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ABSTRACT

In this paper, a GNSS error generation simulator for Signal Quality Monitoring (SQM) is implemented by using Matlab based
on mathematical models derived from the effect of GNSS signal and measurement errors. The GNSS signal measurement

errors of interest in this paper include three cases such as Evil Wave Form (EWF), Multipath (MP) and Radio Frequency
Interference (RFI). In order to verify the validity of the generated measurement errors, a simple form of metrics for detecting
and monitoring GNSS errors is included in the simulator. The GNSS errors generated by the simulator are added to the GNSS

measurement data from commercial GNSS receiver in real time, and then, the SQM is tested for various scenarios of each case

configured by scenario setting of the user.
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1. INTRODUCTION

GNSS (Global Navigation Satellite System) 7]4F x| AJH] A
A%, 5%, A & ohg YollA] SEAIAR o] AR,
Q57 A&GSIA F7FlAL Qe AT $1A] FEE o]
H R Ho thet 41=4-& A5t 2 7ol thsf] 7HA
A 719 U A AFESHET Qlo] vl F-a5ich
1], ZAVZFFE 7| QAR oAl GNSS AJH]
d, F244, 54, R8T A FEe] 712E 7]
Fod Au|Ao] 248 Hrlsket (Mitelman 2005). GNSS
ol FAlE o] 41710 o]2= P oflA] TheFst O
& Wt o] ol Whgshs 04 4150 thaEA
AAE WA, AS AR, 2743 E/00 g5l 3714
o} (rsigler 2008). o] Zoll4] 415 AR U F45H
L 71E GNSS Al 5o F7H.0.
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A SRS o]85lo] LRE WEsEE AS 7 HUETH
FollA AEshs Ao R & Aol thaat o] ot

A2 GNSS A5 5 FAlohs I ollA] FAliA iellA] &
Aoz sleddlold Ao QI thEA Q] 274l Evil Wave
Form (EWF)7} 223ttt EWFE £]4] 2135 9] navigation data
unito]] FFS F11, ©]2sF EWF ¢Jgk& correlation functiong
Fofl Aol 71 28| o g (Phelts 2001). 7]&of] LAY H
EWFL GPS L1 C/A9] allgksli= BPSK ¥z 7]H o] tislia] 22
o) a1, o] Fof A2 tHfSE GNSS 4l S of el A= A
=27 9Jt} (Raimondi et al. 2012, Pagot 2016). Phelts (2001)o]|A]
= oukd o 2 oFedZ] International Civil Aviation Organization
(ICAO) 714+ ehe] EWF 2.5 BUEE 2% 71H& AXRA
u, 220 The Fele] thorst EWF ©F e 5] 9
5} Sk 7]4Hke] Signal Quality Monitoring (SQM)-2 A A gk AF]
7} @)t} (Zhuang et al. 2020).

EAZ GNSS A1 57t FAI1EH FeUE Bl 441 =, X5}
717\ A= &F 5 7P FEH A= A2 Multipath (MP)o]t}.
MPO| 79 o5 BRAL AlS 2 Q5] 2ol Zslal, A=kt
BAEE sl olgo] ok 5Y3-5--FAlE (Deutsches
Zentrumfiir Luft- und Raumfahrt; DLR)O| A= EA A 2] E o]
25} Land Mobile Satellite (LMS) g (channel) @ 1}5 A-8-A]
Zi 31 (Krach, Lehner, & Steingass 2005), @ Uk} RS &5
Z Y4l 4(envelope function)2] JFE RIS AFARZH
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fU fob

s
o

http://www.ipnt.or.kr Print ISSN: 2288-8187 Online ISSN: 2289-0866



342 JPNT 10(4), 341-351 (2021)

Receiver

Receiver Channel Info
Multi Frequency
base-station S/W

TCP/IP
Client
Core
Algorithm

Error Model Control CMD
f——

Error Model State Info

TCP/IP
Server GNSS Signal & Error

Measurement

______

GNSNS Signal Error
Generation Model

Receiver

Receiver Channel Info
EWF EWF EWF
T™M-A T™M-B T™-C
GNSS Signal & Error

Measurement
—_—
Error LMs
frisl Channel CE
Model ] Error Signal State Info

—

RFI Model
(CWI, Pulse, MSI, BLWI, Chirp)

Fig. 1. Overall system block diagram of GNSS error generation simulator
block diagram.

@)t} (Pirsiavash, Broumandan, & Lachapelle 2017). MP 23}&
BUE PG5k 7IM2 thsAl A= o] $EaL (Irsigler 2008),
A 02X Code minus Carrier (CMC) monitoring 7|5 o] &)
'6‘]—5]-.

A2 ollol e, $1/4d F4l AlaH o= T} =4171¢]
7e) Ajol2 Q15 whe AR R o=el A5 o] v
Z2Q1 4150 2]3t RFI(Radio Frequency Interference)of] 2 &3
3RS W=t} (Dovis 2015). Chen (2014)0]|A]= GNSS 415 thd

ol

[e]

¢

= JFE Iy € Fig o2 FEsto] UERdnh RFI
Ao g A5o] 41 A7l AFAQ1 GFFE nx]7] uof
NS A BHollA BUEPEE AR A7 QLA
(Thompson 2010), o]of] th-3-5}7] 1Tk thefet W 5o Ats
o]gtt} (Gao et al. 2016).

GNSS ©F A5k 53] @3 Lopfa] F2 ol &ut
Satellite Based Augmentation System (SBAS)9} Local Area
Augmentation System (LAAS) A|AElo]| 2 oJ3kS 2} ol A]
Al =2 FEEEgt ofuet 74/ (Integrity) 2t 144
(Continuity)& g3l FAdS BA sk Aol H42 ot} (Enge
1999). whekA] SBAS Zl4=toll A= 7 Al I BUEY AlA
HE 15T Zevk ook

2 =rollAe AA S da- AT dollA Alglg <l Korea
Augmentation Satellite System (KASS) AH|A A ASS ¢
SF o7 A AARS JUSEAL olof] it 71&S AETiTt Al
AR12 Fig. 13} ZHo] GH/d=|o] GNSS 944418 @ 7ol thsf A]
U] @& 37| EWF, MP, RFIE 1235 &, Z42ke] 97 4150
oI5t ke £A17] 24 %] glEu]eQl Auto-correlation, C/N,,
pseudo-range®] 3713] SHolA Testel BElYaic), e
29717¢1e] KASS 7|20 A 242] ZHo]A GNSS &
7 ASE BUEHs] A A5 drdEs 35 i
of, & AollAs AlEg o] ofd SR GYGollA] 1A o2
ABdshe HAE AETTE 0F SHA SRl OE B

Ho C m

orrelator values test, CMC monitoring, AC/N,

)

o
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Fig. 2. EWF 20S threat model.
monitoring®. & Upiro] 77te] 0 28 A%t HEHow
4 A GNSS 12 o] g5lol, ALgA7E AT 47 2 A
= = [e) =
el ool nh2 0.F ZAX A4 S0 B Qo) g
o = S1= =2 B\ 2= =
ol g Eal] TRslaL AakE BAIslo] AT 9.7 A4 Al AH

o ek A3

2. GNSS SIGNAL ERROR MODELING

2.1 EvilWave Form

EWF2 914 GaliAle] 2T o= QIgh v
A4S gt olHg AR 1993 /Y
=11, 50 cm olske] AL L F ZH= FE OxpA g
HF DGPS $1%] etz of ths 2~8 m

(Edgar et al. 1999). EWF ¥4 o]|= ‘Simpler Threat Models’,
‘Most EvilWave Form (MEWF)’ £-2] t}ekst mtello] A9k 9] %]
o 2 dtelAl= 2™ Order Step (20S) 93 ZdlS 7|vto 2
EWF 943-& A4 s B9 371 miehjel g Abgslol
HISH 7HCe}A EWF @AHe TR 4 glowa] EWFo] ofg
deadzones, distortions, false peaksg LtERH 4= QITh,

EWFof| oJ5t 415.9] AJehsg ol 5742 PRN codeo] obd
271, gAY, ofd2 b Ag Al 3 do 2 TR0l
Fig. 23} Zto] Z+z} Threat Model A, B, C (TM-A, TM-B, TM~C)
2 yEbdT} (Phelts 2001). TM-AL A1 52 x]%do] o]t
Navigation Data Unit®] A3t Q45 {51, TM-B 2&2 <)
g A 5of s 22} A|AE] 2] amplitude modulation E= ringing
FIFE Fo] QAE AATTE TM-C2 TM-AeL TM-B7} A%t
2 el 277 S4o] AU A4 fTE Gt
EWFol oJ5k AR o) QJ9HE 4] ()7} o] B 4 Ic.

Rewr(T) = < xpwr(t), Xpom (t — T) > o)

AN Reyr (12 EWFO] QoHe -2 At
A

=
=
<, >} Zro] FRATIE xpy (0), X, (002 22 AR AliES $

7}
QFEWF 413, 3231 AZFA| o] 'BAESE dRbQl 4128 oulgh
T} xpyr (00 24242 @71 S5 80P A (2), ) ATk
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Fig. 3. Geometry-based multipath environment.
TM-A
R (.8 {Rzag(f) A>0
™-4(T,8) = 2)
Rieaa(r) A<O
Rlag (T)

=< Xiag ®), Xpom (t — 1) >

=< Xqqg () = Xpom () + Xpom (), Xpom (t — T) >

=< Xlag (t) - xnam(t)rxnam(t - T) >+< xnam(t)rxnam(t - T) >

=< Xqqg () = Xnom (), Xnom (t — T) >+ Rpom (T) 3

AZIA Ry (), Ry (01 717} A3} A3 S4ke] EWFo] J5k

Ao 082 Lrehdic

TM-B

T+T¢

Rry_p(t,0,fq) = thd(T' g, fd) * Rnom(‘[) = Elo

E() = fote(a) da

T,
2E[+El° (4)

0

= 20 exp(—oat) o2 . £<0

t—— 7+ —5 7 |20 coswgt + | — —wy |sin wgt )
o2+ w; 0%+ wj Wq t=0

6]7|A o2 damping factor, f,2 damping frequency, h,, & 2
2} TM-B A|AE] 1831 e& 22} TM-B AJAHEI O] unit step
response ofulgte}.

TM-C
Rry—c(T, 0, fa, B) = hana(7,0, fa) * Rry—a(7) ©)

TM-C A|AEIL 22} TM-B A|AEIS] 9]2] 0 & TM-Ao|| oJ5t
e Aiks Abgelo] 2F 72 EWF @ Ro] AjtE=

qul

CLEREEL

2.2 Multipath

(b) Backscatter model-1

(c) Backscatter model-2

Fig. 4. Geometry-based multipath model (Froward & back scatter model).

o g o AAstel sh: uhilte] 2l BEYs)
of A gk

w2 94 TR Tetsitt 210
A=)l whet LOS, Reflectiong Z7%shat 2w} Akt Suf bt
o] 27}A] -] ¥l s 2 SHEghc

MPo] ofzt 0.5 4158 A4
A A} o] Auk Abekat onf skedo]] tisf FLiEsto] Zk2te]
AR S o] 5k o 2 THElgske} (Hannah 2001). Fig. 4b
& S ARE S 29 HRAEE = S oA AH e 2 B R
FY=| 3L, Fig. 4c& AHoA HH o 2 viAl7} Xt pe} P
2h2} 2417]9] 9438} lEhT 0 2R w9l e] SA171E
ERAT. Fig. 4a9] di= Y €12 A ollA 41717121 &] =5 A2 &
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Table 1. Geometry-based multipath.

Scattering .
types Multipath model
Forward
dRg = 2h - sin(6 7
Scattering F sin(6) ™
S B;ld(_ dR z- cos(29)+ z 8
. Zrmg BA = cos(6) cos(6) ®
Back { - x - cos(26) x h h B
. _ | 2h-sin®) + cos(6) Jrcos(@) sin(G)Jrsin(G)'Zone 1
Scattering dRgp = h- cos(26) n X X 9
-B 2x- cos(6) — sin(8) sin(8)  cos(8) +m,zone —2
R 3L, /2 Fig. 49] backscatter H@lof|A] BTd o] ghate]] wh

£ 450 _%% UpERdITE, Table 19] 44l 2502 &
LOS 4126} S-417121e) L2k, hi= H¥1s} £417] Aol 4
A7) A2 S Uehict E3E MPR
015} A1 5 0] £~A17 3-8 Fresnel reflection coefficientsS 1125}

M
L
=
rr
1z
rE
i)
-l>

2.3 Radio Frequency Interference

oJulz o @ GNSS HofolA] Al @ E = RFI A5 GNSS 4
A719) A5 AT B4 B4 AlAEle] A15S ojnld
o, GNSSell Qe FIAE A% ched Sef we} gehel/deel
M4 A58 BF35lo] Continuous Wave Interference (CWI),
Pulse, Matched Spectrum Interference (MSI), Band Limited
White Interference (BLWI), Chirpe] & 57IX] 2 7]|&Z &
oA P} (Kim et al. 2020). Z}7be] Fm4 3o} E4E 1}
E}f= power spectrum density@} time-frequency 2-D ¢3¢
ol thet spectrum- Fig. 59} Zt}. o]ejgt §A4J-& YER = RFI
jamming A1 &= A]7Feddo] thsl| Table 29} Zro] st og 1t
dlg] sk 4 Oh:} oJ7|A, &EFH o F P2 interference power, f;
L interference frequency, 62 initial phase2 2Ju|gtc} BLWI
oA n(1)L gaussian white noise, Pulseol|A] rectpuls(t,d,r)e
pulse width 42} pulse rate r& 912 0 2 Az} BAUE A=
Skt npR|Eto 2 chirpol|A] k& chirp rateS LFERATE AJAIE
RFI 415.9] ¥ok& S4 2|0l s{Fsh= rangeet /N2 £35}7]
H5HAl+= jamming A1 5.9} 7]&2] GNSS 4150 AHES JokS
H A0 gt} (Kaplan & Hegarty 2006).

2.4 GNSS Signal and Measurement Error Generation

2 =ollMe &F AuE of whet 415 48 BYEYs)
7] 98l correlation function, pseudo-range, C/N,&}+ Zro| 371
Sniold 0.f 24212 AT A2 05 Aeles 37}
2] mpetulglo] il o7 A 2] AYAJolHr) ti=ck T35k MPS}
RFIO] 79 255 ol4te] 05 SHAE AT 15 B4
§7s17] 1ol AL Tl A2 e e shabule s
AFE3ItE. o]of thisliA] Table 3of] & =Fol|A] AlEH ]S E5l
QF AlE]| Qof wht YA E = 07 SPAE A St

| DWEE 9] A AR Gefs) dl g e 44
2 7I0ko 2 AR AT 03 S XS 2ete A4
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CWI
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BLWI ~.
i
Chirp o -
3 .
5-type Jamming
Signal Spectrum
Fig.5. 5-type RFl spectrum and spectrogram.
Table 2. 5-Type RFI.
Interference Interference model
types
CWI Jewi(t) = /2P;cos(2nfit + 6;) (10)
MSI Jusi(t) = /2P;,C(H)cos(2xfit + 6;) 11)
BLWI JeLwi(®) = n(t)cos(2nfit + @) (12)
Pulse Jpuise(t) = /2P; - rectpuls(t,d,r) - cos(2nfit + 6;) (13)
. k
Chirp Jenirp(t) = /2P; sin(r(fy + Et)t) 14

Table 3. Error measurement classify about generation and monitoring.

SQM-metric -+ elation function Pseudo-range C/N, [dB-Hz]
Error - type [m]
EWF o] X X
MP X ) (0]
RFI X (6] ®

*x: No Generation, O: Generation measurement, e: Generation and
monitoring measurement

gt
MP9| 79 RS Soll WhAlE e et 4150 A& At
4l AT o] AGH7] fiZel ol 7o 417] AF
£ =3} pseudo-range?] Q2}E AAlsloF st} B ¢tof A=
GPS9] BPSK 415.2] Tl ukAlo] tiaaiat 2ejaba, o] w441
7] %4 jejolele} 02} A5 ] AR A W 241 A5 W A
E-& Z3l multipath envelope2 AJ4J510] range?] @aF &S

Ay /\g%h:]- (Enge 1999).

RFI2] 79 O/N,2) 03 488 AAI517] 18] 2417] 2 A
S-S asljof sk 7|EF 02 GNSS 4159 C/N,& white
noise-2 7}k 91 7] W&o, nonwhite interferenceo sl
Sk RFIO| thgh oh& ol Fasiet. ofof tisl 7Hde]
white noise density-2 4510 ZAI5l5} effective C/N, S 3 <]
slol o2 Bell o} 2475 ALt RFO] o3k 714 415
9] &J38ko Kaplan & Hegarty (2006)2 #F315Fo] GNSS 42417]
29700l 4] (15)2} 2ol =g ke,

(C/No)esr

© |H 255(f)d
= (C/Ny) I HROI2Ss(Hdf

IS HRDIZS (P Af + C1/No [ oo IHR ()28 (S5 (Fdf
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1
=71 L G/Gs 15)
(Cs/No) ~ QR¢
17| A, C/Ny2 RFIE] 5Fo] gl vh&at of F-38]E Yeb
_‘[

Coe 4418 4159 A7), 5.9 S,
7HA A1 5.9] power spectral density-2 U
. Hp A7) BE1Y] AG ok g oulslal, R EHitA
E9] code rate oJu|gict
$A17] 28] 34 5 code tracking?] 9IFFE early-late
correlator?] x}o]S £3| coherent integration ¥} of| A 2AY 5}

£ LFE 4] (16)7 Zo] Tt
Bn
OcgLp = LB

Br
an_gsz fSs(Hsin(mfDT)Af

P

67|, B2 code tracking loop2] bandwidth2., -2 precorrelation
filter bandwidth-& o]n|gic},

+2£5,(D] Ss(Nsin? (nf DT, df (16)

3. SIMULATION AND RESULTS

3.1 Simulation Configuration

2 wolMe Algdlolds &
£ EWF, MP, RFI9] 3Hof A & é]

EL
ARt AlgElold e o5 AHE S A °J%P% DP% Fabp S
4=A17] Novatel ProPak6Z £3f] A7t 2 QHE= 2H 2=
A A5 Matlab 7]8F GNSS AT 7 A AlEEolEle] A
golo] 970 ko] M7k SHAE T o F AU L
= =] A LA ok 7z}l thafl 4 a—.*’—ﬂﬂi A7 7Vss

o} AlgEold 317 Aol T 2 A
etk

AgFole 37 2 FRE thiro] Sasi} WA GUIS
N A7 A el ek e 2 o) ek ek
selslel

F7h 2l 88 A ATk 1 3, 0F

gul vl

o}m

0
Code Offset [chips]

1 2 3 -1 0 1 2 3

&
o

Code Offset [chips]
Table4. Simulation configuration.
Simulation setting Parameter
GNSS type / signal type GPS/L1C/A
Simulation time 900 seconds (15 minutes)
Measurement experiment ~ Rooftop Opensky

Novatel ProPaké
Auto-correlation function, C/N,, pseudo-range
EWF, multipath, RFI

Receiver
Error measurement
Error scenario

SEIEEREE
NER PEpEIES
B B0 2 Ak

st

[e)

folr 10,

2]
(= A1
o AHHEE

3.2 Error Generation Result

functiono] ¥H= ZHS , B
= AlEgelEE Fl stEflo] #4171 el e 01*014?_]
Auto-correlation function ZF& AJAlslo] <] o]o] noiseS =7}
3f| correlation function®] &4 2]E YA & A (1-6)of whet
EWF 2 5E5 AYAISkc} Fig. 6a2] TM-AL 0.3 delta chips TH=
o] o =2 AT Fig. 6b2] TM-B-& 2 Mnepers/s damping
factor, 8 MHz damping frequency ¢33Fg 0] Q55 AAJSH 4
Ftct. Fig. 60+ Figs. 6a¢} 6b90] GRS Aglsto] /35 EWFS]
correlation function 231} LFepdic},

ANE Al E Y, TM—AQJ 749 20S-modelo]] w2

deadzoneso] /Jeha2] 3 Lol A LEhtaL, o] et oA A
ko] o] ol5H A % Q.]'?_]%L 4= Atk Delta chips®] 7t

S
o] ARLE o]AFA Q]

o] 715t} TM-BL&

ACF o8] A&7k} code offset &
2ake] ofd @1 @ 7} Wb o], ARUaH
FollA AFaITE Hol= ZE gl 4~ qick o] uf, 2152 2
P1sh RE o] Ful 24 Fol T WeS 2YT 4 ok
Damping factor2 % 215%5-9] 744188 YeR] 7] wjio] Fho|
258 ACF 75 37 oF7|5kAR, damping frequency2]
RS Ts] 0] 2700l wheh ACF 05 HEE QUS4
itk TM-C2 TM-A¢} TM-B] A7} AjtE| o] deadzones}

distortions, 712|311 false peaks HE &Ato] ol Z& oF
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4 SIh ACFe] el ohsto] 71 A% m&S Hol X2k AlA
2 SQME 43t B ACF function gfoll tisf vl S 4
W 4 G17) wel 1% AaHe AA ACF 0.5 ekt $33]
213|517 = bt

MPe] 9 Q1E9] M AAstel vt 2 818 5] I
& BA5= Geometry modeld ©]85}o] Fig. 73} Z+8 Aits
a9ict. Fig. 7a= BPSK modulationo]|A] path delaye]] w2 code
phase error2 Hoj&t} sl A= correlator spacing 1] ZF
< 7= BPSK MP envelope-& 3] range errorS AYAJ g}, Fig.
7a 919] A 0 2 Uehdl At AlEHoldS Sl AdE
range erroro|C}, Fig. 7a o}efj<] u}gt-& code phase®} carrier
phase?] z}o]& LJEl)&= CMC2] envelope functiong 4-A17] 2
He] 295 25 MP 0.5k 3obe A3 vlwstel Uil 1
S} GNSS 44171 Z7%] 7]4ke] CMCE 2 #8}% §lo] 0
o] Y4 range errorg HolF ATk AlEE o] FI
A= MPe] QfREE 2.5 m 2719 envelope Fef Hsleg Ko
Zt}. Fig. 7b& wkAla}e] Fresnel reflection coefficientsS 112
Sto] MP A15.9] &J3ks A& C/Ngkell 715k AakE Urehiitt,
MPo]| 2J5t C/N, ] WISk 7189 S 2ollA] ¢F 3 dB-Hz &
o] Y% < biase}t 3 variance o] 7 AL AT
% get.

Fig. 80]%= RFIo|| 8|55 = CWI, Pulse, BLWI, Chirpe]] ©]a} A
AE 08 2N Uehich. 759148 04 MHz2 443)
o 7]&2] GNSS 4159} 1M 415 7he] AMERo] 54 7ol
33] ZsHA vehdtt Z47Fe] 9 Foll thghk Thetule A3k

(¢}
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Fig. 8. 5-type RFl generation results.

frequencyS Z+1, Pulse-2 3000 pulse per second2} 100 MHzS-
%712 47sieck BLWLS 2 MHz 93¢] i %< A3,
Chirp< 1000 MHz2] 7]} 0.01 second?FHE-2] sweep time S Z
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Table 5. TM-B delta metric with damping frequency.

EWF model Parameter Value
DeltaChips 0 0.1 0.2 0.3 0.4 0.5
TM-A Delta 0.0323 8.1123 18.0155 19.0310 20.2410 21.5947
DeltaChips 0 0.1 0.2 0.3 0.4 0.5
Ratio 0.0287 5.5785 10.6189 9.8052 8.9632 7.9475
Damp factor [Mnepers/s] 0 1 2 3 4 5
Delta [unitless] 0.0323 43241 4.8679 5.3890 5.5930 5.7444
Damp factor [Mnepers/s] 0 1 2 3 4 5
g Ratio[unitless] 0.0287 5.0938 4.4246 4.6986 4.8034 4.8997
Damping freq [MHz] 0 4 6 8 10 12
Delta [unitless] 0.0323 4.8635 4.3266 4.0073 3.7345 3.5334
Damping freq [MHz] 0 4 6 8 10 12
Ratio [unitless] 0.0287 4.4360 2.7814 2.3582 2.0086 1.7684
gk 74 S 9% FES el 2312 Q-factorg = ‘ ‘ o koo mane
A olslo] A8 4= 9Jt} (Kaplan & Hegarty 2006). Q-factor2] ol e
e 24E 7 A1) AMEY o] 23 1 A o
A EE C/N, Q52 Q135 Effective C/N,ZHe] ¥ig}leko] At ;g 151 ]
Zk7ko] Q-factor-& CWIL 36398, BLWIS 21554, Pulse-2- 1.4950, 3
. @101 e 1
Chirp& 1.2730 Zr& z+=r}. a .
-grw - 5 [ /// 1
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Table 6. MP range error & C/N, changes with elevation angle
Flevation [deg] 5, 35° a0° 45° 50° 55° 60° 65° 70°
Error value
C/N, change [dB-Hz] block block block 3.7187 3.2677 2.8018 4.6273 1.1480 1.0996
MP range error [m] block block block 05639 04534 03465 02483 0.1628  0.0932
S Skl O =3 ]l 2 0]
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