact forces to operate.  

Selected Design:

The exterior dimensions (28.5 cm high, 20.5 cm wide, 15 cm deep) of the device have not been changed since the original prototype, as they have been deemed sufficient to meet our needs.  However, the electronic mechanism requires significantly less space than the original mechanical mechanism.  As a result, the depth of the device could be cut down from 15 cm to 10 cm or less, thus cutting costs on materials.  The original materials of aluminum for the outer casing and brass for the doors and hinges were likewise considered sufficient to meet our goals for the time being.  

The assistance of Thomas Roberts was invaluable in helping us transform our ideas into a realized, working mechanism.  Our electronic locking mechanism incorporates two photo-emitter/photo-detector sensors, two transistors, a dual-flip-flop logic element, and two push-solenoids.  Each photosensor is wired to trip the solenoid associated with the opposite door.  The solenoid locks the door by pushing up through the floor of the device, blocking the door from opening.  When the current is removed, gravity returns the plunger to the rest-state. The flip-flop…. Lalalalala(waiting for Tom’s input)lalalala…  A transistor serves to amplify the weak current output of the sensor.  A power on-off toggle switch is included, and a push-button reset switch resets the circuit to its resting state between successive trials.  The circuit is powered off of a single nine-volt battery.  A circuit diagram is included as part of Appendix C.


The photo emitter/photo-detector sensors were made by Omron; the component is designated EE-SY310/SY410.  They operate as such:  a light-emitting diode emits infrared light, which is picked up by the adjacent photo-detector when a reflective surface passes in front of the sensor.  These two sensors were the most expensive component of the circuit, costing about five dollars apiece.  The Motorola Dual Type-D Flip-Flop (MC14013B) is a logic element that incorporates both flip-flops into a single component.  Also included in the circuit are two International Rectifier N-Channel Hexfit transistors (IRFD110/113).  Lastly, the physical door-locking is done by two tubular push-solenoids, each drawing approximately 300 mA and costing about $3.50 apiece.  The entire cost of all circuit components totals about $25.00; adding in the cost of other materials brings the overall cost of the device to about thirty to thirty-five dollars.  

Conclusions and Future Work:


Our first goal for the immediate future is to install our electronic locking mechanism in a full-sized device.  In the intention of more clearly demonstrating its operation, the circuit is currently housed in a mock-up of the front section of the device.   Farther in the future, we hope to perhaps incorporate a blinking indicator light into the device.  The presence of a visual signal would help facilitate the monkey’s learning process of associating a particular stimulus with a reward, significantly shortening the training period.  The light would serve only to indicate that the monkey made a correct choice. Its location is yet to be determined, though logically it could reside above a reward door.


Future improvements to the device would be aimed at making it more automated.  As of now, the locking mechanism can be reset with a touch of a button, but the stimuli and rewards must still be changed manually between each trial.  An automatic mechanism that would distribute the reward to the appropriate side of the device is preferable for a number of reasons.  First of all, it simplifies user operation, and secondly, it permits the addition of a panel on the back (operator-facing) side of the device.


Also, our prototype was constructed of several pieces of metal that were prepared either partially or entirely by hand.  If our device is ever to be produced in larger quantities, it will be vital to have a design that is more easily reproducible and requires fewer inaccurate, hand-made components.  

Ethical issues come into consideration when conducting experiments with non-human primates.  Our device must not cause physical harm to the monkey.  The treatment of monkeys during research experiments is another ethical concern.  In the experiments that this device is designed for, a correct choice is rewarded with a treat (such as a raisin or fruit loop), while an incorrect choice receives no reward – punishment for an incorrect choice is unethical.  The device is designed to provide a safe and kind environment for the testing of non-human primates.


Finally the biomedical Engineering Department at the University of Wisconsin – Madison requires that graduating seniors participate in an educational outreach program to teach children about engineering.  Similarly, engineering design groups must submit either a patent or an article for publish in a journal.  Our group plans to complete these two objectives next semester as part of Biomedical Engineering (BME) 402.
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Appendix A:

Product Design Specifications

(May 9, 2002)

Title: BME 301 - Olfactory Stimulation of Monkeys

Group Members: Sarah Kolpin (leader), Kevin Campbell (communications), Heather 

    Shaner (BSAC), Wyatt Potter (BWIG).

Clients:  Goran Hellekant, Vicktoria Danilova, Thomas Roberts

Advisor:  Professor John Webster

Function: Apparatus should provide quickly interchangeable pairs of stimuli to a caged monkey.  It should then allow the monkey to choose between two possible solutions, each corresponding with one of the stimuli.  The device must then provide a reward for the correct solution.

Client Requirements: 

a. The device should allow for the presentation of both tastants and scents to the monkey (not necessarily simultaneously).

b. The tastants will most likely be provided by either standard water bottles or through centrifuge tubes, and the scent will come from saturated filter paper.

c. The device should present the monkey with exactly two options for actions that will allow the monkey indicate its choice in tastant/scent.

d. These two options must clearly separate from one another, and must clearly correspond to a specific stimuli.

e. After monkey has chosen one smell/tastant, choice should be final, and the choice not chosen should be locked out.

f. A reward should be provided for the correct solution; an incorrect solution will earn no such reward.

g. A light should also indicate that the correct choice has been made.  It must be possible to turn off this light mechanism for the duration of testing.

h. Apparatus should be readily moveable from cage to cage.

i. The apparatus should work at two height levels:  about 1 foot from the ground, and about 5 feet from the ground – on the two levels of cages at the Primate Center.

j. The device must easily accommodate an operator who is responsible for switching stimuli and moving the device from cage to cage.

k. The replacement of stimuli between tests must be out of sight and smell range of ALL monkeys within the immediate vicinity (i.e. testing room).

Design Requirements: 
1. Physical and Operational Characteristics

a. Performance requirements:  Device should operate continuously, and should handle extreme forces from angry monkeys. (i.e. cage-shaking).  It should not break or fail if dropped or knocked off of the cage.  The locking mechanism must operate for at least one thousand trials without replacement parts. The device should withstand moisture, fecal matter, and urine.  It should be durable enough to withstand frequent cleaning and sterilization.

b. Safety: Product should not cause harm to monkeys.  There should be no risk of monkeys to electrocution, shock, extreme heat or cold, fast-moving blunt objects, or pinching of fingers.

c. Shelf Life:  Device should be functional indefinitely, stored in temperatures ranging from 0° C - 37° C.

d. Operating Environment: Temperature range should ideally be around standard room temperature and pressure; the device should handle large amounts of dust, humidity, vibration, resist all corrosion (due to water and/or monkey urine), should be easily handled by people and monkeys.

e. Size:  The device should have a mounting plate with dimensions that will allow it to slide into the available feeding bin slot on the front of cage (20.5 cm by 12.8 cm).  The device will attach to the outside of the cage and be a size that is easily manipulated by both the caged monkey and the operator.  It should be no more than 30 cm high, 25 cm wide, and 20 cm deep.  The monkey should not have to strain his reach to either operate the device or receive its reward.

f. Weight: Should not weigh more than eight kilograms; optimum weight should be around four kilograms or less.

g. Materials:  The device should consist mostly of metal.  This metal could be either stainless steel or aluminum.  It is feasible to use high-density plastics as guides for the locking pins.  Any material that is either subject to corrosion or extensive wear, has a high friction coefficient, or is easily breakable should not be used.

h. Aesthetics, Appearance, and Finish:  The device should not be colorful, highly reflective, or distracting in any way to the monkey.  One or two indicator lights may be attached to the cage-facing side of the device to indicate to the monkey when a correct choice has been made.  Another light or indication device should be on the back of the device to inform the operator if monkey has or has not made a choice yet.  No particular finish is required.

2. Production Characteristics

a. Quantity: Begin with one prototypic device.  After that, design should be refined and perfected so that many devices could be easily and cheaply mass-produced.  

3. Miscellaneous

a. Customer:  All recommendations from client will be incorporated into design.

b. Patient-Related Concerns:  The device would need to be regularly cleaned and periodically sterilized.  All components of the device must withstand such processes.

c. Competition:  To our knowledge there are no other devices offering the same characteristics as our device. 
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Hellekant, Göran:  Personal conversations held on January 28, 2002 and March 1, 2002.  

Hubener, Fabienne and Laska, Matthias:  “Assessing Olfactory Performance in an Old 

World Primate, Macaca nemestrina”  Physiology and Behavior, Vol. 64, No. 4, pp. 521-527.  © 1998 Elsevier Science, Inc.

Hubener, Fabienne and Laska, Matthias:  “A Two-Choice Discrimination Method to 

Assess Olfactory Performance in Pigtailed Macaques”  Physiology and Behavior, Vol. 72, pp 511-519.  © 2001 Elsevier Science, Inc.

Kolpin, Sarah:  Drawings of locking mechanism and of Alternative Design Three; Digital 

images of the prototype; Schematic drawings of the prototype.

Potter, Wyatt:  Schematic drawings of selected design and of mounting plate (see Appendix C), 

Digital Images of the primate cages (with Kevin Campbell)

Appendix C:  Schematic of the mounting plate:


Figure 1:  Photograph of “new” cage with a feeding tray mounted directly below large, 4.67-cm. mesh holes (Campbell and Potter, 2002).








Figure 2:  Original prototype (left) and mechanical locking mechanism (right) (Kolpin, 2002)








Schematic of the original prototype, showing exterior dimensions.  











