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1 Introduction
BioSim is a highly reconfigurable life support system model
has been developed to provide a testbed for design, analy-
sis and control of future Lunar and Martian missions[Ko-
rtenkamp and Bell, 2003; Bellet al., 2005]. BioSim is a non-
stationary, dynamic, non-linear, discrete time simulation. The
non-linear and discontinuous nature of the life support sys-
tems processes modeled in BioSim do not readily lend them-
selves to conventional analyses, thus, heuristic approaches
are particularly attractive for the consideration of several key
life support scenarios. However, the use of heuristic tech-
niques in design and analysis has not been universally ac-
cepted by the astronautical community. Therefore, in an ef-
fort to demonstrate efficacy, several heuristic approachesand
a classical approach have been selected for validation withthe
BioSim modeling tool with the objective of identifying con-
figurational optima in exploration class life support systems.

For our experiments we chose a scenario based on a
series of experiments conducted at NASA Johnson Sapce
Center in the summer of 1995[Edeen and Barta, 1996;
Laneet al., 2002]. In those experiments, a single crew mem-
ber, Nigel Packham, was enclosed within a vacuum pres-
sure chamber which enclosed an11.2 m

2 growth chamber,
known as the Variable Pressure Growth Chamber (VPGC).
Within the VPGC a wheat crop was sown prior to his en-
try into the system. The objective of the experiment was to
show that an integrated human-crop system within a sealed
volume could be utilized to control the atmospheric compo-
sition within the vacuum pressure chamber. To be successful,
the human and the crop would provide carbon dioxide and
oxygen, respectively, for one another, in lieu of a control sys-
tem for the period of 15 days. The test was regarded a suc-
cess by NASA, and three other tests of increasing complexity
and duration followed[Brasseauxet al., 1997; Edeen, 2000;
Laneet al., 2002].

2 Mission scenarios
The life support configuration studied here is depicted in
Fig. 1 and is representative of the original experiments in
the VPGC. In this diagram, the shapes represent either pro-
ducers or consumers within the system, generally the various
unit processes and the crew. Arrows represent the path taken
by various masses as the unit processes go through daily op-

Optimized Variables
Contr. Hot

Set Start
Test Area Crop Mix Vol. Points Day
1 X X

2 X X X

3 X X

4 X X X

5,6 X X X X

7 X X X X X

Table 1: Life support scenarios considered

erations. For example, the crew member is enclosed in a
sealed environmental chamber with a wheat crop, thus they
exchange variable ratios of oxygen and carbon dioxide via
the air-in and theair-out pathways. Aside from the gases
within the atmosphere, additional resources, including water,
food and nutrient solution, are available, but have been con-
figured as non-limiting. Storage of waste materials is also
non-limiting. Rudimentary control system has been imple-
mented to control oxygen and carbon dioxide partial pres-
sures and total pressure. These are depicted with the series
of injectors and and accumulators and storages at the top of
Fig. 1. The objective of the system is to maintain the en-
vironment such that the crew member is never in imminent
danger. A network of environmental sensors are included and
when the system drifts to an unsafe condition the simulation
is terminated. Table 1 shows the seven different configura-
tions that will be tested. Each column is a variable that can
be optimized.Area refers to the total square meters devoted
to crops. Crop is the type of crop chosen (out of nine) for
planting.Mix allows for multiple crops to be chosen.Volume
is the total volume of the habitat.Controller set pointsallows
the optimizer to adjust the set points for injectors and other
control variables.Hot start dayrefers to the number of days
before the crew arrives that the crops are planted.

3 Optimization Techniques
The goal is to find an optimal habitat configuration that meets
the mission objectives, i.e., provides sufficient life support
to the crew. A habitat configuration includes sizing each of
the life support components (e.g., water processing, air pro-



Figure 1: Baseline configuration

cessing, crops, power, etc.), sizing tank capacities, deciding
on initial levels of consumables, sizing the air volume of the
crew habitat, etc. An optimal configuration is defined as one
that meets the mission goals with minimum mass. We have
defined mass values for all of the variables in a habitat con-
figuration. Essentially, this is a search through a large space
of possible habitat designs to find an optimal solution. Many
artificial intelligence search techniques would be applicable
(e.g., genetic algorithms, simulated annealing, reinforcement
learning). In our experiments we used genetic algorithms.
These are compared to a classical, analytic approach.

3.1 Genetic algorithms
Genetic algorithms are based on the paradigm of natural se-
lection. Successful genes breed with other successful genes
to create offspring. If the offspring themselves are success-
ful they breed. After each generation the entire population
of genes should be more and more successful. We imple-
mented a genetic algorithm where the gene is a description of
the initial configuration of BioSim (e.g., crop size, storage ca-
pacities, process flow rates, etc.). We are searching for a gene
that optimizes the life support configuration. The configu-
ration specified by the gene is simulated using BioSim until
consumable resources are exhausted and the mission can no
longer continue. A fitness function is utilized to compare the
quality of each configuration tested by the genetic algorithm.
The fitness function is how the genetic algorithm evaluates
genes to determine which to save and breed and which to dis-
card. The intention of this fitness function is to identify the
optimal design for the scenarios described in Section 2.

3.2 Analytical approach
Given a fitness function for an advanced life support system it
should be possible to optimize that function using regression
analysis. Taking the inputs to the genetic algorithm (e.g.,crop
size, habitat volume, etc.) as inputs to a nonlinear model us-

ing the SAS nonlinear algorithm (NLIN) procedure and then
optimizing using the Optimization toolbox built in Matlab we
expect to have results that can compare with the genetic algo-
rithm. The main challenge in utilizing traditional nonlinear
optmization technique is the requirement for identifying con-
tinuous derivable functions.

4 Anticipated Results
We are currently running our genetic algorithm on the seven
mission scenarios in Table 1 and will report results at the
workshop. We have previously run this genetic algorithm on
other life support scenarios and have already reported those
results[Bell et al., 2005]. We also currently coding the an-
alytic approach in Matlab and will report those results at the
workshop. Using these results we expect to define the role
of heuristic search techniques such as genetic algorithms in
the design and control of advanced life support systems. This
will provide mission designers and operators another set of
tools to use with these increasingly complex systems.
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