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I. Technical Section
3.0 Abstract

Spatial disorientation (SD), a false perception of one’s attitude or orientation, is a major problem facing pilots and NASA astronauts alike.  Spatial disorientation mishaps cost the Department of Defense $300 million annually in lost aircraft, dozens of lives and can give astronauts debilitating motion sickness. This project is a continuation of previous experiments investigating haptic (touch) perception in altered-gravity environments.  Data collected during two previous flights under the NASA Reduced Gravity Student Flight Opportunities Program showed that (1) haptic performance deteriorated in zero-gravity environment; and (2) this deterioration was not due to a change in hardware performance, or a change in perceived intensity of haptic signals in zero-g.  The current project will investigate the role of cognitive load in affecting haptic performance in zero-g environment.  Cognitive load will be manipulated by immobilizing one of the flight crew members during the parabola flight thereby creating a lower demand on cognitive load.  Performance will be assessed by comparing accuracy in identifying a haptic stimulus on the torso by the flying and the immobilized member, and by comparing information transmission through the multi-tactor vests worn by these two flight members.  Results will be of interest throughout the aerospace community. Properly designed tactile displays could give astronauts additional orientation awareness during EVAs (Extra-Vehicular Activities) and discrete communication to covert ops soldiers would be made easy. This haptic technology could be used for navigational information to disabled, elderly or the blind when combined with a Global Positioning System (GPS) and a wearable computer.

4.0 Hypotheses
Three possible factors were proposed to explain the deviation in results from those collected in one-g environment and those in zero-g for the flights conducted in the summer of 1999.  They were (i) change in tactor (tactile simulator) hardware performance, (ii) change in perceptual threshold, and (iii) change in cognitive load.  Of these factors, the follow-up experiment conducted in the summer of 2001 showed that the dynamics of the tactors and the perceptual threshold for tactual events were not the cause for the lower signal-recognition accuracy observed in zero-g.  Our current experiments will investigate the third possible factor, cognitive load, by having subjects perform the same task under two situations which require different amounts of cognitive load.  We hypothesize that the signal-recognition rate for the subject who will be strapped to the floor of the KC-135 will be higher than the subject who will be free-floating in zero-g.
5.0 Background and Motivation
Spatial disorientation (SD) is the incorrect perception of attitude, altitude, or motion of one’s own aircraft relative to the earth or other significant objects.  It is a tri-service aviation problem that annually costs the Department of Defense in excess of $300 million in lost aircraft. Spatial disorientation is the number one cause of pilot related mishaps in the Navy and the Air Force. The typical SD mishap occurs when the visual system is compromised by temporary distractions, increased workload, reduced visibility, and most commonly, g-lock, which occurs when the pilot undergoes a high-g maneuver and temporarily blacks out behind the stick [14]. Frequently, after pilots recover from the distraction, they rely on instinct rather than the instrument panel to fly the aircraft. Often, the orientation of the aircraft as perceived by the pilot is much different than the actual orientation of the aircraft and disaster strikes.

In the summer of 1999, our Purdue University Electrical Engineering Flight Team proposed a solution to spatial disorientation which used a tactile feedback system to enhance spatial awareness.  The system utilized a phenomenon called sensory saltation to simulate the feeling of someone drawing directional lines on the user’s back.  Specifically, the project examined how the sense of touch can be engaged in a natural and intuitive manner to allow for correct perception of position, motion and acceleration of one’s body in altered gravity environments.  The system consisted of a 3x3 array of tactors sewn into a vest. The goal of the experiment was to examine how accurately the users wearing the vest perceived four different directional signals (left, right, up, down) based on sensory saltation.

The result of the first flight was inconclusive.  Data was collected on forty-one (41) parabolas during two flights.  During the periods of microgravity, the signals felt considerably weaker to the two test subjects as compared to the sensations felt during normal 1-g conditions. User success rate at determining the correct direction of the signal sent was approximately 44% in zero gravity, as compared to a success rate of nearly 100% in a normal 1-g environment [20].  

After analyzing the results of the first experiment, the low user success rate was attributed to three possible factors:  the dynamics of the tactors might have changed during the periods of microgravity, the perceptual threshold for tactual events might have increased during periods of microgravity, and cognitive load might have increased due to flying in microgravity.  The second flight addressed the first two possible factors.  In order to determine if the dynamics of the tactors changed during periods of microgravity, an accelerometer was placed on a single tactor attached to the user’s wrist and recorded the vibrational amplitude patterns of the tactor while aboard the KC-135.  To determine if perceptual threshold increased in microgravity, a psychophysical procedure was developed to collect data on the perceived magnitude of vibration.  The results of the second flight concluded that the tactors were producing the same amount of displacement given the same driving waveform in one-g and zero-g conditions, and that the perceived loudness of vibrotactile signals does not change from a zero-g to a 1.8-g environment.  
The current proposed experiment will be conducted in order to test the one remaining possible factor, cognitive load.  As was seen in the results of the first experiment, the user’s signal-recognition rate dramatically decreased when tested aboard the KC-135.  The one difference between the control group (the subjects tested on the ground) and the experimental group (the subjects tested aboard the KC-135) was the fact that the experimental group was tested in microgravity conditions.  Under normal gravity conditions the only things the subject had to concentrate on were the signals being given to him or her through the tactors.  However, under microgravity conditions, the subjects have little control over their orientation and therefore must divide their attention between the unusual experience of simulated weightlessness and the signals being administered to them by the experimental apparatus.  
Cognitive load is the amount of mental resources necessary to process information.  Increased cognitive load requires the user to utilize extra memory and mental processing resources in order to process incoming information.  This necessity of extra resources can cause a person to be less accurate in processing information conveyed by a tactile vest.  The process of dividing attention between several tasks (performing experiments with the haptic signals, managing one’s body position and orientation in zero-g environment, etc.) is likely to lead to an increase in cognitive load, thereby decreasing one’s cognitive performance [1].
For the proposed experiment, subjects will perform the same task under two situations with different amounts of cognitive load.  For our purposes let us define the two situations as low cognitive load condition (LCLC) and high cognitive load condition (HCLC).  The LCLC subject will be strapped onto the floor so that the only thing he or she has to concentrate on is the experiment.  The HCLC subject will be free-floating during microgravity periods and will need to divide his or her attention between controlling their body orientation and the signals being delivered by the tactors.  This division of attention between orientation and experimentation is what was hypothesized to be the cause of the lower user signal-recognition rate observed in the first experiment in 1999.  
The apparatus for the proposed experiment will consist of a vest similar to the one used in the first experiment.  However, instead of placing 9 tactors in a 3-by-3 array covering a 10 cm by 10 cm portion of the back, the tactors in the new vest will be spread over the entire upper torso.  When prompted by the user, a randomly-selected tactor will be activated.  The user will then input, on a keypad, which tactor was felt.  The process will be repeated throughout the 25 seconds of weightlessness in each parabola.  The results will show us how much the change in cognitive load will affect the user’s performance.  
In addition to the aforementioned main experiment, we wish to observe the quantitative value of the actual vibrations felt aboard the KC-135.  These vibrations are the result of many factors, some of which include the vibrations of the airplane structure as well as the air turbulence that the plane encounters during flight.  It has been proposed that the vibrations of the tactors may be masked by the vibration of the plane, thus making it more difficult for the subject to detect tactile signals.  For example, if an operator of a jackhammer was given tactile stimulation on the arm while operating the device, it may be difficult for the operator to sense the vibrational cues on the arm.  This data will be acquired by placing an accelerometer along with a data-recording microprocessor onto the floor of the KC-135.  Once the equipment is set up during the beginning of the flight, it will require no further intervention by the crew members.  The two members from our team can then concentrate on their psychophysical experimentation.
To show the growing importance of solving the problem of spatial disorientation, a detailed history of spatial disorientation is followed by a discussion of current research, and the applications that can result from this project.

5.1 History of Spatial Disorientation

Spatial disorientation (SD) was a problem since man built sophisticated aircraft. There had been reports about spatial disorientation, but in different terms, since the World War I. However, the detailed survey of spatial disorientation was initiated by U.S. Navy after the World War II in 1945. Early solutions for spatial disorientation were more concentrated on better vision displays. Early medical research proved that spatial disorientation was relevant to physiological mechanisms human orientation, which are vision, vestibular, somatosensory (skin, joint, muscle) systems [13].    

Spatial disorientation is a state characterized by an erroneous orientational percept, an erroneous sense of one’s position and motion relative to the plane of the earth [2]. Figure 5.1.1 shows the human mechanisms of control of aircraft spatial orientation. Basically, spatial disorientation occurs when sensory systems which are the visual system, vestibular system, and somatosensory system are disrupted and sense the situation incorrectly. During the flight, information about orientation is given by linear position, linear velocity, angular position, and angular velocity (See Figure 5.1.2). Disrupted sensory systems results in incorrect senses of parameters shown in Figure 5.1.2, and this causes spatial disorientation during the flight.

[image: image3.png]HUMAN OPERATOR

Motor
Sensory Systems Brain mechanisms Desired | System
External Orientation
Scene | —» Visual of Aircraft
- In(egra(!on Percept of Motor
Vestibular ~ |—>|Computation,& —  pjrcraft > Re(s:ponse
Inle;pcrelanon Orientation o E:,:red
Touch & of Cues
Kinaesthetic
e
i i
i " Attitude & Aerodynamic . i
||, Cockpit 1 Motion of [« Response of [« Acraft |, | |
| | Instruments . © Controls
i Aircraft Aircraft
i
i

AIRCRAFT





   

Figure 5.1.1:  Control of aircraft spatial orientation [4]
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Figure 5.1.2:  Flight instrument-based parameters of spatial orientation [2]

There are three types of spatial disorientation: Type I is unrecognized spatial disorientation, type II is recognized spatial disorientation, and type III is incapacitating/uncontrollable spatial disorientation. In type I no conscious perception of any of the manifestations of disorientation is present, which means that the pilot is unaware of his/her disorientation. Type I causes the most serious problem. In type II, the pilot consciously perceives the manifestations of disorientation, but this does not mean that the pilot knows disorientation. The pilot may have some conflicts between what he/she believes the aircraft is doing and what the flight instrument shows it is doing. Figure 5.1.3 shows the difference between type I and type II. With type III, the pilot realizes his/her disorientation, but cannot do anything about it. 
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Figure 5.1.3:  How unrecognized and recognized SD can affect the pilot’s control of aircraft. [4]

Spatial disorientation is becoming a more significant problem as aviation technology develops. Especially, the loss of resources is a major issue. For example, U.S. military loses roughly 20 aircraft and 20 officers per year, which costs the Department of Defense more than $300,000,000 annually. This is just a military case. In general aviation, roughly 16% of fatalities results from spatial disorientation [12]. In addition, as shown in Figure 5.1.4, spatial disorientation accidents are more fatal than non-spatial disorientation accidents. This is demonstrated by the fact that class A accidents, the most severe form of aircraft mishap, occur twice as often for SD mishaps as they do for non-SD mishaps.  This directly indicates that spatial disorientation is a critical problem facing the aviation industry.

	Factor
	SD Accidents
	Non-SD Accidents

	Total number of accidents
	       299
	           694

	% of all accidents
	       30.8
	           69.2

	% of class A accidents
	       36
	           18

	Total cost of accidents
	$46.79 million
	    $49.95 million

	Average cost per accident
	$1.62 million
	    $0.74 million

	Total lives lost
	       110
	           93

	Average lives lost per accident
	       0.38
	           0.14


Figure 5.1.4:  Comparison between SD Accidents and Non-SD Accidents [2]

Spatial disorientation, however, does not only affects the aviation industry but also influences other industries as well. For instance, if a scuba diver is in dark water, the diver can be disoriented due to neutral buoyancy and darkness. SD is also a significant problem for the space industry. As the astronauts float around and perform experiments inside Skylab, the ISS and the Shuttle, they can frequently experience SD. With no fixed frame of reference, it can be difficult to regain a proper orientation. In addition, confusing visual cues with respect to orientation in zero gravity causes occasional disorientation resulting in space motion sickness. 

5.2 Current Research

In order to better understand the problem of spatial disorientation, it is imperative to explore solutions through research and development. Currently there are three approaches being examined in hopes of solving this problem and are as follows:  1) visual orientation cues by MIT’s Man-Vehicle Laboratory under Dr. Charles Oman; 2) the TSAS system by the Naval Aeromedical Research Laboratory under Dr. Angus Rupert; and 3) sensory saltation and other methods of tactile pattern perception at Princeton University’s Cutaneous Research Laboratory under Dr. Roger Cholewiak.  Since 1999, with the opportunity afforded by the NASA Reduced Gravity Student Flight Opportunities Program, students from Purdue University have been conducting research on various ways that haptic signals can be used to remediate spatial disorientation under Prof. Hong Z. Tan.
5.2.1 Massachusetts Institute of Technology
At the Man-Vehicle Laboratory (MVL), researchers study the physiological and cognitive limitations of pilots and passengers of aircraft and spacecraft to optimize the system’s effectiveness and safety. They use techniques from cognitive psychology, sensory-motor physiology and human factors [10].  Dr. Charles Oman of the MVL tackles the visual and psychological issues with zero gravity. After several Spacelab missions he concluded, “Crewmembers became more dependent on visual and tactile cues to their self-rotation [14].” Virtual reality was used in STS -90 checking the balance between vestibular and visual cues shifts toward the visual system.
Spatial disorientation can happen to astronauts in large cabins such as the Shuttle, Skylab (and now the International Space Station). This can occur inside and outside the craft. Typically, one thinks of what is below their feet is the floor; however, in 0-G, the walls, ceilings and floors are all the same. In fact, for the sake of efficiency, many times instruments or panels are on all sides. This only adds to astronauts’ disorientation. When viewing other crew members upside down, one tends to feel upside down themselves. This will likely only add to "visual reorientation illusions" (VRIs) and feelings of inversion. This problem was common in MIR, even after several months onboard, “it is reportedly difficult to visualize the 3 dimensional spatial relationships among the modules, and traverse the node instinctively without using memorized landmarks.” See Figure 5.2.1.1. [24]
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The MVL recognizes, “0-G disorientation is among the primary biomedical risks of spaceflight as defined by NASA’s Critical Path Roadmap.” Therefore they are trying to better understand the process of visual orientation and spatial memory [23]. Can astronauts stay oriented and avoid VRI’s with visionary cues or have human lifetime experiences in 1-g grounded our learning ability. Results are used to reduce space motion sickness on shuttle flights [15].

One frailty of using visual or audio systems as a means of reorientation could result in information overload for the user. Jennifer Rochlis of MIT explains that “the burden on the visual system to perform primary tasks as well as compensate for other sensory channels not operating at their full potential, motivates the use of the skin receptors for the display to complement the visual system [18].”

5.2.2 NAMRL  

The Naval Aeromedical Research Laboratory (NAMRL) has been working on solving the problem of SD by using a Tactile Situational Awareness System (TSAS).  The TSAS merely consists of a display which takes data from the aircraft’s avionics and relays this information to the pilot via columns of tactors integrated into a flight vest. By providing the continuous information from TSAS, spatial orientation is maintained. In addition, the NAMRL team has been working on Tactor Locator System (TLS) to convey intuitive information about position via vibrotactile stimuli on the subject’s torso region. This has been the most difficult challenge for the team because of difficulty with maintaining a large variety of tactors with different pressure requirements for optimal performance while the user is in motion. The initial prototypes used thin diving wet suits with additional straps to maintain the location of tactors for the optimal loading characteristics. Recently, the NAMRL team have developed a suit evaluate box (SEB) to measure the variables of concern in prototype suits [19]. 

In addition to TSAS and SEB, a lot of research relevant to SD is being done by NAMRL. Real-time vestibular modeling and spatial orientation is an example of one such research area currently being investigated [12].  In this research area, they are concentrating on utilizing appropriate sensors and models of the vestibular system in order to estimate the real time error between the orientation suggested by the vestibular system and true orientation, and using this information to minimize the SD.     

5.2.3 Princeton University

The Cutaneous Communication Laboratory under Dr. Roger Cholewiak has been researching how the skin may be used to sense patterns based on sensory saltation. The work performed at the laboratory has been particularly concentrated on investigating individual differences in perceiving vibrotactile pattern [17]. They found one measure that seemed to play an important role in performance on vibrotactile pattern perception tasks. It was the spatial acuity threshold for the individual, which led to the question, “What is the spatial acuity of the skin to vibrotactile pattern?” (Spatial acuity is usually measured by pressure stimuli.) Even though the Tactile Situational Awareness System (TSAS) attempts to use spatial acuity, vibrotactile spatial acuity has never been determined at the application site. Another research question being investigated relates to whether or not the poor transmission rates typically seen with such systems might be improved if the resolutions of the displays were better matched to the spatial acuity of the skin at each site. Currently, this research is focused on answering the questions by exploring spatial acuity and localization ability for vibrotactile stimuli [17]. 
The vibrotactile spatial acuity on a particular site is investigated by manipulating the spatial resolution of the arrays while measuring the spatial pattern perception. According to the research, acuity is defined by the minimal tactor separations that produce criterion performance [17].  It was determined that the ideal distance between tactors was no more than 10 cm when spatial parameters where examined.  
A support letter from Dr. Roger Cholewiak is attached in the Administrative Section IV part 4.0.
5.2.4 Purdue University
In the past, the Electrical Engineering Department at Purdue University has investigated the perceived loudness of vibrotactile stimulation under various gravity conditions.  The comparison of seven fixed-frequency varying-amplitude vibrations in 1.8-g to a zero-g reference vibration was measured by subjects using the method of constant stimuli.  It was shown that the points of subjective equality (PSE) that were measured in 1.8-g are essentially the same as the intensity of the reference signal that was delivered in zero-g.  The difference between the PSE and the reference intensity (0.61 dB SL) was less than the difference threshold (DL) of 2.13 dB SL measured in 1.8-g [21].
It was also found that the displacements produced by the tactors in the one-g and zero-g conditions are the same using identical driving waveforms.  This was measured by an accelerometer.  Using an 8-bit A/D converter and applying the necessary conversion factors, the measurements obtained from the accelerometer had a nominal resolution of 0.04 μm and the intensity of vibration was 1.12 μm peak-to-peak for both the zero-g and one-g conditions.
The results from both of these experiments indicate that the tactors produced the same amount of displacement given the same driving waveform in zero-g and one-g conditions and that the perceived loudness of the vibrotactile signals did not change under altered gravity conditions.  
5.3 Applications

Tactile technology is not limited to solving SA/SD problems. It can readily be expanded into areas such as navigation, communication, alarms and indicators, human health and training and simulation. 

Tactile technology can be used to make pilots less error prone and more efficient by reducing pilot disorientation, and simplifying the flight task. Current cockpits use visual cues extensively, yet our skin is underutilized. In emergency or high cognitive load situations, visual interpretation of instruments or outside reference to the horizon may be inadequate. By integrating the tactile directional display with existing systems, pilots can rapidly be steered in the right direction when they fall off course. 

Haptic interfaces can enhance EVA safety and effectiveness.  When astronauts have a correct perception of their own position and motion they will work better in space.  A tactile feedback system could help astronauts navigate easily both inside and outside the International Space Station, pulsing at different locations to remind them of “down” or the direction to the central command station. When they change orientation, the sensation will move on their body, referring to the new direction “down” or back to a landmark.
Covert operations (SWAT, Special Forces, Urban Combat, etc.) individuals can wear a suit that provides two way communication through the use of haptics. Haptics is a low signature, silent form of communication, a backup to other senses, a good representation of 3-D space, and it utilizes an otherwise unused sense.  Directional information and commands can be given by sensory saltation on the skin suggesting a path to travel. Also, vibrations can be used to aid visual cues as to where hostile parties are in relation to the wearer’s position. For example, one buzz can signify a friendly is within X meters, and another buzz alerts someone to a hostile person behind them. Or a pulse going around the operator’s back could mean to “surround the building.” [14].
Application of a tactile system for the blind, disabled or elderly is evident.  Tactors, a computer and GPS can guide the user through unfamiliar territory, back to a known location, or provide data an otherwise impaired sense does not sense. Even for the non-blind, a wearable tactile display could guide the user through an unfamiliar building to find a room or help a tourist navigate through an unfamiliar city [22]. Disorientation, spatial memory and navigation problems in vestibular patients, Alzheimer's patients, and in the elderly all could be addressed with a tactile solution. [23]

Scuba Divers, especially cave divers, may be neutrally buyout so they do not “feel” the downward direction. Also, if water currents exist, looking at one’s bubbles to know which way is up does not help Using a gyroscope or other internal device combined with our haptic vest could constantly inform divers which way is up, or where the boat or other divers are located.
6.0 Statistical Analysis
The results of the experiment will be in the form of human responses to a set of stimuli delivered through the tactile display.  Since there will be ten tactors, each of which only being active at any one time, there will be a set of ten possible stimuli which will be delivered to the subject.  The subject’s task will be to indicate on a pre-programmed keypad which of the ten tactors is active on a given trial.
In additional to percent-correct scores, we will also apply information theory to analyze our data.  According to information theory, information transferred is measured by a reduction in uncertainty [6, 9].  A confusion matrix, similar to the one shown in Figure 6.0.1, will be set up for this one to one mapping of a stimulus to a response.  Since the subject will be choosing from one of ten tactors, there will be a total of ten stimulus categories.  The confusion matrix for our experiment will be a 10x10 matrix with the rows relating to the stimuli and the columns relating to the responses.  The number shown in row i and column j is merely the number of times the stimulus Si led to the response Rj.  In an ideal situation where there is no error, the subject will always correctly perceive a response Ri to the stimulus Si.  This case is shown in Figure 6.0.2.  
	
	R1
	R2
	R3
	Total

	S1
	8
	1
	1
	10

	S2
	2
	7
	1
	10

	S3
	0
	1
	9
	10

	Total
	10
	9
	11
	30


Figure 6.0.1:  Example Confusion Matrix
	
	R1
	R2
	R3
	Total

	S1
	10
	0
	0
	10

	S2
	0
	10
	0
	10

	S3
	0
	0
	10
	10

	Total
	10
	10
	10
	30


Figure 6.0.2:  Confusion Matrix with no Error

From the confusion matrix collected in the proposed experiment, a quantitative estimate called information transfer (IT) can be obtained.  This result 2IT represents the number of stimulus categories that can be correctly identified.  Equation (1) shows the equations used for this calculation where k is the number of stimulus categories, n is the number of trials, nij represents the number of times the joint event (Si, Ri) occurs, ni is the row sum and nj is the column sum.
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(1)
This will be very useful because due to its quantitative nature, we can compare its value to other values created by experiments that vary cognitive load.
7.0 Rationale for Use of Human Subjects
The target audience for our research is human subjects, such as pilots and astronauts, and in order to gain insight into how they interpret tactile cues under conditions of varying cognitive load, user input is needed from a human subject. 
8.0 Research Plan and Schedule
8.1 Experiment
The main objective of the proposal study is to investigate how the change in cognitive load affects the perception of tactile cues.  In addition, we will be measuring the noise level in terms of vibrations inside the KC-135 during its parabola flights.
8.2 Experiment Objectives
· Design and build equipment

· Perform pre-flight testing

· Successfully complete Test Equipment Data Package

· Perform experiment

· Analyze Results

If all of these objectives are accomplished, it will lead to the successful completion of our goals.

8.3 Brief Summary of Preflight Training
The exact testing procedures performed aboard the KC-135 will be performed on the ground in order to provide a control or reference group.  Some of the tasks to be performed before the flight include:  design and construction of test hardware, familiarization of subjects to test equipment and procedures, ground tests of experiment, and final preparation for flight.
8.4 Study Schedule
This chart is shown at the end of part 8.

8.5 Subjects
This experiment will use 4 subjects ranging from 21 to 23 years of age who are members of the Purdue University flight team. No special criterion was used to include or exclude students.

8.6 Facilities and Performance Site
Training and baseline data collection will take place at Purdue University’s West Lafayette, IN campus. It will primarily occur in the Haptic Interface Research Laboratory (HIRL) where we are given lab space, test equipment, storage space and supplies. In additional, training and data collection may also occur at outreach locations such as local elementary and/or middle schools or museums. Final data collection and preflight testing will occur at Johnson Space Center.

8.7 Consultants & Collaborators
Hong Z. Tan is an associate professor in Electrical and Computer Engineering.  She serves as the academic advisor for our team.  She advises us in our research strategy, design and implementation. She also makes suggestions on outreach and other activities.  This is the third time that Prof. Tan has supervised a Purdue team participating in the NASA Reduced Gravity Student Flight Opportunities Program. 

Ryan Traylor is a graduate student in the School of Computer and Electrical Engineering at Purdue University.  He will provide technical assistance in experimental setup and design.  Ryan Traylor had participated in the previous two Purdue teams under Prof. Tan’s direction.   He is therefore uniquely qualified to serve as the second advisor to our team.

8.8 Data Privacy/Confidentiality

The data collected from the study will be used for educational and publication purposes.  Every effort to protect and maintain the confidentiality of the data and study records will be followed.  All data will be coded with subject identifiers removed, and the raw data securely stored.  

Personal identifying data (such as the names attached to raw data) will be kept in the locked HIRL’s Vomit Comet team filing cabinet. All research subjects understand that video or photos are not considered confidential. Confidential electronic information will be stored on one secure computer during the project. Upon completion, this will be burnt onto a CD-R and stored in the cabinet. Records will be stored in the lab for the duration of the project, and upon completion the team will decide on the outcome (destruction, archival, or otherwise) of their individual records. With no objections at debriefing, all of our records, documents and results will go to the HIRL.

8.9 Data Sharing
The completion of our research objectives is not contingent upon the sharing of information between groups.

8.10 Injury/Illness/Anomalous Data Reporting Plan
In the event of physical injury or illness resulting from this study, the investigator will notify the subject and the JSC Flight Medicine Clinic.  If the injury or illness calls for immediate action or attention, NASA will provide or cause to be provided the necessary treatment.  NASA will pay for any claims of injury, loss of life or property damage to the extent required by the Federal Employees Compensation Act or the Federal Tort Claims Act.  The subject’s agreement to participate shall not be construed as a release of NASA or any third party from any future liability, which may arise from, or in connection with, the study procedures.  Any anomalous data and/or adverse reactions shall be reported to the University, the Committee for the Protection of Human Subjects and the NASA/JSC Safety Office in accordance with NASA policies and procedures.

8.11 Video Taping Plan
We plan to gather data through video taping during the flight, at outreach events and in testing of the device. The video recorder we will use is loaned to us from our academic advisor, Prof. Hong Z. Tan. Upon any malfunction of this recorder, we have access to approximately a dozen through the University Libraries. The purpose of video taping is to create a visual documentary/record for later use in our analysis or for outreach events. Each team member will have the opportunity to get copies of video footage; however, the originals will stay in the HIRL cabinet.

During the entire flight campaign (both in the air and on the ground), NASA videographers and photographers will be taking both video and still images of students.  The video will be given to the teams, and the still images will be placed on a public NASA web site.  The images on the website will, therefore, be available to individual students, their team, other teams, and the general public.

8.4 Study Schedule
	Task name
	Start Date
	End Date
	Duration

	Acceptance to the Program
	12/05/03
	12/05/03
	0 Weeks

	Schedule outreach Events
	10/03/03
	5/28/04
	31.6 Weeks

	Hardware Design
	11/03/03
	1/12/04
	9.3 Weeks

	Hardware Built and Assembled
	1/13/04
	4/19/04
	12.9 Weeks

	Give overview to test subjects
	1/30/03
	1/30/04
	0 Weeks

	Perform outreach Events
	10/03/03
	10/01/04
	52 Weeks

	Ground test at Purdue
	2/01/03
	4/22/04
	11 Weeks

	Final Preparation at JSC
	7/23/04
	7/23/04
	0 Weeks

	Flight day 1
	7/26/04
	7/26/04
	0 Weeks

	Flight day 2
	7/27/03
	7/27/04
	0 Weeks

	Data collection and debrief
	7/28/03
	7/28/04
	0 Weeks

	Analysis of data
	7/28/04
	9/10/04
	5.7 Weeks


9.0 Experimental Protocol and Equipment
[image: image12.png]



9.1 Equipment
The hardware used to interface with the test subject and gather experimental data is comprised of four major components.  These components consist of the control box, the signal generation and tactor driver circuitry, and the tactile display as shown in the block diagram in Figure 9.1.1.  The subject is able to interact with the system, both by receiving signals generated and providing feedback on those signals.  In this section a description of the equipment and how it will be used for this particular experiment will be given.  The control box, signal generation circuitry, and the tactor driver circuitry are all contained in a hardware enclosure box as shown in Figure 9.1.2.  The physical dimensions of the box are 11.02 in. long, 7.87 in. wide and 2.95 in. high.
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Figure 9.1.2:  Hardware Enclosure Box

9.1.1 Control Box
The hardware of the control box already exists from our previous experiments.  The control box consists of a keypad and encoding circuitry through which interactions with the subject become possible. The user is able to let the system know he or she is ready for a signal to be delivered.  Once the signal is delivered the subject is able to provide feedback to the system regarding the signal he or she felt.  The keypad is interfaced to the microcontroller with encoding hardware provided by a 74C922J integrated circuit.  The binary output from this chip is of form that can be read and interpreted by the microcontroller used for signal generation.
9.1.2 Signal Generation
The signal generation block consists of a microcontroller which directs the information entered by the subject to and from the rest of the equipment.  The microcontroller has not been chosen at this time.  It is likely that an Atmel AVR microcontroller will be chosen for this task.  The AVR possesses all of the technical requirements we have for a microcontroller including flash memory, an analog to digital converter, internal timer, and the ability to be programmed in C as well as assembly language.  Another benefit for choosing an AVR microcontroller is the fact that our graduate student advisor, Ryan Traylor, is very familiar with this line of microcontrollers.  Therefore we should have the resources to overcome any obstacles encountered while developing our system.  
The microcontroller will be preprogrammed before the flight with a fixed signal.  The amplitude and the duration of the signal will be predetermined and programmed before the actual flight and will be included in the TEDP.  Each trial, this signal will be taken from the microcontroller, sent to the tactor driver circuit, and then administered to the subject through one of the ten tactors in the tactile display.  In addition, the microcontroller will be used to record the data from the accelerometer that is attached to the ground.  The accelerometer will be measuring the actual vibrations of the KC-135.  The microcontroller will sample the signal coming in from the accelerometer at a predetermined sampling rate.  This rate will be included in the TEDP and will take into account both the fact that sampling will have to be done relatively fast in order to prevent the loss of information, and the fact that we have a limited amount of storage space on the actual microcontroller.  The accelerometer used will be the ACH-01-03 made by Measurement Specialties Inc [21].
9.1.3 Tactor Driver Circuit
The tactor driver circuit already exists from our previous experiments.  The main function of this circuitry is to take a signal from the microcontroller and amplify it so that it can drive the tactor.  This is necessary because the signal generated from the microcontroller is not capable of generating the required voltage and current to drive the tactor.  The circuit consists mainly of a power supply, a 220 Hz oscillator, and a 16-Watt bridge amplifier.  When the driver circuit receives an enable signal from the microcontroller, it responds by supplying an amplified 220 Hz oscillating signal to the tactor [5].  A schematic of the bridge amplifier is shown in Figure 9.1.3.1.
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Figure 9.1.3.1:  Schematic for the 16W Bridge Amplifier [11]

9.1.4 Tactile Display
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The tactile display consists of a collection of ten tactors equally distributed over the torso portion of a vest.  Two tactors will be located on each side. The front and back will both contain a tactor on each shoulder and lower stomach or back respectively.  Both views are shown in Figure 9.1.4.1.  The vest will be made of a wetsuit jacket.  A wetsuit is ideal for this application because of the way it firmly contours to the shape of the body.  This will make sure that the tactor is always making the proper contact with the skin.  

The tactor chosen for this flight is the VBW32 Skin Transducer which has been developed by the Audiological Engineering Corp.  It is designed to transmit at 250 Hz which is recognized as most sensitive frequency for the skin.  It is 1 in. long, 0.73 in. wide and 0.42 in. thick [3].  The sensation delivered by the tactor is similar in nature to the vibrations felt from a commercially available massage chair.

Ground-based testing will use the same equipment utilized for in-flight testing.

9.2 Procedures for Experimentation
9.2.1 Pre-flight Procedure

Extensive testing will take place on the ground prior to arrival at JSC.  The main objective is to become proficient with the equipment in order to perform the tasks aboard the flight in zero-g.  Numerous trials will be conducted under normal gravity conditions to simulate the experiment.  We hope to engage in several types of earthbound tests.  One such test determines the duration and strength of the tactor signal, another simulates spatial disorientation and vibrotactile cues, and yet another combines the cues with varying amounts of cognitive load.

In order to determine the duration and strength of the tactor signal to be administered in zero-g, measurements will be taken prior to flight aboard the KC-135.  The tactor signal will be adjusted so that it is marginally above the threshold that distinguishes strong from weak signals.  The signal length and duration will be specified in the TEDP.
To simulate SD, many tests will be conducted in normal gravity.  For example, a subject can be spun around in a chair with his or her head down at X RPM for Y seconds.  After Y seconds the subject will then sit or stand up and identify the tactile cues.  The initial spinning in the chair elicits a signal from the vestibular system.  When the subject suddenly sits up this sends a conflicting vestibular signal.  This conflict in signals is part of what causes spatial disorientation.
To vary the cognitive load, a subject can perform various tasks such as using a hula-hoop, and then be asked to determine the location of the tactile cues.  Professors in the field of cognitive psychology will be contacted to discuss possible methods of varying cognitive load.
By extensively testing the hardware and psychophysical procedures, varying the cognitive load, and adjusting the tactor signal on ground, we hope to fix any problems that might surface before we carry out the experiments aboard the KC-135.

9.2.2 In-flight Procedure

For the experimentation, both subjects flying aboard the KC-135 will be needed.  Before boarding the KC-135, each subject will put on the wetsuit jacket consisting of the tactile display underneath his or her jumpsuit.  Once aboard the KC-135 and instructed by the flight crew to prepare for experimentation, each subject will put on the vest that contains the hardware enclosure box and battery.  The schedule of experimentation during the parabolas is shown in Figure 9.2.2.1.  

	Parabola
	In-flight procedure

	1-2
	Acclimation to microgravity conditions

	3-14
	Subject A:  Straps down to floor, Subject B:  Free-floating

	15
	Subject A:  Unstraps from floor, Subject B:  Straps down to floor

	16-27
	Subject A:  Free-floating, Subject B strapped down to floor

	28-30
	Any additional tests that are needed are performed, Outreach experiments conducted


Figure 9.2.2.1:  Schedule of experimentation

One subject will be strapped down to the floor of the aircraft and the other subject will remain free-floating.  At the start of the 3rd parabola, each subject will begin this experimental session by pressing a button on the keypad in order to initiate the vibration of a tactor.  This signal will be administered to the subject through one of the ten tactors in the tactile display.  The actual tactor activated will be selected by the AVR microcontroller at random at which time the tactor number will be recorded.  The amplitude and duration of the signal will be predetermined and programmed before the actual flight and will be included in the TEDP.  After tactor activation, the subject will then be able to enter input referring to the perceived location of tactor activity.  This input will be recorded and stored for later data analysis.  The entire process will be repeated four times until the microgravity portion of the parabola ends.  At the end of the flight, 96 trials will have been performed during 24 parabolas.

The accelerometer will be strapped onto the floor of the KC-135.  At the end of the zero-g segment of the parabola, when NASA personnel inform us that we are coming out of the zero-g segment of the parabola, a button will be pressed on the keypad of the accelerometer.  This will aid in differentiating the data obtained from the two-g portion versus the data from the zero-g portion that will be analyzed after the experimentation aboard the KC-135 is complete.  
All pertinent information will be gathered during flight and as a result post flight testing of personnel will not be necessary.

10.0 Safety Reviews, Hazard Analysis and Safety Precautions
10.1 Hazard Analysis

Hazard types

Radiation (ionizing, electromagnetic, laser)

Description:  [No radiations used in the experiment]
Cause: Not Applicable (N/A)
Control: N/A

Verification Method(s)/Status: N/A

Contamination

Description:  [No contaminative chemical substances contained in the experiment]
Cause:  NA

Control:  NA

Verification Method(s)/Status:  NA

Explosion/Implosion (1)

Description:  [No explosive substances contained in the experiment]
Cause:  NA

Control:  NA

Verification Method(s)/Status:  NA

Fire

Description: The experiment catches fire.

Cause: An electrical short starts a fire within the experiment or fire spreads to the experiment from elsewhere.
Control: The experiment (the backpack and the box) will be constructed out of flame retardant fabric and plastic materials.
Verification Method(s)/Status: The flammability of all caulking and fixative agents will be checked before they are used in experiment construction. 

Collision/Impact (1)

Description: The experiment is struck by another object.

Cause: A loose object within the cabin impacts the experiment.

Control: The equipment will be recessed within the walls and should be out of the way of any flying objects.

Verification Method(s)/Status: The structural integrity of the equipment will be hand tested before flight.

Collision/Impact (2)

Description: The experiment breaks loose and strikes another object.

Cause: The cargo straps fail and the experiment moves about the cabin.

Control: Cargo straps should be checked before each flight.

Verification Method(s)/Status: The structural integrity of the equipment will be hand tested before flight.

Electrical Shock/Static Discharge

Description: A problem with the electronics causes an electric shock to the experiment or the experiment becomes charged. 

Cause: The electronics inside the experiment fail.

Control: Low-wattage, low amperage fuses will be installed on any electronics. Experiment power will be routed through an easily-accessible power strip with an on/off switch attached to the top of the experiment. 

Verification Method(s)/Status: If a problem is detected, experimenters will be prepared to shut off the power strip.

Injury and/or Illness (1)

Description: Experimenters leave experiment unattended. 

Cause: Illness

Control: Experiment is static without experimenter input. It can safely be left unattended at any time.

Verification Method(s)/Status: N/A

Injury and/or Illness (2)

Description: Experimenter or crew strikes the experiment. 

Cause: Uncontrolled motion.

Control: Padding will be attached to all sharp corners and protruding objects to avoid potential injuries.

Verification Method(s)/Status: Padding will be checked before flight.

Temperature Extremes

Description: Large fluctuations in temperature within the cabin.

Cause: Failure of aircraft environmental control.

Control: Experiment safety is not thermally dependant. 

Verification Method(s)/Status: More detail will be included in the TEDP.

Structural Failure

Description: Apparatus fails to stay together

Cause: Bolts or metal braces fail due to manufacturing defects coupled with extreme loads on the experiment.

Control: Bolts and metal braces will be visually inspected for major manufacturing defects. Metal braces will be made from extruded right-angle aluminum and NOT from bent metal so that they maintain their maximum yield and failure stress.

Verification Method(s)/Status: Structural analysis estimates will be updated to determine size of braces and bolts required for safety. Experiment will be constructed with a safety factor of no less than 2 for 9-g load cases

Corrosion

Description: Metal parts within the experiment fail due to corrosion.

Cause: Corrosive ambient atmospheric conditions in the hangar during experiment final assembly. 

Control: Components will be made from rust-resistant materials. Critical structures will be visually inspected for corrosion before flight.

Verification Method(s)/Status: More detail to be included in TEDP.

Loose Materials/Tools

Description: Tools required for the experiment are lost and free float in the cabin.

Cause: Experimenter accidental release of tool.

Control: The equipment will be strapped to either the subject or the floor of the plane.

Verification Method(s)/Status: If necessary, additional detail to be included in the TEDP. 

Toxic/Battery

Description: Possible acid leakage from 12-V lead acid gel cell battery.

Cause: Electrical or chemical failure of battery. 

Control: The battery will be completely sealed.

Verification Method(s)/Status: Seal will be checked before flight.

As an extra safety precaution, a “panic button” can be pressed to electronically isolate the battery from the main circuitry should any electrical hazard be suspected.
10.2 Medical Safety Precautions
We do not have a need for a physician or require medical supervision during or after the study.  All flight members plan to take the provided motion sickness medication.  This experiment provides a comparison to previous experiments’ results. Since the results from previous flights were obtained while taking the medication, the fact that we are taking the medication should not have any adverse affects on the data.

11.0 Possible Inconveniences or Discomforts to Subject

Flying on the KC135 aircraft introduces possible inconveniences for the subjects of the study.  These include the possibility of motion sickness, disorientation, and dry mouth (from the anti-nausea medication).  There will also be an added inconvenience because subjects taking the anti-nausea medication must arrange to have a designated driver for a period of time following the flight.

Inconveniences, discomforts and health-related risks which test subjects might encounter as a result of participating in this experiment are as follow:

Participants in this experiment will be subject to no obvious risks beyond those normally encountered in the daily lives of college students

12.0 Extent of Physical Examination

All flyers will complete a medical examination performed by a qualified FAA Certified Aviation Medical Examiner (AME) or Designated Military Flight Surgeon.  The results will be recorded on a JSC Form 8500 and sent to the Physiological Training Office/SD at the Sonny Carter Training Facility for review.  Upon arrival at JSC, flyers will attend physiological training and a chamber run.  These activities will be scheduled by the Reduced Gravity Office at Ellington Field.

Additional medical evaluations or screening criteria required by this experiment are as follow:

There are no additional medical evaluations or screening criteria required by this experiment.

13.0 Availability of a Physician and Medical Facilities

The Student Program will provide (through the Reduced Gravity Office) a Flight Surgeon or Medical Monitor from the Occupational Medicine & Human Test Support group for every student KC-135 flight.  This experiment requires the following medical monitoring or facilities above and beyond that provided by the student program:  there will be no additional medical monitoring or facilities needed above and beyond those provided by the student program.

14.0 Layman’s Summary
See next page for Layman’s summary.
NASA/JSC LAYMAN’S SUMMARY

The Layman’s Summary needs to be written in the first person  

I understand that I am being asked to participate in the KC-135 study “The Perceptual Effects of Altered Gravity on Tactile Displays”.
(
I understand a total of four human research subjects, including myself, are involved in the study.

(
The purpose of the research is to investigate the effects of cognitive load on perceived vibrations from vibrotactors.  The expected duration of my participation is for one flight on the KC-135 of about two hours with frequent breaks.  No follow-up examinations or studies will occur.  There will be only one limitation or constraint on my physical activities after the activity is completed; I will not be able to drive a car due to the anti-nausea medicine (if I choose to take it).  What follows is a description of the procedures to be followed:


For this experiment, I will perform the same task under two situations with different amounts of cognitive load.  I will try to identify and describe different vibrations on my body due to a tactor vest. A random tactor will activate and I will input which tactor I felt. The two situations are low cognitive load condition (LCLC) and high cognitive load condition (HCLC).  If I am the LCLC subject, I will be strapped onto the floor so that the only thing I concentrate on is the experiment.  If I am the HCLC subject, I will be free-floating during microgravity periods and need to divide my attention between controlling my orientation and the signals being administered by the tactors.  The process of firing a tactor and identifying it will be repeated throughout the 25 seconds of weightlessness in each parabola.  This information will show the researchers how much the change in cognitive load affected the user detection rate

(
I realize there are no reasonably foreseeable risks beyond those a college student might encounter in daily life on an airplane. I may experience discomfort of motion sickness, disorientation, and dry mouth (from the anti-nausea medication).  I will also be inconvenienced if I take the anti-nausea medication because I must arrange to have a designated driver for a period of time following the flight.  

(
Spatial disorientation is a serious complication that pilots, astronauts and scuba divers encounter. It happens when an individual does not know what directions are (such as which way is “down.”) Complications from spatial disorientation cost hundreds of millions of dollars a year and dozens of lives. By undergoing this research, I recognize that I will be contributing to technology that can save lives and capital resources. 

I understand I can view additional documentation for references upon request.

(
I also understand that for this experiment, there are no planned alternative procedures or courses of treatment that I may undertake for this research. I agree to participate in the above procedures.

(
I agree that the names of subjects, including myself, will be held confidentially by the researchers. The data collected, however, will not be confidential. I will be video taped and photographed by NASA videographers and photographers

(
I recognize there are no restrictions required of me associated with the research protocol (e.g., exercises, diet, medications, etc.)

(
If I have any questions about this research project, I can contact Professor Hong Z. Tan at 765-494-6416. If I have concerns about the treatment of research participants or research-related injuries, I can contact the Committee on the Use of Human Research Subjects at Purdue University, 610 Purdue Mall, Hovde Hall Room 307, West Lafayette, IN 47907-2040. The phone number for the Committee's secretary is (765) 494-5942.  The email address is irb@purdue.edu. 

(
I understand there are no additional costs to me that may result from participation in the research.

(
I do not have to participate in this research project. Participation is voluntary. If I voluntarily agree to participate I can withdraw my participation at any time without penalty. If I wish to withdraw from the research during the flight, the NASA supervisors will be notified and action will be taken to land the airplane. There are no circumstances where it would be hazardous or unwise to withdraw from the research.

· If I become concerned about protocol violations, I may request a meeting with the relevant Committee for the Protection of Human Subjects (CPHS.)
(
I will be provided with any significant new findings which might develop during the course of the research if they may relate to my willingness to continue participation.
· There will be no additional wage, salary, or other remuneration of any form paid, given, or in any manner delivered to the test subjects of this investigation where the subjects are National Aeronautics and Space Administration (NASA) employees or NASA contractor employees, and the terms of the contractors with NASA provided for participation as subjects in approved experiments.

· If the human research subjects are NASA employees, NASA contractor employees or independent contractors, and the training/testing is part of their employment or contractual circumstances, NASA is responsible for compensation for injury, death, or property damage to the extent required by the Federal Employees Compensation Act or the Federal Tort Claims Act.

· Since the KC-135 is considered to be a public aircraft within the meaning of the Federal Aviation Act of 1958, as amended, and as such does not hold a current airworthiness certificate issued by the Federal Aviation Administration, any individual manifested to board the KC-135 should determine before boarding whether his/her personal life or accident insurance provides coverage under such conditions.

· Subject Briefing:  I will be briefed at the “subject briefing” on the items listed above.  Personnel that will be present are myself, other subjects, and the principal investigator.

I HAVE HAD THE OPPORTUNITY TO READ THIS CONSENT FORM, ASK QUESTIONS ABOUT THE RESEARCH PROJECT AND AM PREPARED TO PARTICIPATE IN THIS PROJECT.

____________________________________________                           ___________________________

              Subject’s Signature                                                                                  Date

____________________________________________                          

              Subject’s Name

____________________________________________                          _____________________________

              Principle Investigator’s Signature                                                            Date

15.0 Research Performed at Off-Site Locations

All research activities will be conducted at Ellington Field.

16.0 Other Funding Sources

Funding for this experiment was provided by the School of Electrical and Computer Engineering, School of Aeronautical and Astronautical Engineering, School of Industrial Engineering, and the Office of the Schools of Engineering at Purdue University.  A corporate sponsorship was obtained with BAE Systems.
17.0 Attachments to Life Sciences Research Protocol
17.1 Letter from University Human Subjects Committee Approving this Study

This letter is contained in Administrative Section IV part 5.0  

17.2 Unsigned JSC Consent forms for each Subject

This letter is contained in Administrative Section IV part 5.0  

17.3 Unsigned Laymen’s Summary for each Subject
This letter is contained in Technical Section I part 14.0
17.4 Hazard Analysis Information

This letter is contained in Technical Section I part 10.0
17.5 Hardware Documentation
At this time this section does not apply to the experiment.  If future documentation becomes necessary it will be placed in the TEDP.
17.6 References
See next page for References.
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II. Safety Evaluation Section
1.0 Flight Manifest
The flight members are:  Michael Scott, Anu Bhargava, Jonathan Wolter, and Kimberly Mrozek.  The alternate flight member is Roy Chung.  Michael Scott has had past flight experience in March of 2003.

2.0 Experiment Description

This research team is investigating haptic interfaces in order to reduce spatial disorientations.  Specifically, the effect of cognitive load on tactual perception will be investigated.  This is the third in a succession of experiments but this is the first time that the effects of cognitive load have addressed.

3.0 Equipment Description
Extensive practice trials will be performed with the equipment before arrival to Johnson Space Center (JSC).  This will be critical in becoming familiar with the physical apparatus as well as the experimental procedure.  Operating the equipment should become second nature by flight time.  Since the experimental device will be completed before arrival to JSC, no additional equipment is expected to be required at the NASA hanger.  The equipment and its components are described below.
3.1 Equipment
The hardware used to interface with the test subject and gather experimental data is comprised of four major components.  These components consist of the control box, the signal generation and tactor driver circuitry, and the tactile display as shown in the block diagram in Figure 9.1.1 in the Technical Section.  The subject is able to interact with the system, both by receiving signals generated and providing feedback on those signals.  In this section a description of the equipment and how it will be used for this particular experiment will be given.  The control box, signal generation circuitry, and the tactor driver circuitry are all contained in a hardware enclosure box as shown in Figure 9.1.2 in the Technical Section.  The physical dimensions of the box are 11.02 in. long, 7.87 in. wide and 2.95 in. high.

3.1.1 Control Box
The hardware of the control box already exists from our previous experiments.  The control box consists of a keypad and encoding circuitry through which interactions with the subject become possible. The user is able to let the system know he or she is ready for a signal to be delivered.  Once the signal is delivered the subject is able to provide feedback to the system regarding the signal he or she felt.  The keypad is interfaced to the microcontroller with encoding hardware provided by a 74C922J integrated circuit.  The binary output from this chip is of form that can be read and interpreted by the microcontroller used for signal generation.

3.1.2 Signal Generation
The signal generation block consists of a microcontroller which directs the information entered by the subject to and from the rest of the equipment.  The microcontroller has not been chosen at this time.  It is likely that an Atmel AVR microcontroller will be chosen for this task.  The AVR possesses all of the technical requirements we have for a microcontroller including flash memory, an analog to digital converter, internal timer, and the ability to be programmed in C as well as assembly language.  Another benefit for choosing an AVR microcontroller is the fact that our graduate student advisor, Ryan Traylor, is very familiar with this line of microcontrollers.  Therefore, we should have the resources to overcome any obstacles encountered while developing our system.  

The microcontroller will be preprogrammed before the flight with a fixed signal.  The amplitude and the duration of the signal will be predetermined and programmed before the actual flight and will be included in the TEDP.  Each trial, this signal will be taken from the microcontroller, sent to the tactor driver circuit, and then administered to the subject through one of the ten tactors in the tactile display.  In addition, the microcontroller will be used to record the data from the accelerometer that is attached to the ground.  The accelerometer will be measuring the actual vibrations of the KC-135.  The microcontroller will sample the signal coming in from the accelerometer at a predetermined sampling rate.  This rate will be included in the TEDP and will take into account both the fact that sampling will have to be done relatively fast in order to prevent the loss of information, and the fact that we have a limited amount of storage space on the actual microcontroller.  The accelerometer used will be the ACH-01-03 made by Measurement Specialties Inc [19].

3.1.3 Tactor Driver Circuit
The tactor driver circuit already exists from our previous experiments.  The main function of this circuitry is to take a signal from the microcontroller and amplify it so that it can drive the tactor.  This is necessary because the signal generated from the microcontroller is not capable of generating the required voltage and current to drive the tactor.  The circuit consists mainly of a power supply, a 220 Hz oscillator, and a 16-Watt bridge amplifier.  When the driver circuit receives an enable signal from the microcontroller, it responds by supplying an amplified 220 Hz oscillating signal to the tactor [5].  A schematic of the bridge amplifier is shown in Figure 3.1.3.1.
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Figure 3.1.3.1:  Schematic for the 16W Bridge Amplifier [9]

3.1.4 Tactile Display
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The tactile display consists of a collection of ten tactors equally distributed over the torso portion of a vest.  Two tactors will be located on each side. The front and back will both contain a tactor on each shoulder and lower stomach or back, respectively.  Both views are shown in Figure 3.1.4.1.  The vest will be made of a wetsuit jacket.  A wetsuit is ideal for this application because of the way it firmly contours to the shape of the body.  This will ensure that the tactor is always making the proper contact with the skin.  

The tactor chosen for this flight is the VBW32 Skin Transducer which has been developed by the Audiological Engineering Corp.  It is designed to transmit at 250 Hz which is recognized as most sensitive frequency for the skin.  It is 1 in. long, 0.73 in. wide and 0.42 in. thick [3].  The sensation delivered by the tactor is similar in nature to the vibrations felt from a commercially available massage chair.

Ground-based testing will use the same equipment utilized for in-flight testing.

4.0 Structural Analysis
The structural enclosure for the hardware from the previous experiments has remained the same and as a result the structural analysis has not changed.  The device is designed to be contained inside a backpack. In this case, since the device is not restrained such as bolted to the ground of the airplane, its only loading will be its own weight, which is approximately 6.5 pounds. The device is approximately stress- and strain-free during the micro-gravity period. However, as soon as the airplane starts to accelerate upward, the device will experience a large deceleration, which causes a loading onto the surface of the plastic casing. For a 9-g safety factor, ten times the loading is used for analysis. The following calculation and explanation summarize the stress states and the safety of the proposed device.


A= 11.02 in


B= 7.87 in



C= 2.95 in

Figure 4.1: Dimensions of the Flame Retardant Plastic Cases and Aluminum panel [8]

Assumptions

1. The contribution of thermal expansion to the stress analyses is negligible.

2. The thickness is uniform throughout the ABS Flame Retardant Plastic Instrument Cases.

3. All screws are significantly stronger than the casing they are securing and will not deform.

4. The forces exerted by the entire device are evenly distributed to the 2 belts that support the backpack.

5. The mass of backpack is negligible.

6. The loading on the plastic casing is uniformly distributed throughout the surface area.

Analysis

Figure 4.2: A small portion of the thin plastic plate experiencing uniform stress [7].

By assumption (6), the worse internal loading of the plastic casing is the loading on the smaller surface area (B(C).

Stress = ( 

Strain = (
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The followings are generalized Hooke’s Law for isotropic materials:

Modulus of Elasticity = E

Poisson’s Ratio = (
Shear Modulus = G = E / 2(1+()

(x = [E / (1+()(1-2()][(1-()(x + (((y +(z) – (1+()(((T)]

(y = [E / (1+()(1-2()][(1-()(y + (((x +(z) – (1+()(((T)]

(z = [E / (1+()(1-2()][(1-()(z + (((x +(y) – (1+()(((T)]

Since the loading is only on the surface, (x and (y does not apply to the system.

(x = 1/E [ (x - (((y + (z)] + ((T

(y = 1/E [ (y - (((x + (z)] + ((T

(z = 1/E [ (z - (((x + (y)] + ((T

From the above conclusion and by assumption (1)

(x = (-((z)/E

(y = (-((z)/E

(z = (z/E

Considering the mechanical properties of plastics:


Modulus of Elasticity, E = 0.35 – 0.4 psi


Poisson’s Ratio, ( = 0 – 0.4

Strains in all directions have magnitudes of 10–3 or less. Thus we can expect an extremely small percentage of deformation on the plastic surface of out device during the upward acceleration. Besides, bolts supporting the lower and upper cases will be used to secure the inner components in place. This significantly decreases the elasticity of the lower and upper plate, which makes the deformation negligible.

The internal components in the plastic casing will exert 6.5 pound-force when it is accelerated at 9g. Compared to the compressive/tensile strength of the plastic (6 psi < ( y < 8.5 psi), this loading becomes insignificant and thus will not deform the casing. Moreover, the stability of the casing is aided by the backpack that embraces the entire device.
In conclusion, the structural configuration of the device has been chosen so that maximum stresses in the components do not exceed the allowable stress. When loads are considered, the maximum applied load does not exceed, and is much less than, the allowable load (ultimate strength). The results (300 < FS < 400) of this analysis are well above the normal range of values for the normal factor of safety 1.3 – 3.0 [6]. There is no likelihood that failure will result.

5.0 Electrical System Analysis
This device does not require electrical power on the ground or during flight.  All power is provided through a 12-V lead acid gel cell battery.  The electrical components used are explained in section II part 3.0.  

6.0 Pressure / Vacuum System
This is not applicable to the experiment.

7.0 Laser System
This is not applicable to the experiment.

8.0 Crew Assistance Requirements
No assistance will be needed from the JSC crew in order to complete this experiment.

9.0 Institutional Review Board
This experiment will require and institutional review board.  The documents required are as follow:
· Letter from Purdue University Institutional Review Board

· NASA/JSC Human Research Subject Informed Consent Forms for each subject

· Anu Bhargava

· Jonathan Andrew Wolter

· Michael Lonnie Scott

· Kimberly Louise Mrozek

· Roy Byung-Kyu Chung

These documents are included in the Administrative Section IV part 5.0.

10.0 Hazard Analysis
The detailed contents of this can be found in part 10.0 of section I.  
11.0 Tool Requirements
At this point in time, no tools are needed.  If the need for a tool arises, the name of the tool and a description of how we will keep track of it while in the hangar will be included in the TEDP.

12.0 Ground Support Requirements
No ground support requirements are needed for this experiment.

13.0 Hazardous Materials
This is not applicable to the experiment.
14.0 Procedures
Ground Operations:  
Equipment will be taken out of shipping apparatus and set up on the workstation provided by JSC.  Preflight preparations will merely consist of running through the in-flight procedures which are mentioned in section I part 9.2.2.  By doing these tests we will be able to confirm that our equipment is still functioning properly.
Pre-Flight Boarding:
The equipment will be carried onto the KC-135 and put in the appropriate place.

In-Flight:
The in-flight procedures are outlined in section I part 9.2.2.
Post Flight:
Adjustments to the device or flight procedures will be applied post flight if necessary. 

III. Outreach Plan Section
**Indicates Support letter, located at end of this section
Our team plans to share our research and flight experiences with the general public and students of varying age levels.  We will be visiting and presenting at local schools and museums, and participating in community events.  By getting involved in these various programs, we hope to inspire people of all ages, nationally and internationally, to become involved with the field of science and the space program.  Along with educating the community, we hope to further our knowledge by positive interaction with a diverse group of people.  The specific plans for our outreach program are detailed below.

1.0 Elementary Schools

Over the course of the year, we will visit each school and present to students whose grades range from Kindergarten to 5th grade.  During each presentation, we will discuss the Reduced Gravity Student Flight Opportunities Program and the effects of reduced gravity, and give a general overview of our team’s project.  The students will have the opportunity to fill out forms that include questions about possible experiments they would like to see conducted in reduced gravity.  We will also answer any questions the students may have and collect feedback on our presentation.
The following schools have agreed to participate in our outreach program:

· Cumberland Elementary School (West Lafayette, IN)
· **Happy Hollow Elementary School (West Lafayette, IN) 
· Klondike Elementary School (West Lafayette, IN)

· New Community School (Lafayette, IN)
2.0 High School

We gave a presentation on Friday, October 3, 2003 to a class of science students at Jefferson High School (Lafayette, IN.)  During the presentation, we discussed the Reduced Gravity Student Flight Opportunities Program and the effects of reduced gravity, and gave a detailed description of our team’s project.  We then invited them to create a small experiment that they would like to see tested in reduced gravity that we will take with us on our flight, should our proposal be selected.  We also answered any questions the students had and collected feedback on our presentation.

The following school has agreed to participate in our outreach program:  
· **Jefferson High School (Lafayette, IN) 

3.0 General Public

**Homecoming: During Purdue University’s Homecoming Weekend, our team had a booth at an engineering fair that current students, alumni, and the general public attended.  We showed a video from a previous flight experiment and talked to attendees about the Reduced Gravity Student Flight Opportunities Program, past research from flight teams from the Electrical and Computer Engineering department, and our flight experiment.  This event presented us with the opportunity to network with alumni who have strong connections to industry and other universities. Because of this opportunity, we were able to learn about similar research being conducted at other institutions.
ENvision: ENvision is an open house put on every spring by Purdue’s Schools of Engineering and engineering organizations to share information with community school students, prospective and current Purdue students, parents, and the community about Purdue’s Engineering Programs, technology being utilized, and research going on in its various departments.  Our team will have a booth where we will show a video from a previous flight experiment, and where we will share information about our research and the Reduced Gravity Student Flight Opportunities Program with attendees.

4.0 Museums

Imagination Station: Imagination Station is a hands-on, family science museum in Lafayette, IN which promotes science literacy to children and their families.  We have contacted their office, and they are interested in having our team give a presentation about our research and our experience of flying in zero gravity, should our proposal be accepted.

Website:  A website for our team will be located at: http://www.ecn.purdue.edu/HIRL/nasa/nasa2003.  On this website, we will include information about our team, the Reduced Gravity Student Flight Opportunities Program, our research, and results from our flight experiment.

5.0 Press Plan

**Emil Venere from Purdue University News Services has agreed to help our team obtain media coverage about our team’s research and flight.  Emil will send news releases about our flight opportunity and research experiment to Purdue and local press agents, as well as media from our hometowns in Indiana, Illinois, California, and Korea.  With his assistance, we will be able to promote the Reduced Gravity Student Flight Opportunities Program and the current research being investigated in the Haptics field.  He will also assist us in finding a reporter to accompany us on our flight.
IV. Administrative Requirements Section
1.0 Institution’s Letter of Endorsement
Letter from Interim Associate Dean of Engineering for Undergraduate Programs Dr. Phillip Wankat

2.0 Statement of Supervising Faculty
Letter from Associate Professor Hong. Z. Tan

3.0 Funding / Budget Statement
2003-2004 Budget Statement

COSTS PER MEMBER (6):
Projected Costs

Plane ticket
$300

Physical exam
$100

Meals ($46/day *11 days)
$506 


$906

TEAM COSTS:

Device and Equipment
$1000

Other Supplies & Expenses
$550

Summer Device Preparation
$1000

Hotel accommodations:

Homewood Suites

$2000

Car rental:

National Rental Car ($250/week)
$500 


$5050

TOTAL COST:

Costs per member x 6 Members
$5436

Team Costs
$5050

TOTAL:
$10486
Sources of Funding Already Acquired:

University Sponsorship


Department of Electrical and Computer Engineering
$4000


School of Engineering
$2500


Department of Aeronautical & Astronautical Engineering
$1350


Department of Industrial Engineering
$1000

Corporate Sponsorship


BAE Systems
$3500

Total
$12350
4.0 Princeton University Support Letter
Letter from Senior Research Psychologist Dr. Roger W. Cholewiak
5.0 Institutional Review Board Information

· Letter from Purdue University Institutional Review Board

· NASA/JSC Human Research Subject Informed Consent Forms for each subject

· Anu Bhargava

· Jonathan Andrew Wolter

· Michael Lonnie Scott

· Kimberly Louise Mrozek

· Roy Byung-Kyu Chung

6.0 Enrollment Certification Forms
Enrollment certification form for the following students
· Anu Bhargava
· Jonathan Andrew Wolter

· Michael Lonnie Scott

· Kimberly Louise Mrozek

· Roy Byung-Kyu Chung

Figure 9.1.1:  Equipment Block Diagram
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Figure 9.1.4.1:  Tactile Display
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Figure 3.1.4.1:  Tactile Display
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