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Abstract

The abilities of system engineering and project management (PM) are essential in the development of large
instrumentations in modern astronomy. We propose a novel undergraduate educational program that
allows students to gain experience in system engineering and PM by making a practical small spectrograph
along with its test observation. A pilot program titled "Creative Astronomical Instrument Development and
Observation" was conducted in Chungnam National University, as a part of the Space Expert Training
Program of Ministry of Science and ICT during the Fall semester of 2023. After five teams were organized
from 24 participating students, each team manufactured a spectrograph and observed spectra of the Sun,
Moon, or planets with it. The development process was guided by several reviews, and students were
evaluated based on the outcomes of their development processes and documentation. Through this
program, students acquired fundamental principles of systems engineering and PM, as well as optical and

mechanical engineering skills.
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Table 1. The specification of the spectrograph.

Parameter Value
Slit width 10-50 um
Focal length of the collimator
imager 100 mm
Groove of diffraction grating 300-2,400
Resolving power R 250-2,000
Wavelength coverage 200 nm for 300 groove diffraction grating
HQ camera
Sensor Sony IMX477
Format 4,056 x 3,040
Pixel size 1.55 um x 1.55 um
Sensor size 6.287 mm x 4.712 mm (7.9 mm diagonal)
Maximum exposure time 670.74 seconds
Shutter Rolling shutter

HQ, high quality.
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Fig. 1. Optical (a) and mechanical design (b) of the sample spectrograph.
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Table 2. Timetable of the 14-week education program.

Week Lectures Team activities

System engineering
1st _
Project management

Optical design
2nd Team building
Mechanical design

Team building
3rd
Science objectives / discussion

4th
5th Private team discussion with lecturer
6th Preliminary design review (PDR)

PDR Al report
7th

Decision on optical parts

8th Private team discussion with lecturer
9th Critical design review

CDR Al report
10th

3D printing, assembly, alignment

11th Observation readiness review
12th Observation
13th
14th Final presentation
15th

Al, action item; CDR, critical design review.
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Table 3. Science objectives of five teams
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Fig. 2. Work break down (WBS) tree of the team wishflAre suggested in the preliminary
design review (PDR). HQ, high quality; TBD, To be determined.

https://www.jstna.org | 111



M7V Ws D203 Ty

112 | nttps://doi.org/10.52912/jsta.4.2.105

ol

ol A= olu] 7]7] Aol thet Bk o] AAE 7] dwol AT A4 2 IS A9 HiE
717} AARAE Zosheic). 5& A 719 & F Al 7R 27t EYRE AT o]E)t 9
48 S FAE A derE QA 28 AR AY S 7L e dAES A
AAFE G35t AARES SHIES] A AT RS Brlelglo A &

5 7Fs/d% 5 I, dlold B4 W 5ol tiel AREslth. 71&9] 7171A1RHE okt
tlo]E Ao} &4, ATERE B45H7] gt ol tiet kole-5 ALsih

CDR 3]9joflA SHEAA 702 Q7131 AR A ek AA|, Al 71A1F 4
Aet ozt 2 9 FE AY, doly AAY AE, 183 I Agolnh. 29 9 AE
A2 717190 it 3g5H4 o} 7| ARl tigt o|siE B e® Sfiof st7] w=oll, CDR
SARNA 7hsste A Al 2H 9 FES FFokL XgPstolof gttt Hoje MA Y Al
AAAF A& (concurrent process)S SE5F7] S8l SHISNA] AAGHITE ALE0]
4 dlolg A E Fots T2 B/71A4 A 9 AR R 2k2H|E ol o]
&5 Ad= XSk

-

_l

ti

B2 7R ARERY A2ko] 9l7] ue] sHiEe]

o
o
P Y Aol FAIAQ] YFE B5 AlE, ¥5 B8 Y] BlAE 52 AAEeR

SHA
o}

oz
Ml

2 CDR ©J% AIZ: ¥4 ¥ A&lo] S0l ek, Fig. 32 S5l A3t 237]
of oAl BRI ik SHYSS CDROA 2ol 27 2 HIPHES Aot 282 A

O

Poto] ALEF oIS ok Sho] ehxule] wlo] ZpleS TEII P Sssict
AL BER AN 2719 7AR DAL 3DnAYe] AP 72 23 o
Hd 52 Testgont AY ML Teiehd g 429 tiAlolgir. SIS PDR
o358 Tt ofolelolE AXIstol AHE 7|A%: HARIeIA L Hige] ohEl 2Aze] 7t
S A28 WEAL S840 TYAAS WS 5 B BT 2BHL Fol]
S5 AAE Tl AL A1 AEAS Al SISl 320E Fo ol

AL RAL AZANS AESHA S50 Wi Zo] obd WMo 3D mY
EZ 2shaA ARsus e 55 AUNH FYH O oS0l

(b)

Fig. 3. Internal structure of the spectrograph (a), handmade slit (b) and the spectrograph

installed at the backside of the telescope (c).
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Fig. 4. Solar spectrum of the spectrograph. x—direction of the image is the direction of
wavelength and y—direction is the that of slit. H alpha line is shown at the middle of the image
as a vertical dark absorption. dark lines perpendicular to the spectrum represents the slit

pattern, which is caused by imperfection of the slit.

https://www.jstna.org | 113



M7V Ws D203 Ty

114 | nttps://doi.org/10.52912/jsta.4.2.105

Saololl2 et L 4e-g BuE Yol 29| B9, A BE o] FORE Holx

S5 cfESE o} Selxm A48 sl Wl 502 Ut AT 4 2

3o 517 glot U5 AUE DL 5 Gk Akt ol HolA sk o] g2

o 24 XY T FUAL Fol Beolol g AW ol B0 olzigol Yk
= IS

A ARES oF 28 dAlole). BAE 409 27| 117

A

Conl
roml 3 .—VMN.

Pk
2
4
)
<k
oz
%
Lﬁi
o
(@)
e
ik
i)
J
£
Mo
(ON] .
=
e
filo
e
of
N
T
0
iy
o
rlr
i
me & Ho
2 o

2E EﬂolEixﬁﬂl% l‘@_ 7[RIe 2 Sl o A= 0““—011741 gkzse] molofjA] 128]1E
o] voA ] raw wde £9ote] 3D HlolH 722 WsiFe A el ATk

Fig. 5 EFolut B3 2= H3e(extended source) Hl 0134 HEFAR1 Hlofe A= 2t
42 HojErt. #5E dlolE: v 1=27|(flat fielding), PR 24 (dark current), &3
e HA, AZRF - &8 v8F fAu|g B4o] "ottt gAEE 287 BEsks v
A 2 s AR HQ 7HEte] CMOS Al ] -, 0]l 7F7kAAT FAT8HH. H}ﬂ I
B71= Alobt w2 BT 8719 SR Ae AL A9l E7lectEE el 4
2 29| YRAUERS AATORA AR AAD 4= ATt shARE 2o ¢ SRy BE
AHe] ~EEYS] Bt B717F @A ot AA7 ofE o F/g9] B 4N Tt
glo] AR o] RS AA7F E7Hs .

0] SpAZAA7E S ol AlKeh A8ks] o] 91X o Fig 59k 2o] &
B950] A1A12) 353 7)2o1A F|Ben), oletel /187l 29 MEe Soe

of Zo&H AAT & k. £ e AH ARt &30 A= Uut e £8719} H|
J—’LEH -9 735t sffEdo] ol Qlth. Fig. 5= /9] x5 WFo 29| Hafgl= ol&df v

gl miglolt}. o]& ¥ FAolA UrolFH (09 2ol 7+ &3 YA uitte] FAkE AIA
EHE o SIth. Fig. 59] 3%, €3 "iglo] A &EsHA AAFIIY F4HY] et
(curvature aberration)o|4 Y=Hdistortion aberration)d#o] Y+ s{go] Y7|= it &
S oeS AASHL YW Fig. 502 Zo] MERRF gAilo] ESlshA Helth &3l
CMOS AlX7} sHA FEEo] A = Hitk S22 QIs) ARdoluy ZA 0 =R vijz| =] of
U=t oI5 AT AR WY & o8 Zéa‘ﬂtq (CDQ} 22 -454 /\—'—E— g4
WZ o AUt} EFZE /\7H

of| A QE} ZHZ“O}U# (et

§ 015—‘3} H, 2 542 EJrZ“loi

2 £ 5 Hus) wEe Ul vhre solt. A% TE- B
ASY 717] AL 2 BE AUE BEFOH SPPSOA YALL 771 s APk



J. Space Technol. Appl. 4(2), 105-120 (2024)

Slit [Pixel]

0 500 1000 1500
(@)
0
250
— 500
[T}
x
& 750
=
» 1000
1250
1500 + . T
0 500 1000 1500
Wavelength [Pixel]
(©
0
250
% 500
X
& 750
g
a 1000

1250

2000 0 500 1000 1500 2000
(b)
0
250
500
750
1000
1250
1500 T u
2000 0 500 1000 1500 2000
Wavelength [Pixel]
()

1500 —r
0 200

600 800 1000 1200 1400

R.A. [Pixel]

(e)

400

Fig. 5. Examples of data processing: (a) observed slit spectrum, (b) slit pattern extracted from

the original image, (c) after subtraction of the slit pattern, (d) after correction of the bending

of the spectrum, and (e) Half Sun at the center of the Ha line reconstructed from the drift—

scanned imaging—spectral data.
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Fig. 6. Observational Results: (a—c) Moon, (d-f) Jupiter, and (g-i) Sun.
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Table 4. Document list requested in each milestone

Milestone

Document list

Preliminary design review

Scientific objective

Science requirement / system requirement
Schedule

Role and responsibilities

Work break down

Risk management plan

Critical design review

Optical design

Mechanical design

Assembly plan, alignment plan, test plan
Observation plan

Answers on the PDR action item

Part list for observation
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Table 4. (Continued)

Milestone Document list

(Detailed) Part list for observation

(Detailed) Observation plan
Observation readiness review

Data processing plan

Answers on the CDR action item

Final presentation Science result

PDR, preliminary design review: CDR, critical design review.

g
5 U A7 Tgol A A Bol AR S2lvt Aast o) WEAY) L L B
2" 2212 olo] SPYSOIZ] BAOIAS] FAHS A7l A TES Ak Fows
P271719] A 9 Aol gt 712 47 o] 9ct

Ut ATFAE AR 7 HES o A 3
7bos Wastch. olelet chslal B9l S A4E Tgalol she 54 B4 4 o

=]

|
g
o
rlo
B
[
1o
S
[>
ot
22
D)
i
9
ot

739) S8 AAET it WS WA ARkl B[, FHARH L (optic studio)
S o<t Fet GA|, I (inventor), 7FE|oKcartia) 52 o18et 71AF- A, et=w=]nt
o] 7HEt 5] Alof, vl o83t HlolE] Aehe shSolAl At W0 AlFEA of
ko], MOOCS} &2 QEFOLE AN & 55408 WIS o191 0n B2 7
Atote] W 5l e St Eo R siastalrt

o] w=oA a7t <

[¢]
e

§i

o
o}

o017} 7FsSliAI AL A1&Edo] 7hsgt CMOS AlAE Atoll E-857] AlRFshaA etog vk
Al s FeiAl 282 Ao ZdEH.
A AR IgolA vl A3t A v o] AR

https://www.jstna.org | 117



2717 W=

m20Y Ty

118 | https://doi.org/10.52912/jsta.4.2.105

ol
=

L 72 9 ARjo] e Py 9 Ak

o

a 742lo] A Bge 2 gl S W AL YAIeIA WEElo] A3k o 8] o
o Zufok S U 4 SPRES e BBl AL LT AR ofeigo] 99

oh A ES 237 G 59 PR 4 oK1l ozt 717] Ale AH Eelok
SR 4 vl ] gtk

b. SHIES WET LA AAE 4 SHISS Tt BeAE A4 AUAAe} o
AR LE B1A 5 AR W14 2P

c. Ao Azl WA Ate] B3] thRe] £ 5] ABUL FHAAL ¥
3 Q7 902 AYste] ofefat Nk FU 4 Y Holrk

a —r‘%ﬂ el XU}E} PMZ HHXl Stal 2US0] JFE HiEste] APsHA == get 4

A, VAASt 2o BEe Anshto] ofafsti L AWs) Urke A7 WA
o 9% Shge] B9 19719 UE ofshelA Ra AR SYL 7| stc.

olefat A SEskIA 27] 2
U o Suket 4 A shgEelA
b. tRPHE A48 533 7] 52 £

ol

o WERE, 7ARE, 226 Tolg} 7l 3D ZUEE HA 5 WL ARst Bash

2 o] 20t} ofefet 492 okt UjolA] MWsH: AL 184 olele 4

Aoltt. olefet e g @A) AAA Hao] FastEE A4} ol
A Agho] 5T AT} 2L Flato] F71H 0= Ay 4 c

b. W82 Haslsl] 9ol 29 shyEel A Rl TUL Yol ARSHES e
SpAlet £319] Zo] AR glol AT FA] web ofeeo] Slgict § UL BS
B2 QeI 23S Fule) AA8sAL dlolq 29l S0z fefue] £RE st
A Ashe wol 1 Aol

l

4 Qs

a 59, B4, 90 52 Agol ZRAE 4 sEo] thpst 18] =39 5 Ho
QIk. o]8l e st Hol s Zhtstel KlAWstHoM, olol et AHS
sHa21 3o} Ajatshora Aolck,

o[l s=AollA Tt g719] AR gekt Z7|A R HRt olsi7t glofoF skaL, HlolH
A= B33t Hol 13} olEt & H &4l #5 H ML FA= o 2 7] A4
£ AARE 2 2203 E8 9% she 7le84vF vEr 10 UE wE Wiol g2
7(1 2 011-4_



J. Space Technol. Appl. 4(2), 105-120 (2024)

1. LECo|QC B offrolig o83t LhALY Sl A%
a. HjoFdo] NEWAR] D] TAL A TS ot 2H @ Aol ofsA A
&M Sl 7R FGolAe T 2 B oF le-7 Aol ol AE
= ZEHO|R=F 0|85 715e & S5 9 vjEI2E st FEE & Al
olE AAIZro g Holst 4= Qlitk THYEL o] it Es|A] Ax}E| 2o et o]

A2 o 4 U AL H2719) Yl olsE 4= Ak
2.500 mm 7He} @20} HQ Flelehs o} &g YAl Sk

a. HF2 Aol H7lof] &gt AR O A2 ERRE Yol ol 4% Y
Ao o183 EElx B9 eE2E ARE How ti7] MEe] =dayel o5 B
o] ZF A vitt Rto = RE Hlojd FHE HojEtt B ¥hte] 2E ¥der o
Fozig Ylojd g AXCR A5 ¥ A AEE 85T & 3o 7
gk o] =ollA aviiE A3 g2 = mjo] 7k o8 & 1o, ZiEt
A=E 0]*%‘}“4 H8-Z Y & Atk o] IS o] sHEE2 Ek=HlE] mto] 745,

3. 47§9] EEro]QE0} o} oS ol g3t hpHIA A%

. BN G AT A EETol9 = olgall AL, 1l A9
EEC|OCE Hus Zw WX Bk ANE AT dheF AN AR
& % Uk vloRE of e A5 S Yoly] Slof FEIE TS shok sk ) A
of opgE Ade 7|Este] vlmFoEA HFe) amEE AT 5 %L Zolt o
2o] F79] HElS o]§3] #3 AABE TEATH TS A48 Folo] s
o|af3t 4= 91 AHolc}.

4. ezle] sto] FjekE ol 3 £ AL

a. BP7IAIR Szl sto] Fhdleto] A WS At AW Sk L4 wE

% Qlek. The Aoo] AXE A Sk olgstel o] Al ABAHE 2
Az sk A AES A5 5 Uek. o] IS Bote] PSS A=

< A9 & 5

_IQL i‘lO

ALl =2

o] Jik= R EBAR)Y AYoR A X Lg Hop =885 At
QJUTHNRF-2022M1A3C2078989).

https://www.jstna.org | 119



ME7)7| wg D23 Jiet

References

1. Koo IH, Lee MK, Park SH, Systems engineering for system design and fabrication of cubesats,
J. Space Technol. Appl. 3, 342-354 (2023). https://doi.org/10.52912/jsta.2023.3.4.342

2. NASA, Systems engineering handbook, NASA Langley Research Center Technical Report,
NASA SP-2016-6105 (2016).

3. NASA, Space flight program and project management handbook, NASA Office of the Chief
Engineer, NASA/SP-2014-3705 (2014).

Author Information

¥ 5| = hsyang@kasi.re.kr Y3 jkchung@kasi.re.kr

Aetsta HAEskalolA] 20169 o]aHakA}
9] HE &, 201795 E S=pHEATH

2Utisty AESFaskuloA 2005E 0]
spaba} she] 1S 7, 2006WRE HEA

A EFe] A AARE FA AIES
AFskl, =A ¢SS ARUEE
oM ZIAAR AR, HEEoEEE A
dopiet. @A A eSS RETEEd

Egsh V124 BEE JEEY), YelsH By 52
et ek

120 | https://doi.org/10.52912/jsta.4.2.105

T AL A5 A A
A A1 BE AL, GAR
T FISFTHL BAE BES AUslel
£9 391 5k WA RITYNLA A
A% T 9F2AI1ES 0|83 |FHst AT B2
oIk

=85}



