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The original Apollo missions and more recent extravehicular activities on the International Space Station have provided
basic information that can be applied to activities that may occur during future long-duration lunar missions. However,
despite these previous efforts, significant gaps remain in our understanding of the more complex physiological costs of
different activities in a true lunar environment. Recently a ground-based simulation of a 10-kilometer Lunar Walkback
was conducted to better understand the physical capabilities of a suited astronaut in partial gravity. Unfortunately, this
study was limited because of the use of a stationary treadmill that did not accurately simulate the lunar environment (i.e.
landscape and terrain). To date this overall lack of physiologic data collected during true lunar activities or their accurate
simulation has limited the ability of NASA physicians and scientists to predict if an astronaut candidate is physically
capable of completing the multiple lunar activities that may be required during long-duration missions. Therefore, the
goals of this proposal are to 1) develop a mobile testbed to accurately simulate partial-gravity lunar activities, and 2)
determine subject performance and the concomitant physiological responses to these activities, which will allow us to 3)
create a series of standardized tests that can be performed in a pre-flight setting to determine the readiness of the
astronaut to perform physically demanding activities during a lunar mission.

The results of these studies will help identify which key components of physical fitness are required to perform different
physical tasks. These results will, therefore, be applicable in a wide variety of settings, from rehabilitation to athlete
evaluation, to determining the relative preparedness of astronauts for in-flight and destination EVAs. These insights will
be especially important when astronauts return to a gravitational environment, either on Earth or at their destination.
These results will provide target information regarding minimum required strength and endurance from which in-flight
and destination exercise countermeasures can be based. The strategy employed here can also function as a template for
approaching the establishment of field tests for other occupations in which there is a demand for minimal physical
performance, such as what has been done for firefighters and police officers.

Phase I has been completed, with a total of 72 subjects (32 females) completing the entire protocol for Phase 1.1
(including all laboratory and field tests). We have recruited subjects with an intentionally wide range of fitness levels.
The purpose of this wide range of fitness levels is to improve our ability to predict relative success in the lunar field tests
from one or more fitness characteristics. Analysis of the complete data set confirms previous conclusions based on a
smaller sample size. Simple regression analysis revealed a modest correlation (r = 0.64) between average speed during
the 10 km walk-back time and treadmill VO2max, but the correlation with gas exchange (or ventilatory) threshold (GET)
was weaker (r = 0.48). In contrast, there was a highly significant relationship between 10 km average speed and critical
speed (r = 0.84, p<0.0005). When examined by gender, women had a significantly lower relative VO2max (44.7 + 6.8
vs. 50.4 £ 7.5 ml/kg/min), relative arm VO2peak (24.2 + 5.7 vs. 27.8 + 5.0 ml/kg/min), relative arm GET (12.3 £ 1.9 vs.
14.5+2.8),CS (11.2£2.0 vs. 12.5 £ 2.5 km/hr), CP (44.3 £ 13.7 vs. 73.3 £ 16.2 Watts). However, there was no
significant difference for treadmill relative GET (27.7 + 3.3 vs. 29.1 £+ 5.0 ml/kg/min), arm GET (52.0 + 1.0 vs. 52.0 +
1.0 %VO2peak), CS (81.2 + 1.0 vs. 79.3 + 1.0 %Speak), CP (61.8 + 1.0 vs. 66.8 + 1.0 %Ppeak) 10-km Walkback time
(66.0 + 14.3 vs. 58.9 + 12.7 min), and 10-km Walkback velocity (84.8 + 1.0 vs. 85.2 + 1.0 %CS). Importantly, simulated
EVA performance was best predicted by the same laboratory assessment tests for both women and men.

With 72 subjects we have begun more sophisticated analyses using multiple regression and CART approaches. These
approaches continue to reinforce that the most influential predictors of field test performance are critical speed and
critical power, as previously found with a subset of subjects.

We have begun collecting preliminary data from wireless biosensors (EMG, respiration, accelerometer) and , near
infrared spectroscopy-NIRS) while subjects are performing the field tests. The goal of this work is to characterize the
cardiorespiratory and metabolic responses to the field tests, and to identify how these signals change as the subject
fatigues. Very promising, in subjects who have failed the planetary navigation field test to date, EMG and NIRS signals
have indicated impending fatigue with patterns of change different from those seen when subjects are able to
successfully complete the course, while the VO2 responses exceed those associated with the subject's critical speed CS.
Finally, the suspension system continues to develop. We are at the stage of evaluating safety redundancy in the hoist
system, and anticipate pilot work with humans this summer 2013. This system will eventually permit the creation of a
microgravity setting for the subjects while they perform certain of the field test tasks.
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