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V (EASBELL KRERERFRFLHFLLY

2020 £ 7 A 23 H, =EHATERXAZZ F 4 (The White House National Space Council)
B AFRZHEEFIF L HLT) (A New Era for Deep Space Exploration and Development) #y
A g (ERAEKE (2018) ) A1 (R ZEBEH A1 (2017) ) FHF A A4,
REXERZRRETRANFRZE. EATHFEREEE URBIFR L EWNLAER, i
BREZREREFLANBRNFESEGH. BFRERFEIITURLBF LA S,

g2, XERZRKREFRANFTRZAHE: ZAALGNEALEBNATDRA T HEF
E, FARVAZFARENTYY R, THELZXEBAEAZTEENIE, AATHER
Rk @R MK ENE LA, ERARKFKRIEE. BRAREKE, RERFWES
URBHBEEXEFH . BIRNAENIAKER SR . BLZafm RN AEHR. X
FAZHLEAEF VWA R, XFEFRMTLFTUAZER. IHFRAASERMBHR K
R HTT R #H AR

%k g : Aerospace. A New Era for Deep Space Exploration and Development. 2020-07-23.
https://aerospace.org/sites/default/files/2020-07/NSpC%20New%20Era%20for%20Space%2023Jul20.pdf.

V £EAHIHKR KEREREEREY

2022 £ 10 A 12 H, 2EAETEXLH T 2022 £ (EHX %4 K% ) (National Security
Strategy) . ZXHZIH T *EE W& EEMT BN, FEF. RN ZTEZRESF.
XHREHAXEFESHEETaE, RARGELI A, REXe, RITH. BHEX. REAE
GhRAE R ERE, T AZOE, AXHEREF T ZEFERFLRASATH AL
IR L E R ERERR; BHTEMER. KEAEREICREN, BREEH LRX
WERES N BRTERBYRERZAWABAZRANEM®E.

% J& : The White House. National Security Strategy. 2022-10-12. https://www.whitehouse.gov/wp-
content/uploads/2022/11/8-November-Combined-PDF-for-Upload.pdf.

V £EEZHFGREHEFAfL4:2023-2032 £4i7 28 F o XELE D F TF R
2022 =4 A 19 H, #EEZRF ¥ (National Academy of Sciences, NAS) % (A2,

HF A A G 2023-2032 AT ERFF AR AR A F 1+ F k) (Origins, Worlds, and Life: A

Decadal Strategy for Planetary Science and Astrobiology 2023-2032), # & 7 & & T 417 2 #H |

3


https://aerospace.org/sites/default/files/2020-07/NSpC%20New%20Era%20for%20Space%2023Jul20.pdf
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AEREHZE. ATEGEABH 3 AMRF LA 12 MEERZFEA (Lk 1-1) , #HETRIE
ARBKERR. ARKER. TEGHATERF ATREEF RABEN

% 1-1 472485 k% 10 £4% F Hfes 3 580

= M F4 A
1 JRAT 2 R Ao T IEA 9?2
2 iFEAR Sh K & RAR GG R AR AR A AT ?
3 sk Ae N K8 2 RARGG AR A EH 97
4 XiEEFHRLD N FRAEHH?
5 ) AR R AR GG N 3R 25 Fo R B 45 d AT 2
6 KIE A FARGG 5 B g | BARRARG KA. MR E. AR A AR IR AL AR EAR?
7 EAT 2 89 25 M) Fo i A LA o 472
8 T 2R ARG AR KT 69?2
9 WA X IS 2 0 S T e AT
10 e AT 5 & IRAL?
11 S PR
12 Z9MT 2 5 KA A 99 LA A AT B 7

s & : The National Academies of Science Engineering Medicine. Origins, Worlds, and Life: A Decadal
Strategy for Planetary Science and Astrobiology 2023-2032[M]. Washington, DC: The National Academics Press.

V (8 “®REL” RABFHER AR CLEITARRE S

2023 6 A 5 A, EE A= & A/ 5 (SpaceX) & 4t T — #&“ #¢3z &, ”(Cargo Dragon)
AR, HATE 28 KB AHE RS, BT RFAREMEMELTA Y, CHETHRLERT
24 “EFRZ B 3k BRI APHEE W IE” (IROSA) . TR A[HRt AR A HEEAARER
AFERE MR R P oy — 2, & b B4 20kW Bt gl /y, Ho B E 30.7%, £IH
[E] bR = 8] 3k B oy [ 2 2 (14.7%) B9 2 DL E. NASA B.F 2021 4 6 A 7 2022 4 11 A #k
IR “HRIER” CABEERZEIEEEXT 4 IROSA, KKMEHHHE&RE 2 1 iROSA, #
T X, NASA 3T 6 A 9 H A6 f 15 HF KM INE K ¥ IROSA. R % 4 1iF,
ZALAG R & 1 T — 4t iROSA.

kB PEAERAMK. £8 “REL” KL FHE Kk w4 5= 5. 2023-06-13.
https://www.cmse.gov.cn/hgsy/mg/202306/t20230613_53907.html.


https://www.cmse.gov.cn/hqsy/mg/202306/t20230613_53907.html

REERAE FE=HFNEE
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> EFRES
V BRMEXEAR “i&AL 20507 F AR
2021 4 6 F 11 H, Bk =18 /& (European Space Agency, ESA) At#i+XZ R 4R T
A “imfit 20507 (Voyage 2050) % [8] A #L X #5 #£ 2035-2050 4F B |5 42 42 9 IT & 3 TUA A AE
%, MuHRERFEEAS R E: ETEH T E (Moonsofthe giant planets) . A& F7 8y £ 41
1T 2 3477 % (From temperate exoplanets to the Milky Way) . - # 5 & #3547 2 % % 3l (New
physical probes of the early Universe) .

s Jk . The European Space Agency. Voyage 2050 sets sail: ESA chooses future science mission themes. 2021-
06-11.  https://www.esa.int/Science_Exploration/Space_Science/Voyage 2050 sets sail ESA chooses_future
science_mission_themes.

V BRMESRLS BREXZEITR

2021 4 6 F 22 H, Btz |9 /5 (European Space Agency, ESA) =% 251 “MK B A =it
X|”  (European Union Space Programme) , 1Z 1t X #4225 2027 &, J& AT E 27 /& 7 B A0
HEWRMAETE M. HHAN, ZEEHRafo 2@ EETABWR K. RN EBEE
MR EEST AN, 48N “REXEHXNGE” . s TRERMKERETH AL
IR, RREARHATLAESE (Flin, REBTRZR, EXABTRE) , At “RAAR
TR A BN 2 B AE R AKHE R DU(FFPA) TR AT,

7% : The European Space Agency. N° 20 —2021: ESA and EU celebrate a fresh start for space in Europe.
2021-06-22. https://www.esa.int/Newsroom/Press_Releases/ESA _and_EU_celebrate_a_fresh_start_for_space_in_
Europe.

V EMLAERBER RN KFFRIFMIZD

2023 % 6 A 24 H, HEIXEAFEHLE =ZE4 « F4# « £4 (Taranjit Singh Sandhu) 5
NASA &K /R « 49/r# (Bill Nelson) 2 [F 2 F T (F/RAFHAT7 ) (Artemis Accords)
HE B E BEEAE AT EHATE LR EHA1E, NASA bl ZE = E R EHA (ISRO) ¥ &
2023 FRATH R BRAMK A FREIER, itk T 2024 FHAEPATETZE FHEES. HE
ZH —EWRERTHATAR AEY, NASA T 2023 FHIF B ENH AR F 0N — B E
MARBESEZ. MWERLZRT 6 A2 HEEFT e, 2EHW (FARKTRAHE)
ZEETY A2 27 4.
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xExN, (FARKRTHHE) U GPEZE L) R0y 25, FHERPES

MERH AN Z2e. IRSENHE, BERFELEXREZ T,

AR PEHERARKR. PEFRKNSZ RAR WA R ERH B EY . 2023-07-07.
https://www.cmse.gov.cn/hgsy/yd/202307/t20230707_54020.html.
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V BFRAAERKH <2021 FEH AR

2022 F 1 A 28 H, ¥ ARXEMWEESIRHE LA EXA (2021 FEBMKR) g K H.
ZERBEENNB 2016 FURTEMATHEE "R, RELFETEMES, H— Pt E
fritaxd PEMAELH T HE, ZaLHEE, EXEHRNTE:

AZRBEM IR, “BHEE” KNBERT “84F” TEPRERE, EAILAMAEEA
REBYE AR E, “BRES” FNF LI P B gk RIEKFRE, K 1731 5%
FIERBER R Bk, REAERAIR G % B =S ARHKE. 2D FERNITE,
“RE—57 KERMB RN L5, LIKERE, £, “W@T” KEFFELHHFEN,
EKELERETFEANRL, & EAtKEIHMHA R BT EFRNE B 3) Kk EF,
PEG A A RN AR, R4 “HHNT RIE. TRARMKREEE, KA B
BT WE., TRARERKEHEEEBAADT CRERN, T& “BRN\S” E5 X%
BAK X, SHXER. BRALFEREEKELRTRERARBAEER., BELHE
TERMNIE, L4 MIERNE. TRAMPMEXRSEFREZHEERN, TRKERXRHER
B, KEFREMERBE AT K, BIEA PR L IRENE L 567 £

kR PREARAEREER SRIFEAIAT. «2021 FEGHMEY gl B (LX) . 2022-01-28.
http://www.scio.gov.cn/zfbps/32832/Document/1719689/1719689.htm.

V $EMAMAREAES KFPERXMAZEHELS (2022 %) »

20234 1 A 18 H, FEMAMKEAARAS LM T (FEMAFBENE ZH (2022
F)) (IR ACEEFEY ), NERMRRESSE . PEMALHES . F EMRFLAIF.
FEMANARS . FEMREREE. FEBTLAURLR 6 477 ' 2022 4 fit X AHLE 2
AT WER; FHAMT 2023 FHEMAFNEN “EHFL S

2022 FHFEMA, ERAENFTE, BEEXHNEFATFEE. RAERFEM, it
ReFE LA B EREEK, AT ABERS, KHEHRFELSS ., AAZAAAZ
e R LR, AR TE, BHKH. HAMA. ARPERZHRN, RATE,
MFEMBAREFIRT BRI RB, WELMEAML AR, EIMAMKELEE. &
MR 7E, HtFMMEFLK, FE. LARMESRS, TEREMBEY R R L
REAHMEE 7, 2RNATERBNS MRS ELFH R KRBT RLET EAE.



. AL BN E F = BN £ 45
> ERHE 2023 £ 4 7 A

EERaERE, TRT £MEBHNLH., Riaak, BRERAEFR. ZL L EMEAR
M. ERYMALRTE, FUERRMTHERRANSH &, mEaHE, FRfAHEH
MEHAMAET TR EFOHFAENE, AL MAE P REAMKBEEZZNEE &,
2023 FEHN TR MAE LT - T AMINTTRZE, bEPREEMAEE, &%
ARE—FELELEAHARE—F, TEAFITXIZHE 70 KFMAL, KA 200 ALK
i, TE—FRIEAMES: BAZEABTEHANNAGZENE, ZHERME#NESMIZER
R, HRALKFRIZECHE, 2 REAKMAHES A 2 KEBEEES; cEEREA TEDH
FTERNTE, FREKLT. RE - S%ATHH THE KAAZHEXRAZEERMK
AT EMV ST E; TAKMEANTREHKTE K, #—FTERKMEKTEEL.

KRR BRRERERE MRARED LA CFRAMRRAFLEHEL S (2022 F) » . 2023-01-19.
https://mp.weixin.qg.com/s?__biz=MzA3NTQyODA5MA==&mid=2660866482&idx=1&sn=d581204da15f9e39
18e7b4f6a3087336&chksm=841d8027h36a0931€9849903dfdf26e2f80ceflfaba47e525a4abe30b18f26b7060b94af
1850&scene=27.

V REHRNLEET LG AN BFHRRIRE X5

2023 F£7 A 19 H, REFRMNEZREFZERER/MFRERF LKL, XETZEHIT,
K. XEERMAREERG AR, EXEERMAMKERARZRNLRE X EEH
(LTEMECEEN) . XET. XEERMARTERFESALFE. ATINE. R
FHRE. RAQFFTALAUAXFRZRNLREXEE AR, B XEEHEFH
ARZRN, ERZBKHEEAREATIRESFRHIE., XEEHERZRNERF A
AN, FIERZRNEREE X EERMAMA RS FRNLTEELNE. XEE
O SL R T SEPR, BEER A RHTIR, RRRRAHEAEEX, JTRRZRNTEL A 1F,
mREHEAALTER, BEEMAFLERE LR, BFE R KR E K%,

AR PEARAMK. RERMERE LG AR A LG B IRAKRIKE X 4. 2023-07-21.
https://mp.weixin.qq.com/s/PORWRvgHUHGT9VI3BhdogA.


https://mp.weixin.qq.com/s?__biz=MzA3NTQyODA5MA==&mid=2660866482&idx=1&sn=d581204da15f9e3918e7b4f6a3087336&chksm=841d8027b36a0931e9849903dfdf26e2f80cef1fa6a47e525a4abe30b18f26b7060b94af1850&scene=27
https://mp.weixin.qq.com/s?__biz=MzA3NTQyODA5MA==&mid=2660866482&idx=1&sn=d581204da15f9e3918e7b4f6a3087336&chksm=841d8027b36a0931e9849903dfdf26e2f80cef1fa6a47e525a4abe30b18f26b7060b94af1850&scene=27
https://mp.weixin.qq.com/s?__biz=MzA3NTQyODA5MA==&mid=2660866482&idx=1&sn=d581204da15f9e3918e7b4f6a3087336&chksm=841d8027b36a0931e9849903dfdf26e2f80cef1fa6a47e525a4abe30b18f26b7060b94af1850&scene=27
https://mp.weixin.qq.com/s/PoRWRvgHuHGT9VI3BhdogA

— R EF RN E F T HmNE 4
(=144 2023 4% 7 #7

P LIBS-MLIF Method: Stromatolite Phosphorite Determination

fE#: Wang H. P., XinY. J., Fang P. P., Jia J. J., Zhang L., Liu S. C., Wan X.

s J: Chemosensors, volume: 11, issue: 5, pages:13. Published: 2023

# % : The search for biominerals is one of the core targets in the deep space exploration mission.
Stromatolite phosphorite is a typical biomineral that preserves early life on Earth. The enrichment of
phosphate is closely related to microorganisms and their secretions. Laser-induced breakdown
spectroscopy (LIBS) has become an essential payload in deep space exploration with the ability to
analyze chemical elements remotely, rapidly, and in situ. This paper aims to evaluate the rapid
identification of biological and non-biological minerals through a remote LIBS payload. LIBS is used
for element analysis and mineral classification determination, and molecular laser-induced
fluorescence (MLIF) is used to detect halogenated element F to support the existence of fluorapatite.
This paper analyzes the LIBS-MLIF spectral characteristics of stromatolites and preliminarily
evaluates the feasibility of P element quantification. The results show that LIBS technology can
recognize biological and non-biological signals. This discovery is significant because it is not limited
to detecting and analyzing element composition. It can also realize the detection of molecular
spectrum based on selective extraction of CaF molecule. Therefore, the LIBS payload still has the
potential to search for biomineral under the condition of adjusting the detection strategy.

HEED: TREMTWERRZRNESFWZCERZ — EERHY Z— M AR WK
FHRKFHEGHNENT Y. RRENERSHAEDRE T UHETAX. BEFFEFN
W(LIBS) AR @A, thifu M F T RN, CRARZSEMF LA Doy H R
o

A k4% https://doi.org/10.3390/chemosensors11050301

P Biomonitoring and precision health in deep space supported by artificial

intelligence

fE#: ScottR. T., Sanders L. M., Antonsen E. L., Hastings J. J. A., Park S. M., Mackintosh G.,
Reynolds R. J., Hoarfrost A. L., Sawyer A., Greene C. S., Glicksberg B. S., Theriot C. A., Berrios D.
C., Miller J., Babdor J., Barker R., Baranzini S. E., Beheshti A., Chalk S., Delgado-Aparicio G. M.,
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Haendel M., Hamid A. A., Heller P., Jamieson D., Jarvis K. J., Kalantari J., Khezeli K., Komarova S.
V., Komorowski M., Kothiyal P., Mahabal A., Manor U., Martin H. G., Mason C. E., Matar M., Mias
G. I, Myers J. M., Nelson C., Oribello J., Parsons-Wingerter P., Prabhu R. K., Qutub A. A., Rask J.,
Saravia-Butler A., Saria S., Singh N. K., Snyder M., Soboczenski F., Soman K., Van Valen D.,
Venkateswaran K., Warren L., Worthey L., Yang J. H., Zitnik M., Costes S. V.

JkJE: Nature Machine Intelligence, volume: 5, issue: 3, pages:196-207. Published: 2023

8 & : Deep-space exploration missions require new technologies that can support astronaut
health systems as well as biological monitoring and research systems that can function independently
from Earth-based mission control centres. A NASA workshop explored how artificial intelligence
advances could help address these challenges and, in this first of two Review articles based on the
findings from the workshop, a vision for autonomous biomonitoring and precision space health is
discussed. Human exploration of deep space will involve missions of substantial distance and
duration. To effectively mitigate health hazards, paradigm shifts in astronaut health systems are
necessary to enable Earth-independent healthcare, rather than Earth-reliant. Here we present a
summary of decadal recommendations from a workshop organized by NASA on artificial intelligence,
machine learning and modelling applications that offer key solutions toward these space health
challenges. The workshop recommended various biomonitoring approaches, biomarker science,
spacecraft/habitat hardware, intelligent software and streamlined data management tools in need of
development and integration to enable humanity to thrive in deep space. Participants recommended
that these components culminate in a maximally automated, autonomous and intelligent Precision
Space Health system, to monitor, aggregate and assess biomedical statuses.

BEED: RZRNEFFEREIRTFMA T AR R UK LT HE 555+
QIR Y AR AR H AR . NASA I — M it 2T T AT S @A
BhT R afix kb, EEXTHIT2RRUAR TR XEFHE—R T, W T B=Z4£HEN
AtE A S 8] R R =

4 S 4% 4 https://doi.org/10.1038/s42256-023-00617-5
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P Biological research and self-driving labs in deep space supported by artificial

intelligence

fE%: Sanders L. M., Scott R. T., Yang J. H., Qutub A. A., Martin H. G., Berrios D. C., Hastings
J. J. A., Rask J., Mackintosh G., Hoarfrost A. L., Chalk S., Kalantari J., Khezeli K., Antonsen E. L.,
Babdor J., Barker R., Baranzini S. E., Beheshti A., Delgado-Aparicio G. M., Glicksberg B. S., Greene
C. S., Haendel M., Hamid A. A., Heller P., Jamieson D., Jarvis K. J., Komarova S. V., Komorowski
M., Kothiyal P., Mahabal A., Manor U., Mason C. E., Matar M., Mias G. 1., Miller J., Myers J. G.,
Nelson C., Oribello J., Park S. M., Parsons-Wingerter P., Prabhu R. K., Reynolds R. J., Saravia-Butler
A., Saria S., Sawyer A., Singh N. K., Snyder M., Soboczenski F., Soman K., Theriot C. A., Van Valen
D., Venkateswaran K., Warren L., Worthey L., Zitnik M., Costes S. V.

sk J%: Nature Machine Intelligence, volume: 5, issue: 3, pages:208-219. Published: 2023

8 & : Deep space exploration missions will require new technologies that can support astronaut
health systems, as well as biological monitoring and research systems that can function independently
from Earth-based mission control centres. A NASA workshop explored how artificial intelligence
advances could help address these challenges and, in this second of two Review articles based on the
findings from the workshop, the intersection between artificial intelligence and space biology is
discussed. Space biology research aims to understand fundamental spaceflight effects on organisms,
develop foundational knowledge to support deep space exploration and, ultimately, bioengineer
spacecraft and habitats to stabilize the ecosystem of plants, crops, microbes, animals and humans for
sustained multi-planetary life. To advance these aims, the field leverages experiments, platforms, data
and model organisms from both spaceborne and ground-analogue studies. As research is extended
beyond low Earth orbit, experiments and platforms must be maximally automated, light, agile and
intelligent to accelerate knowledge discovery. Here we present a summary of decadal
recommendations from a workshop organized by the National Aeronautics and Space Administration
on artificial intelligence, machine learning and modelling applications that offer solutions to these
space biology challenges. The integration of artificial intelligence into the field of space biology will
deepen the biological understanding of spaceflight effects, facilitate predictive modelling and

analytics, support maximally automated and reproducible experiments, and efficiently manage

11
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spaceborne data and metadata, ultimately to enable life to thrive in deep space.

HEEH: RERMNESZHFERE IR FMA L ERZHEA, URGERLTH
EESEE PO A Y AR R 5. NASA #Hit 2 Wit T A & gE iy 3t 25 o 7 5 By
RLA X PR, EETHATCRANFAREIRCXEFHE_EF, TR TAIEFRSZ N A
Wi Z B B S

4 X 4E4% . https://doi.org/10.1038/s42256-023-00618-4

P Ancient papyrus scroll-inspired self-deployable mechanism based on shape

memory polymer composites for Mars explorations

fE%: Zhang D., LiuL.W., XuP.F.,Zhao Y. Z.,LiQ. F., Lan X., Zou X, Li Y., He Y. C., Liu
Y.J., Leng J. S.

sk J: Composite Structures, volume: 304, issue: pages:12. Published: 2023

## % : Mars has similar natural environments to Earth and is regarded as a potential candidate
for human migration. Exploration to Mars has been a hotspot in major aerospace countries, and
therefore bringing the national flag to Mars is an inevitable demand. A self-deployable mechanism
inspired by the ancient papyrus scroll to demonstrate the national flag dynamically is proposed in this
paper. The release device made of shape memory polymer composites, as the functional part, is
analysed thoroughly from the perspective of material design, fabrication and experiments. Firstly, the
mechanical properties of woven fabric composites are predicted theoretically, and the thickness of
laminates is determined according to the mechanical requirement, fabrication technique and shape
moulding method. Tensile and three-point bending tests were carried out to validate the analytical
prediction and provide parameters for numerical simulation. Besides, shape fixation and recovery
properties were studied by both simulation and experiments with consistent results. Additionally, the
shape moulding method was modified by reheating and sustaining a high-temperature period after
bending to obtain the designed pattern. This world’ s first application of shape memory polymer
composites in Mars explorations is a milestone for both deep space exploration and advanced smart
materials.

EHEEH: SHRAHEMUTRNKE, —ERARXBRNBEREHN . FHit, KEHRN

12



— R EF RN E F T HmNE 4
(=144 2023 4% 7 #7

HEELEFAOR L ZXXUERPEREHRRE, RET — Mo SR RFERS BRI
#l, HRIELReWB MR BHCREFE AT ME, AR, flEmzhErm
TTRANGN. BTERMEF LERERRICLRIESMHEATKERR, FTHES
TR FE A MR R AR — A B

'/

A~ 4% 4 https://doi.org/10.1016/j.compstruct.2022.116391

P Further Advances for staging orbits of manned lunar exploration mission

fE#: ZengH., LiZ. Y., XuR., Peng K., Wang P.

Sk JF: Acta Astronautica, volume: 204, issue: pages:281-293. Published: 2023

# % : With the increasing demand for manned lunar exploration and deep-space exploration
missions, the application value of the three-body orbit in cislunar space becomes increasingly
prominent due to its special orbital characteristic. The efficient round-trip versions for manned
missions of both the nominal fuel-optimal and emergency transfers between NRHO and the Moon
are exploited deeply. The collocation method and indirect optimization technique with constraint
gradients are utilized in conjunction with the features of the NRHO configuration to increase the
algorithm's accuracy and speed. The required initial value and suitable collocation point can be
determined quickly based on a global search strategy and Lambert algorithm. To highlight the
effectivity of the design scheme and aim at global lunar surface exploration, typical scenarios of lunar
sites at different latitudes and longitudes are investigated with various time of flight, which show that
the difference of fuel consumption varies from a few kilograms to hundreds of kilograms. Meanwhile,
the relations among Moon landing sites, transition time and fuel consumption are analyzed and the
advantages and disadvantages of NRHO in lunar exploration are compared. The design results have
some reference value for the lunar landing vehicle's deployment in the near-Moon space, as well as
the round-trip transfer mission and key parameter selection.

EHEER: HERARAFMRZRINE S F R, ZAHE s T HRsRe e
B, ERAZENEANEHRZOR. ZX4AT2KAREERN, ARXT ARG EME
B9 A 2R g A AT B[] TRy AL =, i AR E R LA T BB AT % A,
G T A B I IR A A A ROR VAR Z B Y K R TR T NRHO A2 A R o 6 1 85
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ERUERMNARGEHBELAZHNHE, EREBEFMARSHNEERLT —TW
A E

W

A~ 4% https://doi.org/10.1016/j.actaastro.2023.01.001

P Using extended reality (XR) for medical training and real-time clinical

support during deep space missions

fE#: Burian B. K., Ebnali M., Robertson J. M., Musson D., Pozner C. N., Doyle T., Smink D.
S., Miccile C., Paladugu P., Atamna B., Lipsitz S., Yule S., Dias R. D.

sk J%: Applied Ergonomics, volume: 106, issue: pages:8. Published: 2023

8 Z: Medical events can affect space crew health and compromise the success of deep space
missions. To successfully manage such events, crew members must be sufficiently prepared to
manage certain medical conditions for which they are not technically trained. Extended Reality (XR)
can provide an immersive, realistic user experience that, when integrated with augmented clinical
tools (ACT), can improve training outcomes and provide real-time guidance during non-routine tasks,
diagnostic, and therapeutic procedures. The goal of this study was to develop a framework to guide
XR platform development using astronaut medical training and guidance as the domain for illustration.
We conducted a mixed-methods study—using video conference meetings (45 subject-matter experts),
Delphi panel surveys, and a web-based card sorting application—to develop a standard taxonomy of
essential XR capabilities. We augmented this by identifying additional models and taxonomies from

i

related fields. Together, this “taxonomy of taxonomies,” and the essential XR capabilities identified,
serve as an initial framework to structure the development of XR-based medical training and guidance
for use during deep space exploration missions. We provide a schematic approach, illustrated with a
use case, for how this framework and materials generated through this study might be employed.
RHEEE: ENFHLPETRANEE, FRNESESNRT . 2R EHARET
R—MER, UFMAEFTEIIfET AP, EFT BIAEZ (XR) FEWT R, RLHTH
ERXRIEE, TEANEET XRWETHENESFWHTER, ATEZREES

4> X 4%4%: https://doi.org/10.1016/j.apergo.2022.103902

14



BriE: BHEERMNE FSHFNEE
> SRARE 2023 £ % 7 #

FoREZENREL: BRARAIIH

EFERAHEEES, RELRFEN “BXRF, BHR R “REHEN” M XXk,
3] 6,755 & XX (R HH: 202347 ) . MA&HMERERFATINMMLNTET.

1. AX##H

B 2 F S I B AR B 1980 RS, E 2013 £k E|/NEE, BE 2014 £H THEH
%, 52017 £ X 2|35 /Eig, 2018 FAHATE %G, F 2021 FiAF|EME, T+ 5%, #HR
REEERR RS, BMNATHENTEELZS,

6007
500
400

300

EXR(F)

2007

1007

I L L A |
7o, 7o, 79, 7o, 7o, 7 7o, 7o, 7o, 7o, 7o, 7o, %o, 7o, 7o, S S T, 2 2 D b b D D D D D D D D T D,
%, 7% %, % % % %, % %, ™%, %, 0, % "%, 0, %0, . 0, 0, s, 0, 0,0, 0,70, 0,70, 0 s 00,

A 4-1 EEHENAARE ] L LAEE

2. AL
REFMEFAREBERE: KEFN. MTE. AKZEN. B=#EE. B FM.
HHIRESE, P kK ERNAA BREN @ H T A A

15



> SRS BEEMRAE RS HNE

- 2023 £ % 7 #

1,000 7
F04
2007
800
700

600 7

500

el (5)

4007

300

00| @177

100

Din NN N b B n 00 St B R e iy bt
oA %@@ﬁ%w?@Q%%ﬁ%%ﬁﬁﬁ%@%@ SRS
< P @ % id

A 4-2 R ENAARE L EA 5 B

B s FRlEsSTRE
| Bavad
W =55+
W SzbaEf
W =shTE
7 W SRS, .
26(0.33%) - 7 0 Fmma7s
B TlEsF
WS
B T EREAREE
=T
W EEuET
B E4ESNeSE
B EHE
W =REEAR
W zExEzEIE
W s
——— 4187(53.35%) HEBRAES
W irEs
B RET=EE
W T
W s
B EHES
W ==Exs5D%
W =
W BET U S==0r
[ it
HERMZFSHEEANR
| Ries
W 5uTE
[ =S
12V

15(0.19%)

27(0.34%)
28(0.36%) ~
21(0.40%)
32(0.41%)
33(0.42%)
37(0.47%) 7
39(0.50%) //J’
56(0.71%) 7/ £f
67(0.85%) /
70(0.85%) 7
91(1.16%) 7
95(1.21%) /
103(1.31%)
106(1.35%)
112(1.43%)
126(1.61%) :
202(2.57%) ! 'I\
228(2.91%) | |
734(2.98%) |

247(3.15%)

266(3.39%)

597(7.61%) /

587(7.48%)

A 4-3 RE R ARRE AL BFE R A

16



o 2 : N BEERNE FEZHEN L4
=1 =
» s | > @mes ] > miex | » smrs B

RERNHERF R REANFH, BEMEMARFEIR, AXF. BEEA=ZAF
MAEXERA, 2R LN 61.44%,
VF REENLL 2REAXSH

7 Web of Science 0 A HEEF, RERRFEHN “Topic” , % “Deep Space
Exploration” #8 x >Cak, % 4,364 543X Cak (K HE: 2023 F£7 A) . Mo #h RE
HATT WAL AT T,

1 A X

2REEASEEZRMNAF R REZFEF, HUMATHE LAES,

800
700
600
g 500
::ﬂ_ 400
= 300
& 200
100
. .
F & F I T T T P

A 4-4 FEFENAARE R E LA EH

2. LA

236 133 17 100

4.116 Robotics 8.140 Water 5.20 Astronomy & 413
Resources Astrophysics Telecommunicatio

81 45
4.46 Distributed & 4.48 Knowledge 5.98
Real Time i ing & Geometric Mapplng
Represe: &

ochemistry, Geophysics & Comentting = Optes

re, F
Modelling

298
4.17 Computer Vision & Graphics

4 206 Models Of
Computation

8
Cell Biology - Dna
54
5.131 Meteorological
139 & Atmospherlc
8.212 Sensors & Tomography 6
1.255
Musculoskeletal
Disorders a7 30
4.47 Software
Encinesting 4101 JE(urlty 5202

A 4-5 F = FEN AR E R X A5 B

17




= . MEERAE R=RN L 45
ET ET Eﬁ
> Ewas | > ErieE | > e | » s o

R RIAE #H X £ A% H 78 . Space Science (= A #%) . Computer Vision & Graphics
GFENA T A EFF) | Robotics (HL# AR5 . Geochemistry, Geophysics & Geology (3t
BALE . HERATE 5 H K ¥ ) 0 Sensors & Tomography (£ &% fu ZAT ik %) 4.

3. M oA

R INAR X R B % A Webof Science % £, H 9 & X &8 A ¥ #A : Engineering
Electrical Electronic ( T#2, ®,5f18,F) . Engineering Aerospace ( T4, #tX) . Computer
Science Artificial Intelligence (it EALFH2, A T##) . Geosciences Multidisciplinary (3 3k
¥, B¥A) A0 Astronomy Astrophysics (K XX ¥ 48 Kk ) 4,

768 377

Engineering Electrical Electronic Computer Science Artificial
Intelligence

261

Computer Science
Information Systems

367 165 2 101

Geosciences Multidisciplinary Automation Control Physics Remote

Systems Applied i Sensing

692
Engineering Aerospace

neering

356 Mechanica 'jh?ld :
ultidiscipling
Astronomy Astrophysics Computer Science p
Interdisciplinary 08 k=
235 Applications
= Chemistry
Geochemistry Geophysics Multidiccioliooo

96
Instruments

A 4-6 RE WA E T AL R F A5 A

mEEA: PRXBAFEAFERARIEFRQ F % BT
¥ 4. EWWAR)IEK 800 5 PATE%: E£FE. TXE
BA AR 021-34206471 KA. TE

18



