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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.

foict. oleiat g Fol hAl A

ol

o 3 meAE fUAPMO G SBHES

ES AT FA Table 37 2t}

ATHA| AY IE B9l A SHSeIA g ATRAIE A S TR

o}, apeIo] @%i 171 ek 1o Ak ok Bak 9] o) A7 Sgoiel
JEol7) vz o Felgle] WS WA st 'Ll AL thet wo]

Table 3. Science objectives of five teams

x A=K
wishflAre EiZOl H-o, H-B SHOIM E0l= MME FE2=2| XH0| 24
Kodal 29| Reiner Gamma X2 1 um S4M £X9| EH M
JSA514 SHO| LiAE0| US M2t gis mel Mg Xi0|
Dizle =49 GYEY HEs ST 2EEH 0|5l
Cluster M45 L He 2EE S0t 7 E BF

https://www.jstna.org | 109



b
|_

[ ]
e

17| B

m20Y Ty

i

op

Jse Awsigict. o] T o
Fot HERS Yol QRS AHA SS9 wishlAreR i Ejoke)
H—oc*d %i‘?i P22 wo| oElo] ot} H-pAL 7o) B2 v} gt SHISS Hoa
TJrH—BQl %é—% 28] B Tpgo] T2 Eoke] Feolut Wej e P ;L 2 o]
o] z}7lolt Aejo] BAEHE AL
4 o zlwvm AAFE QAT o]of 5=l Ho] glof el ﬂu}(remer gamma,
o shole] ®A g

mlm
s

S~
ol
li] Jz

3.2 AMAH A Y APH MA 2R (System Design and Preliminary Design
Review, PDR)

AA 7171770 ZRAEA oA EReF AIAY QAR AIAE QAR EE
(system requirement review, SRR)E 5ot HAZEE=H 8= AIZMY AR A4 R
(preliminary design review, PDR)}2 53l &7 H531%tt. SRR/PDR HEAR= AA| A+
ol skl Sl BT ATAES AQsto] ek Z3tof tigt 7&?5-3-_ AAlskgiet g
o] B2 AR AFdAoIA 5= PDRY} U FA12 o AdPg=action
item, Al EFoto] SYF AAR th37HA] 5HA o =M sHiEo] Adde] A5 I
2 730101— 2 O]Ei }Hq—

ok QFARN A|AE] QAR 2R E 537] 7T THEQ] ARt i+ 4e 275 ¢
A= A=A SHA HEE, #8719 Bt A sEHEE ALk, olE
AT EoIE 283t HA A1E RHdstolof 3ttt PSS 8t 712018 w5 Fof Fd
Aol YAkshks TS F=F ALt B JH(field of view), £33 5(resolving power),
AlAoll Wsl= 281 fl(spectral range}s AARE F At H3 @A) At AIRIAE
SRIgH $of| FA o= Fot BE A4S sHA "ok o] He 2 AR A% & 15t
AF G At S7ARFES PDROY AlAlote] AE-E wh=tt.

£3719] g3t A L 71AR AAls ARG AZEol(Zemax, Inventor, Cartia )&
ZESIEE RISt AA AZEojo] I A WS- 3t S|k AlRF Alfe g A
AlSHA] Qar T A9} 2210l WSS Qhiste] FESHEE ShQith st HARIE =9
23AY, AR OFE £, I8 5F HAT & = oJRAE Fol SHEc] #l9] A+
FAe gHA WA o] 7hsstes A Eskeint. 71AR A= 3D =YY S48 53 ol
7] 2] 500 um FAE IHGHEF AP FA|6t o SIS ofz] W AFPRte
£ AA FdHor gEginh

371 ARelA S5 7P AAIRE F3t BEoln HF Aol 7MY & %= vIXIth
A HEHSoA ARSHE 3 US> a7t AAIRE 241 27o] g R R SHRAY
58082+ AFsHA gk & —’F A= HE0] BHA gk A ol&sto] &8
= ARIES sigirh. €39 E2
o] zrdo g ojg] x| AR

l‘l

rm

o
AHOR % um $EORE AR 5 QAT SIS

2 Sl 50 olslz Aol A3Isic)

110 | nhtps://doi.org/10.52912/jsta.2024.4.2.105



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

1.

ol

FFH o AAE AT ARGl wet SIS o] whE ALY AR) 9
5 B9 FX(work breakdown structure, WBS), 984 #2]A18(risk management plan),
94 9 ARG FA(role and responsibility, R&R)}Z A EIth. Fig. 2= wishflAre &7}
AAEE PDR ZHFl419] WBSH. S olet 22 A4 TE Bl Y AFE A4S

skl AAH 7171 B9 4 ek

J

A =

£ Al B9 A7E AR 2glelo] rtETHs @A BT = Qe JY AR
ALS P o1t ol Bl SIS AaR A W, 29 vy, A= 14, 2
H 24 vy 5 @9 4 592 PDR 398 59 5T & Aok

PDR 31904 Q3™ 84 % sl R & Rolth. A4 @49] A7/ AFIUSE o}
&t HF9] AAtEe] Fdol Folueh Fasith S| A Fd AA AES 9
3l 171x0] 4579 stfo] Z2AE F2(PM), BT, 7|4, AZEY], #5 5o gF
Hufel Zbzto] dgke 28 3198 55 AR AAES St

IARe AR Z2AE AP Y3) PDR o|F 72 2= 15U 13] AJLA|(ITLE)
£ ZMdste] AESHES silrh. T3t A BPgolA EAIEE EAskl s dsks 2golA
DA == 2 B3l (lesson learned report)E AlEsHES 5Hlth. ol At @ANA &
Aotal = AT E 2 E-o] HHo] 9l

3.3 &M MA 2|5 (Critical Design Review, CDR) % |}

A7) #2490 AZIAOIA L PDR olF AA|Uols) B, 915 wEke Aste] A4d
HAE ) B8] She S itk SIS AIAA] AololANE Wigstel 47
£ g5 3DRAFS o 7] AN Aol sk e AP

SPEL S AAERS B0 4] A7) elR(CDR) 21248 AFsH9IEk. CDR 21

wishflAre
1
1 [ 1
ojg=E gl
A
L Refractive | @8 Raspbarry Fi RST-350
telescope HQ Camera [TBD]

| ESLUTCN
Plols B (32327

yay

AR
(#43225)

TIPS

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.
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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.
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Fig. 5. Examples of data processing: (a) observed slit spectrum, (b) slit pattern extracted from
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of the spectrum, and (e) Half Sun at the center of the Ha line reconstructed from the drift—
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Table 4. (Continued)
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