
What experiment would you like to carry out in zero gravity? 

During the parabolic flight, we plan to investigate the effect of varying gravitational forces on the position and                  

posture of the human body when performing basic functional movements. Understanding how the body’s              

musculoskeletal system adapts to changes in gravity is important for several reasons. First, it is widely documented                 

that long-term exposure to microgravity leads to bone demineralization and loss of muscle mass, but further research                 

is still needed on the body’s short-term, daily postural adaptations to life in microgravity. On Earth, the body must                   

reflexively adapt to counteract gravitational torques and ensure that the body’s center of mass remains balanced                

above the feet. In microgravity, these adjustments are no longer necessary to keep the body from falling. The body’s                   

vestibular organs can no longer rely on gravity to orient the body relative to perceived up/down directions.                 

Microgravity also affects the range of motion of the body’s joints. Thus, many astronauts experience back pain and                  

muscle soreness while in microgravity. Our research, therefore, will give valuable insight to astronauts and the                

relevant stakeholders on human reflex changes in microgravity. It is important to note that our initial research and                  

planning has made us confident that we will be able to perform this experiment under a very short timeframe.  

The long-term goal of our research is to develop a comprehensive map of how the musculoskeletal system adapts to                   

variations in gravity and for that reason parabolic flight is an excellent laboratory for our experiment, because it                  

allows us to test 0 G, 1 G, and 1.8 G conditions all in the same location and in a minimal amount of time. This                         

experimental consistency limits confounding variables. Furthermore, monitoring posture at 1.8 G, higher gravity             

than Earth’s, may offer insights into how astronauts re-acclimatize to Earth’s gravity upon return from microgravity.                

In the short term, this can help scientists design exercise programs and orthopedic devices that optimize astronauts’                 

musculoskeletal health. In the long term, this knowledge will be valuable for when we are colonizing planets with                  

stronger or weaker gravitational force than Earth’s. A rather close and upcoming example of this is the colonization                  

of Mars. 

  

For this experiment, sensing of body posture and position will be accomplished in two ways. First, we will use                   

electromyography (EMG) sensors to monitor individual muscle groups responsible for maintaining posture and body              

position. Surface EMG sensors are electrodes placed directly onto the skin, which record the electrical activity of the                  

underlying muscle relative to a reference node. The muscles we plan to monitor with EMG sensors include the                  

quadriceps, hamstrings, gastrocnemius (calf), latissimus dorsi, abdominals, and trapezius muscles. These major            

muscle groups are selected because of their role in maintaining posture and their proximity to the skin. We will                   

supplement the EMG readings with accelerometer data to determine the change in position of the limbs and head                  

while performing the movements. Prior to the launch, the accelerometers will be tested in 1G to determine the most                   

useful placement on the body. All sensor values will be read and logged using an Arduino microcontroller.  

  



Second, we will use a Microsoft Kinect™ camera to track the body’s overall position. The Kinect device uses                  

infrared and video cameras to identify anatomical loci on the body, such as the location of joints. The advantage of                    

using Kinect is that it uses infrared imaging to collect data which is not affected by change in environment like                    

clothes and lighting. Using this technology, we will create a skeleton-tracking map of the human body in real-time                  

using the Microsoft Kinect SDK environment to collect and log this data. This technique has been widely used in                   

past studies of posture and body movement. 

  

This pathway will be comprised of three main parts: Data Acquisition, Data Processing and feature extraction and                 

Human Posture Recognition. Data collection will be done using an SDK (Skeletal Tracking Tool for Kinect). This                 

tool aims to collect the joints as points relative to the device itself. The joint information is collected in frames. For                     

each frame, the position of 20 points are collected. The SDK will process the data for us and the information will be                      

analyzed and compared to previously obtained posture data on Microsoft’s Skeleton APL. Collected data will be                

added to this database for future benefit. 

  

During the parabolic flight, we will take turns performing a series of physical activities in 0 G, 1 G, and 1.8 G, each                       

for approximately 20 seconds. It is important that we have two group members, so that we can take turns manning                    

the camera/data collection and performing the physical motions. Depending on the nature of each task, we will                 

either anchor the feet to the ground or hold onto handles on the aircraft railings to make it possible to perform the                      

tasks without floating away when working in 0 G conditions. The tasks include (1) standing upright, (2) leaning                  

from side to side, (3) walking in place, (4) jogging in place, (5) squatting, and (6) toe touches: bending over to touch                      

the feet, then standing back upright. As we learn more about the layout of the aircraft and the conditions of the                     

flight, and as we calibrate the sensors in 1G before the flight, we may add or remove activities from this list                     

depending on their feasibility and usefulness to our research.  

  

We anticipate that comparing the EMG, accelerometer, and Kinect data across 0 G, 1 G, and 1.8 G conditions will                    

provide valuable qualitative and quantitative measurements of how the musculoskeletal system responds to             

short-term variations in gravitational force. Based on our findings from this initial experiment, we hope to develop                 

hypotheses that can be tested on a larger sample size across a range of body types. We look forward to the                     

possibility of carrying out this experiment and are thankful to MBRSC for providing this opportunity to U.A.E.                 

students.  

  

 


