
 (4) Radiation environment monitoring (PADLES)
This experiment used AreaPADLES to measure the intra-vehicular radiation environment, and CrewPADLES to measure the dose of radiation exposure to astronauts.

[AreaPADLES is a passive dosimeter used to measure radiation inside Kibo. A total of 17 AreaPADLES units are replaced about every six months to ensure continuous measurement for managing integral dose during each stay period, from on the ground.]

http://iss.jaxa.jp/kiboexp/pm/padles/
http://idb.exst.jaxa.jp/db_data/padles/NI001.html
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Figure 1.4.1.1-14. AreaPADLES and installation locations
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(5) Biomedical Analyses of Human Hair Exposed to Long-term Space Flight (Hair)
While aboard the ISS, astronauts are exposed to a large amount of radiation. In one day, they receive an amount of radiation equivalent to about six month’s of exposure on the ground. In addition, they are subjected to stress due to the weightless environment. This experiment is aimed at evaluating the effects of such a space environment on the human body through hair analysis, in order to improve the health management of astronauts. More specifically, hairs are collected from the astronauts before, during and after the flight, in order to examine the effects on the content of trace elements in hair shafts, on genes and proteins in hair roots, and on stress response. The study has been conducted in association with not only Japanese astronauts but also the astronauts of other countries.
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Figure 1.4.1.1-15. Image of hair sampling and sample collection kit (right)
(6) Research related to autonomic nerve activity of the heart during a long-duration mission (Biological Rhythms)
In this experiment, an electrocardiogram is recorded for 48 consecutive hours in order to evaluate fluctuations in biological rhythms and cardiac resting rate during sleep, and thereby improve healthcare techniques for astronauts. Although previous recordings were only made for 24 hours, this time the recording time is extended to 48 hours.

In this experiment, a wristwatch-type accelerometer (Actiwatch) is also used to record the amount of activity in addition to a Holter monitor. 

[image: image26.emf]
Figure 1.4.1.1-16. Holter monitor used for electrocardiogram measurement 
(7) Functional verification of the space medicine experiment support system
JAXA plans to develop a system with a centralized management function for medical experiment data on orbit to establish remote diagnosis and health monitoring systems that are operated between crews in orbit and staff on the ground. Similar instruments have been used independently in the past, but such an integrated system was only introduced in Astronaut Furukawa’s last mission during his first stay for conducting a technical verification experiment. This time, Astronaut Hoshide, who is not a medical doctor, will use the system. Through this experiment, we examine whether persons other than medical doctors can use this system without any problem.
Five devices, including an electronic stethoscope, electroencephalograph, and USB camera, are used. The USB camera is used to examine the condition of the astronauts’ teeth and eyes from the ground. Data from this USB camera (web camera) and an electronic stethoscope can be submitted to the ground in real time.

[image: image4.emf]
Figure 1.4.1.1-17. Components of the space medicine experiment support system
(8) Study on microbiota onboard the International Space Station (Microbe3)
http://kibo.jaxa.jp/experiment/theme/second/microbe/
A variety of microorganisms are living in the ISS. However, the types of such microorganisms are distributed in a very narrow range as compared with all microbiota on the earth. In this research, we will attempt to better understand the ecology of microorganisms in the special environment specific to the ISS (e.g., completely enclosed, under microgravity), and consider how such an environment affects both humans and equipment, by examining what kinds of microorganisms are living in the ISS through Kibo.

This experiment employed a sampling method involving contact between a fungal culturing sheet and a test surface, and swab sampling method using polyester swabs. In addition, suspended substances in the air are also collected and then measured. These samples are analyzed in detail after being recovered on the ground.
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Figure 1.4.1.1-18. Sample collection kit for evaluation of fungal biota and image of sheets after culture 

(9) Small Satellite Deployment Mission
In the ISS, only Kibo is equipped with a dedicated airlock and robotic arm. Therefore, the JEM-Small Satellite Orbital Deployer (J-SSOD), Multi-Purpose Experiment Platform Experiment Platform, and five small satellites (CubeSats) are transported aboard HTV3, followed by a technical demonstration to deploy the small satellites by using such equipment without extravehicular activity.

According to this means, satellites can be launched wrapped in a bag to absorb vibration during the launch, thereby making satellite design easier.

[image: image28.jpg]
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Figure 1.4.1.1-19 (1/2) JEM-Small Satellite Orbital Deployer (J-SSOD): Multi-Purpose Experiment Platform Experiment Platform
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Table 1.4.1.1-19(2/2) JEM-Small Satellite Orbital Deployer (J-SSOD): Multi-Purpose Experiment Platform
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[image: image8.emf]
Figure 1.4.1.1-20. Connection interface of the Multi-Purpose Experiment Platform and robotic arm

(9-1) Outline of the small satellite deployment procedure 

After being attached to a satellite install case, satellites are wrapped in a soft bag and transported to the ISS aboard a transfer vehicle. HTV3 is used as the transporter this time, but Russian, American, or European supply spacecraft can also be used for launching.

[image: image9.png]



After arrival at the ISS, the soft bag is transferred to Kibo. Then, the small satellite deployment procedure outlined below is conducted.

Open an inner hatch of an airlock on Kibo, and then expand an airlock sliding-table inside Kibo.

Attach the JEM-Small Satellite Orbital Deployer (J-SSOD) loaded with satellites and the Multi-Purpose Experiment Platform to the adapter of the airlock sliding-table. (Normal operation is confirmed at this step.)

House the sliding-table inside the airlock, close the inner hatch of the airlock, and then reduce pressure in the airlock.

Open an outer hatch of the airlock, and then expand the airlock sliding-table outside toward the ISS.

Use the robotic arm of Kibo to grip the Multi-Purpose Experiment Platform and remove it from the sliding-table.

Use the robotic arm to move the Multi-Purpose Experiment Platform to a deployment position, and then position it there.

Deploy the satellites from the separation mechanism (on one side) as instructed in orbit or from the ground. The first satellites are deployed, and then other satellites are deployed from the other side of the separation mechanism. The front cover opens when the cam of the separation mechanism rotates, and the satellites are pushed out using the power of a spring. (When three 1U units are loaded, all three are deployed at once.)

Use the robotic arm to return the Multi-Purpose Experiment Platform to the airlock sliding-table, close the hatch, re-pressurize the inside of the airlock, and then bring the separation mechanism back to the ISS.

The satellites are set to avoid expanding antennas and radio emission until 30 minutes after deployment.


[image: image10.emf]　
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Figure 1.4.1.1-21. Images illustrating small satellite deployment operation and deploy directions
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Figure 1.4.1.1-22. Two types of springs used for small satellite deployment 

[Reference] In order to avoid deploying a satellite as a result of malfunction, the system is designed to inhibit deployment unless three power switches are turned ON. 
This Small Satellite Deployment Technology Demonstration Mission is introduced in the video entitled SPACE@NAVI-Kibo WEEKLY NEWS, No. 158 below (from 5:40):
http://iss.jaxa.jp/library/video/spacenavi_wn120301.html
(9-2) Small satellite (CubeSat) 

There are many sizes of small satellites. The small satellites deployed with J-SSOD in this experiment are called CubeSats, which are 10-cm cubes that can be held in one hand. CubeSat sizes and specifications are defined internationally. CubeSats in sizes of 10 × 10 × 10 cm (weighing up to 1.33 kg), 20 × 10 × 10 cm, and 30 × 10 × 10 cm are called 1U, 2U, and 3U, respectively. CubeSats were launched together using excess rocket capacity for the first time in June 2003. (Two of the six CubeSats launched at that time belonged to Japanese universities.) As compared with ordinary satellites, CubeSats can be developed in a shorter term and at much less cost; therefore, universities and business enterprises mainly use CubeSats for the purposes of education, the development of human resources, and technical demonstration.

The Satellite Install Case carried on J-SSOD this time can hold three 1U units, two 2U units and one 1U unit, or one 3U unit. These CubeSats are released using the power of a spring. This time a total of five CubeSats were transported aboard HTV3: three units (including one 2U CubeSat) from JAXA as selected from public applications, and two units from NASA.
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Figure 1.4.1.1-23. CubeSat (with Astronaut Hoshide shown holding the 1U CubeSat)

[image: image15.emf]
Figure 1.4.1.1-24. Three CubeSats selected from the public by JAXA

(Reference websites)

· RAIKO (Tohoku University)

http://www.astro.mech.tohoku.ac.jp/RAIKO/
· FITSAT-1 (Fukuoka Institute of Technology)

http://www.fit.ac.jp/~tanaka/fitsat.shtml
· WE WISH (Meisei Electric Co., Ltd)

http://www.meisei.co.jp/news/2011/0617_622.html
[image: image16.emf]
Figure 1.4.1.1-25. Two CubeSats provided by NASA

(Reference websites)

· F-1 (FSpace Laboratory, a team of students from FPT University in Vietnam)

http://fspace.edu.vn/?page_id=23
· TechEdSat (AMSAT-UK)

http://www.uk.amsat.org/5018
(9-3) Small satellites previously deployed from the ISS during extravehicular activities (Reference)

· Nanosatellite (Nanosputnik): Weight 5 kg; deployed from EVA-13 of Russia on March 28, 2005.

· RadioSkaf (SuitSat-1): Weight about 110 kg; deployed from EVA-15 of Russia on February 3, 2006. 

· (Orlan space suits no longer required are released after being altered and equipped for wireless applications.)
· Kedr (RadioSkaf-V/ARISSat-1): Weight 30 kg; deployed from EVA-29 of Russia on August 4, 2011.

In all of these cases, the satellites were deployed by hand with astronauts grabbing and pushing the satellites out the back (al a slower speed and lower altitude in order to avoid collision with the ISS at the next round) during extravehicular activities.


Nanosputnik           SuitSat-1
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Kedr

Figure 1.4.1.1-26. Photos of small satellites previously deployed from the ISS 

(10) Deployment of the Re-entry Data Recorder (i-Ball)
The Reentry Breakup Recorder (REBR) made in the United States is again loaded aboard HTV3 following HTV2. In addition, the Re-entry Data Recorder (i-Ball) made in Japan is also loaded aboard to address the challenge of acquiring reentry data.

This data acquisition project is intended to narrow down the splashdown caution zone through more accurate falling prediction by identifying spacecraft destruction phenomena during reentry, and acquire more data (e.g., atmospheric data, heating rates) beneficial for the design of reentry spacecraft (e.g., validation of heat resistance in spacecraft to be recovered, design easily burned-out by reducing the margin of heat resistance and strength in fuselages to be disposed).

[image: image18.emf]
Figure 1.4.1.1-27. Outline of the Reentry Breakup Recorders of Japan and the United States loaded aboard HTV3
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Figure 1.4.1.1-28. REBR (Preparation before installation onto ATV-2. REBR is attached in a copper container and fixed on the wall. During reentry, the copper container is melted by heat and REBR is released from the container.)
i-Ball is spherical in shape. After surviving the intense heat with the use of an ablator, i-Ball is parachuted for splashdown, and then transmits data through an iridium satellite. Although i-Ball floats for a while to transmit the data, it is designed to sink after that transmission and is not to be recovered.

i-Ball is released to the outside when HTV is destroyed, and has no mechanism of release from the pressurized component of HTV. The attitude of i-Ball is expected to be unstable for a while after release. Therefore, several photos are taken during falling to possibly capture the destruction of HTV. The photos obtained will basically be published if there are any clear images, but whether such photos can be obtained remains unknown, until an attempt is made to do so.

A camera in the pressurized component is used, however, for understanding temperature distribution in the fuselage. Pictures are taken toward the hatch as the destruction is expected to initiate around the hatch.

Astronaut Hoshide will handle the switches to activate i-Ball before closing the hatch of HTV3.

[image: image20.emf]
Figure 1.4.1.1-29. Reentry data acquisition project using i-Ball and REBR

(11) Cultural, Humanities and Social Scientific Application: The hands-on Universe — message in a bottle — (Re-experiment):
   The hands-on Universe — message in a bottle — project was implemented in March 2011 during the STS-133 mission as an extravehicular activity in which a small cylindrical bottle was filled with a vacuum of space and recovered. Unfortunately, an inner glass bottle was confirmed as being broken upon later examination in Japan. Therefore, this experiment is being repeated. This time, the bottle will be filled with a vacuum outside of the ISS from an airlock of Kibo when releasing small satellites, and thus will not be an extravehicular activity.

   The bottle is attached to the Multi-Purpose Experiment Platform along with the small satellites, and then brought outside of the ISS. The air in the bottle is released, and a valve on the bottle closes automatically to maintain a vacuum in the bottle. The bottle is then returned into Kibo when the small satellite deployment mission is completed.
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Figure 1.4.1.1-30. Project "The hands-on universe — message in a bottle —" conducted during the STS-133 mission
(12) Commercial Utilization
Contents are closed.
(13) Space Wonder Experiments
Experiments are conducted to introduce the wonder of the microgravity environment using little items available in Kibo. The two subjects of "Freezing" and "Space vortex" that were scheduled be conducted by Astronaut Furukawa on this expedition, and which were originally experiment ideas selected from public applications, cannot be implemented due to preparatory reasons.

(14) Activity reports

Manned space activities such as the utilization of Kibo and life during a long-duration stay in space are reported in writing. 

(15) Project videos and videographing

Videos introducing the utilization of Kibo and life in the ISS are acquired in cooperation with external institutions.

(16) Pattern Formation during Ice Crystal Growth (Ice Crystal)
http://iss.jaxa.jp/en/kiboexp/theme/first/ice_crystal/
Background and Objectives of the experiment

Figure 1. Crystal Pattern (Snow)

(Image credit: Prof. Yoshinori Furukawa, Hokkaido University)

Figure 2. Formation process of an ice crystal

You must have seen, at least once, snow on your sweater, or water vapor frozen on your windows. 

You can see that those are beautiful hexagonal crystals with several components of slightly different branch-like shapes assembled, or crystals with components of the same shape equally spaced. 

This variety of shape of the crystal patterns is due to slight difference of physical conditions during snow/ice crystal formation which includes, temperature, humidity, wind speed, the amount of dust (Figure 1). 

The formation process of ice crystals (the crystal growth process) is complex, and the detailed formation mechanism remains unknown. 

The process starts with formation of a disc-shaped crystal.

As the crystal formation progress, the disc-shaped crystal becomes unstable at its edge and grows to be a dendritic crystal called a dendrite (Figure 2).

Previous studies revealed the growth process of dendrites to a certain extent, including the mechanism of branching. 

But it is unknown how a smooth, disc-shaped crystal becomes unstable, that is, how the instability at the edge starts to grow. 

To examine the process, a stable experimental environment without any flow of water is needed for the precise measurement of temperature distribution of water surrounding the crystal and its temporal change. 

Convection of water or air can be observed when you boil water, or you turn on a heater in your room. It is called “heat convection”. 

The heat convection of a liquid such as water or air is caused by gravity when the density of the liquid is changed by heat.

Such heat convection is unavoidable on Earth. The latent heat from a growing ice crystal causes heat convection, which results in instability of physical conditions around the ice crystal. 

Thanks to the microgravity environment, the heat convection won’t occur in the International Space Station. 

Therefore, it is necessary to perform space experiments for more precise observation of detailed destabilization process of the disc-shaped crystal.

Outline of the Experiment

Figure 3. The external view of the Ice Crystal Cell

Figure 4. Inside of the Ice Crystal Cell

Figure 5. A diagram of the cell cartridge of the Ice Crystal test specimen

Observing from two directions enables us to understand the morphology of the crystal in three dimensions.

Figure 6. A disc-shaped ice crystal growing from the tip of a glass capillary

Left: Image taken by an Amplitude-modulation microscopy

Right: Image taken by a Mach-Zehnder (MZ) Interference Microscope

The stripe pattern around the crystal is distorted when the temperature changes due to latent heat. 

The ambient temperature of the crystal can be calculated by examining distortion of the pattern in this image.

This experiment uses the Solution Crystallization Observation Facility (SCOF). 

The SCOF is equipped with microscopes and an interferometer so that it can examine the crystal growth processes in detail.

Figure 3 and 4 show a test specimen (Note1) used for this experiment. It is called “Ice Crystal Cell”. Figure 5 shows a diagram of a sample cell inside the test specimen.

The ”Ice Crystal Cell” is installed in the SCOF. 

When the nucleation cell is cooled, the ice crystal nucleates in the nucleation cell. 

The ice grows into the crystal growth cell through the glass capillary.

The process of ice crystal formation in the temperature-controlled crystal growth cell, especially the step in which the instability of a disc-shaped crystal grows, will be observed in detail, to measure thickness, diameter and growth speed of the ice crystal. 

And the local temperature around the crystal will also be examined using the interferometer (Figure 6).

The experiments will be conducted repeatedly to check the reproducibility of the measurements. Under different temperature conditions in the crystal growth cell.

”Ice Crystal Cell” is equipped with an observation system so that the crystal growth process can be observed from two directions.

The observation system of the SCOF gives a plain view of the growing crystal while the one of the ”Ice Crystal Cell” gives a side view, so that the crystal's morphology and its surrounding temperature can be analyzed in three dimensions.

The mystery of the formation of ice crystals, which are very familiar to us, will be solved by this space experiment.

(17) High Quality Protein Crystallization Research (HQPC)

Research Frontier: the Pursuit of High Quality Crystals

High Quality Protein Crystal Growth Experiment Onboard "KIBO"

JAXA PCG #6

http://iss.jaxa.jp/en/kiboexp/theme/first/hqpc/index.html
Background and Objectives

Figure 1. Three-dimensional structures of proteins

(From Protein Data Bank Japan [PDBj]) 

Figure 2. Structure Analysis Data of Protein Crystal 

(Protein crystals obtained in space have more clearly defined structures.)

Proteins are fundamental components of animal and plant bodies. There are many kinds of proteins with various functions. In order to understand the functions of a protein, and because the functions of proteins are closely related to their structures, it is important to determine its shape (three-dimensional structure) (Figure 1). Although more than a hundred thousand proteins work in our bodies, the structures of many of them have not yet been determined.

Knowledge of the structures of various proteins will lead to a deeper understanding of life phenomena and is necessary to develop pharmaceuticals that activate or inhibit the functions of certain proteins or those based on various actions of proteins. New drugs have already been designed commercially based on the three-dimensional structures of proteins that have been determined.

To analyze the three-dimensional structure of a protein, the protein will be crystallized and then observed with X-rays. The better quality the crystals are, the more precisely the structure can be determined.

When we heat water or use a heater in a room, the water or the air flows up and down. This phenomenon, called thermal convection, occurs when the density of water or air is changed by heat and affected by gravity. It cannot be avoided on Earth. Thermal convection disturbs the molecular arrangement in protein crystals, which are formed when protein molecules are arranged in an orderly fashion. Sedimentation due to gravity can also disturb the arrangement. On the other hand, in the microgravity environment of space, neither thermal convection nor sedimentation occurs; therefore, crystals of better quality with less distortion and disorder (high-quality crystals) can be grown (Figure 2).

Experiments

Figure 3. JAXA's Protein Crystallization Experiment Cell and Gel-Tube Method 

Figure 4. Crystallization Research Facility for the Russian Service Module 

Prior to the launch of the Japanese Experimental Module, Kibo, JAXA had conducted protein crystallization experiments in the Russian service module, Zvezda, of the International Space Station (ISS) (Figure 4). Based on these experiments, a technology was established for obtaining high-quality protein crystals by taking advantage of the space environment. Past experiments have indicated that protein crystals obtained in space are of better quality than those obtained on Earth and that they allow more precise structure analyses.

The Protein Crystallization Research Facility (PCRF) onboard Kibo was loaded making good use of these results. Experiments performed using the PCRF provide the following advantages:

(1) The experiments will produce crystals that are better in quality and more order than those obtained on Earth, allowing more detailed structure determination (Figure 2).

(2) The PCRF can hold several crystallization containers (cell cartridges). Since different crystallization conditions can be set for different containers, many crystal growth experiments can be conducted simultaneously, leading to cost reductions (Figure 3).

(3) The process from the receipt of samples to the space experiment to the sample recovery is planned to be completed in 6 to 8 months.

Life sciences are now regarded as important in advancing the technology of Japan. Research for the determination of protein structures and functions is considered particularly important. As part of the research, the Ministry of Education, Culture, Sports, Science and Technology (MEXT) is implementing the Targeted Proteins Research Program and promoting protein research in the areas of Fundamental Biology, Medicine/Pharmacology, and Food/Environment. Experiments conducted in the PCRF taking advantage of the space environment will provide opportunities to produce high-quality crystals necessary for the research. They will also be able to contribute to protein crystallization experiment businesses for drug discovery and research on protein structures and functions by research institutions.

Main Points of This Experiment!

Speedy space experiments are possible.

The process from the JAXA receipt to the in-flight experiment operations will be completed in about 4 months at the shortest (6 to 8 months from sample receipt to sample recovery). Such speedy experiments are suitable for research and development in the industry.

Low-cost space experiments are possible.

JAXA has developed a crystallization cell that can hold about 12 times more varieties of proteins than the existing crystallization cell that has been operating onboard the ISS, at the same capacity. This allows a significant reduction in the cost of space experiments per protein. The advanced crystallization cell that is under development for Kibo would reduce the required amounts of proteins to about one-third; therefore, the device would make it possible to conduct experiments even with proteins that are hard to obtain in large quantities (mainly disease-related proteins).

An example of past results

Yoshihiro Urade, director of the Department of Molecular Behavioral Biology of the Osaka Bioscience Institute, demonstrated in a space experiment for the first time that a new water molecule was involved in reactions of proteins associated with allergic diseases and sleep disorders. He is now working with a pharmaceutical company to develop a drug.

Cooperation with the Japanese government program

In collaboration with the "Targeted Proteins Research Program" by the MEXT, we will try to address major challenges of our society such as the understanding of life phenomena and contribution to medicine and pharmacy.

Research center for applied utilization

Working with the research team led by Professor Atsushi Nakagawa of the Institute for Protein Research, Osaka University, we had conducted space experiments to obtain ultra high-quality crystals in space so that we could determine protein structures at a level where locations of hydrogen atoms are recognized. If protein structures, including the locations of hydrogen atoms, are determined, places that protein drugs fit in (keyholes) can be determined in every detail, and it will be possible to design drugs (keys) with few side effects.
(18) JAXA Education Payload Observation (EPO) "Earth Observation"
Column 1-1








Radiation exposure dose received by astronauts


It is said that in our daily life on the ground, we are exposed to a radiation dose of about 2.4 mSv/year.�  The astronauts staying in the ISS, however, receive a radiation exposure dose of 0.5-1 mSv/day. In other words, the daily radiation exposure in orbit is equivalent to up to six months of exposure on the ground. The effects of cosmic radiation on the human body include such clinical conditions as lens opacity that later appear after a certain amount of exposure, and such adverse impacts as carcinogenesis that occur with higher exposure. Therefore, by lowering the radiation exposure dose to under a certain level, we can prevent or reduce the probability of these impacts from occurring.�  JAXA takes the following approaches to managing exposure to cosmic radiation, in order to reduce the radiation exposure dose to below a certain level and thus avoid health problems for the astronauts:


Figuring out real-time fluctuations in the radiation environment inside the ISS in order to minimize the radiation exposure dose during a mission.


Figuring out the actual amount of radiation exposure received by astronauts in order to reduce the lifetime radiation exposure dose a to below a limit value.


�


CrewPADLES (passive dosimeter) developed by JAXA. Astronauts always carry this with them.


� HYPERLINK "http://idb.exst.jaxa.jp/db_data/padles/NI003.html" ��http://idb.exst.jaxa.jp/db_data/padles/NI003.html�





Please visit the following webpage for details. [Radiation exposure management] 


� HYPERLINK "http://iss.jaxa.jp/med/research/radiation/" ��http://iss.jaxa.jp/med/research/radiation/�





(A power switch to prevent separation mechanism malfunction, and a power supply for the separation mechanism motor)
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