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(57) ABSTRACT

A device for conducting scientific experiments in space has
a housing having dimensions of about 100x100x150 mm or
smaller. Within the housing is an electronic processor, a
camera, and a chamber for containing living or non-living
test subjects. A mirror is positioned next to the chamber so
that the camera lens can view both a face of the chamber, and
the mirror, which reflects a side of the chamber. The cham-
ber can additionally include sensors and a fan controlled by
the processor to change conditions within the housing based
upon sensor data.

20 Claims, 9 Drawing Sheets
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rality of sensors operative to communicate data pertaining to
the environment within the housing to the processor; a
STELLA interface connected to the processor and a com-
munications system of the space vehicle, for transmitting
data away from the space vehicle and back to the space
vehicle; a mirror; and a camera controllable by the electronic
processor, the camera including a lens oriented to directly
view both the chamber first side and the mirror, the mirror
oriented to reflect the chamber second side to the lens.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views, and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and to explain various principles and advantages all in
accordance with the present disclosure, in which:

FIG. 1 depicts a perspective view of a module of the
disclosure, and particularly the housing;

FIG. 1A depicts the module of FIG. 1, with a USB cable
in place of a power switch;

FIG. 2 is a perspective view of a habitat for test subjects,
including upper and lower chambers;

FIG. 3 depicts a top diagrammatic view of the interior of
the housing;

FIG. 4 is a perspective view of the housing of FIG. 1, with
housing sides removed so that an interior of the module can
be viewed;

FIG. 5 is the view of FIG. 4, with the mirror removed;

FIG. 6 is a depiction of a portion of the field of view of
the camera, showing a view through an angularly disposed
mirror adjacent the habitat, and a frontal view of the habitat,
with an LCD screen within the field of view above the
habitat;

FIG. 7 is an exploded view of the module of FIG. 1;

FIG. 8 is a diagrammatic view of the components within
the module of FIG. 1, showing interconnections between
components;

FIG. 9 is a flow diagram of the various modes of operation
of the module of FIG. 1, from launch staging to retrieval, in
an experiment including a circadian lighting pattern;

FIG. 10A-10C are various example circuits useable
within the module of FIG. 1;

FIG. 11 is a timeline depicting events associated with
staging, launch, deployment, and retrieval of a module of
FIG. 1 deployed both upon the ground and in the ISS;

FIG. 12 is a graph of temperature within the modules
described with respect to FIG. 11;

FIG. 13 is a graph of relative humidity within the modules
described with respect to FIG. 11;

FIG. 14 is a graph of carbon dioxide concentration within
the modules described with respect to FIG. 11; and

FIG. 15 is a graph of oxygen concentration within the
modules described with respect to FIG. 11.

DETAILED DESCRIPTION OF THE
INVENTION

As required, detailed embodiments are disclosed herein;
however, it is to be understood that the disclosed embodi-
ments are merely examples and that the systems and meth-
ods described below can be embodied in various forms.
Therefore, specific structural and functional details dis-
closed herein are not to be interpreted as limiting, but merely
as a basis for the claims and as a representative basis for
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teaching one skilled in the art to variously employ the
present subject matter in virtually any appropriately detailed
structure and function. Further, the terms and phrases used
herein are not intended to be limiting, but rather, to provide
an understandable description of the concepts.

The terms “a” or “an”, as used herein, are defined as one
or more than one. The term plurality, as used herein, is
defined as two or more than two. The term another, as used
herein, is defined as at least a second or more. The terms
“including” and “having,” as used herein, are defined as
comprising (i.e., open language). The term “coupled,” as
used herein, is defined as “connected,” although not neces-
sarily directly, and not necessarily mechanically. The figures
herein are drawn for ease of understanding, and are not
drawn to scale or proportion.

In accordance with the disclosure, a compact science
experiment module 100 includes an enclosure or housing
102 that can house a complete scientific experiment which
can include detailed monitoring of living biological mate-
rials or test subjects 300 (FIG. 6), such as insects or plants,
or non-living sample materials. Module 100 includes a
capability of automated operation for autonomous or par-
tially autonomous operation. As described further herein,
components are included for supporting the biological
samples, environmental parameter sensing, monitoring, and
logging; video imaging; timed lighting; air circulation; and
data storage, download, and communication.

Module 100 is particularly adapted for transport aboard
the International Space Station (ISS), or other space vessel,
in which crew time is either not available, or is extremely
limited for attending to science payloads. Accordingly, the
disclosure provides for valuable scientific experimentation
with a minimal expenditure of time or training for the ISS
crew. More particularly, module 100 may be pre-positioned
and electrically connected prior to launch, or may be posi-
tioned and electrically connected after launch by crew, while
requiring no further attention for the remainder of the
mission, or until module 100 is to be returned to ground.

Once positioned and electrically connected to the ISS,
experiments may run autonomously using onboard com-
puter programming within module 100, with data provided
using real-time, near real-time, or scheduled telemetry.
Additionally, telemetry can provide for communicating
instructions from ground stations for making adjustments to
the experiment during the mission. FIG. 1A is a breakaway
view of FIG. 1, in which a USB cable 114 replaces switch
152, the USB cable connectable to the racking system within
the ISS. In a further embodiment, there is both switch 152
and cable 114. FIG. 7 is an exploded view of FIG. 1.

Module 100 is additionally particularly adapted to func-
tioning aboard the ISS due to being dimensioned for smaller
uniformly sized spaces which tend to be more readily
available aboard the ISS, as the small size renders the spaces
more difficult to exploit. Specifically, the ISS is equipped
with racking adapted to accept modules which have an
exterior dimension of 1.5 U or 1 U, or 10 cmx10 cmx15 cm
and 10 cmx10 cmx10 cm, respectively. These dimensions
also correspond to CubeSat dimensions, which are in mul-
tiples of 1 U. Other similarly small dimensions can be
provided in accordance with the disclosure; however these
particular dimensions have become standard sizes. Accord-
ingly, in an embodiment, module 100 has either a 1.5 or 1
U exterior dimension, with allowed tolerances. As such,
module 100 consumes a minimal amount of space aboard
the ISS. The existing racks, which can include racks manu-
factured by NANORACKS of Webster, Tex., include con-
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CONDUCTING AUTONOMOUS
EXPERIMENTS IN SPACE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 62/221,570, filed on Sep. 21, 2015.
The subject matter of the U.S. Provisional Patent Applica-
tion is incorporated herein by its entirety.

ORIGIN OF INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract and by (an) employ-
ee(s) of the United States Government and is subject to the
provisions 51 U.S.C. § 20135(b), Public Law 111-314, § 3
(124 Stat. 3330, 51 U.S.C. Chapter 201), and may be
manufactured and used by or for the Government for gov-
ernmental purposes without the payment of any royalties
thereon or therefore.

BACKGROUND OF THE DISCLOSURE

NanoRack Platforms, manufactured by NanoRacks LL.C
of Webster, Tex., are installed within the International Space
Station (ISS). The platforms are designed to accommodate
articles based upon the CubeSat form factor, which are
multiples of 10 cm cubed, with a 1 U unit size being
10x10x10 cm.

NanoLab payloads fit within the NanoRack Platform, and
may include electronic circuit boards, and can include a
video camera and sensors, powered by a USB connection.
NanoLabs are reportedly available in 1 U, 1.5 U, 2 U, 4 U,
and 2 by 4 U sizes.

The EXPRESS Rack is a standardized payload rack
system that transports, stores and supports experiments
aboard the International Space Station. EXPRESS stands for
EXpedite the PRocessing of Experiments to the Space
Station. Each EXPRESS Rack is housed in an International
Standard Payload Rack (ISPR), a refrigerator-size container
that acts as the EXPRESS Racks’ exterior shell. Each rack
can be divided into segments, whether as large as half the
entire rack or as small as a breadbox. The first two
EXPRESS Racks installed have eight middeck locker-sized
locations and two International Subrack Interface Standard
(ISIS) drawer locations each.
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images of the second side, whereby the stored images of the
first and second sides can be processed to determine 3
dimensional movements of the subject; the at least one
chamber and the camera are positioned at opposite ends of
the longest dimension of the interior of the housing; the
processor, fan, and camera operate using 5 volt power
derived from a USB connection; the device further includes
lights which emulate daylight and lights which emit infrared
light, the lights controlled by the processor to illuminate an
interior of the chamber in a circadian pattern emulating day
and night; and/or the housing further includes a circuit
configured for transmitting data through a STELLA inter-
face (Satellite Tool-kit Ethernet Lab Like Architecture,
developed by the Boeing Company), and wherein the sci-
entific experiment is carried out using 5 W or less by
powering the STELLA interface, camera, lights, fan, and
sensors singly or in groups, as controlled by the processor.

In other variations thereof, the lights, fan, and camera
operated simultaneously consume more than a maximum
amount of power available, and are controlled by the pro-
cessor individually or in groups to maintain a total power
consumption within the amount of power available; there is
no significant source of power storage within the housing;
the infrared lights use less power than the daylight lights,
and wherein the camera is operated longer during the night
portion of the circadian pattern, the processor controlling the
IR lights to illuminate only during use of the camera; the
device has an overall dimension of 1 U; the device further
includes a STELLA communications interface connected to
the processor; the device further includes a plurality of
sensors electronically connected to the processor and con-
figured to measure parameters inside the housing including
at least one of temperature, oxygen saturation, and carbon
dioxide saturation, and to provide sensor data pertaining to
the measured parameters through the electronic connection
to the processor; the fan is controlled by the processor based
on the sensor data; and/or surfaces inside the housing are
covered with a non-reflective material.

In another embodiment of the disclosure, a method for
conducting scientific experiments in space, comprises pro-
viding a housing having dimensions of about 100x100x150
mm or smaller, the housing containing an electronic pro-
cessor; at least one chamber for containing one or more of
at least one of a living or non-living subject of the experi-
ment, the chamber having a first side and an adjacent second
side; a mirror; and a camera controllable by the electronic
processor, the camera including a lens oriented to directly
view both the chamber first side and the mirror, the mirror
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chamber for containing one or more of at least one of a living 55 the chamber in a circadian pattern emulating day and night;

or non-living subject of the experiment, the chamber having
a first side and an adjacent second side; a fan controllable by
the electronic processor; a mirror; and a camera controllable

Taxr 4l alartieiman smrevmccmte e ~a1vmr e smm i1 AA A o 1A o

and/or the infrared lights use less power than the daylight
lights, and wherein the camera is operated longer during the
night portion of the circadian pattern, the processor control-
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