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Abstract

When using the electric medical record connected to a wireless LAN, it is slow
clearly comparing with a cabled LAN. The speed of the cabled LAN is 100Mbps, and
even if I know that 54Mbps is a best effort, it’s too late. But when the traffic
in an access point is confirmed, the traffic is not so heavy. Trafic speed of
wireless LAN seems not to go out because of a problem of the radio environment.

Almost all electric medical record and wireless LAN have developed together,
and there is a match of medical safety. A wireless LAN is the one which can’t
chip in modern medical treatment. But there are very few CIO (Chief Information
Officer) in a hospital, and the management of radio waves is poor, too.

An investigation report about the radio wave situation of the hospital and a
problem of intervention from other medical equipment are also pointed out
scientifically, but it is fact that there are few reports considered logically
about a wireless LAN in a hospital environment. I had for my object to consider
the plan to estimate the situation of the wireless LAN in hospital environment
by this study and improve theoretically using a simulation technique

The distance of the access point and the communication speed which undergoes
influence in an obstacle in a space were assumed by three, 3Mbps, 15Mbps and
40Mbps. It was assumed by staff arrangement of 15:1 nursing and 7:1 nursing
according to the scale of the hospital, the situation that use of a radio expands
by the introduction which will be IP telephone more in the future was also
assumed and it was compared

It depended on communication speed, but it was the situation near the
measurement of traffic and the state that business is slow by a radio was
difficult to consider in usual, and intervention was influential, and the thing
to which communication speed falls was suggested.

So an interference node was added and the decline of time and the throughput
communication takes was confirmed to reproduce intervention besides the wireless
LAN. It wasn’ t affected so much by an interference node of the degree added this
time under the environment with the enough communication speed that an
interference node becomes influential by the situation that use of a wireless
LAN will increase in the future, and when communication speed was slow, was
confirmed

The communication capacity is to adjust CW of CSMA/CA system about the problem
that the connection when increasing, is aggravated, and using the system a cable
makes do radio communication for medical treatment for reliability improvement

of a wireless LAN at a ward is proposed

1X



Every doing business the CW was changed, and it was possible to be able to thrust
at the priority with it collides, and adjusting time until the reconnection when
needing reconnection.

About the throughput, like, it was to set up the priority by the tendency, and
the improvement which is slightly was admitted, but to correspond seemed the
throughput when connection number increased, was to fall and just do a chessman
Japanese syllabary adjustment every business, not only for medical treatment and
the priority I say though it was a natural thing, and necessary.

The delay until it is connected is a problem by business, and it’ s necessary
to send data correctly, and anyway the thing with the big throughput is necessary
business, and the necessary performance is different depending on business, and
it’ s necessary to consider with what it is made high reliability.

To concentrate at an access point in radio communication causes a decline of
the processing power and delay, but now that the radio strength is connected to
origin, concentration is that it's all right to form by the distance—like
relation.

To improve the point, it disperses in an empty access point by installing a
transponder suitably and is to make them connect, and you can plan for
performance improvement

It was confirmed that the number of packets per the unit time and the throughput
by the connection number of terminals when simulating about the vinegar roux put
delay when making them do a dispersion connection using a transponder, and not
using a transponder, improve.

The situation that a wireless LAN is slow somehow in hospital environment was
felt, but as far as it was simulated, even if considerable use was done, the
thing I have to spare like a band could be confirmed. Intervention of radio
equipment of all except for except for medical treatment was also reproduced,
but even if a load of the animation revival degree was applied, the decline of
the extreme performance couldn’t be confirmed. Communication speed was low and
when being a lot, interconnect equipment was influential, and when utilization
of a wireless LAN expanded in the future, it was assumed that it 11 be a problem.

But that there is intervention during a channel by setting of a location of the
access point and the signal strength feels lateness by actual environment, and
is assumed.

While the condition was bad, a possibility that improvement of the communication
performance and superior reliability are achieved by installation of a
transponder and priority setting by a MAC layer could be shown.

The significance which sets the priority as communication for medical treatment
in NADO could be confirmed.

I don’t just say one for medical treatment, and setting of the performance



according to the business seems necessary

I1t’s wished for to measure communication speed by the thing which achieves a
simulation and actual environment in the state near the actual environment as
further consideration and compare with a simulation.

The evaluation method which is based on the evaluation index every each use and
becomes the whole suitability is considered. The plan which is to change the
optimal value of the priority every each use about the suggestion system to
which the priority is set up at Mac bed, and improves the communication

efficiency of the whole, it’s considered, I can think.
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DNDERE L TEBM U2 KRR E WD 3ODBRRIZONW Ty I alb—va vk
1172,

REIE T ST M@ R e T ik TEEES02. 11b, g Z W TR D . BN IIN U T
IEEES02. 11b TlE 11Mbps/ 5.5Mbps/ 2Mbps/ IMbps. IEEE802.11g Ti% 54Mbps/ 48Mbps/
36Mbps/ 24Mbps/ 18Mbps/ 12Mbps/ 11Mbps/ 9Mbps/ 6Mbps/ 5. bMbps/ 2Mbps/ 1Mbps & ¥
K1IBEEZYORKEEERENED LN TS, 22 Tlk, FEZ#EE L LT 3Mbps,
15Mbs, 40Mbps DHEZFEFEL T I 2L —a Y &{To72,

WERZ 547, 1047, 2043 & LC, BHELARE L., THOREL 256G OB
A% 0,3,5, 10 BERELT, THORNEY I 2L —Ta Lz,

{5 & LCTid, IEEES02. 11b, g ([ZHEHL L, CSMA/CA Z VT 5, DDV I = b
— g VEIIIR 3 3D L HNITHE LT,
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®11 BELUES L mARRE, BAME, B iEHE

SRR DB Kk 1EEDE 1E;:3540)
INRRR PN B U
ERAE (FF2E) EHRE
Ny RY A RTOEF BT ORI 5 10 10 1[E/5% 3MB
RYRHARTDNAFILDAA 1 [m]/30F) 3kB
10
AN SEE
RYRYARTDNALZILD AT 1 [\/245> 3kB
5 10 10
b)EEENFAN
EHIRS R, BIEETO 1[8l/5 4y 3kB
5 5
EHImRICEDEHRT
EZE</—h PCERVBEFHILTHA 1 3 3 1[1/553 3MB
EZEO 24— TOERERS R 5 5 LIAl/10%) 30kB
SR T DR — 2 7 X #5200 [ (i 0% 1 1 SMEl/ 1 R 200MB
R—=BTNTNA RN E T INT B 5 1181/5 4y 3NB
IP 56 C O MR O H 15 1 [81/5%> 3mMB
12 vIzal—v3alin
Ipacket?D T — 4 2312 [byte]
AckDT — X & 6 [byte]
Au oy N A LRFH 20 [us]
short inter frame space (SIFS) 10 [ps]
Distributed Inter Frame Space (DIFS) 50 [ps]
Contention Window min 31
Contention Window max 1023
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5.3v3alL—vavER

5.3. 1

IMRIERE (5 5)

#£13 YIal—ya R (1) DEBIEREG %)

J—K1 Ry |/—R2 RyR|[/—K3 RyR|/—K4 #£%|/—K5 EZ|/—K6 b)E |/—K7 & |/—K8 R— [/—K9 IPE
RFHARTD [HARTO/N [HARTO/N |IERICKDE|BEIZ/—FPC|ZEDAY | TOR—ET [2TILTFNA |FETHOER
EFWLTOMAIVDAN | MIVDAS |FHRE IR | EAVEEF|(4—obE LXRBRE | RZAVE|OEA
A AWM SE |b)FEAA (M. WliE |HILTRIA |AVER |OEGEE | FHLTSER
# FAAN TORER |AEBRSE. |[FHROSHE
FE BEREL
[&E{EEE3M]
<SLEBREERE>  [s]
HE/—FiL 16.247 0.021 0.026|NaN 23.612|NaN NaN NaN NaN
BE/—FHY 3
[1&] 22101 0.032 0.041|NaN 53.349|NaN NaN NaN NaN
5
[1&] 52.181 0.148 0.093|NaN 52.689|NaN NaN NaN NaN
10
(@] 45.304 0.087 0.091|NaN 19.96|NaN NaN NaN NaN
<RIL—TYk> [Mbps]
WE/—FiEL 1.48 1.78 1.42|NaN 1.02|NaN NaN NaN NaN
HE/—FHY 3
[{&] 1.09 1.2 0.93|NaN 0.45|NaN NaN NaN NaN
5
[f&] 0.46 0.37 0.47|NaN 0.46|NaN NaN NaN NaN
10
[f&] 0.53 0.5 0.46|NaN 1.2|NaN NaN NaN NaN
[&E{E&EE15M]
<SLEBREFRE>  [s]
WHE/—FiL 9.584 0.012 0.012|NaN 7.903|NaN NaN NaN NaN
BE/—FHY 3
[1&] 12.763 0.016 0.012|NaN 10.833|NaN NaN NaN NaN
5
[1&] 11.759 0.015 0.018[NaN 16.553|NaN NaN NaN NaN
10
(&) 27.277 0.018 0.03|NaN 35.589[NaN NaN NaN NaN
KRIL—TYk> [Mbps]
WE/—FiL 251 3.11 3.02[NaN 3.04|NaN NaN NaN NaN
BE/—FHY 3
[{@&] 1.88 2.35 3.04|NaN 2.22(NaN NaN NaN NaN
5
[f&] 2.04 253 2.28[NaN 1.45|NaN NaN NaN NaN
10
[f&] 0.88 2.41 1.43|NaN 0.68|NaN NaN NaN NaN
[E{EEE4OM]
<SLEBREERE>  [s]
HE/—FiL| 6.924 0.012 0.011|NaN 6.927|NaN NaN NaN NaN
BE/—FHY 3
[1&] 9.328 0.016 0.013|NaN 6.953|NaN NaN NaN NaN
5
[1&] 12.587 0.015 0.014|NaN 14.524[NaN NaN NaN NaN
10
[1&] 13.866 0.014 0.014|NaN 16.267|NaN NaN NaN NaN
KRIL—T k> [Mbps]
WE/—FiL 347 33 3.53[NaN 3.47|NaN NaN NaN NaN
HE/—FHY 3
[1&] 2.57 24 2.98[NaN 3.45|NaN NaN NaN NaN
5
[1&] 1.91 258 2.61|NaN 1.66[NaN NaN NaN NaN
10
[f&] 1.73 3.15 2.76|NaN 1.48[NaN NaN NaN NaN
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5.3.2 K#EHE (55)

#F1 4

YIalb—va Ui (2) RBUWREE (5 47)

J—F1 Ry [/—R2 RyR|[/—K3 RyR|/—F4 ##|/—FK5 EZ|/—FK6 bE |/—K7 f&if|/—K8 R— |/—FK9 IPE
FHARTD |[HARTDN | S ARTO/N [IERICKDE|BIC/—IPC|BEDAY | TOR—ET |ZTILTINA |FETOER
BFHLTO|MFZLDAN|MFLDAN |BIRE R |[ERAVEEF|Z—FvbE [ILXREEE(REAV-E|DOER
A AWM SE |b)FEAA (M, MllGE |ALTRHA |AVEER |OERGEE | FALTER
# FAA TORER |[DEBSER. [FROSR
i EEREG
ELET
[E{ZEBE3M]
<SLEBREERE>  [s]
WHE/—RiL 29.776 0.043 0.043 0.028 32.339 0.331 175.843[NaN NaN
BE/—FHY 3
[1&] 54.975 0.089 0.12 0.023 53.558 0.367 245.366|NaN NaN
5
[1&] 49.066 0.15 0.069 0.073 51.365 0572 355.308|NaN NaN
10
(&) 108.035 0.228 0.169 0.153 98.747 0.874 617.176|NaN NaN
KRIL—T k> [Mbps]
WE/—FiEL 0.81 0.9 0.91 0.76 0.74 0.67 0.91|NaN NaN
HE/—FHY 3
[1&] 0.44 0.48 0.4 1.13 0.45 0.62 0.65|NaN NaN
5
[f&] 0.49 0.34 055 0.37 0.47 0.42 0.45|NaN NaN
10
[f&] 0.22 0.21 0.29 0.34 0.24 0.27 0.26|NaN NaN
[&E{E&EE15M]
<SLEBREERE>  [s]
WhE/—FiL| 8.738 0.015 0.013 0.006 8.896 0.082 59.806|NaN NaN
BE/—FHY 3
[1&] 11.331 0.019 0.017 0.008 13.005 0.11 77.792[NaN NaN
5
[1&] 15.328 0.037 0.03 0.021 15.799 0.14 107.149(NaN NaN
10
(@] 26.991 0.046 0.049 0.027 26.309 0.294 176.553[NaN NaN
KRIL—T k> [Mbps]
WE/—FiEL 275 248 2.98 347 27 2.72 2.68|NaN NaN
HE/—FHY 3
[1&] 2.12 1.98 2.19 2.41 1.85 2.04 2.06|NaN NaN
5
[f&] 1.57 1.28 1.61 1.28 1.52 1.62 1.49|NaN NaN
10
[f&] 0.89 0.93 0.89 0.96 0.91 0.81 0.91|NaN NaN
[E{EEE4OM]
<SLEBREERE>  [s]
HE/—FiL 8.157 0.011 0.012 0.006 7.883 0.064 54.271|NaN NaN
BE/—FHY 3
[1&] 8.757 0.014 0.015 0.007 8.191 0.086 51.871[NaN NaN
5
[1&] 11.054 0.022 0.023 0.012 6.954 0.12 90.823|NaN NaN
10
@] 10.091 0.018 0.016 0.008 12.303 0.136 73.304[NaN NaN
KRIL—T k> [Mbps]
IHE/—FiL 294 3.34 3.17 3.08 3.05 3.49 2.95|NaN NaN
BE/—FHY 3
&) 2.74 2.72 2.54 3.02 293 2.61 3.08|NaN NaN
5
[1&] 217 1.79 1.94 24 3.45 1.87 1.76[NaN NaN
10
[f&] 2.38 2.16 247 2.81 1.95 1.76 2.18|NaN NaN
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5.3.3 MERDOKMEHBE (545)

#F15

U3 al—yg UEER (3) RO KEREREEG 2

J—FK1 J—k2 /—k3 /—F4 /—Fk5 /—Fk6 J—K17 /—Fk8 /—F9
RyRH AR [(RyRH AR [(RyRH AR (HEHFHERIC (EZHEIC/—|BZHOIV|FRTO  |[R—2IJLT IPEETO
TOEFH |TONAZIL |[TONRAA)L | KBEHFEE  |FPCERAL: [2—Rub%E  |[FR—2IILX [INARERL |[BROER
LTORA [OAR DAB 5 Fm. & |EFHLTHAVEER |[(REEED |LEFAILT
AB/HNSE|DEEMF OZEDOEF A BHROSR |EfEE |SH
# AR SR
LE{EEE3M]
LIRS [s]
hE/—RiL| 114.136 0.163 0.215 0.084 80.718 1.191 390.696 118.137 103.27
BHE/—FHY 3
[f&] 155.131 0.191 0.18 0.039 133.085 0.568 527.857 187.585 137.028
5
[1&] 124.036 0277 0.123 0.07 127.394 1.722 584.158 106.858 138.963
10
[1&] 207.676 0.301 0.207 0.235 246.557 1.706 917.402 217.791 230.757
<ZXJL—Tyk> [Mbps]
WE/—FiEL 0.21 0.25 0.21 0.31 0.3 0.23 0.41 0.2 0.23
BHE/—LHY 3
[1&] 0.15 0.26 0.26 051 0.18 0.42 0.3 0.13 0.18
5
@] 0.19 0.16 0.32 0.34 0.19 0.14 0.27 0.22 0.17
10
(&) 0.12 0.17 0.2 0.22 0.1 0.15 0.17 0.11 0.1
LE{E&ERE15M]
<SLEBEERE>  [s]
e/ —R1L 12419 0.023 0.019 0.009 15.032 0.208 60.073 13.608 11.454
BE/—FHY 3
(&) 16.899 0.024 0.028 0.014 16.562 0.145 105.466 17.903 16.347
5
[1&] 18.726 0.021 0.026 0.01 11.808 0217 111.858 16.244 17.198
10
[1&] 26.481 0.049 0.047 0.022 31.286 0.211 116.2 31.808 29.101
<R JL—Tvk> [Mbps]
BE/—KiL| 1.93 1.82 2.15 2.36 1.6 1.15 2.66 1.76 2.1
BE/—FHY 3
[1#] 1.42 1.69 1.35 1.66 1.45 1.56 1.52 1.34 1.47
5
[1&] 1.28 1.84 15 25 203 1.08 1.43 1.48 1.4
10
[f&] 0.91 1.03 0.95 1.01 0.77 1.08 1.38 0.75 0.83
LE{EEBE4OM]
<SLIBREERE>  [s]
e/ —R1L 8.641 0.012 0014 0.008 8.68 0.091 55.386 9.882 8.888
BE/—FHY 3
&1 9.017 0.014 0.017 0.006 8.564 0.123 57.283 10.378 11.148
5
[1&] 9.43 0.014 0.016 0.008 8.125 0.11 60.711 9.631 10.017
10
[f&] 14.081 0.02 0.025 0.011 12.326 0.15 90.716 15.155 12.679
<A JL—TYk> [Mbps]
WHE/—FiL 2.78 3.08 2.71 275 2.77 2.49 2.89 2.43 2.7
BE/—FHY 3
[1&] 2.66 273 227 3.24 28 1.93 279 2.31 2.15
5
[1&] 2.55 2.69 2.43 2.49 2.96 2.06 264 2.49 2.4
10
@] 1.71 2.01 1.62 2.34 1.95 1.51 1.76 1.58 1.89
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5.3.4 /PR (10 53)

#£16 YIal—val R (4) DPEBYRERE (10 %))

J—F1 Ry [/—R2 RyR[/—K3 RyR|/—F4 ##H|/—FK5 EZ|/—FK6 bE |/—K7 f&i|/—K8 R— |/—FK9 IPE
FHARTD |[HARTDN | ARTON [IERICKDE|BIC/—IPC|BEDAY | TOR—ET |FTILTINA |FETOER
BFHLTO|MFZLDAAN |MFLDAN BRG] |[ERAVEEF|Z—FvbE [ILXREZE(REAVE|DOER
A ABMNSE |DFEMN (M. WAL |HLTRA (AUW-EER |OERERE |[FHhLTER
# FAA TORER |[DEBSER. [FROSR
EE BEBEL
[&{EEE3M]
<SLIBEFRE>  [s]
BE/ Rl 15.599 0.022 0.031|NaN 14.366[NaN NaN NaN NaN
HE/—FHY 3
[1&] 22.105 0.042 0.035[NaN 14.278|NaN NaN NaN NaN
5
[1&] 33.418 0.045 0.1[NaN 47.834|NaN NaN NaN NaN
10
[1&] 26.201 0.037 0.073|NaN 47.842|NaN NaN NaN NaN
<R I—TYk> [Mbps]
WHE/—RiL 1.54 1.7 1.25|NaN 1.67|NaN NaN NaN NaN
BE/—FHY 3
[1&] 1.09 0.93 1.09|NaN 1.68|NaN NaN NaN NaN
5
[1&] 0.72 0.91 0.4|NaN 0.5|NaN NaN NaN NaN
10
(@] 0.92 1.14 0.54|NaN 0.5[NaN NaN NaN NaN
LE{E&ERE15M]
<SLIBREFRE>  [s]
WE/—FiL 8.3 0.012 0.013|NaN 7.956 NaN NaN NaN NaN
HE/—FHY 3
[{&] 7.937 0.012 0.015[NaN 7.957|NaN NaN NaN NaN
5
[1&] 10.025 0.027 0.017|NaN 7.927|NaN NaN NaN NaN
10
[1&] 13.503 0.018 0.022|NaN 8.552[NaN NaN NaN NaN
<R JL—TYk> [Mbps]
WHE/—FiL 2.89 3.18 2.83|NaN 3.02|NaN NaN NaN NaN
BE/—FHY 3
[1&] 3.03 3.15 2.48[NaN 3.02|NaN NaN NaN NaN
5
[1&] 24 1.79 2.25[NaN 3.03|NaN NaN NaN NaN
10
[f&] 1.78 2.14 1.7|NaN 2.81|NaN NaN NaN NaN
LE{E&ERE4OM]
<SLIBREERE>  [s]
BE/ Rl 6.919 0.011 0.011|NaN 6.911|NaN NaN NaN NaN
BE/—FHY 3
[&] 7.219 0.011 0.011[NaN 8.61|NaN NaN NaN NaN
5
[1&] 8.454 0.01 0.012|NaN 6.895[NaN NaN NaN NaN
10
[1&] 9.052 0.012 0.012|NaN 10.896|NaN NaN NaN NaN
KR J—TYk> [Mbps]
HE/—FiL 347 4 3.39|NaN 3.47|NaN NaN NaN NaN
BE/—FHY 3
[1&] 3.33 3.42 3.26[NaN 2.79|NaN NaN NaN NaN
5
[1&] 284 3.99 3.12[NaN 3.48|NaN NaN NaN NaN
10
[f&] 2.65 3.15 3.26|NaN 2.21|NaN NaN NaN NaN
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5.3.5 KREmHM (10 53)

F17T vIzalb—va ER (5) KEESFRE (10 45)

/=K1 Ry |/—F2 RyR|/—K3 RyR|/—K4 ##|/—K5 EZ|/—K6 b)E [/—K7 |/ —K8 ;R— |/—K9 IPE
FHARTD |[HARTDN | AR TON |IHKRICEDE |/ —IPC|BED (Y | TOR—ET |FTILTINA |FETOHER
BFAILTO|MAILDAA|MFLDAA |FIRE R |[ZAVEF|Z—FubEt [ILXREZE(REZAV-E|(DOER
A AWM SE |b)FEAA (M. WliE |HLTRIA |AVER |OEGERE | FALTSER
# FARN TORER |AEBRSE. |[FHROSHE
FE BE R
ELET
[&E{EEE3M]
<SLEBEER>  [s]
HE/—RiU 20.131 0.035 0.044 0.027 23.865 0.247 105.56 NaN NaN
HE/—FHY 3
[f&] 22.422 0.023 0.025 0.016 19.884 0.135 97.675|NaN NaN
5
[1&] 51.225 0.09 0.079 0.036 32.941 0.505 308.797|NaN NaN
10
[1&] 56.195 0.113 0.099 0.038 83.226 0.56 207.54|NaN NaN
<R I—TYk> [Mbps]
WHE/—RiL 1.19 1.06 0.87 0.73 1.01 0.91 1.52[NaN NaN
BHE/—FHY 3
[f&] 1.07 1.58 1.46 1.24 1.21 1.64 1.64|NaN NaN
5
[1&] 047 0.49 0.56 057 0.73 0.48 0.52|NaN NaN
10
[{&] 0.43 0.36 0.39 0.55 0.29 0.43 0.77|NaN NaN
[E{EERE15M]
<SLEEER>  [s]
HE/—RiL 9.501 0.013 0.012 0.008 9.602 0.09 64.569|NaN NaN
BHE/—KHY 3
[1&] 10.316 0.016 0.015 0.007 9.798 0.083 58.842|NaN NaN
5
&1 9.85 0.015 0.014 0.007 10.653 0.088 52.88|NaN NaN
10
[1&] 11.256 0.017 0.022 0.009 13.477 0.106 78.089[NaN NaN
<RI—TYk> [Mbps]
IHE/—F1L 2.53 2.89 3.02 2.53 25 248 2.48|NaN NaN
BE/—FHY 3
@] 2.33 2.39 2.53 26 245 2.69 2.72|NaN NaN
5
[1&] 244 246 273 263 2.25 253 3.03|NaN NaN
10
(&) 213 2.2 1.73 2.26 1.78 2.11 2.05|NaN NaN
[E{EEE4OM]
<SLEEERE>  [s]
BhE/—KiL| 7.119 0.012 0.011 0.006 6.943 0.065 47.959[NaN NaN
BE/—FHY 3
[1&] 7557 0.011 0.012 0.007 9.002 0.066 72.142|NaN NaN
5
[1&] 7712 0.013 0.013 0.007 9.215 0.068 51.718|NaN NaN
10
[1&] 9.759 0.015 0.014 0.005 8.964 0.093 49.018|NaN NaN
KRIL—T k> [Mbps]
e/ —KiL 3.37 3.19 3.37 3.28 3.46 3.41 3.34|NaN NaN
BE/—FHY 3
(&1 3.18 3.36 3.06 2.96 2.67 3.39 2.22|NaN NaN
5
[1&] 3.11 298 3.01 3.04 261 3.25 3.09|NaN NaN
10
[f&] 246 261 2.63 38 2.68 2.42 3.26|NaN NaN
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5.3.6 FEDOKXH MM (10 53)

S~ > N Y 7 17 <H- i
#18 vIal—ia iR (6) FEROKRBBYRET (10 47)
J—FK1 J—k2 /—FK3 /—F4 /—Fk5 /—FK6 J—K7 /—Fk8 /—F9
NYRYAR [ RyRH AR [ RoRH AR |EFRwRIC (EZ2EIC/—|EZEO Y |FETO R—EIILT |IPEETD
TOEFH |TONAZIL |[TONRAA)L |KBEHFEE  |FPCERAWL: [A—RubE  |[FR—2TILX [INARERL |[EROER
LTORA [OAR DAS 5 Fm. & |EFHLTHAVE-ER [REEEO |LEFOLT
AB/NSE|DEEMF OhZEOEF A BHROSR |EfEE |SH
# AR SR
LE{EEE3M]
<SLIREFRE>  [s]
WhE/—RiL| 38.023 0.044 0.087 0.045 51.569 0.339 235.1 37.541 38.056
BHE/—FHY 3
[f&] 48.597 0.051 0.051 0.03 56.613 0.598 260.635 43.116 34576
5
[1&] 76.158 0.15 017 0.069 75.939 0.672 378.753 80.453 73.226
10
[1&@] 82.837 0.128 0.132 0.035 84.801 0.806 593.203 98.358 86.642
<ZXJL—Tybk> [Mbps]
HE/—FiL 0.63 0.86 0.48 0.45 0.47 0.68 0.68 0.64 0.63
BHE/—KHY 3
[1&] 0.49 0.76 0.74 0.71 0.42 0.39 0.61 0.56 0.69
5
[1&] 0.32 0.31 0.25 0.28 0.32 0.35 0.42 03 0.33
10
(&) 0.29 0.32 0.29 0.64 0.28 0.29 0.27 0.24 0.28
[E{E&ERE15M]
<SLEBEERE>  [s]
IhE/—RiL| 10.678 0.014 0.02 0.007 10.276 0.076 61.68 12.748 11.035
BE/—FHY 3
(&) 10.588 0.015 0.015 0.007 9.344 0.119 62.3 10.878 11.618
5
[1&] 10.639 0.019 0.02 0.007 12.602 0.1 81.036 12.644 11.235
10
[1&@] 13.694 0.021 0.034 0.015 10.37 0.209 132.855 17.246 16.108
<ZXJL—Tvk> [Mbps]
BE/—KiL| 2.25 262 2 2.75 2.34 293 2.59 1.88 2.18
BE/—FHY 3
[1#] 2217 2.51 2.54 273 257 1.9 257 2.21 2.07
5
[1&] 226 2.11 2.04 2.65 1.91 223 1.97 1.9 2.14
10
[f&] 1.75 1.95 1.25 1.45 2.32 1.12 1.2 1.39 1.49
LE{EEBE4OM]
<SLIBREFRE>  [s]
BE/—RiL| 7.758 0.011 0.011 0.006 7.795 0.09 50.024 7.826 7.612
BE/—FHY 3
&) 8.435 0.011 0.013 0.008 9.475 0.117 51.513 8.187 8.821
5
[1&] 7.99 0.014 0014 0.006 7.673 0.08 65.061 8.846 8.562
10
[1&] 9.864 0.012 0.014 0.007 11.722 0.078 66.783 8.71 9.753
KA JL—TYR> [Mbps]
HE/—FiL 3.09 3.35 3.27 35 3.08 25 3.2 3.07 3.15
BE/—FHY 3
[1&] 285 3.38 287 3.07 2.53 1.92 3.11 293 272
5
[f&] 3 272 273 3.42 3.13 2.81 246 2.71 238
10
[f&] 243 3.13 261 2.91 2.05 2.86 24 2.76 2.46
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9.3.7

IMNRIERBR (20 5)

#£19 YIal—ya R (7) DEBYERE (20 4)

J—K1 Ry |/—R2 RyR|[/—K3 RyR|/—K4 #£%|/—K5 EZ|/—K6 b)E |/—K7 & |/—K8 R— [/—K9 IPE
RFHARTD [HARTO/N [HARTO/N |IERICKDE|BEIZ/—FPC|ZEDAY | TOR—ET [2TILTFNA |FETHOER
BFAILTO|MAILDAA|MFLDAA |FIRE R |[ZAVEF|Z—FubE [ILXREZE(REZAV-E|(DOHER
A AWM SE |b)FEAA (M. WliE |HILTRIA |AVER |OEGEE | FHLTSER
# FAAN TORER |AEBRSE. |[FHROSHE
FE BEREL
[&E{EEE3M]
<SLEBREERE>  [s]
HE/—FiL 14.347 0.021 0.026|NaN 14.297|NaN NaN NaN NaN
BE/—FHY 3
[1&] 16.286 0.023 0.024|NaN 14.37|NaN NaN NaN NaN
5
[1&] 17.035 0.047 0.028|NaN 24.141|NaN NaN NaN NaN
10
(@] 25.203 0.028 0.052|NaN 48.193|NaN NaN NaN NaN
<RIL—TYk> [Mbps]
WE/—FiEL 1.67 1.78 1.44|NaN 1.68|NaN NaN NaN NaN
HE/—FHY 3
[1&] 1.47 1.65 1.54|NaN 1.67|NaN NaN NaN NaN
5
[f&] 1.41 0.82 1.35|NaN 0.99|NaN NaN NaN NaN
10
[f&] 0.95 1.33 0.85|NaN 0.5[NaN NaN NaN NaN
[&E{E&EE15M]
<SLEBREFRE>  [s]
WHE/—FiL 7.942 0.014 0.013|NaN 7.891|NaN NaN NaN NaN
BE/—FHY 3
[1&] 8.505 0.012 0.012|NaN 10.804|NaN NaN NaN NaN
5
[1&] 9.117 0.016 0.014[NaN 7.959|NaN NaN NaN NaN
10
(@] 9.322 0.014 0.014|NaN 7.924|NaN NaN NaN NaN
KRIL—TYk> [Mbps]
WE/—FiL 3.02 276 2.94[NaN 3.04|NaN NaN NaN NaN
BE/—FHY 3
[{&] 2.82 3.04 2.98[NaN 2.22|NaN NaN NaN NaN
5
[f&] 2.63 245 2.67[NaN 3.02|NaN NaN NaN NaN
10
[f&] 2.58 2.71 2.72|NaN 3.03|NaN NaN NaN NaN
[E{EEE4OM]
<SLEBREERE>  [s]
HE/—FiL| 6.946 0.01 0.011|NaN 6.959|NaN NaN NaN NaN
BE/—FHY 3
[1&] 7.642 0.01 0.01|NaN 6.913|NaN NaN NaN NaN
5
[1&] 7272 0.012 0.014|NaN 6.912|NaN NaN NaN NaN
10
@] 7.294 0.014 0.013|NaN 8.8[NaN NaN NaN NaN
KRIL—T k> [Mbps]
WE/—FiL 3.46 3.63 3.34[NaN 3.45|NaN NaN NaN NaN
HE/—FHY 3
[{&] 3.14 3.76 3.6|NaN 3.47[NaN NaN NaN NaN
5
[1&] 33 3.18 2.74|NaN 3.47|NaN NaN NaN NaN
10
[f&] 3.29 2.81 3.04|NaN 2.73|NaN NaN NaN NaN
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5.3.8 K&z (20 43)

#20 YIal—ialsER (8) KIAFEIHREE (20 4)

J—R1 Ry [/—R2 RyR|[/—K3 RyR|/—F4 ##H|/—FK5 EZ|/—F6 bE |/—K7 f&if|/—K8 R— |/—FK9 IPE
FHARTD |[HARTDN | S ARTO/N [IHERICKDE|BIC/—IPC|BEDAY | TOR—ET |FTILTINA |FETOER
BFALTO|MZLDAN |MFLDAN |BIRE R |[ERAVEEF|Z—FvbE [ILXREEE (REAVE|DOER
A AWM SE |b)FEAA (M, MllGE |ALTRA |AVEER |OEGEE | FALTER
# FAA TORER |[aEBSER. [FROSER
s ENERA R
ELEBT
LE{EEE3M]
<SLIBEFRED>  [s]
IhE/—FiL 16.025 0.027 0.034 0.016 15.817 0.188 95.843|NaN NaN
BE/—FHY 3
[1&] 24.738 0.029 0.031 0.02 26.427 0.134 114.94|NaN NaN
5
[1&] 30.264 0.064 0.026 0.028 31.486 0.255 105.397[NaN NaN
10
@] 25.704 0.046 0.047 0.031 30.311 0.34 156.147|NaN NaN
<RIL—TYR> [Mbps]
BE/—RAL 1.5 1.38 1.11 1.2 1.52 1.18 1.67[NaN NaN
BHE/—FHY 3
[1&] 0.97 1.32 1.21 1.05 0.91 1.67 1.39[NaN NaN
5
&) 0.79 0.6 1.43 073 0.76 0.9 1.52|NaN NaN
10
[1&] 0.93 0.84 08 0.69 0.79 0.68 1.02[NaN NaN
LE{E®EE15M]
<SLEREFRED>  [s]
WHE/—RiL 8.502 0.013 0.012 0.008 7.931 0.072 58.636 [NaN NaN
BHE/—FHY 3
(@] 9.04 0.014 0013 0.006 7.959 0.075 61.176[NaN NaN
5
[1#] 9.388 0.016 0014 0.006 9.812 0.081 55.715|NaN NaN
10
[1&] 9.161 0.016 0.015 0.006 7.93 0.075 75.348|NaN NaN
KR IL—FIk> [Mbps]
WE/—FiEL 2.82 291 3.06 2.56 3.03 3.1 2.73|NaN NaN
BE/—FHY 3
[1&] 2.66 267 2.87 3.26 3.02 295 2.62|NaN NaN
5
[&] 2.56 2.41 2.68 2.92 245 274 2.87|NaN NaN
10
(&) 2.62 2.33 2.53 3.25 3.03 2.96 2.12|NaN NaN
LE{EERE4OM]
<SLIBREFRE>  [s]
e/ —RiL 7.067 0.011 0.01 0.006 6.903 0.062 46.095|NaN NaN
BE/—FHY 3
&) 7.212 0.011 0.011 0.005 8.003 0.068 46.153|NaN NaN
5
[1&] 7.376 0.013 0.012 0.006 7.564 0.064 47.885[NaN NaN
10
[1&] 7.72 0.011 0.012 0.006 10.204 0.071 46.289[NaN NaN
KA JL—TYk> [Mbps]
WHE/—FiL 3.4 3.47 3.79 3.59 3.48 36 3.47[NaN NaN
BE/—FHY 3
[1&] 3.33 3.29 351 3.79 3 3.28 3.47|NaN NaN
5
[1&] 3.25 3.07 3.19 3.19 3.17 3.49 3.34|NaN NaN
10
(&) 3.11 3.37 3.21 3.35 2.35 3.15 3.46|NaN NaN
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5.3.9 FEDOKHA MM (20 43)

£21 TIalb—variik (9) FFRORBUEMREE (20 47)

J—FK1 J—k2 /—k3 /—F4 /—Fk5 /—Fk6 J—K17 /—Fk8 /—F9
RyRH AR [(RyRH AR [(RyRH AR (HEHFHERIC (EZHEIC/—|BZHOIV|FRTO  |[R—2IJLT IPEETO
TOEFH |TONAZIL |[TONRAA)L | KBEHFEE  |FPCERAL: [2—Rub%E  |[FR—2IILX [INARERL |[BROER
LTORA [OAR DAB 5 Fm. & |EFHLTHAVEER |[(REEED |LEFAILT
AB/HNSE|DEEMF OZEDOEF A BHROSR |EfEE |SH
# AB SR
LE{EEE3M]
SLIREFRED>  [s]
e/ —FL 26.683 0.039 0.032 0.013 15.787 0.205 134.564 21.42 22.85
BHE/—FHY 3
&) 22.851 0.032 0.041 0.023 20.539 0.188 156.58 22.91 20.285
5
[1&] 27.848 0.048 0.04 0.014 30518 0.186 179.84 28.546 22.642
10
[1&] 43.091 0.056 0.06 0.026 31.897 0.421 330.26 33.384 26.656
<ZXJL—Tyk> [Mbps]
WE/—FiEL 0.9 0.97 1.16 1.46 1.52 1.09 1.19 1.12 1.05
BHE/—LHY 3
[1&] 1.05 1.15 0.92 0.92 1.17 1.19 1.02 1.05 1.18
5
@] 0.86 0.8 0.97 1.4 0.79 1.21 0.89 0.84 1.06
10
(&) 0.56 0.71 0.68 0.83 0.75 0.54 0.48 0.72 0.9
LE{E&ERE15M]
<SLEBEERE>  [s]
e/ —R1L 8.36 0.015 0.014 0.007 10.862 0.083 56.07 8.731 8.689
BE/—FHY 3
&1 9.413 0.018 0.019 0.007 7.943 0.078 60.719 10.245 9.999
5
[1&] 10.388 0.017 0.013 0.007 9.096 0.093 53.282 95 9.124)
10
[1&] 14.944 0.015 0.026 0.007 9.378 0.167 52.793 11.485 11.791
<R JL—Tvk> [Mbps]
BE/—KiL| 2.87 249 2.66 2.87 221 271 2.85 275 2.76
BE/—FHY 3
[1#] 255 2.37 2.1 2.65 3.02 2.85 264 234 2.4
5
[1&] 2.31 2.21 2.82 2.84 264 243 3 2.53 2.63
10
(&) 1.61 2.49 1.64 2.94 256 1.35 3.03 2.09 2.04
LE{EEBE4OM]
GLEEERE> (8]
e/ —R1L 7.239 0.011 0.01 0.005 7.396 0.075 50.262 8.046 1.774
BE/—FHY 3
&1 8.342 0.012 0.012 0.006 7.725 0.063 49.84 6.92 7.446
5
[1&] 8.335 0.013 0.012 0.006 7.686 0.065 49.759 7.281 7.1
10
[1&] 8.031 0.014 0.014 0.006 10.38 0.069 63.255 8.702 8.33
<A JL—TYk> [Mbps]
BE/—Fil 3.32 3.53 3.57 3.62 3.25 2.97 3.18 2.98 3.09
BE/—FHY 3
[1&] 2.88 3.22 317 33 3.11 351 3.21 347 322
5
[1&] 2.88 2.81 3.18 34 3.12 3.45 3.22 3.3 3.12
10
[f&] 2.99 2.69 278 3.31 2.32 3.22 2.53 2.76 2.88
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5.4 2alL—LaviER(T57)

RO KFEBE. WIBEE(s) (BREESMbps,204)

160
140

120

10
5
_—— — _— a_— _— ﬁﬁim,

¥ OFHLC O FEEe ¥4 EHS ¥Bo EF/ OE¥Hs FHo

miHEGL m3 m5 m10

18 TIal—ia R (1) KWEbE. 3Mbps, 2047

IRIR O KFEBR. RIL—T vk (Mbps) TXEE (3Mbps 20%7)

1.8
16
1.4

12

08
06
0.4

0.2 A r 4 3
A rF___ 4 BREAIL

FH Fre FH3 4 D ESEE ESey T FH0

miFEL W3 m5 m10

K19 AL—7v bk (KFEPE. 3Mbps, 20 47)

53



RIRDKmPT., LEBEER(s) (FRAIZEE40Mbps)

15 r r r r 10

10 -_v . - 5
B -_v = - . 3
o _v . .- -_ -_v . TREIL

EW EIE EIS EF4 EFE XS EFT O EFES EFFS

mIAEL m3 m5 m10

20 AEERER (KUEBE. 4 0 Mbps, 20 57)

RO KFE. RIL—TF v (Mbps) (RKZEE40Mbps)

35

2.5

15

0.5

1 EW2 XS XY XIS EHS EHT O XWS XS

EAEL E3 m5 m10

M21 ZA—7Fv b (KIEkE. 4 0Mbps, 204))

54



900
800
700
600
500
400
300
200
100

TR D KA. ALIREFRE(s) (3Mbps)

A

ESTANNE =GN S CIE S P S Gl Sl S T Sl e

22 AMPERERFE CKMBE. 3Mbps, 20 47)

3RO KIERR. RIL—F v Mbps) (TR K EE3Mbps)

3.5
2.5

15

=

0.

(%3}

FPPPEPE S

T ORIE2 RSSO XIS KWS RW6 XET XS HHBo

23 AL—7v bk (FEROKFFE. 3Mbps, 2057)

995

10



3.5

2.5

15

0.5

133D KRBT ALIREFRE (s) (40Mbps)

100
80
60

4

=

=

¥ OEW#e RIS EEH4 OR¥EL FH0 BT OEMS o

M2 4 AMPRRFRE] CREROKRMEE, 4 0Mbps, 20 47)

BEDOKFER. RIL—T U (Mbps) (RFKZEE40Mbps)

EF FEIe  EFZ O EFH4 EWS EFHO EFHT EMWS O EWO

25 AL—7v bk (FFEROKFERE. 4 0Mbps, 2047)

56

_— —— _—— J 10
2 a_— A .f # 5
_— _— _— v 4 3
o — _— _— _— THEL



/ — —
50 L e 50 1 _—  ——
I/'/ e -
45 o T —— 45
ol e T —
AT o _

3Mbps 5

3Mbps
15Mbps (o] 15Mbps
40Mbps 40Mbps

5
10

10

K26 Ny K44 RKTOHILTEEIZH D BB

P JOP N
0035 xm T

0.03

0.03 - -
ez 00125 //
0.02 - '
002 / ;
0015 - -
0.015 -
001 -
001 A
0.005 -
3Mbps 0.005 T
o 15Mbps 3Mbps
ﬁ-\" 40Mbps 0 - 15Mbps
’@,@ “ ° ThEL . 40Mbps
10
27 3 HERRAZ D0~ 2 IRF ]

o7


file:///I:/2014横浜国大博士/博士論文/ＣＳＭＡ／ＣＡ結果ver2(3ページ).xlsx

5.5 BE

BARDOKIFEFEDOMMETH ., IiE /) — RRENEAIZIE. 3Mbps D RKIEE THRE L T
b, RERT AN EHE L CEETLIEES 7T THE — FORENI-X VAL
FET, Mo¥BITITHEV EEITRWVWESZ RN TH T,

LU, FERORIFFEAAE Lz, 1P EEECEBEE AN TN VIR EHET L 2 F
WIZT 7 BATHRM, A F =3y EDPDOEREAFLRNLEBLZIT ORI T

WEHENES THLHEHE/ — RORBEZ T Tz, £, RERZT RS TH,
i/—% CEDBEILE, AN—T v FOBETNELCTEY, R LAN OF ALK OBRIIX
A NDOREZGFH U2 & M LAN 2 H L 7befi®s A7 L ORI 2% 5 %
HEBEZOLND,

AT RER IR E A B A B XA D L R RH DX TR0l BHIRTH, MR LAN &
FAWEBORERTZEELTEY, F¥ 2 RVRE. BEIERS AT L LSO R LAN
XD THOREEZ I T TNDZEIWRBRINIERTHS T,
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Chapter 6
EERER LN ooJOora—ILELTEEEZRAL:
CSMA/CA A D &5t

6.1 CSMA/CA AXKIC K S BEEDETE

Chapter 5 [ZFBW\ T, BUROFBTEREIZI T D MR LAN OFEE AT I 2 b— b L7223,
JABEE M S AT DU OIER LAN IZX 5 TR KM H 0 . IEIrOXRZ D 72
wk%%®$%rﬁbbéi5ﬁégﬁ%$%%ﬁIAN?%%E?é’k@ﬁ@éﬁé
CTLE I, £/, B LAN OFHIERR H - 125HAC b, BN EBL T 2 RN v 2 2
L— R C&7-iE DT ﬁ%ﬁ@ﬁ%%ﬁb&wiiﬂ%#ﬁﬁé LDV A7 FHATH
Do

TSR B 2 BB N EA L3 5 BIEIC DWW T, CSMA/CA D CW Ziff#+ 2%
Z LT, ERAOESGEE 2 AR S5 HRE, R COMER LAN OFHEMER Lo =9Iz
WD Z L aRET D, ZDJUL IEEES02.15.6 TIFREIZHREIN TS AT, 0~7 D
8 BYPE DB ENED HL T D, CSMA/CA 5 CIXEEN I & 72K 2, CW DfE%
CWi=CWi-1 X2+1
ELTIRESND Z EN—RBITH DN, HEEPEEIIGEIHEORMAFSZ LTk - T
RHEZRE L CD, ZOZ EITESAFITIE U GRIERFM AR T 5B IERFM A K X
SERDIZHELLT, FLBERMAIEILL TWNWDZ LT 5,

ZIT, ZTOCWDEEEBISUTUTOLIICRET D, EBEZ LITEBEELED,
CWmin Ofi & CWmax DIEZRET H 2 & TEHOBEE LA K& 5,

72 2 1EEE802.15.6 ® CSMA/CA TP CW | X A B

User Priority | CSMA/CA Slotted Aloha access
CWmin CWmax CPmax CPmin

0 16 64 1/8 1/16

1 16 32 1/8 3/32

2 8 32 1/4 3/32

3 8 16 1/4 1/8

4 4 16 3/8 1/8

5 4 8 3/8 3/16

6 2 1/2 3/16

7 1 4 1 1/4
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EGOERIMNLE LCELAINTZROER LITRHEIZIT 22 EREEN 50, £
BATHLEBOREIZITIREREEI RV, XA X NVANEHENOITIEES 2, A
ZNVDOFANNOERE 3, BEMHR., EMATOMBOEL 4 1TREICER KL, IROER
WCBLIRERDH Y, HEROELEEILE L, BEHER L EITERBRH L LMEOH 5 EH
THY ., ZTDOHETHELEENE N, 25 5I2OW TR, HIREIZ 72 & RIS EN & Rk
BRI 28R B HEY 920, TOHTIHEEZIT>TWVD Z L3l BEOBLEND
HH MR LD HE SN TH BTV, EHB6 DA ¥ —xy hEHWTSBHEROA
FHRWNMIHE L Z S idnn, Z2L0BNIFTFENS, (B 70ERICED X REE
DIRIEIZOWNWTIE, RERT 7 ANEXDZ LI, EHLTHLHLIREREDRM A E
THEBT, BRILESNDIANE T A VLR A=V T T L— & RSB BIF -
TR L TCWEEBTH Y, BRESTIREME I T 2 BRIz Em <, Eff
ThHHIEDHENPRDODONDIEEBTHD, EFESITONTIE, (B 1 LRETHDL N, &
YIIAT e LTHMY —AN—IZRIATHERICR Y . BROBEENES 1 &
DL o TWAD, EBID IPEBIRICHWTIL, WU R AR LW & HEE(E
DEITIZORN D DT, HIROMERE W) S CEICE TN E VR EN ML EIC 2
Do

6.2 CSMA/CAARTOEEEZRELTOHOI I

L—ay

DlbEEEZ T, EBICOVWTOMWEZLTFICRELT, Y2 a2b—yar&ziroi,
CW ZBEE IS U THRET DI EZMERTH-DIC, BRE D b EBEZECOL, AN
DEWEBZBRIRL, ¥%1,2,3,4,7,8 1220 THRF LT,

#F23 EBTLOELE

E5 1 2 3 4 7 8 Z DAl
BFHINT | XA ZND | XA ZNO | BEMB, | R—F TN | T ND | BiFEOHER
Gk AT FAL 3 R X Hin % BT

CWmin 8 8 8 8 16 8 31

CWmax 32 16 16 16 64 32 1023

Chapter4 T/RL7ZEY . EBICHEIBEREIZIZNIEELL VWO T, ZZTIEEBD
LOWE ) — REAHd 2 & T, chapterd £V B2 0T REEZHETE L TRES
KO E % KGE LT,
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#24 ¥EBEO/— K

¥ J— R#
1 W COBFAINT B 25
2 NAZ LD D DEEEE 25
3 NAZNVOFEEMIZEDFEATS 25
4 FEioEEWR, 3Tz v 15
7 XHROBEIZ L HIEE 2
8 W—HTNTNAATOHNTEZ] |10
#25 WEFIESR L CORIRHE
/=K1 Ry [/—R2 RyR|[/—R3 RyR|/—F4 ##|/—F5 @32 |/—F6 b)E |/—K7 & |/—K8 K— |/—F9 IPE
RYARTD [HARTO/N [HARTO/N |[SEFKRICKZE |BFIC/—IPC |ZBREDAY  [TOR—ET [FTILT/AA |FETOER
BFHLTO|MIILDAA|MFIILDAA (FIERE R |[EFAVZEF|2—RybE  |ILXERIREE | REAVE | OFEAR
FIFA Al MNSE b)FEMA (M. MlAL |HLTRA |AVEER |OE#ERE | FHLTSE
b3 FAN TOEER |[QEBSE. [[FHROSE
B ERE B L
LE{E&EE3M]
GLIBRFRD>  [s]
I5E/—R72L|46.45 0.05 0.09 0.03 NaN NaN 240.91 38.41 NaN
WE/—FHY 3 [{A]52.56 0.09 0.09 0.06 NaN NaN 281.23 54.55 NaN
5 109.56 0.14 0.20 0.10 NaN NaN 453.81 109.84 NaN
10 [{159.63 0.33 0.21 0.07 NaN NaN 860.26 182.79 NaN
KRI—TYR> [Mbps]|0.52 0.70 0.45 0.68 NaN NaN 0.66 0.63 NaN
hE/—FHY 3 [{#E]0.46 0.43 0.44 0.39 NaN NaN 0.57 0.44 NaN
5 [lo.22 0.32 0.22 0.22 NaN NaN 0.35 0.22 NaN
10 _[l0.15 0.16 0.20 0.35 NaN NaN 0.19 0.13 NaN
LE{EERE15M]
<SLEEFRE>  [s]
BE/—F%L[10.20 0.01 0.02 0.01 NaN NaN 63.76 9.00 NaN
BE/—FHY 3 [fAE]12.72 0.02 0.02 0.01 NaN NaN 124.88 13.00 NaN
5 [13.22 0.02 0.02 0.01 NaN NaN 93.66 12.37 NaN
10 [{18.32 0.03 0.03 0.02 NaN NaN 143.24 15.77 NaN
KRIL—FYE> [Mbps]|2.35 2.50 2.26 2.41 NaN NaN 2.51 2.67 NaN
BHE/—KHY 3 [fE]1.89 2.17 2.29 1.76 NaN NaN 1.28 1.85 NaN
5 [1.82 1.98 1.83 1.95 NaN NaN 1.71 1.94 NaN
10 [f1.31 151 1.40 1.72 NaN NaN 1.12 1.52 NaN
LE{EEREE40M]
<SLEERE>  [s]
E/—F7%L|8.15 0.01 0.01 0.01 NaN NaN 54.18 8.01 NaN
HE/—LFHY 3 [{#]9.06 0.01 0.01 0.01 NaN NaN 56.93 8.37 NaN
5 859 0.01 0.01 0.01 NaN NaN 60.39 8.99 NaN
10 [|13.57 0.02 0.02 0.01 NaN NaN 75.99 12.01 NaN
<RJL—Fyb> [Mbps]|2.95 3.24 2.98 3.19 NaN NaN 2.95 3.00 NaN
HE/—KHY 3 [E]2.65 2.54 2.81 2.80 NaN NaN 2.81 2.87 NaN
5 [|2.80 2.62 2.55 276 NaN NaN 2.65 2.67 NaN
10 [f1.77 2.08 1.81 246 NaN NaN 2.11 2.00 NaN
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#26 WEFELY TONERE

J—R1 Ry [/—F2 RyR|/—K3 RyR|/—R4 #H|/—K5 @Z|/—K6 b)E [/—F7 f&#E|/—K8 R— |/—K9 IPE
RHARTD [HARTON [HARTO/N |#HRICKDE [BFIZ/—IPC |BBEDAY | TOR—4ET [2TILTINA |FEFTOER
BFHLTO|MLDOAA [MALDAN [FIIRE R ([ZRAVEEF|5—FvbE |ILXRIBEE | RZAV-E (OFER
il DBHSE DFEEH (I, WOGLE HLFHA |AVEER |OEEEE (FHLTERE
% FAN TOEER [DEGSE. [FHROSE
5IE EERELE
LE&E{E®ERE3M]
GLEEERD  [s]
BE/—F7%L|22.04 0.05 0.05 0.03 NaN NaN 292.31 38.39 NaN
ghE/—LFHY 3 [{A]30.70 0.05 0.06 0.03 NaN NaN 363.13 51.15 NaN
5 [26.86 0.06 0.05 0.03 NaN NaN 497.36 45.26 NaN
10 [|24.33 0.05 0.05 0.03 NaN NaN 475.32 43.02 NaN
<ZIL—Uk> [Mbps]
#HE/ Rl 100 0.82 0.75 0.72 NaN NaN 055 0.63 NaN
BhE/—FHY 3 [{#E]0.78 0.73 0.68 0.72 NaN NaN 0.44 0.47 NaN
5 0.89 0.66 0.75 0.63 NaN NaN 0.32 0.53 NaN
10 [l0.99 0.76 0.82 0.74 NaN NaN 0.34 0.56 NaN
LE{EERE15M]
<LIBEERED>  [s]
3HE/—K%L|4.13 0.01 0.01 0.01 NaN NaN 101.72 8.92 NaN
HE/—FHY 3 [{#@]4.91 0.01 0.01 0.01 NaN NaN 118.97 11.04 NaN
5 [5.74 0.01 0.01 0.01 NaN NaN 131.28 11.77 NaN
10 [|5.55 0.01 0.01 0.01 NaN NaN 145.35 11.72 NaN
<ZJL—"TFwbk> [Mbps]
HE/—FL[581 3.95 4.00 3.29 NaN NaN 1.57 2.69 NaN
ghE/—LKHY 3 [{B]4.89 3.41 3.66 3.53 NaN NaN 1.35 217 NaN
5 [|4.18 3.54 3.15 3.61 NaN NaN 1.22 2.04 NaN
10 [|4.33 3.50 2.98 3.23 NaN NaN 1.10 2.05 NaN
LE{EEREE40M]
<SuEBpEERED> 8]
HE/—R7%L[3.02 0.01 0.01 0.00 NaN NaN 97.15 8.07 NaN
BhE/—FHY 3 [{E]3.04 0.01 0.01 0.00 NaN NaN 98.96 7.74 NaN
5 [|3.33 0.01 0.01 0.00 NaN NaN 99.56 8.32 NaN
10 [|3.55 0.01 0.01 0.00 NaN NaN 105.28 8.80 NaN
<ZJ)L—"TFyk> [Mbps]
BHE/—FGL|795 5.30 5.44 531 NaN NaN 1.65 2.98 NaN
HE/—EHY 3 [{#]7.90 521 5.26 5.38 NaN NaN 1.62 3.10 NaN
5 [|7.22 4.85 531 4.96 NaN NaN 1.61 2.89 NaN
10 [l6.77 4.84 4.66 4.86 NaN NaN 152 2.73 NaN
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6.4 B

BEFEEZANT, BEEEZRITZGAE CEBEEEZHRELRWEA T, BT 51EH
ENRREWGE, RRKEENNS L, BEORBDP V2V EICTIREFIEIC LD REN
REL RSNz, BKEED 40Mbps &V | BIET HEWB D WEEIZIE, #ETIE
ERNTH, HEEO ORI WEHRITHFFTE VD, BiF ) — R T,
EZENE 2 T, IR ENE D TV HIRETIE, BRELZAVWLIET, IiE /) — Rz
ThH, BE/— KR eWIRREFASO@EEELHET DI ENTETND,

A7 AL TEEE802. 15.6 THIEXNTWH HFXTh 5725, TEEES02. 11 2B W\ T,
CSMA/CA R ZMW L FHTEIEEOMUWMEREZ RIS ET L LICANTHL 2 &N
TR X T2,

IEEE802. 15. 6 TIIELE L 8 R TRHREL TWDHMN, ED LI REFICE I Voo E
HEEHEZDRED, BREORTEZ EOREE TN T E Vs ZRFHINET
bbH, o, ETOBRGECTEEEZESERELTLE ) &, BIEEZRET 205 EL
7o TCLEIDOT, BREDOETEIZONTOM OO b NA SR EE AT H I
LChiEmEEEDbNS,
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Chapter 7
WBAN [CH T 5 HMEBEXAWVSEICKHBEINE

1.1. Introduction

1.1.1. RERBRIBICE [+ 5 MELAND RERE =

§<®ﬁﬁTﬁ£\$§$iﬂ@%@kb\1%%Kik@6ﬂé:kﬁ§w0$%Z§
BEIC L > TORUEMIRR L3503, AR LAN VA7 ACBWTCIHEE S Z LIk
ofﬁﬁﬂibé ESRESS. BB I NT D OEERT v o VR TO MR LAN K5
2T 7B ATHIO, THENEL, 20K, 1| DOEENLRICT ¥ RXUCT 7 AT
5, PR, BH0IAERESNDE T =23y NI X 0 EEOMEE T A %
b, BT %<@“%#$$$(.30¢@ﬁﬁLANm W L CW A R T 7
2T EH, —FH T, PEENLEWVER LAN 1 IZIZD WK LN T 78 A LR, £D
7o, SRNOOT 77 AT LAN 2 IZEF L, N7y MEZET DML, L
HEEN DIK T, BIEOHEINZ S/ . KikE L COMERRATE 2 Licked,

Wireless LAN 1 Wireless LAN 2

LY~
% ) //

ZZ

D1 D2 D n-1 Dn

<30 JEBEIZISIT B IEARLANY AT A

1.1.2. XHROEM

ZL DA ZNT—=ENZNETICHLEERGZHNTE=F—ZSNTETNDLIN, #E
BRIZMDBEZ > TWD 0 E2MD Z &1k, EREICE>TTEELY, BFAETOITEIFHR
%%<@§¢%%@%~&9y7%¢6*&f ZDOMEE RIS DR DD, T —

- Ny NORBEENBE T, BEHFRPEND Z & IXER ORI 235 51 5 RIKIC
%@D#mﬁwoit\%%7—5@@ﬁm§&é_kTEM®54A7vbﬂt%é&
HFERZOLONRKbOITLE S, BRLEBD SE T, 0B 2N 572012,
WLAN SR & iR OFIC kR 23R E T 5 2 & TRED KM ~DEF a5 Z &
NTED, K30ITREND X I, WL ODDIEEIT P L - THERR LAN 1 233814
HE91CRD, £HrTHE EHRLAN2ICT 7 & 2T D AREIIEA L, Hlih =g <
D ENBESND,

6 6



UL, THkERZ N T2 LICKDEFRHICL BN E BB TILERH D, AF—
A1 T, EEIT TSN TER LAN2 ICT 7825, L, AF—242 T, THEEM
B, SARDO—EITER LAN 1 ICEE L, 7% 0 DR LAN2 (27 7 B A5, WHFDA
F—2A 1 BLU2 ORESIIZ IEEE802.15.6 DIEYEIZ KD EEUFHICIENT T 5 Z L B RETH
Do ENENDAF—LDAN—"T">y b, FBIE, HIHNROEA 72 LN FEETH D,

1.1.3. ETHR

RTF 4= U TRy hU—27 OBATRUTEB W TIL, IEEE802.15.6 Ik A3 2012 4£ 2 H I
ED BT VBICHEN STz, RO, B X OWHHERN R & BN S V) 2 WBAN O
FEREMEATIX. TEEE802.15.6 [ZB4 2 HEHIKI R SN TN D 850, “ b5 DEFE T, L
MUZEN G, WBAN (X7 —H « XT7 v hEXETDH 1 DOEENLRD ERESND, [FH
BEZZE DR S DEFEIC LD, N7y hOBEB IOV v FEFERIZOWTIIEE
STV, —JF5 T, PHY B, WBAN ® MAC B X Uxy hU—727 &%, Ullah?,
Jung®? SE LTS, FIZ, MACBD Ed = b —/LiX WBAN D/ 7 4 —< L A
BEUET D EME I TS 359 X IARLT A ADEEITIKRE S, NME~DEZED /D
RV THREESNTWND, ZHDMMRND DB DB OV TR SN TND P59
ZHDWKNH D WBAN IZBWTEITICOW TGN L WA D2 —F 2 L OEE 4 E
BT 252 LIZoNT 7 BROERKIIRIBENH 556 O Cotr sy,

EBIZ, BHEE— REHATA— —fEL LT 7 & A #fER &23, Changle H 5% &
Rashwarnd & O BRZNZNEZEICANLT, FEMICOIT Sz, Ll SRk, <7y
FEIEHR, Ty b A X EOBORE, FIEONIEE )3 L OWHEEE ) D &FHT

BT, BIEB LY AT MO R AT STV,
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1.2.1 PHY layer

IEEE802.15.6 X AfKi@fE (HBC) . 7 r—/ " K (NB) ., IV k7 U A K3 K(UWB) O
3 ODHERD PHY BEEHRL TV D, NBIZWL OO BREH IZ 0B ST b, £,
T—HEREHEE . VR NVEIR R IR NN OB IC L > TR D, AL NB O
2483.5MHz-2400MHz DHH TV AT L& 04T %, 272 2 J8 I HGT TO M & EARRIZH
HLLTW5%, NB ® PHY & COMER 27 1 b 2/LF — & EAL (PPDU) #[X 31 (233,

PPDU O AR—R > FEBEEL, XA a2— &R L7z, PHY BO/RXT A —F—%FK 1
R T,

31 .PPDU of NB PHY

MAC header | MAC frame payload FCS

7 bytes 0 - 255 bytes 2 bytes
PLCP Preamble PLCP Header P3DU
90 bits 31 bits Variable length
#¢27 . Parameters of PHY layer
Frequency band [MHz] 2400-2483.5
Packet component PSDU
Modulation DBPSK DBPSK
Symbol rate Rs [ksps] 600
Data rate Rhdr [kbps] 242.9
Clear channel assessment [bits] 63
MAC header [bits] 56
MAC footer [bits] 16
CSMA slot time Ts [us] 125
Short interframe spacing time 7Tpsirs[ps] 75
Preamble [bits] 88
Propagation delay o [us] 1
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1.2.2. MAC layer

Backoff counter decrements

RAP1 CAP RAP2
Livloio ' Llojnln o) Llala] Llololoninvoo
Tilglelo F1 aklelge Tiglg| F1 Jlelslgleielelsle F1
i | 2 6
ng Backoff Backoff Backoff Backoff Backoff
arrives counter (=0) counter (=5) kounter (=0)  counter (=8) counter (=0)
unlocked unlocked
CW=CW,;=8; Contention fails 1% time Not enough time is Backoff Contention fails 2™ time Contention suceeds;
backoff counter is set CW is not changed; left; backoff counter counter (=2) CW=16 (doubled); CW is reset to CW ;.8
to 3 over [[,CW]and backoff counter is reset to (=2) is locked unlocked  backoff counter is reset to backoff counter is reset to

3 2. An example of operation of CSMA/CA and relationships of time durations

IEEE802.15.6 IZ K3\ /= CSMA/CA D7 /L3 AAFLUTFTO L HIciiibEn 5,
PEE X T XIS B — BRI ST R OFEHUZ 72 LT backoff fEZ &~ R 35 [1,
Wl. Warso a2 RET Wmin & Wmax O OEIZZ2 D, Wmin & Wmax O
EIZ— 2 & OESEE (UP) ITIKAF L TERT 5, 72d, RIFETIX, T X TOHAD UP
EIZErEHD UPELFRICTH D EIET D, UPHEZWAWNAIESD DILIRITFIEETZAS,
AR TH70,

3IRT L DT, BERITE~ O H STy CSMA A8 v @ 1 DI backoff 77
7R —ZRET D, backoff T Z =N 0TI o TEBRIC, FOWRII AN v FEEET
5o BFEDTF ¥ L FNDBHIDOUERDOEZE D= DIHEA T2 51X, Fv o wAnzE £ T
KiZbackoff h 7 ¥ —% v v 735, WKRNPLD/r v MREZEIZE Y ACK 2521 B
RWGEIXZDOEEIXRT 20H 5 WIIRHET 52 N TE R D,
Wmax (22T 5 FE T, W ITKRHDO7ZNT 2 512725, Backoff I D i KAEIXFFERE m (2
KoTHIRENS,

FEAM VIR L, FEEEA D 5 COED LI HERE m 2 @i#E4 it 7> b
DEFEIND, FEVED LSS, WIZWmin 2y h&Eh b, Fako UPTO W T
PLF D 28 1277,

4228 Contention window for every UP

number of retransmissions 0 1 2 3 4 and over

W 16 16 32 32 64
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1.3 Performance analysis of WBANs

71.3.1 Discreet

%] 3 3. Algorithm of DTMC method
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2ICHEEET 7B AN TE D, I LAN 1IXER BT TE 220, BERREEA -~ 1=
7 #EH (DTMC) # W T, il x OERO KR MICIIT D, 77 B AL HE T 5,
FEZ L7 DTMC OZEDIRED t ¥k i DIRREE M 4 1T~ o, 2O a O T
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i,fail

=P

i,col
H ad-z)
k=1

1—7z,

+ PER,

(1

P =

i,idle

#¢29 Explanation of Notations

Notation Explanation

A Packet arrival rate during a unit time
0 Packet arrival rate during a slot time
m Packet retry limit

n Total number of devices

X Payload size

Totalx Total data

Ti Access probability during a slot time
bik;j Stationary distribution with backoff stage k, backoff counter j
Piidie Channel idle probability

Pi fail Transmission failed probability

Picol Collision probability

PER; Packet error rate

Wk Contention window of k backoff stage

ZZT P Zl_ﬁ(l_rk).f‘\ DTMCH T & DR RED RAAZ TR D@ v £
b,

Prii,k,j| ik, jH} = B, forkd0,m], j40,W,],

B
Priisk, j |1, k-1,0} = =25 for k1, m]. je[LW,],

‘ )

Pr{i>k’j | i’k>j} = I_Pi.idlc’forke[o’ m]’_]e[l’l/l/k]’

Prii,0,j | i,m, 05 = 2~ for jd{1,W, 1,

o

Prii,0, j | empty} = V'; ,for jd1,W,]1,

o]
Priempty | i,k,0} = (I—-p)(—F,,, ), for kg0, m—11,
Priempty | i,m,0} = l—p,

Priempty | empty} = 1—p.

X 41238912,
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D3 by, + by = 1. (3)
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— i,k,0 1— Pi)fail i,0,0 >
% y Wl “)
i,0,j 1,0,0 >
Jj=0 ! 2I)i,idle:
l-p
empty = p bi,() 0

FREOKEY bioo % Piide, Pigil, p, Weand Ti, & HIZ, fll 4 OUEROT 7 2 X A[EE
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. 1-m
T, =.by,= b0, )
; o I_Pi,faﬂ -

1. 3.2 System throughput
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o ==
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(7
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Ma & A TVnD,
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