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Abstract: Kyushu Institute of Technology had upgraded the campus network in September 2019. Within
this, the update of the wireless LAN system was based on both the survey results from the campus and
five issues for improvement identified from the 2014-2018 usage trend survey. Specifically, the five issues
were as follows: (1) increase the number of access points (APs) in expectation of an increase in the average
number of terminals, (2) install IEEE 802.11ax APs in consideration of the dense environment, (3) increase
the speed of the wired LAN in preparation for increased traffic, (4) control traffic not directly related to
lectures,and (5) select APs based on usage trends. In this upgrade, the number of APs increased by 30%
from 368 to 470. This paper describes our new wireless LAN system in detail and utilization trends for FY
2019. The effectiveness of the improvements then is examined by comparing wireless LAN usages before
and after the upgrade.
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Fig. 1 Wireless LAN system (before update).
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Fig. 5 Average number of users per month (Tobata campus).
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Fig. 6 Average number of users per month (lizuka campus).
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Fig. 7 Frequency distribution of users per AP (Campus SSID).

1 20194108-2020418 FN
0.9
0.8
007
06
g 201944 8-201947H
£05
204
35
Go03
0.2
0.1
0
0D 0000000000000 000O0 00 OO0 OO
N O O T ON© O TOANOO ST OANO© O AN ©
- AN ANOOOOTS T WO O ONNNMNMNOWOD
Number of Users

8 AP &7c ) OFIHFEHO BRI (FNAIEH LAN)
Fig. 8 Cumulative percentage of users per AP (Campus SSID).

DI ED#ERED S, BHRIE AP H72 ) OFHEB DT
A LTHEY, APERICI WV ERZ DT TETVWS S
EDHEFRTE /2. ALK 2 X D EFmARII SR O HImL
TWETFPRENDL 2D, FED AP IZHG £ LA
WA 2 B 2 ED RV EHITEHRL T LEDR D
5.

4.2 WBREZZEE L 2 IEEE 802.11ax It AP D&
A

SR OTEHTIE 2.2 Hi Tilk_7z & 912, tER (2) 103
D EHWBEOD (a), (b) X, WA MFK D (A IZIEEE
802.11ax xtts AP % 100 ékbt Z0HL, FF v
> /XA D IEEE 802.11ax x1Its AP OEI A3 19% (41 &/
213 &), BURF ¥ ORI 27% (B9 ) 21T HB), &h
TIE21% (100 &/ 470 &) THAH. RE CTIILEFROM
WEBD, BERREICH ) ERICHHZESLVETIC
IEEE 802.11lax XfIts AP Z X BETE TV 2509 & Wik
5.

TR, BRI A RET 5720124 AP TR §
LB AP (&%t FaT7ry VT —2 - EHLAN O
AP ORI G, FHNOMBEE LAN Br<) % M# LAN 2 >~

© 2022 Information Processing Society of Japan

08
0.7

0.6 L
05

0.4 \
0.3

0.2

0.1

Average number of Users with 11ax APs

201910 201911 201912 202001 202002 202003

9 IEEE 802.11ax X AP OF =
Fig. 9 Utilization of IEEE 802.11ax APs.

FE—FTHIR L7z, ZO/RE, 5GHz wIZHB1T 5 &40
IR AP BRI v 28 A T 2.0, BURF v o8
ATIL3.66 Thorz. —7, (a) THEXRKE L THREL
72 IEEE 802.11ax xfits AP (5l 22 &, 3K 53 77) OF
W AP #Ud, FHF v 8 A TIE3.91 (1.96 1), )
B v 8N A T 559 (1.5214%) 4w Z 0o
X o TARMEAIZ L Y IEEE 802.11ax At AP % Mi#E AP
B WTIBRBEICRETETCWD I LR TE T,

Wi, FIHED 1 HIZHHE L 72 IEEE 802.11ax %/t AP
DI 11AX Z DT O L D Rkd 7z

HLAX — 1lax_Uniq-Usrs_day

Uniq-Usrs_day
Z Z T 11axz_Uniq Usrs_day & IEEE 802.11ax XJIts AP 12
e L7 =— 27 FHEE, Uniq_Usrs_day 1324 H O
—— U RFHERCTH L. FLTEAHZD 20194E9 A2
520204E3 HE T, HZLIZ 1HIAX DV ERDIZL D
O ITRYT. K9 LD, 20194F 10 H22 5 DF4ETHM
F oy YIORZATIEB50% LLEAS, F2HIEF v XA Tl
60% Lo FIHESS 1 HIZ 1 [Pl IEEE 802.11ax Xt

IR L TWDZ e h5b

PLEo#EEA» 5, IEEE 802.11ax xfIt AP % F% B IC
RETETCWAZ &, F721IEEE 802.11ax At AP (ZHf
FTAHHHABOEEE, M, SiEF v v RA L DICKIES
NTCWAEIEZKIEIZEE > TWAZ EDghorz. &5
IZE&BI2 O % EED 21% Tdh 5 IEEE 802.11ax & It
PIZEFIHEDLEEPER L TVWEZ s, SROE
%TummeznmﬁmAP%%%ﬁ%#Oﬂm%ﬁ%

WIBTTHCRE CE /2L ER DI ENTES,

4.3 WERK (3)~(5) DIFFEICDWNT
REITIE, YEHEER (3)~(5) DMEEIZDOW TS
WER (3) M Tk vy BN 2 72 MR 0 B HUGRE
D=L, RFETH A Y MT—ZERO7ZOIMHH LT
% zabbix Z{HH L CHEREZINE L, A AP # L
BEMOMBELRET L ENEZONL. L2 LAED



IBMAIBFRHYFE TV ENTT7U7 14X Vol.3 No.3 1-9 (July 2022)

5 BEFE D zabbix Tl 300 A 2L O Switch 1202 T
EE%—/\E%?%) BEHLTWa70, BIEORHEREIR CH7z

0/ %25 PoE Switch 25 APINER— D b5
tvﬁ%ﬁ%mﬁté:&um%f%%,%:f%ﬁ%%
RO IR LK S PoE Switch OFR%E, 77— & INEREIZ 2
TR —EZAEFHT LI LR ETHF LTV

WEKR (4) EFRICEEBERL L wk7k/7ﬁﬁ
ﬁﬁLANZVFU~7k7747W%—w%ﬂmLT%
FICHEBEER L 20T — ARHWELE, 0S7 v 77— b
FEDONT T4y 7O ERIRT A2 ETEILTW
58, HoEBYIZ Ty ZHIEINERTE TV
AET L7012, HETHALZSSID I3 LTT 7
Vr—2aryltoOBEREEERT LI EPUETHD.
Z ZCHAEIZ AitWave D LR — MEREZIEH L CTHF % F
H7 70 r—varézoilEermH IS, .%éﬂcl_.%

WZRHBR 525 59 RBEPEEL TRV EHERL
W5,

&E%()ﬂ%@ﬁ\%o<AP&HE* SE YA &
) D EMERT B 720121, K AP OFIHRIL % 2 123
ELT,ﬂﬁAP@@%k&ﬁ?éikﬁ%i%ﬂé‘ﬁ
TEETCER (4) LAER, AirtWave O L AR — MERE L 1) FIH
BERLHERITE O AP AN 2 IS L, FIFIRR
FEICRA > TV AL ZHELTWA

5. ¥&&

REETIEIMTEREN20194FE9 Ao e+
Fa7 Ay NI OEFLAN VAT LOHEF L, ZF
DYFEFEDOR ROV Tz, 2 B CTIHA B
KO BEDODOWERD I L, AP BHHII D W T #HE R
(1)~(3), (6) ZEARMIZE D X 9\ HE 7T 1 s S
7o BBH L7z Hid 3% TIE 2019 4 O LAN
OFAEM AR L, FAZFBES YA L EEIZEITLT
WDLHENT I Y NOFITRIEL TWAEZ &R,
N THEEREMBALHAET 2 VI N2 ORI CEH LAN
B vt cETwa 2 &, TN KRBT
HHEMIICH 5 2 & 2R L7z RIC 4 B Tl MR LAN >
AT ADOUERORNEEMGET 5720, AP OFIHFHE
¥oZAk L, (a) IEEE 802.11ax & AP (2B 5 I
BAPEB L OZFOMHAFIZOWTHAL 2. Bk
AP H 72 ) OFHBEROFEH KL L TnD I EhH
AP BRRIC X W RS GEL CRmM 2B CcE /22 L2 M
L L7z, 512 (a) IEEE 802.11ax xfit: AP O3Bk
TR, BF v RO LT L LM v 8 A
TIE 1.96 15, #iFEF v /S AT 152 5 E4 w2 & At
MERET &7z, MATEBIZEOLEED 21% TH % IEEE
802.11ax ¥t AP \ZEFHE O L T b 2 &
5, SEOFEH T IEEE 802.11ax ATt AP % F# 5 A
DHHEBENZVIHFICHE CE /- EZ LI ENTE L.

© 2022 Information Processing Society of Japan

SBoMEE L Tix, MAC address 7 ~ 57“ATL’/\0)5(¢TE\
R BYOD AHEE AN AT 72 I 70 i BB O 2 ik 3
%K%%@ﬂ%%%ﬁ@¥ﬁﬁ%Mwa%_t%%W
Foey ZHIEReT Y AVERY T4 v TR EQEH L E
HAxfTo T FETH 5.

BE ARBIZEI ISPS BHFE JP20K11769 D WIRL % =1 F
72bDTHDH. T, KRz T LEDDHIIH o TIREH
%%wxnxﬁmﬁﬁﬁﬁ GG 2 IRV A AR A AR

CICHEEET.

SENH

1 i & EEEE EH 2 MHBTN skE
= JUNTERF ;Faw‘é o AR A A/
OFF (2019 FEIZBIT 2 HHIZOWT), [HHLHEY
KPR (1 ‘/ ¥ — 4 v b EEREMmIIES),
Vol.2020-0T-48, No.28, pp.1-6 (2020).

(2] R R, WEET, AUKRZ, B IEA UHIZER
FBIT A — by a3 vy iEIiconT, UK
R v ¥ — Rk, % 30 5 (2019).

(8]  fRHE 8 P 8 REERESEE, MR JUN I
Repastst oy b — 7 OB 72 M LAN I H &)
MFHA, BHRUHES FUYVT T2 7 14 A, Volll,
No.3, pp.636-656 (2020).

[4] IEEE: IEEE Draft Standard for Information Technology
— Telecommunications and Information Exchange Be-
tween Systems Local and Metropolitan Area Networks —
Specific Requirements - Part 11: Wireless LAN Medium
Access Control (MAC) and Physical Layer (PHY) Speci-
fications - Amendment Enhancements for High Efficiency
WLAN, IEEE (2020).

[5) IEEE: IEEE Standard for Information technology— Tele-
communications and information exchange between sys-
temsLocal and metropolitan area networks— Specific re-
quirements—Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifica-
tions—Amendment 4: Enhancements for Very High
Throughput for Operation in Bands below 6 GHz, IEEE
80211ac-2013 (2013).

(6] fEH H HEEE, EEGE, K Eﬁé BYOD (2 &

Salge e e L 7260 LAN a5 525k, VLR &5
&S, Vol.60, No.3, pp.758-767 (2019).

[7]  Aruba: Aruba 510 Series (online), available from
(https://www.arubanetworks.com/products/wireless,/
access-points/indoor-access-points/510-series/) (accessed
2020-11-09).

[8]  Aruba: Aruba 310 Series (online), available from
(https://www.arubanetworks.com/products/wireless/
access-points/indoor-access-points/310-series/) (accessed
2020-11-09).

[9)  Aruba: Aruba 303 Series (online), available from
(https://www.arubanetworks.com/products/wireless/
access-points/indoor-access-points/303-series/) (accessed
2020-11-09).

[10] Aruba: Aruba 360 Series (online), available from
(https://www.arubanetworks.com/products/wireless/
access-points/outdoor-ruggedized-access-points/360-
series/) (accessed 2020-11-09).

[11] Aruba: Aruba 7210 Specification (online), available from
(https://www.arubanetworks.com/products/wireless/
gateways-and-controllers/7200-series /) (accessed 2020-11-
09).



IBMAIBF R/ TUENT T 714X Vol.3 No.3 1-9 (July 2022)

[12] Mobility Master: Aruba Mobility Master (online), avail-
able from (https://www.arubanetworks.com/ja/
products/networking/controllers/mobility-master/) (ac-
cessed 2020-9-2).

[13] AirWave: Aruba AirWave (online), available from
(https://www.arubanetworks.com/ja/products/
networking/management /airwave/) (accessed 2020-9-2).

(14] IEEE: IEEE Standard for Ethernet Amendment 7: Media
Access Control Parameters, Physical Layers, and Man-
agement Parameters for 2.5 Gb/s and 5 Gb/s Operation,
Types 2.5GBASE-T and 5GBASE-T, IEEE 802.3bz-2016
(2016).

(15] & & PR 8 JEER, EEHE K S
IEEE 802.3bz Switch % i\ 72 4 LAN {5558, 1 ~
& —% v b EEREG S YR Yy AFCE (10TS2018),
Vol.2018, pp.48-53 (2018).

[16] eduroam: eduroam (online), available from (https://
www.eduroam.org) (accessed 2020-11-09).

(17] fRH £ MW#EEF, HEEE REESE P
BOJUNTERES v 0 S AER LAN 2B 5 Wik
A LAN B R AR, BOULH S H T e s (1 >
F =ty b EEHFEIIZES), Vol.2021-I0T-54, No.10,
pp.1-7 (2021).

f8H £ (E&H)

JUNTERFERERER L v & — dEHIZ
2005 4 JUMN TR FIE R LI Fe RS+
BHARESET. Bt (BFHIY). Bk
v b= R LAN (2B A H5EIC
it IEEE, BT EIBEFRE&ERH.

it 8 (E&H)

JUN TR A & —Ha%Z. 15k

gty -l sy —F 20014F BB

SR R A R A e R HE L A

MEET. L (L), f1 vy —%v b

AR, v b — @R, Ay FT—27 kX2
BT A IFRICHER. EFIEIREFARXE.

- EBE BF (E&RE

?‘hMI%ﬁiﬁﬁ%ﬁ%y9~%ﬂ.mn
OF LR RSB R Je R L
y EEBT. WL E®EY). v b
7 — 7 @AM, Ay bU—27kFa)
BT RIS, BT E YA S

/HJIU

© 2022 Information Processing Society of Japan

ME #HFER

JUP 3 K 225 B AR 35 3340 308 3 40 765 19 ik
H. 2003 4 JuMN =AM TR R F R F B 224l
AR LR ERAR S T, 5t (Al

LT Ay T — 2 OEHICHT 5%

Al 51Z

FUH T3 R 2 7 B R SR e Al 0 4 A0 2 P ek
H. Ay M7 —27OEHICEYT EBI0E



