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2.6 Experiment Background

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 [6]. 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.

2.6.1 Past and Current Experiments

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 [11].  

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.  In the summer of 2001, 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].
2.6.2 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.

2.6.2.1 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 [4].  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 [6].” 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 2.6.1.1. [6]
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Which surface is “down?”

Is this the floor?

Figure 2.6.1.1:  Visual inversion
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 [13]. 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 [7].

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 [9].”

2.6.2.2 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 [10]. 

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 [5].  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. 
2.6.2.3 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 [8]. 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 [8]. 
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 [8].  It was determined that the ideal distance between tactors was no more than 10 cm when spatial parameters where examined.  

2.6.2.4 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 [12].

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.  

2.7 Experiment Description

For this 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 this 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.

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 [1, 3].  A confusion matrix, similar to the one shown in Figure 2.7.1, 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 2.7.2.  
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Figure 2.7.1:  Example Confusion Matrix                    Figure 2.7.2:  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.





(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.

We hypothesize that the signal-recognition rate will be nearly 100% in ground tests, and lower in zero-g conditions.  We also 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.

2.8 Equipment Description
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* Weight of the control unit: 2.0 lb (including 1.3 lb enclosure box and 0.7 lb boards)

* Dimension of tactor vest: 14’’x6’’x25’’
Figure 2.8.1:  Equipment Circuitry

The signal generation (in the Control Unit) consists of a microcontroller which directs the information entered by the subject to and from the rest of the equipment.  The Atmel ATmega16 microcontroller was 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.  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 [12].
2.9 Structural Analysis
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Figure 2.9.1:  Test set-up for 9g
The device is designed to be contained inside a belt mounted personal fanny pack. 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 4 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 aluminum casing. For a 9-g safety factor, ten times the loading is used for analysis. This is 40 pounds exerted on the nylon fanny pack over the smallest face surface area of 10.9 sq. in. (2.1” x 3.7” of CU + 1.24” x 2.36” of battery). This is under 4 psi, which is well within the limits of the stitching and fabric. Within the control unit itself, we use steel bolts to fasten it, which are obviously capable of maintaining the structural integrity of the 2 pound control unit. 

Table 2.9.1:  Component Weights
	Component
	Weight
	Each assembly weight

	Control Unit
	2 lbs
	

	Battery
	2 lbs
	

	
	
	Tactor vest/CU/Battery assembly: 4 lbs

	Laptop
	8 lbs
	Laptop background vibration assembly: 8 lbs



[image: image4.png]straps

B

The laptop, one experimenter and the outreach kit
will be strapped to the aircraft in any location
deemed convenient.




Figure 2.9.2:  Set-up of equipment and subjects on floor of KC135

Our maximum floor load is Mass_person (200 pounds max) + 9 pounds (laptop) + 15 pounds (outreach) over an area of 20 sq. feet, this is 13.2 pounds per sq. foot. This is well within the constraints of the max aircraft loading.

There are no reasonable opportunities for structural failure due to our experiment. 

The following calculation summarizes the stress states and the safety of the proposed device. 

[image: image8.png]


     A = 4.7 in, B = 3.7 in, C = 2.1 in

Figure 2.9.3:  Dimensions of the Flame Retardant Plastic Cases and Aluminum panel

Assumptions

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

2. The thickness is uniform throughout the aluminum case. 

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 belt that supports the fanny pack.

5. The mass of fanny pack is negligible.

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

Analysis

[image: image9.png]


Figure 2.9.4:  A small portion of the thin plastic plate experiencing uniform stress
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 aluminums:


Modulus of Elasticity, E = 10,000 psi


Poisson’s Ratio, ( = 0 – 0.33

Strains in all directions have magnitudes of 10–3 or less. Thus we can expect an extremely small percentage of deformation on the aluminum 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 aluminum casing will exert 2.0 pound-force when it is accelerated at 9g. Compared to the compressive/tensile strength of the aluminum (57300 psi), this loading becomes insignificant and thus will not deform the casing. Moreover, the stability of the casing is aided by the fanny pack 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 of this analysis are well above the normal range of values for the normal factor of safety 1.3 – 3.0 [2]. There is no likelihood that failure will result.

2.10 Electrical Analysis

2.10.1 Schematic

The following schematic shows the two components of the project. First is of the tactor vest, driver, battery and keypad user interface. Two sets of the first schematic are made, one for each experimenter. Second is the laptop data logging background vibration monitor. Fuse (current limiting devices) will be connected to a master kill switch inside the control unit. The control unit (aluminum box) will be enclosed in the activity belt during the flight. There will be another current limiting device for the laptop. Since the control unit will not be exposed during the experiment, a grounding method will not be required. 

2.10.2 Load Tables

Table 2.10.1: Electrical Load Table I, Vest  
	Power Source Details 
	Load Analysis 

	Name : BAT1 
	10 Tactors  - 10 x 1.0-1.5 A 
Control Unit -  1A

	Voltage : 12.0 VDC 

	Wire Gauge : 14 gauge 

	Max Battery Current : 15 Amps 
	Total Current Draw: 6 Amps 


Table 2.10.2: Electrical Load Table II, Laptop data logger
	Power Source Details 
	Load Analysis 

	Name : POW1 
	Laptop - 2 - 4A 

	Voltage : 120 VAC, 60 Hz 

	Wire Gauge : 18 gauge 

	Max Outlet Current : 20 Amps 
	Total Current Draw : 4 A 


2.10.2.2 Stored Energy

No electrical charge will be stored in this experiment.

2.10.3 Kill Switch

The control unit has an emergency kill toggle switch. In the event of an emergency, the kill switch will be flipped and the tactors will immediately stop. The control unit, tactors and keypad will be deactivated. The laptop computer kill switch is a power cable/surge protector with switch. It will also be flipped, to remove it from the aircraft power distribution panel. Next the Labview logging will be stopped and the computer shut down. 

For normal procedures, upon completion of an experiment, the control unit will be turned off (via the kill switch) and the laptop Labview logging will stop and the laptop will be shut down.

2.10.4 Loss of Electrical Power

In the event of a power loss, the laptop will run on its internal battery for approximately 2 hours. The control unit will safely terminate sending tactor signals and stop recording keypad input.

2.11 Pressure/Vacuum System Documentation Requirements

No pressure or vacuum systems are used in the operation of this experiment. 
2.12 Laser Certification 
No laser systems are used in the operation of this experiment. 

2.13 Parabola Details and Crew Assistance

We need 0g and 2g levels. No special requirements exist for our parabolas. 

2.14 Free Float Requirements

There are no free float requirements.

2.15 Institutional Review Board
An IRB approval will be needed for this experiment and the supporting documents will be sent in at a later date.
2.16 Hazard Analysis Report Guidelines
HAZARD SOURCE CHECKLIST

Enumerate or mark N/A

	N/A
	Flammable/combustible material, fluid (liquid, vapor, or gas)

	N/A
	Toxic/noxious/corrosive/hot/cold material, fluid (liquid, vapor, or gas)

	N/A
	High pressure system (static or dynamic)

	N/A
	Evacuated container (implosion)

	N/A
	Frangible material

	N/A
	Stress corrosion susceptible material

	N/A
	Inadequate structural design (i.e., low safety factor)

	N/A
	High intensity light source (including laser)

	N/A
	Ionizing/electromagnetic radiation

	N/A
	Rotating device

	N/A
	Extendible/deployable/articulating experiment element (collision)

	N/A
	Stowage restraint failure

	N/A
	Stored energy device (i.e., mechanical spring under compression)

	N/A
	Vacuum vent failure (i.e., loss of pressure/atmosphere)

	N/A
	Heat transfer (habitable area over-temperature)

	1
	Over-temperature explosive rupture (including electrical battery)

	N/A
	High/Low touch temperature

	N/A
	Hardware cooling/heating loss (i.e., loss of thermal control)

	N/A
	Pyrotechnic/explosive device

	N/A
	Propulsion system (pressurized gas or liquid/solid propellant)

	N/A
	High acoustic noise level

	N/A
	Toxic off-gassing material

	N/A
	Mercury/mercury compound

	N/A
	Other JSC 11123, Section 3.8 hazardous material

	N/A
	Organic/microbiological (pathogenic) contamination source

	N/A
	Sharp corner/edge/protrusion/protuberance

	N/A
	Flammable/combustible material, fluid ignition source (i.e., short circuit; under-sized wiring/fuse/circuit breaker)

	N/A
	High voltage (electrical shock)

	N/A
	High static electrical discharge producer

	2
	Software error or compute fault

	N/A
	Carcinogenic material


       DETAILED HAZARD DESCRIPTION

Use the following format for describing each identified hazard in detail.

Hazard Number:  1
	Title:  Over-temperature explosive rupture (including electrical battery)

	Hazard Description:  The battery may cause an explosive rupture.

	Hazard Cause(s):  This hazard may be caused by overheating of the battery.

	Hazard Control(s):  The battery will not exceed its current or voltage rating.


Hazard Number:  2
	Title:  Laptop malfunction/Software error

	Hazard Description:  Software malfunction will result in loss of data; it does not control the experiment hardware.

	Hazard Cause(s):  The cause of this hazard is software error.

	Hazard Control(s):  Proper testing of the data collection program pre-flight will ensure that this program operates successfully.


2.17 Tool Requirements

We will bring:  


Electrical tape


Screwdrivers


Pliers


Scissors


Utility knife


Soldering iron


Solder



Duct tape


Extra Velcro strips

The tools will be controlled through the use of a tool inventory list and a check out procedure.  Whenever any tools are used, they will be checked out by the team member using them by initialing a sheet and indicating the tool, date and time used and returned. 

2.18 Photo Requirements

A still photographer will not be requested for photo documentation during flight operations.

A videographer will not be requested to video-document during flight operations.

Our experiment will not require the S-band downlink.

No camera poles will be required.

2.19 Aircraft Loading

No ground equipment will be needed to load the experiment into the airplane. It is all carried on by hand. On the ground, the hardware can be manipulated by people as everything weighs less than 20 pounds. No assemblies are loaded onto the aircraft. 

2.20 Ground Support Requirements

We will need two 120 Volts AC, 15A electrical power plugs for ground testing research equipment. No pressurized gas is needed. No toxic/corrosive chemicals are used, mixed or stored. We do not need special access to building 993. We have no general tool requests.

2.21 Material Safety Data Sheets

No chemicals are used that need a MSDS.

2.22 Experiment Procedures Documentation

Ground Operations

Equipment will be shipped to Ellington Field via UPS Ground July 10th 2004. The equipment needs to be stored in an indoor environment. Total space will be less than 10 square feet on the floor.

Loading

To set up and operate our equipment on the ground, we will need a 120 Volts AC, 15A power outlet and a mock up aircraft bed to practice strapping someone to the floor of the airplane using straps.

To load our equipment on the aircraft, we will carry it by hand and tie the laptop down to the floor of the airplane with straps.  The person who is tied down will be held down with straps, while the other person will free float.

Pre-flight 

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.
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 one part that 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.

Take-off/Landing

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 enclosure box and battery. Experimenters will sit in seats and already have the laptop mounted to measure vibration upon reaching proper altitude. 

In-flight 

The schedule of experimentation during the parabolas is shown in Figure 2.22.1.  

	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 2.22.1:  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.  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.

Post-Flight

The battery used to power the control unit will be recharged. Equipment will be inspected and data downloaded to our computers. 

Off-Loading

Equipment will be off-loaded by hand from the KC-135. Equipment will be shipped from NASA via UPS back to Purdue.
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