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An Implementation and Evaluation of a Remote Control System for

Logic Circuit Design Assignment using an FPGA
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Abstract: In this study, we investigated the impacts on education as a result of using an experimental system
that was originally designed for face-to-face use only, but was adapted for remote use. The target experimen-
tal system is used in the third-year undergraduate laboratory course of our university, where students are
required to design elementary logic circuits using an FPGA (Field Programmable Gate Array). To assure
correctness of circuits, they must operate the actual equipment physically. In past years, students have
worked on their assignments together in a computer room where the equipment is lined up. But in F'Y2020,
the campus entry was banned as a measure against COVID-19, so we added some functions to the existing
equipment and created a GUI application from scratch to control the equipment from outside the campus.
Although we were able to complete the experiment without any fatal problems, but the grades declined. It
was found that the students were able to work on the assignments at their preferred timing in remote work.
However, it was also found that it was difficult to check students’ understanding online, which is easy to do
in person. This difficulty was suggested to be one of the reasons for the decline in grades.
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Fig. 3 Planned system overview.
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switches.
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Fig. 5 The remote controller.
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JIZE VR EOFEELEICEAEVOI@SATE T
LINE) PN, TOF oy ZITFEEOHE -
EERIFEICHER L, REMNRLR—- 0%z ES
BEHOIHEL TV A ABREFEOMMATH L. &
B, Frv 2 ZEBERANTLMTDNT, Fzv 7o
oMo s, FNEKRE DT ORI L
A0S, FHEBESHEL CWAMICHYE LRSI
TP R R & 72 B 16,

o 1ADFIURI—TD, BT L 2H0mETHE
ENTVD, FE2ANTOPRT LR, FHOUK
EML—FTEEL, Ay 2a—7TClllET S E X
7O =T %D %2 5.

—77, 2020 fAEEIZLL T O E TR - 7.

o JHANDTENIEMHETH LD, T4 AbicmiF T
ML —FERHEEML. SRR OEE S 7
L7,

o LD X )12, EERBIMBIZNCFHEMRZ=ICESL, 18
N-FIETT CIEENRO BN bITTlER L, &
50 UORIERZ DU RKTO VNC =10k, H
EOPCNDVNC 7 AT DAV A= EFR

16 THHLOT [EAETHIUTLK 0 T TH LA, T v 7 ezl
T Th (ELL) ETLZLI2E D niF 20 M
S5NBEDT, TELRYRIELEIHIZ] LI/ELTWS.
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Ad—TOEEICALTOENS &9, EEORMEIZ
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WY #AZE (DTN A L5,
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WIHEIZLTLA T M= 2 %S N NECTHIE L7z,

o FE2ADRT LAY [F—IARICE ) B THN (K3
M), RTOFAGMAIZ VNC Y —NEir sk
CHEET 578, R S s — (P L —
F, Fvura—7, 7Ly ) BHHMUMICIE L
7o, WdH 720 45 ARTTRDSZREED VL T2 23 OFAT
—REHELZ.

o Kk, FvuARa—TDTU—TIHEEDOH T
Wi TE 5785, AMFHTOLEEILTE 2wz, CHL
Y CH2 # #hZh kL —+® LED1 & LED2 O+
WCHEE L. F72, PL—F12lF, 22007y v aR
Y FBICERELZE SOEFZRIETHMHRLR
FLT B0, FPGADZ Ty 7 HER (EVbo
23 2.8kHz, Wb D259Hz) # bWV AA v F T
WHEZAAEBEOHEINTVLY, 255120 T
EFL—FHERDONRY =By N LR ET B0
HEIZRED, BVEERICEE L. 20720, B
BRI IIAETH o 720 E % % FPGA M2
MAAL R EDTRPLEL 257z,

o FIAMEE ORI IR <, EBRIEROFIH & 24
FFEIBIIL L, TEEoSE RiIgICH e Lz, 27210
ML —FOBHEIRY S, FHMEHH 2Bk,
Z O, M OFI T &7,

o TNFETHER EBmMEHDS 2AMEICLAR— M
Wk # e L27%, LAE— MIIAROMKTIEZAR L
BN AT4T (pdf 7740N) &L, ZOIHEIC
WEERFTHESN TS LMS (WebClass) = FIH L
oo F, RHERCAEOF YT A4 AMLICET ST Y
r— N EFER L7z,

AT L I0R, BOLNTWARVWHIFICES THEFLTL TV, Ak
DHHEZEDOEEZTEL TLF o 2L MWz,
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6. FEREEE

DIFClE, e sn-LE— FoRE, fEXHoiist
WEku 7)), 77— e EOfRRB L UFEIZon Tk
3,

6.1 RIED S DOHRENEAL

WRE LT, 2019 FBE LD b mBUIERT L7z, RIS L
72, HHVIE, LAR—- PRIBHOFPAZEREC L, 2019 4F
FEI 524108 Z2xf LT, SE A 79.5 (100 s r),
THEMR = 10.4 TH Y, 2020 FREIEZlE 127 4, T8
727, BEHERFE 191 Th o7z, F72, ST 4 2% 60
HE L7 ZOEKEDEAE, 2019 FEFEIT 96.3%, 2020
I 85.8% Th o 72*18, FHTIZ8 mIZLDET O H 5
B, HESAPIENE->TBY, THORENGKT A v %
HoTLIoTWaD, HEOEHSIEY DIEKICIE, Lz
HMTHz ol L —HIRTITLVwE w722 ET
DRI © 72 2020 FEFHFHFOERPEZ b D, £
D120F, KETHREF 2y 7 BOBIEEZZOND.

6.2 FrvIBOEI

5 EE TR LI, AFRECTIIMEL fF XD 570
WCEET A FOF 2y 2 BAY, SIS RREOKM L
o TWh, AFHEICRS &0, SAEIFMEICRE
LTW ) ZTHELEMEHRBICENS Z L THIET 5
CEDMETEL. 2L, T0R) LY DEKIIFET
HY, FEREDH - THZNEHEICH ) PEPITFERSE
Thb. LErLAREICIBOW T, B4 OMEICHELT
WBRRIZ [Foy 7] WO BlizkiTs2 LT, &
W23 2 RO 2 Mo Twn b,

MEZECF 2y ZBALZD, Fry 7 BORKEIZ
TCTHADH. H1FEHFHLMOEN 5 5O N &1
F v 7 HER 3 IIRT. 2020 EEDOFEH T = v 7
X, FNLATOFEEICHARB S 224 v,

x®3 HEL5FRONEE VYT 2y 78 (581 FED)
Table 3 The number of students and the avaraged number of

checks for them in the past 5 years (for the first au-

thor).
FRE | HBAE | PHT oy B
2020 44 3.95
2019 26 6.54
2018 37 6.68
2017 35 5.26
2016 35 6.60

18 7-72 L, MICS FEElZ 8 SHEOEH T TR T 5 b DT,
Vo3 L S EBRARDSAEGIE L 7 5 b TE AW,

*19 2019 FIIRED 1/3 12 &2 MWHF B L 7272058/ 25%% - Tw
W,
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ERDBEICEOBF v 7 EZT RV &K BT
EHTNTHED, Frv 7zl sh Il LTHEERT (EE
ICE o T EICBIT 2 MEL RSN, O
FUEFET LI LICLYVEMENZ LR - P TOREEZRS T
CENTES, F72, HbWwRE. 0F ), EBRERNO
HIATONDF = 7 ONEIIHGEISEE L TBY, Z0
WO b EEZLND,

2020 FEEDF = v 7 BV OEEHIZIZLD T E Z 51 5.
o T UIAVEMDIOIZT T ) r—a DAy A

N =V RHRE R EORFHEEPLETH - 7205, P
EIEV IR WVEFENEMAETH D, EFROHIZZD
B DI, BIEOHEIT A= ZTIERIET, #E,
MERSEEIEG Z LD TES, Fo v 20972 %
Nolz.

o ADF v 7 BMOFEDFTITH) ZLIETERW
(HEFHLVIEIey V2#Z LI LRI D) 72
O, FryvZDLEWCIZT LA 7T MV—LICBEL
B TR RS hho7zds, TORBE) (A4 X ~DIEIF
bEty) RF oy OO EIEA % HET AR
P E o7z, F72, MEZE OB TULEIL
M (EHEFE, IREERN, 7/ - y) 23#
ETHFELLL, TNLE R L7-0ICHHEILAE T
7%, HHEOPCDOH AT TEHETZ LR LITLIEY
FCholz. TNHDY A L7 ZHPIHKOxIH FIIC
iR — NNy Kb, e TE LRI
HBSE L.

o 5 IETIRAZZL )T, 2020 EEEETIE, WA —g <7
D2ANTHHET DIk olzzd, Hodfiibiw
EELIIMBEBEOLDICHITRETH L. HHTHN
X [MfoTwnn?], Twnk| L —BETHrEssdo
A%, ERER &3 2 IR EEN 7 W SRR
DREXEDL 120, FHEOFETHEEY L) E9 BIC
RFf 2 2 L 7220,

MCOWEES ZHid > TFHEL, HEY A FOABZE

IR L7200, ZFNTOIRETH-72eEZLND.

6.3 FHEHEMTOER

INDE 1 FEOHBFHICE S NS 25, L0 FEHICR
EHALTHEO TA D &, 2020 FEDO HBOBKTICHEL /-
Hore LT, Fovraxly, —§TH7 ML ZAxiiFid
RETETHH) ERDONLEIPHAEN. 0
T, TRCOWEEER NI THILIETERWDS, 72k
X TN =% 7GRN o gt cliz 7 —7
L L7802 e CllE 2 & L TR 5 2 & | DS E2lc
Ho. LhL, FNEITo TR VEFAENSMADL B Y A

20 [HIFIHEE L CETORFENEKTEA] Loz L fED
HizL7.
2L 70— T L 72 TR 2 i AT R 7% B 720

© 2022 Information Processing Society of Japan

SNTWD., v/ —ROBDOH BRI E N5 ET
X220H0, TZTEHEPHDODIZpy, pp &5, H5HD
B 5O THETREIE, 2019 EFE T py T13.3%, po
T 23 1%DFEED P ENT Wz, —T7, 2020 FEETIE#
NN 42.9%, 37.5% & I b EAL L 72, HIEBIBHEIC
HEEIEILTWADTHED, H)on) L-OTHA.
MUT, HETOSNITFEn—EoL) &) HTFEAICK
ft& %52, HFEZETL20TEI AV EbRS, [
BOMPEIIL Y ITA v THoTHIRILIBEEZLND
A, A7 L BBURTIE, HTHTHIUTIRAT OFHE R #
HOBIECETTIEL DDA, I 4 btk > T
A U7 R CTlE e WA 2 (B3 1S B E O —FRATE 4 &
N, HEINTWLIOTEZVWhrEEZLNS.

6.4 EEOTHPSD—FE
FHEOKHEDS LI E— T ) OBfER RS T 7 4

VELTRsLZ., 774 VAR E- T 7T T L
7oBEZIE L (72 & 21X 20200808-12:07:05.10g), 4 D
ARV MY A UMDY 4 LAY v TR L.
ARV FOMHEHE LT, VE=-MT T LT >
B L7zitskBisG (host), U E— b7 7 OMENLE
T (initialized), WiAIZHefE S M7k 2 3RIET 5 720
D<A DT T (connection-established), b
L—=FDAA v F#F (sw), 20 RXT—TDELE (0sc),
7Ly hOAXTEIE (cam), YA T IANDT— %
g (->) &2F (<k-), BLXOPVE—T7 7)) O TLE
(finalized) 7% (LT OBI%SHH).

5619729800793 ,host,lemon33

5619730680900, connection-established

5619730680934 ,initialized

5619730691959,<-,10033333333

5619745963629, 0sc,trigger-indicator-increase

5619779842053,sw,3,1

5620101380051,finalized

T7 77 A VOBEIE) E— b7 7)) 2EE L 22EKIC
L, BFEICIYERSISNIRT 7 4 VL 6,260, &
H A4 XL 660MB I THo7z. —FEICLIRAKT 7 A4
VEZE 175, P34 46.72, FEHE(RE 27.52 ThH o 72
6.4.1 fE%H
AREIXARER LKEH AT S 3 HIFOFEERH D 2
BBV R— MEHHEU A & 2> TBY, EBRIANS
LAR— MMt E TIE 3 AMTH S, 14 7/8~7/29,
2 13 7/20~8/10, 3#IX 7/29~8/19 TH 575, FEEE3 0
HUREZ, oM e nEHET2M2H 5. FEI) E—
N7 RREE L, MIEoRKER T IIRT.
EBAOT T 7 7 4 VEDNL N EIELKRTH LD, &
DD L A= MEREYH O 1AMIE S/ SR 4 ICEE
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Fig. 7 The distribution of students’ working days.

FLTWAIEDNHTENS., T4 b, 1EETRE
HEEOHIRA B L2 LI2E D, TWOTHTXL0D7
Mo, BTRNROWR] Vo BB RN 57207
59 LHHBTES.
6.4.2 {EZERFZI

X812, + Iy TCOEERADGAZRT. Thid
EEMTREN (EBH B L OIS L TEY B TH M-8
O BEEBRE) 12 LT, n (0<n<23) BAICIETY
fEEL T ERICHIET 5 (72721 1 RO
BrnTwb) . EERIZ 13:00 205 16:10 T TH O DL DT,
COBOEEFERDIZER L TWADIXSRTH L. Lh
L, MoK THo TH, Lo bRFEPEEL TV
LIEDNRTENS, INE, FEDOTATAZ A NDE
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Fig. 8 The distribution of students’ working times.
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Fig. 9 The relation between working time and score.

WAL STV A Z EIIENR b v, WEE T CTlEEHE
BWEOMZEREBNTLMEESTE L o72b 08, v
FTA LT B2 LT 1 HAPM & BRI Mt 2
ENRTELENICRY, T2, 2020 FEEDBELEDOLER N
ARUCAS, IHBHRERH T R O I E 5.2 Tnwb &
FHREN D22,
6.4.3 {FEBSRE & RRIE

X 912, 1 FEHHALCORIMEERMICTT 5 52EHKE
SEHREOMIEERT. PHEBY TEd 505, BIEER
RIS 1 BRI 72 2 WA XS B E b TR L, &1
4> (60 5) @2 Twiw, UL, 1 EHUETHR
i, BEOHERZIR LT, AHKENIIEVS. Fn
BRI CHETIIMEET 2 b WIUE, HF )R %24
WCETRHRE L TRVEMZERL L TLIs2FAED W
DIZERbNL, 727202 E— N T 7)) OFRVERER]
W EY, HOHELIZWZREOT7 v 7 — MERICEIR
WX, FEBREFREANC 77.2% DAY 5 IF DL L & & L Tw
5DT, WEZ ) R AR ) BfEEEE L7720 TR
%<, HATOWEMIC T E 2T 2L EZ NS,

¥22 728 20, FET O W S ORI T ALEND LS, i
CBEAMEEILIZCWTHS ).
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Fig. 10 The relation between the number of equipment ma-

nipulations and score.

6.4.4 KEZRDZRIEOER & KIE

G2 5N 7583 LT, VR L 2RI OMEED 72012,
FHEEI N —FDAL vF, FuRAa—-F, ¥TL v b
DHATHBNTHZ WD, 22C, U777 4Lh
B ING OFBAEME I L, ey 2 s & ORI % 5
N7z 72l BERBSHIRIZ S WS DD H o770,
DU PR I & B A UEZ BRI L 72, RS R 2Dl & &
HIZK 10 IRT.

MR RKo728 24040 &, IEOMHMERH L Z LS
Gy te. BERHEEREE ) TV S A ZSET A 2 IS
0, BEICOFEF o TVEFAEDRELIIIEHATE 200 L
Nz,

6.5 T — KD5DHKH

2020 SEEDOARREDF v 4 YERMICE LT, HHL

LEEROREE ZOF XL —F 4 VY AT L, WG

BEE, v MU — 2 BB X7 & oM TR, mMREMC

WNIAERRED1TIHE (14 1) 25 RbELE4DOT ~

F—rr Lol ((FEESHR). FHRE2 kK2 (IcX

D MEBITERL ) R REERIE 113 Tho 7).

o JW7z PC OHEHIZ 78.9%25/ — MEL, 26.3%7A5T A
g Ny TRITHoT.

e PC @ OS i 73.7%7% Windows, 25.4%7% macOS,
6.1%7% Linux T& - 7-.

e VWNC 7947 Yy METHERRLIZVE-DNT A
by T ORGEE L 8.8%7AF VNC H — /SO )ik 21l
TdH5H 1,024x768, KT 1,920x1,080, 1,280x800,
1,280x720 232N Z1 3.5%, KFIE 2,560 TH 57—
213 2.6%TH -7z, TS DOMMEEEICIEMIZH TIE
FOHRNT AL HMESINTEY, T6ICHET
5 ERIIHRIRT 5.

o MBEREEIZH T AIGE LT 72 & U 21T
56.1%, b &) EL ol L L FAER 41.2%T
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Hoto.

o v MT—UEEL L T66.7%DFAITER LAN %,
34.2% D FEANT A LAN % Flv w7z,

o N7 ELDMMETE L LT69.3%I3 LINE, 18.4%13 X —
WV, 10.5%%% Zoom, T%A% Twitter ZF)H L T\ 7z,

o FPGA O NHFHRESNTWARWLED 7% £— b2
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EBEZ TV,

o EENLTHA I URAIT—TOEREEYFRILHT
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EZH, R VMR EHOFKEH T VTV E
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T, 774V FD XGA (1,024x768), XGA %5 Full-HD
(1,920%1,080) ¥, FNLLEIC=4 LTl L7z, &%,
[Hx9 &kw]/[Fhe] Beheh18/32, 19/18, 6/6 T
Hotz. 2F D, XGA TIE v ] VBB TH 2, £
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L, T8, HHTATA AT LADOFA X, EE)T
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