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ZX: Danielson, S., & A. Kirkpatrick, Ervin. E., ASME Vision 2030: Helping to Inform Mechanical Engineering Education,

41th ASEE/IEEE Frontiers in Education Conference, 2011, T1J-3
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50| A5 S20| Let Ao YR WS7 (B Y KO =T Meikls 52%7t BYYS| A5 50| foiCtn
QIAJHE ST, DEDEIIZ BARHS 65%7t SEOIHD QISISCE. Eot SXOIZE SUE MHIo| 36%7

& t
QIABH= T WSXIOL % 7| ZYXLSS THA| S~6%EH QSHl 48~57% 4 LB QIA6ETL 10] AEiSt Zixi7t ZXfsts

Different Perceptions of BSME Preperation:
Communications Skills

Supervisors Educators Early Career ME

75%

65% "sufficient / strong"
"sufficient / strong"

43%

"sufficient / strong"

17% "weak"

22% "weak"

52% "weak"

T2 11> J1B3 SOl AS S0 Tifst Q1A

ZX: Danielson, S., & A. Kirkpatrick, Ervin, E., ASME Vision 2030: Helping to Inform Mechanical Engineering Education,
41th ASEE/IEEE Frontiers in Education Conference, 2011, T1J-4

Different Perceptions of BSME Preperation:
Problem Solving

Supervisors Educators Early Career ME

48%
14% "strong’ "strong"

6% "weak" 5% "weak"

36% "weak"

<3Z 12> 7|AISe ZYC| EXoHZ SHOil Chieh Q1A

EX: Danielson, S., & A. Kirkpatrick, Ervin, E., ASME Vision 2030: Helping to Inform Mechanical Engineering Education,
41th ASEE/IEEE Frontiers in Education Conference, 2011, T1J-5

20| FLHSL 0|F B MRIHTOIME AHY FHOILE A5 53, 2H6IZ 53 51t 20|
SHOM TR 4 QI D S2S U QIS 27T USS Y S T,

The National Academy of Engineering of Korea 25



2018 MY M

Sh3)

2. ILHQ| 4K} LS 2 W= JHE0| oI

re

4xF HUAFS THSOIA St AMYIE2 ASKISOIH
RSX|S AIAH 2 EH|0|HE 7|22 2 7|A S (machine

Sof AEo2 Jpsse Taxosm

learning)2
CHROIXoF oich gLt &xf LioiM= 7RSS
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M FYE 28l Python 7|2t2] TensorFlow A2 S
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SHE XfstAolM DJ2| HYRIOF SHCt T
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AO|HZ2|  A|AEI(Cyber-Physical System)% AX}
UHAG AlCHo] M22 XIS FEok= 220ICf,
4R} LHASE AL AXIL|O{= AO[HHQI AZER|0]/
SIERO{ETHOtL 2L S2X A AR 2R—E, LD X2, X|0],
OfLiX] SOfl Cigh X|4l0] HRsiCt J2{Lt SHRIFY0A]

AO|HE2] AMAE WSS 2Fok= His 0f24F0| /UL

o
K 7|ASHE2 MOIHZE| A|AHI2| A7

=

S| oA

T2 CHHROIN JHE5H U0

0l=2|
A 21t Century Cyber-Physical System Education0|
JIME O=0IM 7HESHE U= wsaPgol| Chiot
oAl Rt2E MABEE RUCE. (FE 40N = 5 U= Hiet
20| CHMIZ MAtaREollM 7HES D QAT NSFF 20|
=74 Ao M wsiES A6l QHiish= 2 o]

7 PR T 4%} AQieimnt Bsl DIH2S st

National Academies Press(2016)7t

]

UCE CHEHCZ FH|7| RSO TS 22 250

JHEE| UCE.

- Special Topics: Additive Manufacturing for

Engineers

- Special Topics: Gadgetry-Sensors, Actuators, and

Processors

- Special Topics: Robotic Systems and Internet of

Things

3) 07 IM=

SR 7| SE S AOIHS A AR WS et (72017 QISP 21,

26 D|2H2 AX|L|OOfIA| FRS F12E AUV} 4%t LAY AlLh 7|75t

AX|LIofofA Ee

National Academies Press@| A 21t Century Cyber-Physical System Education(2016)1} 0|2 % 2|9| "4X} AASHS (ot
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HEXO! 4Ty ool T2 IMofsl, Wolt QA I 042 S8 JlEHel AojuZa] ALY @SS
Sote Jtom A U MM UHZ JTS,  ojad 4 YUEE HzSo| PHEf It S5 Aol
HlofZst So| shAl WIS T LUsI CIEO Lit- 2 TS0 Ol TIB0M B2 S JlHo=
% 0[0| 22 B8, WKL, BB SS0IP2E L0 CFD, ANSYS Mechanical S $X[6HA 7|2 0|88 H1Z

H 4> 0] D0l 42| CPS 2t il

EAE ettt

University / Department

Sample Courses

Name of Degree

University of Pennsylvania Department of Computer
and Information Science

CIS 540: Principles of Embedded Computation

CIS 541: Embedded Software for Life Critical
Applications

MS in engineering in embedded systems

Illinois Institute of Technology
College of Science

(S 556: Cyber-Physical Systems: Languages and
Systems

(CS557: Cyber-Physical Systems: Networking and
Algorithms

Master's in computer science with a specialization in
cyber-physical systems

University of Colorado, Boulder
Department of Electrical, Computing and Energy
Engineering

ECEN 5613: Embedded System Design
ECEN 5023: Mobile Computing and loT Security

Professional master's program(30 hours) or
certificate(9 hours) in embedded systems engineering

lowa State University
College of Engineering

CprE 558: Real Time Systems
CprE 588: Embedded Computer Systems

Embedded systems graduate certificate

University of lllinois
College of Electrical and Computer Engineering

ECE 486: Control Systems
(S 431: Embedded Systems

Undergraduate concentration in cyber-physical
systems

New York University
School of Engineering

(S 2204: Digital Logic and State Machine Design
EL 5483: Real TIme Embedded Systems

Undergraduate computer science degree with a
concentration in computer hardware and embedded
systems

University of California, Berkeley

EECS 149.1x: Cyber Physical Systems

Open Access online course

EX: A 21t Century Cyber-Physical System Education, National Academies of Press, 2016, 36%
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<E 5> CPSE ¥ 77|38 sk meury oY

Model for 4-year Undergraduate Degree in
Mechanical Engineering with CPS Emphasis

Math and Natural Science(9 courses)
+ Calculus |
= Calculus Il
= Vector Calculus
» Differential Equations
» Linear Algebra
= Probability and Statistics
= Physics I(Mechanics and Dynamics)
» Physics lI(Electricity and Magnetism)

= General Chemistry

Traditional Mechanical Engineering Courses(13 courses)
» Introduction to Engineering Graphics and Design
* Mechanics [: Statics
» Mechanics II: Dynamics
= Solid Mechanics
* Fluid Mechanics
» Thermodynamics
= System Dynamics
+ Engineering Material Science
= Experimental Techniques Laboratory
= ME systems Laboratory
- Heat Transfer
» Design, Materials and Manufacturing

» Engineering Economy

The National Academy of Engineering of Korea 29



2018 EHS ST 2

CPS-Related Courses in Current ME Curricula(5 courses)
= Introduction to Computing
= Circuits and Electronics
= Computational Mathods in Engineering
= Instrumentation and Electrics Laboratory

» Capstone Design(with CPS—focused project)

Technical Electives that Could Focus on CPS(5 courses)

Proposed new CPS-centric electives:

= Principles of CPS

= Network-embedded systems programming
= Signals and Systems

= Control of Dynamic Systems

» Model-Based Systems Engineering

Examples of CPS-related electives in current ME curricula:

* Modeling and Control of Motion Control

= Microprocessor Control of Manufacturing Systems
- Robotics

= Bio-Inspired Design

= Design Across Disciplines

- Biomedical Instrumentation

* Mechatronics

= Sensor Networks

EX: A 21t Century Cyber-Physical System Education, National Academies of Press, 2016, 46~47%
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EX: 2016 2RAEHY Ol Z2ME WKL IEIAY: Zo} Z0[0l|A|2| 0|37 QIXt |42 OS2 A0 Bt ZAF 91,
A= -OITS, T7IAHIK 2., 2018, 4150 M THIE
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2018 xRl B

[HI1E] 7P7k2 Of2 71AIS S 20kl A ol El= #at

OF

Ik Oj2Hol| 7|H|13SH EofolM OMEl= HstRE 1471 SH=0| AEHEIQICE (E 6)0IM 2 2 U= Z1t 20|

TIAEXIO AZ MM (RE, 28, R, 1E, d& 5)5 Bl o QX2 7|59 (4.9/5H THE) 71 7K =1, L g

Q1=H(flexibility)2F

XXz} optimization) 52'(4.4/5 P10 7tsd =2 =02 MYEIRICE HE0 7|AHE&(Machine Learning)2)

28 B0 (4.3/57 THY), U35 et 22| £ U W 24Xl 28'(4.3/58 TH), ‘System Engineering

ol 24 BLH'(4.3/5H THH), ‘L3t A|ZH0]| HJ|E Akt M7|E 20LE battery 7|8 9H'(4.3/5H 2Hd) 50| 22
o

=912 LIELICE. 0|2+ 20 ‘S2|@do]| 7|85h= 7115 22

I-OI-

1
un
~
o
S~
(Oa]
oA
ra
oz
= 1
ki
Jé‘:

IIASEoIN HFREH 88 =0 oF 7IAEA HEHol| e 22 &

—

BOIX| Ri=Ch = QAL B EIACHA.3/57 2H).

<E 6> 7PI12 02 (5~10E LH) 7|AISS 200l A Ol == Hat
3X+ 2nto| =4 Zif
ge

=9 Eo s EFEXL CVR
1 | 71AEEe 28 3 4 43 0.61 0.86
2 | Multi-physics sl SCi 12 3.9 0.73 0.43
3 | Budsta FESHE AE 0] g8 14 3.8 0.58 0.43
4 Statistics—based Analysis and Control SCH 9 41 0.77 0.57
5 | 7SN BHE S8 2oF U 2 46 0.51 1.00
6 | UAEY, 2, o= S HISSEQ Foret M B 16 36 0.74 0.29
7 ggit%%g@n Expert %! Domain KnowledgeZt 8 31 0,83 -0.29
8 | ASXsS BAet 2ROl 2 S A 2AXQ & 4 43 0.83 0.86
o AsaMEs Y e T dESE | 45 08 | ose
10 | 32 Q79 J7[AEX| HEfo] 2 2F 9| Qo159 | X5} 3 44 0.51 0.86
n | SHE HH 382 Xts2Hautonomous) 14 38 0.60 0.29

34 0J2He] AX|L|ojol|A| RRS 7t2E QAT : 4%} LSS Al 7|32 AX|L|ofof| 2ot Hzf 5 mKof| 2ot o7
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o7 2t

A ZBMA BIAO| O B2 HIPIKS MEY 202

2| opttsio 4t Slssict cixiel 710l o Seskd ° >0 oo o
M0l 7|52 2= complex system A2 7|=

B | diZo| s o Aui oixt OX| bk Ao} AL Shp 10 4.0 0.41 0.71

14 | System Engineering2| 324 SLf 4 43 0.47 1.00
EIFO} 7|71|I:lu-50| Py I- I-|7|110| R_}.\_E:l_l- 71?:1-6'"

15| Agiol 724 2t Hofel SRR B4 ek 10 G e i
IS, M EAS e, ARESS St 2 7 E0| T

0| 222 ojoppt gion cest Hofet 82 ° >0 070 o
CrSH Of|L{X| 1S THEstn 285 ofjLfX| 4t 20p7t

7 | e ma 12 39 0.62 0.57
oo OO0 2

18 Zosh AlZHo M7|1E g‘ﬂﬁl'-?—, M| = battery 4 43 0.61 0.86
Er : : :

19 | D&/UET, NuE, MHIE, Tt ERAMAH +2 ST 16 36 0.74 0.29

20 | Ltz/H}0|2 HOf gtrf 17 34 0.63 -0.14

21 | Selido] 7|8sk= 71AS e 222 HolX| ¢iE 4 43 0.73 0.71

HE7F IB0ME= 71ASSHel DI2H #=2to]l Chet o522 THEt 22 2AS MAIGHAC

“Physical domain2| analog E2|22} Cyber domain2| digital datal] &% ¢1Z, 88}0| 7t431& 710 2 M2ZFeH|CY,
o 2 A, HZHE M= HESZLL ICTS| 8810 ot5 H3tE 210|1, 88t F14ot= BE S22 23E M
FHo| Mzt FML 1tE 0| A0 7|8-S = distributed, intelligent KO0 A 7| HISSIXF 2Hojgt = QS ZHO2
7|ttt £3] analog Z2|2E digitizedh= 2FE0IA B0 UM Mz X5 8 F2h 24 10| 7|AHISStolA S22+

JI&H Ofh2 CHEE/T QIBLICH”
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“Lf|OJEf X{E} te= X2] 0] SO S7tEl= HIZ0M HIsH BHE{2]Q] oL X] XE 2= = ST L= J0H W=7
S| BE RoM E = U= ZNE, LS 2O0Ft o X| ZO0k= st S0 X027} QIELICE 4 202 S Hot Sz

4X} LTS ZAQIBEXIZL, Of|L4X] 20F2 L2 st L= 7| A|SSt 20p7t 2E SEF0{0F 2 S QILCE”

‘Sl EX|E JIAFXIS 3T EEMAE H07|ES 0|85 FEXHCZ XSl 2ot JOLY, 44t LY
Altioll= Z2HE HH| ST XIS 2Hautonomous)ot, HZ0f| Liie 12 2510t 7| AIFA] SEof e} 2 XS 7213t

(flexibility)o}d X[X{5}(optimization)gfL|Ct.”

“OlHX| BHE, +E71H, &3, @AY & product lifelt 71 &-FE LY Z0Fe| HISO| pt=ECH 2(2!
product life7} B2 ICT £0F2| H|E0| 2 7102 ZIXtEl) QAEH|Y2|0L| ZR AHX|L|0J7} 288H= 29| 70%=
ME2 MF Dt 2HHE 20[ Ot L, 7= MZ2| et +& A, /X228 2t E maintenance engineering

QIL|Ct. Maintenance engineeringO|2}11 Sil=, FHl= & &S Z4& AX|L[07F & £~ Yol SIELICt. 71 AHI&2t0lM

JISOFCEEUE MEXOI A0 ICTIF HEE|H 7|50] B0 UG 4= HZE 1, BLHEEEQI 7[52 2= complex
system= AASHOF & A= O &f2L|Ct.”
“AlB|2t Atl0] SXOHEO] w2t J|ASSto] LFEE S8 ofiZ Yot HiSSH 20kl X[Ao] Eedt oz

MatELICE”

“The fundamental knowledge of mechanical engineering, especially dealing with problems with moving
things, is always very important. Mechanical engineers definitely should keep abreast of the times with
the newly developing fields, such as nano/micro, biomedical technologies, Al methods including machine
learning, 0T, big data science. They should keep their mind open and always try to think how they can adopt

the new technologies into their designs, problem solving, and or inventing new products”.
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o7 2t

[HI2Z] 7pk2 0|2H 7| AlSSt 20| 2y MY

77k2 D2Hol| 7| A1 5%t 20Fofl A O El= 2 MY 2= 70 A= XHEHEIQICHCE 7) HE). 3 7|AISeS 7|82z
M A=

CHE HT 20Foi| Cifet O[SHE 711 Q12 =27+ B7Fe Z0ICY (4.6/5 2HE)7H7HS =%, 714152t Lol

_'T'_

SIS HOICK (4.4/57% BF), 7171 SO0l $BRFNE, E2 212, S E S0| NAXOR WA HOICH(4.3/5
), TSR 71| £0fol| IS UCHH 94712 4 UCH(4.2/5% TS P2IE UUOLL THZst Hofo| XY

SEHOICY(4.1/58 TH)2t= QA= SESIUCE A2 V(A S8 AX|L|Of= SEBH A AHS CHRE= DHLIX 2

i
[

Il..

u}
[

aal

rA oX
rlo

at
[=)

St
=

19
mjo

SPA 2 Z0|Ek(4.0/57 2HE)2t 20| 7|AIS S} AIX|L|0fe| AH0| et HS o =E = ULt

< 7>7PH2 D[2H(5~10' L) 7|AIS=t 20k A HY

3%t 2njo] 4 23}
g
=9 g HEEHAL CVR
1 | 71435 20k &g XU-2 SFHO|CY. 5 41 0.36 1.00
2 | 71AI3%} Lol A= 2op7F FHE o ZiE AoICt. 2 44 0.63 0.86
3 | 71AI3% AIX|L|ofo] et 2= FH O BoH: Z0ICt, 8 36 0.65 0.00
7|7 38E 7|8t 2 Cr2 HEH 20foj| Liigt OsHE 71
4 ol2j 297} =7t 0|ct 1 4.6 0.50 1.00
7|A B AX|L0= SETE AAMS CHRE= I{LIK 2N
5 | oste s B ﬂou:r 6 40 0.68 0.57
6 | 2= AFQ 27} 37t A0IC}. 7 37 0.47 0.43
Iz AR olHS sLMo 2 T |3H= 22 &IA =
7 |22 IFoi|M Q1S 28X O Z #eldh= LS 1A 2 12 31 047 07
Z0|ct
8 | ADIE WER|= 0|2 7|AISSXF FES 20fo|Ct, 8 36 0.65 0.29
717 Hopo| ZeFMY, E2, 28 SUE S|
9 xaxoz %?’.é_":a’ Zi°||l'-:'f. = ° 3 43 1.07 0.86
J|AISE AT Lo HAME! MH|E2| 8 BH MH|A ~
10 =00| 297} 912 ZHo|Ct " 33 0.47 0.43
Z H|ZO| M BhRF ADY oIXF E0f| LS AQT} O
p | ZIE Tl ds S, S o S0l thet 20t 2l0f " - 063 o
Z0|C,
12 | MEHQ 7|7 Zofo| ME2] UCHH {712 5= ACE. 4 42 0.43 1.00
LFHIO H OSHHQEO| 0122 AHHMO 2 =X
13 | TLEOI20] s 7PA2t 20fel 23 ik 7 - . 050 056
[EF=1N .
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J|AISete) Dj2h A Mot 27t 22 CHEat €2 2|HS MAISIUCE

“Analog 22|12 CIX|E3fold, Q4AE Z5ta, intelligent, autonomous operation0| 7}s0I=2 SH=
29| BN = L H7]0f 3FSH= analog 22|2FS digitize dh= DFZOIA EL0H MM M F5 Bl H2 IFZ0fA
7| A1 ZSIXp7F 8k 20| Bro| ehast o 2 ZIXFEILICE 07]0] H|0{, autonomous decision making 0| VEX| 2Hofgt 2
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“I think the most wanted engineers will those who possess very strong background yet keen to learn
new things and adopt them in their work. Just knowing a lot of new terminologies or knowledge is not
sufficient. Possessing strong fundamental engineering skills, curious mind, and patience is the key to be a

good engineer”,
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“There is a sense that engineers of the future will also need to be sociologists as well as technology experts.
As Al increasingly assumes the technical roles of engineering, it will force engineers to focus on their core
purpose, that is, to make professional judgements that are both technically sound and socially responsible.

Creativity in engineering design would remain an essential feature of the engineer’s role”.
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O0HS X 177810, CH2 SYMSTH 20| BHSOf 11 Z{X{7} QPO LIZ i3} Djefof TRt iZ 5 YEL 4 3

4910] TRBHLICE”

IHAIHRI Azt M S ] & MFC] JHERE RXI 2, BRG] HuiE + = ZES StaloM V1 =S JHES

M&SH= 20| HI2tRIgHLICE Engineering system analysis, Global (Sustainable) Engineering, Entrepreneurship

and Management S01Af HE45}21 2 ZeJLICt”
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6 Flipped Learning n 35 0.94 0.00
7 | EEM Y 7 4.0 0.78 0.43
8 Hands on (=2 EEQ! X|ZF 5) 2 45 0.52 1.00
9 | Exchd 2Fgel EAHmimic) 9 36 0.65 0.00
10 |AZEQ0 Z2IM &2 0 5 41 0.73 0.57
n VREE ug 13 2.6 0.65 -1.00
12 | AREE g 13 2.6 0.63 -1.00
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1HZ0fl Chell OfeHdt=s weY S MY O = HEHCH phLCt”
“goio] 29| HISE 20|11 22 CIYB 283H X| 4|1} skillsE SA|0 58 + U= Sh= practice by doing

W SEHHO| HIEHEISIZIOLE W4~ Of St HIE, A[42t S2h M2 S HEt H[E0]| 455t= X0 EXIFILICH Math-based
simulation, virtual(augmented) reality, X2t kit 52 27|15 O 2 Ar2dl 21t SLH3SI= Yotnp BALE DoksH=
20| HFEtEfgL |t

"SHYS0| AAZ SIS G SHHE 4+ Y 7315 T self-learning0] SL2BILICE”

“Considering the cost of hardware, combined virtual or software solutions should be explored. Trial-and-
error approach to resolve in—field problems is not only costly and time-consuming, but also mostly leads to
only temporary or just barely acceptable solutions. Engineering students need to learn a lot more software,
especially engineering analysis software. No only they should learn how to correctly use the software, but also

how to interpret and utilize the results in their design and manufacturing tasks”.
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