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Abstract

The widespread use of modern communication technologies such as 4G and 5G is a prerequisite for their wide
distribution and improvement around the world. Along with high-speed communication technologies, Internet of Things
(1oT) technologies are increasingly entering. One of the 10T technologies with great potential for development is
6LOWPAN. This paper examines the generated Uplink and Downlink traffic between the sensor nodes and the

coordinator in a real 6LoWPAN infrastructure.
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BBBEJIEHUE

[Ipe3 mocienHUTE TOAMHU CHBPEMEHHOTO
€XKEeJJHEBHE CTaBa BCE IO HEMHCIUMO 0e3 Ho-
BUTE KOMYHHKAIMOHHU TexHomoruu (4G, 5G),
KOUTO CBBP3BAT IMOTPEOUTENN TO IS CBST.
TennenuusaTa Ha pa3BUTHE HA KOMYHUKAIIMOH-
HUTE TEXHOJIOTUH € CTPOro HacoueHa KbM 5G
TEXHOJIOTUUTE. Bbopekn ToBa mNpoabiKaBa
MOJUTHP)KAHETO W TIOJOOpSBAHETO HAa ChIIe-
CTBYBAIIIUTE U3TPAJeHU KOMYHUKAIIUOHHU HH-
dpactpykrypu karo 4G. IlapanenHo ¢ pa3Bu-
tHeto Ha 4G u 5G TexHOIOTHHTE Ce pa3BUBAT
u texunomoruute 3a Internet of Things (lIoT)
[1]. UsrpaxxnaneTo Ha pa3IMYHU )KUYHU U 0€3-
xu4gHU 0T pemeHus Moxke Ja ce peaamsupa
Bb3 OCHOBAa Ha pa3lIMYHU IPOTOKOIH KaTO
Bluetooth Low Energy (BLE), ZigBee, Z-
Wave, 6LOWPAN, Thread, WiFi-ah (HaLow)
[2] u nmp. Te3u TexHOIOrUU HAMHUPAT IIKPOKO
NpUIOXKEeHHe B o0JacTUTE Ha HaOIro/eHue,
KOHTpOJI, 3allluTa, aBToMaru3anus u jap. [3].
Te3u obmactu Ha nmpunoxenue Ha l0T pere-
HUS TIPEAOCTABIT YIOOHU U CUTYPHH CPEJICTBA

3a paboTa B M3BBHPEIHU CUTyallUHd KAaTo CBe-
TOBHH TaHJAEMHUH U JIP., IPH KOUTO C€ U3HCKBA
OTJajieueHO HaOJI0ZeHNe, yIpaBleHUue U T.H.
[Torenmmana 3a pa3pacTBaHe, pa3BUTHE U Pa3-
npoctpaHenue Ha 10T TexHOJIOruuTe MPUBIH-
9a BCE IMO-TOJISIM MHTEPEC 3a MPOYIBAHETO FIM.
Enna ot 10T TexHomoruute, KOATO c€ OYaKBa
na ce pasmpoctpanu mmmpoko ¢ 6LOWPAN,
Th KaTO OT €JHa CTpaHa NpeACTaBisBa CEH-
30pHa Mpexa, a ot aApyra IPv6 mpexa.

Tosu noknan uzcaensa Upload u Download
Tpaguka npu peanHo usrpageHa 6LOWPAN
Mpexa OT CeH30pHH Bb3JH 3a 10T.

6LOWPAN MPEXKA,
EKCIEPUMEHTAJTHA TIOCTAHOBKA

dusnueckoro m3rpaxgane Ha 6LOWPAN
Mpexa ce m3pppuiBa ¢ BeagleBone Black —
BBB01-SC-505 [4] miaTka, KOHGHUTypHpaHa ¢
Bone-Debian-9.9 omneparnonna cucrema, Kosi-
To paborum kato 6LOWPAN Gateway, Texas
Instruments (Tl) mnpuemo-npenaBaten —

CC2531EMK [5] u Tl cen3zopuu Bb31IH —
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CC2650STK [6], konto Moxe 1a ce KOHDUTY-
pupat 3a pabota ¢ Tpu cranmapra — Bluetooth
Low Energy, ZigBee u 6LoWPAN.

Kondurypupanero na 6LOWPAN Gateway
ce m3pbpuiBa u3non3Baiiku Contiki Cetic-6lbr
version 1.4.0 [7, 8]. Ilpuemo-mpenaBaTenasT
CC2531EMK ce kondurypupa na padbotu cbe
6LOWPAN crannapra. CeH30pHUTE BB3IHU CE
KoHpurypupart 3a padora B 6LOWPAN mpexa
nsnonspaiiku CC-DEVPACK-DEBUG na TI.

[IpenaBanero Ha naHHHU M OpOsl HA MOJy4Ye-
HUTE OUTOBE OT KpallHUTE CEH30pHU BBH3IH B
msrpagenata 6LOWPAN wmpexa moxe na ce
npocienn kato Bropu CC2531EMK mpuemo-
mpenaBaren ce KoH(GUrypupa na paboTd KaTto
6LOWPAN ycrtpoiicTBO 3a mpocielsBaHe Ha
KOMYHHKAITHS [T0 MPEKaTa.

ToBa Mo3Ke J1a ce M3BbpIIN Ha LiNUX maru-
Ha Kato ce m3moi3Ba Sensniff mporpamara 3a
6LoWPAN [9]. [IporpamaTa ce U3Terist 1 HH-
CTalmMpa, a Ipu CTapTHPaHE Ce Ch3/aBa MOTOK
oT Tpaduk, KOWTO MOXKE Ja Ce BH3yalHu3upa
npe3 Wireshark (®wur. 1). M3rounuka u momy-
yaressi Ha TaKeTa, KakTo U Oposi M3IpaTeHU
outoBe ce ompenensaT B3 ocHoBa Ha |EEE
aJipeca Ha M3TOYHUKA U TIOJy4YaTelis MpecTa-
BeHu Ha u3xoza Ha Wireshark.

Nscnensanero na Uplink u Downlink tpa-
duKa e peaTM3upaHO C U3TPAKIAHEC HA PU3H-
YyecKa TOIMoJorus ,,3Be31a* (dur. 2), kpaero 1
e 6LOWPAN koopawHaTtop M mpuemMo-Tpeaa-
Baredn, a 2 ca 6LOWPAN ceH30pHH BB3IIH.

EKCIIEPUMEHTAJIHU
N3CJIEJABAHUA

Cnen craptupane Ha 6LOWPAN wmpexara
CEH30PHUTE BB3JIU CE CBBP3BAT C KOOPAUHATO-
pa, uHQOpMAITHITA 32 KOUTO MOXKE JIa CE BUIU
Ha TPUIIOKCHUE 3a HaO0JeHne paboTara Ha
koopauHaTtopa (Pwur. 3). Tabaumna 1 npeacrass
pesyararute 3a Upload, a Tabmuma 2 3a
Download tpaduka npenaBaH mpe3 H3rpaje-
Hata 6LOWPAN wmpexa.

Crominoctute 3a Upload u Download tpa-
(duka ce B3emMaT OT MPUIOKEHUETO 3a HAOJIO-
JIeHUe Ha paboTara Ha KOOpAWHATOpa Cle] Ka-
TO MMa MHUIIUHPAHA KOMYHHUKAIIUS MEXITy He-
ro u cenzopuure Bb3nH (Dur. 4). Komynuka-
U] MEXKTy CEH30PHHUTE BB3JIM U KOOPIUHATO-
pa € MHUIMUpaHa 4pe3 usnpamane Ha 5, 10,
15 u 20 ICMPVv6 maketn (®wur. 5, dwur. 6,
@ur. 7 u Owur. §). 3cneaBanu ca cUTyaluu ¢

2, 4 m1 6 eTHOBPEMEHHO CBBP3aHU CTATUYHU
ceHsopuu Bu3M B 6LOWPAN wMpexa, karo
ICMP nakerute ce m3mpamar eIHOBPEMEHHO
JI0 BCUYKH CEH30pHU BB31H. HampaBeHu ca Te-
CTOBE 33 CEH30PHHU BB3JIH, KOUTO CE HaMHUPAT
Ha Pa3IMYHU Pa3CTOSIHUS OT KOOPAMHATOPA,
cpoTBeTHO 1M, 2m, 3m, 4m u 5m.

M 2sensors_1m _pingS.pcapng - o X

File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

Am ;@ RE QesEFsTEqaqn

Aol o dsploy it -

o. Time Source Destnation Protocal
88 3.417950 00:12:0:00:18:1:99:90  00:12:0:00:12:04:06:04  IEEE 802.15.4
893.421712 00:12:b:00:18:1:99:90  00:12:4b:00:12:04:06:b4  IEEE 802.15.4
90 3.425815 IEEE 802.15.4
913.426839 TEEE 802.15.4
92 3.248635 00:12:0:00:12:04:06:b4  00:12:0:00:18:1:99:90  IEEE 802.15.4

; o aaers
Frame 90: 92 bytes on wire (736 bits), 92 bytes captured (736 bits) on interface /tmp/sensniff, id 1
v IEEE 802.15.4 Data, Dst: Texasns_00:12:04:b6:b4, Src: TexasIns_00:18:e1:99:99, Bad FCS
Frame Control Field: @xdc6l, Frame Type: Data, Request, PANl 10 Coupy y Addressing Mode: Long/6..

04:06:b4 (00:12:4b:00:12:04:b6:b4)
:18:€1:99:90 (00:12:4b:00:18:1:99:99)

« -
X7 e uic
abcdef
76 ghijklan oparstuv v
Packets: 402 Diplayed: 402 (100.0%) | Profe: Defouk

@Due. 1. [lpuxeanamu 6LOWPAN naxemu npe3
Wireshark

© 7 2sensors_1m_pingS.peapng

@ue. 2. 6LOWPAN u3uqe01<a MONnoocUs

O6embt Ha Upload u Download tpaduka
3aBucu ot Bandwidth na Bpb3kaTa, KOWTO OT
CBOSI CTpaHa 3aBHUCH OT (GaKTOPH KaTO M3MIOJI-
3BaHa Tepudepusi, MpeKOBa BPb3Ka, TUIl HA
NPEHOCHATa Cpela, OpraHu3alys Ha Mpexara
u ap. Uscnensanero na Upload u Download
Tpaduka ce MoJi3Ba 3a OTKpPHBAHE Ha MpoOJe-
MH B MpeXara U MoJo0psBaHe KauecTBOTO Ha
Bpb3KarTa.
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6LBR
6Lowpan Border Router

System  Sensors Status Configuration Statistics  Administration
Sensors  Modetree PRR Parentswitch Hop count Traffic  Export

Sensors

Sensors list

Node Type |Web | Coap | Parent | Up PRR | Down PRR | Last seen | Status
fd00::212:4b00:1204:b4al | TT A 117 oK
fd00::212:4b00:1205:174a | TT 143 oK
fd00::212:4b00:1205:1786 | TT 585 oK
fd00::212:4b00:1204:b6b4 | TT coap 594 oK
fd00::212:4b00:1204:b072 | TT 899 oK
fd00::212:4b00:f25:ba84 |TL 929 OK

Actions

Reset all statistics

@ue. 3. CeH30pHU 83U, CELP3AHIU C
Koopounamopa

6LBR
6Lowpan Border Router

System  Sensors Status  Configuration Statistics ~Administration
Sensors Nodetree PRR Parentswitch Hop count Traffic —Export

Traffic

1.000

400

0
1000::212:4000:1204:0072 d00::212:4000:1204:b4a1 1d00::212:4b00:1205:174a
d00::212:4b00:1205:1786 fd00::212:4000:125:bag4 1d00::212:4000:1204.bED4

@Due. 4. Cmotinocmu 3a Upload (cunvo) u
Download (uepserno) mpagpura

Pinging fd@0::212:4h0B:12B4:h4al with 32 bytes of data:
212: 4hBB 12@4:h4al: time=138ms
g : time=138ms
: time=138ms
H 4al: time=3233ms

Reply from £dBB::212: 4hBB 1284:b4al: time=152ms

Ping statistics for fdBB::212:4hB0A:1204 al:

Packets: Sent = 5. Received =5, L 8 Bz los
Approximate round trip times in milli-seconds:

Minimum = 138ms, Maximum = 3233ms, Average = 75%ms

4al:
= 5, Received L = B <8z loss>

Approximate round trip times in milli-seconds:
Minimum = 138ms, Maximum = 3233ms. Average = 75%ms

indows\system32>ping —n 10 fdBB::212:4hBB:1204:h4al

Pinging fd@B::212: 4h@B 1284:b4al with 32 hytes of data:
from H :12@4:b4al: time=123ms
from H time=108ms
from H time=98ms
from H time=98ms
from H time=98ms
from H : time=181ms
from H : time=102ms
from H : time=101ms
from H time=187ms
from £dBA::212:4hBA:1204:h4al: time=98ms

ics for fdBA::212:4hBA:1204:h4al:
Sent = 10, Received = 18, Lost = 8 (8% loss).
flApproximate round trip times in milli-seconds:
Minimum = 98ms, Maximum = 123ms, Average = 102ms

Windows\system32>

@Due. 6. Usnpawane na 10 ICMPV6 naxemu

BB.1284'h4 1:
:1284:h4al:
:1204:h4al:
:12@4:h4al:
:1204:h4al: time=207ms
Request timed out.

from £dO@ 212: :1284:h4al: time=118%ms

from H 5 :1204:h4al:

from H : :1204:h4al:

from H 5 :12@4:h4al:

from 3 2 :12@4:h4al:

from H 2 :1204:h4al:

from H s :12@4:h4al:

from H 5 :12@4:bh4al: ti

from s :1204:h4al: time=78ms

IPing statistics for fdOB::212:4hBB:1204:h4al:
Packets: Sent = 15, Received = 14. Lost

NApproximate round trip times in milli-secon
Minimum = 78ms, Maximum 3129ms., Average 674ms

<6z lossD,

C:\Windows\system32>

Heply from GB 1 B4:b4a : time=74ms
Reply from :h4al: time=74ms
Reply from thdal: time=79ms
Reply from s :h4al: time=64ms
Reply from s th4al: time=65
Reply from th4al: time=68
Reply from :h4al: time=68ms
Reply from :h4al: time=195ms
Reply from th4al: time=200ms
Reply from fdOB::212: 4bBB 1204:b4al: time=72ms
Request timed out.
Request timed out.
Request timed ouw
Reply from :4hBA:1204:h4al: time=2478ms
Reply from bhBA:1204:h4al: time=52ms
Reply from bhAB:1284:h4al: time=53ms
Reply from bAB:12B4:h4al: time=57ms
Reply from bhBA:1204:h4al: time=350ms
from 1 hBB:1204:h4al: time=57ms
from deB :212:4bhBB:12B4:b4al: time=57ms

Ping statistics for fdBB::212:4bhBA:1204:h4al:

Packet Sent = 28, Received = 17, Lost 3 (15% loss),
Approximate round trip times in milli-second

Minimum = 52ms, Maximum = 2478ms,. Average = 23%ms

Que. 8. Usnpawarne na 20 |ICMPV6 nakemu

ITpu 2 u 4 cBBp3aHU YCTPOWCTBA pe3ynTa-
tute 3a Upload u Download tpaduka ca uaen-
THYHU 32 BCHYKH CCH30PHHU BB3JIHU, ThH KaTO
Bandwidth na Bpb3kara MoXe 1a OTTOBOPH Ha
M3UCKBaHMATA 3a OOCTY)KBaHE Ha 3asBKH B
Mpekara, 3all0TO PECYpCHTEe ca JOCTaThYHH,
3a J1a ce pa3NpeeisT MOPaBHO MEX/y BCUYKH.
[Ipn 6 kpaiiHu yctpoiicTBa ce 3abensi3Ba, ye
pecypcute ce pasnpenensT HEPaBHOMEPHO U
croitnoctute 3a Upload u Download tpaduka
ca IMPOMECHIIUBH.

C yBennuaBaHe Opos Ha CBBbP3aHUTE
YCTpPOMCTBA B MpeaTa HATOBapBaHETO Ha-
pacTBa, KakTO W HHTEP(PEPEHIHATA MEXKITY
0e3)KUYHUTE YCTPONCTBA, KOETO BIIUSIC BHPXY
cpenmara 3a KOMYHHKAIHSI U PECTIEKTHBHO BBP-
Xy Tpaduka mpeaaBaH Mo Hes. B 3aBucuMoOCT
OT CHhCTOSTHHETO Ha KOMYHHKAI[MOHHATA Cpejia
U BB3HUKHAIUTE CMYIICHUS, CTOWHOCTUTE 3a
Upload u Download tpaduka ce mpomeHsr
[PHU Pa3InYHUTE PA3CTOSHUS, Ha KOUTO CE Ha-
MHpPAT CEH30PHHUTE BB3JIH.

310

Meocoynapoona nayuna xongepenyus “YHUTEX 20" — I'abposo



[IpomsiHaTa npu U3MEpEeHUTE CTOMHOCTH 32
Upload u Download tpaduka, 3aBucu oT make-
TUTE K3Npananu Mexay cepsbpa (6LOWPAN
koopauHatopa) u knuenture (6LOWPAN cen-
30pHUTE BB3IHM). [lpu mpenaBane Ha Mmo-rois-
MO KOJIMYECTBO JTaHHH MEXKIY BCHUYKH yd4acT-
Ballli B KOMYHUKAIIUATA YCTPOHUCTBA CE MOBU-
maBar croinocture 3a Upload u Download
Tpaduka u odpatHo. [IpuunHa 3a yBenuueHUS
Opoii mpenaBaHM IMAKETH B MpeKaTa MOXE J1a
ObJic BH3HMKBAHETO HA CMYIICHUS U MpoOIie-
MU TIpH MpelaBaHe Ha MaKeTH, KOETO JOBEXKIIa
710 TIOJIYY€HH IaKeTH C TPEIIKH U HM3MCKBAaHE
3a IOBTOPHOTO MM H3IIpaIllaHe.

3AKVIIOYEHUE

B To3u mokman ce m3ciaensa Upload u
Download tpaduka mpu peanHo wusrpaicHa
6LOWPAN cenzopna mpexa 3a l0T. Hampase-
HH Ca TECTOBE C pa3lIMueH Opoil CTaTHYHU CEH-
30pHH BB3JIM B MpEKara, pasloJIOKEHH Ha
Pa3IMYHO PAa3CTOSHUE OT KOOPIUHATOPA.

Pesyarature 1OKa3BaT, 4e MPH IMO-MAIbK
Opoii Bb3/M B Mpexara croiHoctute 3a Upload

Tabauua 1. O606wenu pesyimamu om

Tpaduka ca uaeHTHUHH ¢ Te3u 3a Download. C
yBeJMYaBaHe Oposi Ha CEH30PHUTE B MpeKara
nosyyenute croitHocTu 3a Download tpaduka
ca MaJIko Mmo-HHCKH OT Te3m 3a Upload, kato
TOBa 3aBHUCH OT ChCTOSHUETO Ha KOMYHHKAIIH-
OHHATa cpela W BBH3HUKHAIUTE CMYIICHHUS B
HEs [T0 BpEME Ha OTYUTAHE HA CTOWHOCTHTE.

IIpu mpemaBaHe Ha MO-TOJISIMO KOJIMYECTBO
naketu croinoctute 3a Upload u Download
TpaduKa HapacTBaT, HE3aBHCUMO OT Pa3CTOs-
HHETO Ha CEH30PHHUTE BBH3JIH OT KOOPIHUHATO-
pa. OT4eTeHUTE CTOMHOCTHTE C€ pa3jinyaBar
MHOT'O MAJIKO, Thi Karo KOMYHHKAaI[HOHHATa
cpella He € HACHTEHA ChC 3asiBKM M PECYPCHTE
3a 00CIy)KBaHE ca TOCTAThYHH.

BJIIATOJAPHOCTU

W3cnenBanusiTa, pe3ynraTuTe OT KOUTO ca
IIPEJCTaBEHU B HACTOAIIMA JOKJaJ, ca MpoBe-
JIeHU 10 HayyeH npoexr Ha TY-Bapna ,,J3-
ClleZIBaHE HA BBb3MOXHOCTHTE 32 MHTEIpUpPaHe
Ha MammHHO oOydeHue u Blockchain Texno-
noruu 3a Internet of Things*, koiito ce punan-
CUpa OT IbPIKABHUS OFOKET.

uscneosane na Upload mpaguxa

Im 2m 3m 4m Sm Im 2m 3w 4m
Distance to coordinator [m] Distance to coordinator [m]

Bpoit Pesynraru 3a Upload tpaduka
BB3IH
5 ICMPv6 Packets 10 ICMPV6 Packets 15 ICMPV6 Packets 20 ICMPV6 Packets
2 16000 18000 18000 20000
14000 16000 16000 18000
12000 — 14000 14000 16000
T K] < £ 14000
H £. 12000 . 12000 E
E 10000 =, = = 12000
m £ 10000 E ]
& £ & 10000 £ 10000
S sooo 7 g E
E £ 000 £ 5000 = 8000
E 6000 H 3 H
] § 6000 § 6000 f; 6000
= 1000 =+=£d00::212:4b00:1204:b6b4; | =, 5 g = =4={d00::212:4b00:1204:b6b4; 4000 =+—{d00::212:4b00:1204:b6b4;
£d00::212:4b00:1204:6072 1000 =4+={d00::212:4b00: 1204:66b4, 4000 £d00-212:4b00- 12045072 £d00::212:4b00: 1204:072
N £d00::212:4b00: 1204072 N e U= 2000
2000 2000 2000
0
o 0 N . . 0 N . im m m ™ e
™ 2 m - 1m 2m 3m 4m 5m im m 3m 4m 5m Distance to coorMaator [m]
Distance to coordinator [m] Distance to coordinator [m] Distance to coordinator [m]
20000 18000
4 0000 20000
——fd00::212; 04:b4al 18000 212:4b00:1204:04a1: 212:4b00:1204:bdal. 16000 == d00::212:4b00:1204:bda1
00 04:b6b4: Ab00:1204:66b4; 18000 b00:1204:b6bd: £d00::212:4b00:1204:b6b4;
£d00 05:1786 16000 4b00:1205:1786: 16000 d b00:1205:1786; | o 14000 £00::212:4b00:1205:1786:
£d00::212: —_ 212:4b00:1204:6072 —_ 00::212:4b00:1204:6072 & 12000 £d00::212:4b00:1204:b072
T 14000 T 14000 B2
£ 12000 = 12000 %_; 10000
g £ = 5000
£ 10000 4 10000 =
B = £ 6000
= 5000 = 8000 )
2 s 2 om0 -
2000
. 4000 4000 ;
2000 2000 000 1 2 3 - 5
a Distance to coordinater (m]

5]

Tpload traffic [byte
a
g
g

Im m 3m 4m Sm 1m m 3m 4m
Distance to coordinator [m] Distance to coordinator [m]

16000
14000 14000

12000

ytes]

8000

g

Upload trafiic |

1000

2000
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Tabnuua 2. Obobwenu pesynmamu om uzciedsare na Download mpagpuka

Bpoit Pesyararu 3a Download tpaduk
BB3IH
5 ICMPv6 Packets 10 ICMPV6 Packets 15 ICMPV6 Packets 20 ICMPV6 Packets
2 T6000 o 20000
5000
18000 18000
14000 16000
16000 — 16000
12000 ? lj”'m g 14000 £ 14000
= 10000 £ 12000 £ 12000 = .
P s & 12000
E so00 E o000 £ 10000 £ 10000
= = 8000 S 8000 % som0
£ o0 ¥ so0 £ 6000 E
H H R £ 6000
& 000 ——d00::212:4b00: 1204:b6b4; & a0 ——(d00:212:4b00: 120406b4; | & 4000 == {d00::212:4b00:1204:b6b4; a8 == d00::212:4b00:1204:b6b4:
£000::212:4b00:1204:6072 £d00::212:4b00:1204:6072 2000 £d00::212:400:1204:6072 4000 £d00::212:4b00:1204:6072
2000 o0 0 000
1] Im 2m im Sm
o 1m 2m 3m dm i Y 0
Distance to coordinator [m] 1 2 4m um
! i Distance to coordinator [m]
m] Distance to coordinator [m]
15000 tdo0 1 o 204 L?L‘“l 18000 = {l00::21 2:4500: 1 204:bdal.
7 16000 £d00::212: 1205:1786; = 16000 1d00::212:4b00:1204:b6b4:
g 14000 d00::212:4b00:1204:6072 '; 14000 {d00::212:4b00:1205:1786;
£ £ fd00:212:4b00:1 2046072
§ 12000 é 12000
E 10000 E 10000
E 8000 T so00
E s000 HE
2 o 2 ’
2000 200 0
0 0 ]
1 4m 1 1m p 3 i 5
Di aordinator [m] L o (o] Distance to conrdinator [m] I 2m s A
Distance to coordinator [m]
6 16000
1000
5000 4000
80 = 12000
e £ ooe
% 6000 .
E s000 ? 5000
T w0 7 oo
? 3000 ; N
L £ 0
1000 2000
0 . 2000
im .
i o coordi ] 1m 2m 3m Am Sm
Distance to coordinatar [m]
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