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ISO 17123—8 E=0|| 2|5t GNSS—-RTK $A17| AMels 7}
Field Tests for Accuracy of GNSS-RTK Surveys by ISO 17123-8 Standard

==
Lee, Hungkyu

Abstract

This paper has theoretically and practically reviewed the ISO (International Standard Organization) 17123-8
standard not only to raise the appropriateness for introducing performance criteria of GNSS (Global Navigation
Satellite Systems) surveying equipment based on RTK (Real-Time Kinematic) accuracy but also to derive its
proper test procedure by introducing the international standard. Field experiments have been performed to
appreciate the GNSS-RTK accuracy of five selected receivers via the full testing procedure of the ISO standard,
which statistically compares the so-called experimental standard deviations with themselves and with the
reference accuracy. A series of statistical tests have revealed that the RTK accuracy of the same class receivers
is not identical, whereas that of the different classes can be equivalent. Such a result evidences the urgency of
adopting an RTK accuracy-based specification of the GNSS equipment to the performance standard, currently
referenced to the static observation technique only. It is believed that this transition helps the maximization of
a new generation of cost-effective receivers to legal surveying applications. Finally, this study proposes the ISO
full test, comparing an experimental standard deviation with its referenced value, for a potential field verification
procedure of the new performance standard.

Keywords : Global Navigation Satellite System, Real-Time Kinematic Positioning, Accuracy, Field Tests,
Statistical Test, ISO 17123-8
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1LME

RT3 HANA(GNSS: Gloab Navigation Satellite
Systems)= ¥ W5 Tyt e A4 9A] 2%
o] 7k sl -t A B5o 7123 AE A SFe i
Alskar Aok GNSSeflA= x5 AR 7I7E BE5Ak=
T 22k 24 ®plol| whek 9] 7S sk, AREA
SRRt UE 2 5 57, U el whe A%
JAS A8ith TP o5 9 e Sof Bk HE
PgEtel)of thg SFo] 28 7Hs7 GNSS HE
A At 3ol ofat FH(HHAE S, ©)F
3} 3 2]2](PPK: Post-Processed Kinematic), ‘
250 213 AAZIZSIRTK) 7} 9lek o] 5 4] 7}
GNSS AT 2 9] WhAlo|ut B make] el mh
ol OFh ok ol g3k Slck 4
5 P12 AR, 123
Sfat 7)1y S o] g ahis v,
PPK 9} RTKE= Attt 2o 2 Q7 A4she 7} vho 3. 4 337
24, A=, T3 AA RS 45 ANTA 2
ol ALE-31TE £3), RTKE 7%= GNSS AMA|TE7 7]t
VRS (Virtual Reference Station)2} FKP (Fldchen Korrektur
Parameter) B4 AJH|AE FEX]ZAHLYo] 200987} 2012
WRE 217} XA o) e Hof S| F58) 20204
71 A& A7t oF 15wt Blof] @skar Ith(NGII, 2021).
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Ak bR A ale]l GNSS B3, 3
25 27 014 ARl7H 10km o4 421 2o, IES)
SL-RTK 23, [GNSSO| 9J3t |22 714,0] A5 |
T 44171 AL g 3llok gt o714, 3523 GNSS-RTK 4
A7V 71 skt ol 0] ek BRIHE IR T

3 28 T2 AHERITHS 213t 42220 GNSS o] 5 2
oz 4:417] Aok 71k AXEo] Yk o FBE
B2/} ek 0|22 7] GNSS-RTK 4:417] e 20] 5
% 5 FH(geodetic-grade) ©|9{th AFAe] 7]215He A0 2
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E(chipset) 7|5 A7} 24171 E50] 7= $ITH(Cozzens, 2017,
2021). ofof| whe}, GNSS-RTK 59| 7|&¢] S5 Zof &&=
O} A7} s A7 N S e o 7|E A
=91 9159 %7171 A5 7152 AAE ol RTKe| tigh
& 375k Zlo] viAg Aol

Seo et al. (2009)= () ZF717] /5 HAE &7 774 0014
GPS 57| Aee 45 dulgaet A7 1A% 2= ¢
Algk} Tes] Blashs W] Al AAskaL 7HE A
7o 2 ke s FAlshe Weks AAsHl o AT
Z9jo] ol 71U S ako] Tek AC R RTK ATHE AA:
CFEX] 519Utk Lee et al. (2008)2 zTo] alg-5}l+= SO
17123-8:2007 (SO, 2007),Z A3} 271 7]% GNSS-RTK
FAV] A= F oS B AL 2 Huskgl o), ZhA|
g WS AY Ao ATE EAT W82 F55] AAISHA
Fal4e) Heister (2008)-2 NSO 17123-8:2007,2 7H&5}aL
SHelLt e Blo)ld 5 =3 vhgo] B agt s AARE
v} ek 0] 1SO+= 7| SO 17123-8:2007,2] F4 - hAIS
©13) SO 17123-8:2015,2 ZXFITHISO, 2015).

2 A= 71 7N B AR DSk d
Al FHI5kA Z-8-5H= GNSS-RTK 71719 e 3
7holl FAlEE A8 A 55 % 7|2AE gEE
Ao 7 435ttt o] sl NSO 17123-8:2015,0]49]
GNSS-RTK 9] gt 715 919k ¥= dak 18al 7|e
ekeo} A71E Ao] ekeo] et AN WS
Zhslal A58 GNSS =417] 37)) 7153 A7 /35
N EE A2F3t H717) E (evaluation kit) 27} 7132 ISO #5
of w}e} 28] 7 Yok EHS HASI, oS Ba) %A
0] 2J3F GNSS-RTK Z27]7] A5AAe] Al w3} 5sF
3717 HShE B4 S DR 5 F R A 24 %
u]o) Za ok 3§ 7H5 A ANskLA shick

¢
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2. GNSS-RTK Eai= Al ZHx} H 2

2171

A FEZ7]H(IS0) A172 71521 hS](ISO/TC 172)+= B8t
4l 532}5}optics and photonics) F-0F2] -8-0], QAL 9lE]
#Hlo] X (interface), AlH W 59 #2735 FIHIL Tk
ISO/TC 172%= & 97119] E31}¢)3] (SC: Subcommittee) =
FHEo] Qlon, o} 6 BIHSCO)F 2] W )]
(geodetic and surveying instruments)©|Ch SC6-2 =] 4 =
F7171 8ol TS0 9849, A1} 1Y 5 5E71
Stofl ti8kSO 12858, 25717 AAAIE A=}l SO 17123



16 & 14719 28 A - sl ok

SO 17123, Table 19]] Ho]|i= n}e} 7ro] o] 2 33} 87}
A F52] 777100 gk AAH
1©] GNSS-RTK9]| 3} o]t ISO
Qong T ArE 3xd| I FaAS sheld Za vt sl
t}. ISO/TC 1729] 623}H= 20074 NSO 17123-8:2007,2 X
Z F#e F 201590 5 dakg 1kasksto] SO 17123-
8:2015,% 73AIst3lt). o]5 F edition)9] 2to]= Galileo
©} Beidou 5 7idkol] w2 GNSSE 9] A WA} 37) =
22 202 Sas) 44 7hsk3icks Folth(ISO, 2015).
MSO 17123-8:2015,= R2 x3ls) & 77 A& LA =0]
Uk 1~32-2 W9, HaLEA], golet AojE vl 482
GNSS-RTK 7@} &4 = 2 A3 AXS 73l glo
™, 5682 A1 Ze AT BAIRY S 7estal
Slck whaha], & Hof|4="S0 17123-8:2015, S W= A
Ao} WhH v FAI A 0 2 LR Ae)stlrk(ISO, 2015).

AR
SR
)

o

Ay

o

i

Table 1. Parts of optics and optical instruments — field

procedures for testing geodetic and surveying instruments

(IS0 17123)
Standard I.D. Subtitles Pu{){lished
ear
ISO 17123-1 | Part 1: Theory 2014
ISO 171232 | Part 2: Levels 2001
ISO 17123-3 | Part 3: Theodolites 2001
Part 4: Electro-optical
IS0 17123-4 | 4istance meters (EDM) 2012
ISO 17123-5 | Part 5: Total stations 2018
ISO 17123-6 | Part 6: Rotating lasers 2022
ISO 171237 Part 7: Optical plumbing 2005
instruments
Part 8: GNSS field
ISO 17123-8 | measurement system in real- 2015
time kinematic (RTK)
1SO 17123-9 Part 9: Terrestrial laser 2018
scanners

2.2 = Hxjet gt

GNSS-RTK 7=t AJFE Fig. 13} 0] 27)19] o]5=9]
A &3k ofnff o] 5= Aol Ag]&= 2~20mo |yt 7=}
o)F = Atole] Al= 20074 Troll A= 7]E= EFol whet
10km&} 40km 2 A|gHH o1} &8 B2 L Y ELI-RTK &
7 AH|AE dlefel o] & 58] ik QA gtk 7holA|

H(simplified test) 7} 7} 3} A 1) RTK o]2le] 2

Field Tests for Accuracy of GNSS-RTK Surveys by ISO 17123-8 Standard

I 5 ol Afo] SARloh o)A HUE
= Ao} gk

BEE 5417] AzA) leele] ket 2 914
PDOP (Position Dilution Of Precision), |4~ ¥
Saeith w3 Anbs vk vy
o) o]l S (epoch) 37 5 - 3ol 2
RTK 238 £ o504 717t 13] 4413 2
(set)2} 3}aL, 57 A E(103] =5 Al Z(series) =
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Fig. 1. Layout of GNSS-RTK field tests by ISO-17123-
8:2015
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2.3.1 ZHOIAIE

ZROIARE 17 Alel2 w23t o5 319 AT RN H
TG B0l A2 Ho] D, , Ah, ; 9k 05| kel 3
shi= 712742 D. Al #o| Egs. (1) and (1o 2] 4|
AR P AEREe} HlsHE WHolck o2 Bl WA 4
4171] GNSS-RTK AHSHE7} 07 4-30] 912 o] .2 7
Hoz BrspIL e 1] Teh ot el A 4
= 9.

i~ D (1a)
€an,i;=hi,— Al (1b)
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where D, ;and Ah, ; are the calculated horizontal distance
and height difference in the set j in series ¢; and D and Ah
are nominal values of the horizontal distance and height
difference computed from the predetermined coordinates of
the rover stations.

g g0 W US 721e] A €p.i ;. €n.i)E Eqgs. (2a)
and (2b)2} Zro] GNSS-RTK &% A 3}eof of3 AALSH= &
ARtk v]iLe) L 55 o2 BRHTh 17 A2|= 53 B
© 2 Ak o553 Afo] 4:7-p0] W Az 4 Eo] 7ol
@ Aol IS0 2L ol F T 7 ool Zubt U
2k olstel wl 7|2 HSES wE SRl gt 7122 A
81 914 g,

l€p,i;|=2.5X V2 Xs,, (2a)

l€ni,i]=25x V2Zxs, (2b)
where 5., and S, are the predetermined standard
deviation according to the values specified by manufacturers

or geodetic authorities.

2.3.2 AT

shefe a7k ZAfska ekecha e o) 3 Azz B
2 307 3349 HT A7} A hFolet. S 9]
3 WA ol gte] BE 24 o] Yan WA S Adke
5 GNSS-RTK %9 3749 179} 5% 20| tfal e
ZHxH(experimental standard deviation)< Eqs. (3) and (4)

o ofsh At
>r >
,sy=\/ U:”,sh=\/ —

ESIvE
Xy
s =
T vz

where 7, r,, ), are the residuals of the measured 3-D

coordinate components, and v, Uy, Uy, are the degree of

freedom, which is twenty eight if no outlier is identified.
= /sl+s2 @

Egs. (3) and 4) =2 AlAFSE s,, 9} 8,5 [SO 3%=2] GNSS-
RTK Aot Fdoi= 22 BBk (standard
uncertainties) %150 —GNSS RTK —xy 2} U180 — GNSS RTK — h BF2L
3tk o]5 ZH2 Egs. (52) and (Sb)ol|A] SF=go] 2]} 425}
2 23}t @ 2= o] 118 dl 1HA GNSS 4=2417]19] RTK

=9 A3lro] “AHE-EA T (combined uncertainties) A%
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of A&7tk

_ 2 3 2 2
Upy=2X \/"150— GNSSRTK - xy T g rec t %oy, ant T %ay,mat (52)

_ 2 2 P P
U,=2X \/Ulso—chs RTE -0 T Uk rec T Uk, ant T Uk, mat (5b)

where Uy, ree, Yoy, ants aNd Uy, e are the horizontal

uncertainties of receiver, antenna and mathematical
modelling, and Up, rec, Wh,ant, and Up, mat are those of the
height uncertainties.

Al FEFHAL 8,y @) S) = Table 29} Zro] 24| 27X =2 4+
2ok 7Hdol sl A AR A WA= 3ol Al a2t b)
off s st AC R Say e} Sn7t ¥ 714 5ol &8l AR
oIt 7= REHA} 00y @} On 0t FAAH 2 Arial &
U= Bh= Aotk &, 934 417] RTK ggh=7F 2774
S o]} o5 SAIA 0. 2 st Aotk Hh, WA
<= Table 20]4 HAAIR )2k )= 717 ©F2 27K4) 3% =
21719 ol W AIHEEHAL 54y, Soy LEAL

3T

¥ Sh, Sh
7h 4] oj5 2 A= Aol

Table 2. Null and alternative hypothesis for the

statistical tests

. Null Alternative
Question hypothesis hypothesis Remarks
a) Spy = 04y Spy > Oy One tail
b) s, <0y, s, > 0y test
C) Sl?y = %zy 17/ = Szy Two tail
d) S, =58 sp #~ s, test

7R )9} b)2] ARTIAe] 7)zhElA] ke gele X

30l 4124 95%S 1efa vl Eqs. (6a) and (6b)2} 2.
o174 2ol Fe 2.7} giekn Thgatehel A5l Ket 2

o] 37h¢] B A RO AR BT 280 Hlo] FOl4 5%
2 mefal 7heks] het 4= glck

2 2
v, tov (56)
S0y < 04y X ‘/Xu.ss( v) =0,,% ‘/XM;G

v, T,

=1.15%0,,(02)

8.05(va) 3.05(28)
shSahX‘/X o =a,,><\/x 28 =1.22Xo0y (6b)
S, BAAA 02 )el A F|57Ho] 145 g o
F&me] 1A EHoH Egs. (7a) and (8a) 7} Elck O]Z",f_

o
(6)_' E}‘O] 30§] U /\}_9_6]— 76]_‘-;’_11]-111 F- H] ]_o ;(_g__a_H



Eqs. (7b) and (8b)=2 73] 213t 4= Qlck WA, o] o]
A FAR7H0) 717k 5 GNSS 4:417] RTK 5] A2He7}
EAH 02 2eka & ol§7} glrks A2 ojujgi

1 )s iz < Fi_ (v, o0, +0,) (Ta)

Fl—a/z(")z + Uy Uy +”v

1 53
- Ty =
059 = F—Te555) = 23 < Fy.975(56,56)=1.70 (7b)
2
1 Sh ~
= <= Flfa/Z(vh’ vh) (8a)

Fi_oa(Whva) sh

2
Zh < Fygr5(56,56)=2.13 (8b)

1
047= ——F7—n <
Fy.975(56,56) Ei

3.

i
I

M3 2 #n

GNSS-RTK =717 A% H7}o] MSO 17123-8:2015, 3
F A8Y A YT ARIE 7 7 2AR 2R el
22 23717 AR AZA ol9le] FASNH 2415 9)
L TR 59 AZI) WA S S Bol 384
DAL 13 BT Bk 2 o AF A
¢ | 252 4748 ¥ B2 et

37N AlE] = 5o iRk Aote HAe 1 AE vl als it

GNSS-RTK Z¢] H3he Algw7te gt BE9e 7|

Field Tests for Accuracy of GNSS-RTK Surveys by ISO 17123-8 Standard

FExol sigete 7R FUCHWN)Z o] =7 E oF
830m Hol0 712 §-Aboll A1X|3k Fig. 29} 2L o}'5% )
(pillar) 27 & 2 AT WS04 CHWNLE 7|E=o =2
SEX|ZARY 9A7|EH- AH]A~ZEE] NTRIP (Network
Transport of RTCM via Internet Protocol) & £3f #=4|o]
T2 Ao} AIY AL BhelslE R 7]u RTK 29
2 SaUSlER Sk BOABL 9T o5 Alo] 47
Aele} ola} A4S 9I) GNSS AAAlo2 4x7F B
=3}tk o]% Javad GEODIS®} Leica LGO A3 E¢Jjo]o)|
ofaf PIA 712 717} 7)dslH e Zate] Aaa 2holt
1~2mm EUS I & 7|4 e AES Bt 7=
+gAe)(D)2H 01 AHAR)E 712 3.681me} -0.017TmE 2
g8tk

D =3.681m
AR =-0.017m

Fig. 2. Two observation pillars for the GNSS-RTK
field tests

Table 3. Some major characteristics of the receivers tested in this study

Receiver Characteristics Manufacturer Remarks

LD. claimed accuracy

* A receiver integrated with a antenna Hor.: 10mm+1ppm
SR-1 *Most recently released product among the three geodetic-grade Ver.: 20mm+Ippm

receivers, tracking modernized GPS, GLONASS, Galileo, Beidou (ISO17123-8)

* A receiver separated to a antenna Hor.: 10mm+Ippm Geodetic-
SR-2 * Multipath mitigation algorithm is not implemented Ver.: I5mm+1ppm survey erade

* Tracking modernized GPS and Galileo (RMS, lo) ve

* A receiver integrated with a antenna Hor.: I0mm+Ippm
SR-3 * More than ten years since the product was released. Ver.: I5Smm+lppm

* Tracking legacy GPS and GLONASS (RMS, 1o)

* OEM chipset installed in a elevation kit Hor: 10mm-+1ppm

*Product of a China based manufacture, tracking legacy GPS, N pp
CR-1 . Ver.: 10mm+1lppm

GLONASS, and BeiDou Cost-
. (CEP, R50) ost

* A calibrated antenna effective high

* OEM chipset installed in a elevation kit Hor.: 10mm+1ppm performance
CR-2 * Tracking modernized GPS, GLONASS, Galileo, Beidou Ver.: I5Smm+1ppm

* A calibrated antenna as the same as CR-1 (RMS, lo)
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S
t}. o5& SA5EE A7) 3 715 thE 7HA o] o
USD (U.S. Dollar) 425221 A7}alXds $=417] 27 71&2
2 728 5 Stk SR-12 o] 5 F 7H 2ol A1 IA
FLE RTK S0 == 285k Holn, SR-2+= ¢t
223 Al7|olu il GA] oAk 59 ol fE v R
A% darelES "AskaL QA ok, SR3S EA1E A
109 o)A} ¥l 1% GPS-GLONASS 2:=A17]o|t}. 3k, CR-
12+ o]FFul4 4=417]01L;, OEM (Original Equipment
Manufacturer) YA E7} 24T A A2 52 A Y]
213l 28 X = (application board)o]] A2k H7l7]|Eo|t},
CR-13} v w8 u] CR-27} L2C & GPS &gt Ao s Eg
3l 1% chor ek GNSS A58 33 4 9l 20] S4olck
Table 39] 3818 Alofol] uFE RTK 29 42H=2 petul A
o= Azl He ok AohE 7|58 AHeshe AL 2
2 oIt} S}, HEA O 2 AF8FHE 10 712 RMS (Root-
Mean-Squares error) = 2HARHH 4232 10mm+1ppm 18]
3L f=0l= ISmmtlppm =F0 2 S7f 7)Eo] AR 55

s},

P

rH

I
I
o
N

H
0x
for

b Tt
PN =
b 4=417]%= Table 3] LEhd Hie} o]
7] 2t 57N 71501H, 3Eof| A€} 2ol =4l 7}
53 GNSS 57} Fe 5 2.700] ofat e vl 9ia)
GPS |o]EJ7H-S RTK 2 9jof| AF8-3}91t}. SO 17123-8:2015
22 I Ao whet S St MY 235 1A~ 6419 370
A= HE52 9144 o= 670 o4 18] 3L PDOP 3.0 o8} =71
O & 4=3f5}3ith SR-12} SR-3-2 &-tf|-& A E-E-(controller)
Z1E)al Y R] =47]= e ES PCOl 23l GNSS 53 Ho]
EJAlE] o] AAIZE o8] Alr] o] Z<5o NTRIPL. 2 7]
CHWN Blo]e| #53) 27524 5.2 RS232 541 Aol2
ol oJaf 4241712 H48) RTK 2912 Zaslick 2] 2z}
Q) A RA I QA AES S PCo] A=
Alg| &2 FLES AASE 2 A srd| = A E (spreadsheet)o]] €]
28] 7ho] - AT WA E A5 Absiatch

GNSS-RTK 2tz o] THo] Aol A= Abde] HEstA 2
HAE 5 o5 Afo] 4 - o] W Anlel 7 P2 A=
o] 37 391 3 2 E AN 7Aele] Ao] oAk
wgte} o wEd TholAlfol= Ul Alg]= 5 AikE
A1 2 Q1o SRS 98] oln] 3M2)2 T3

r
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ot
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fu
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omz IS/ AlE BES ALgEHCh Fig 38 A 2
Shoi] SHeFsH T} 2417] o] B3k Egs. (1a) and (Ib)
o] 7|2 2}o] 2} Egs. (2a) and (2b)2] AL HEIE =AIFE A
olth ZFoAR 7|EEZHAE A7) Aol HAIE et
Lol 7|53 ol 5= Abo] A2 oF lkme} 427 - ol A
QA5 WSl +1.2emé}t £17em= AR AR 22t
+4.243cm@} +6.010cm7} E|QIch Fig. 39] 1af oA A
QS 2452 0] YRR ekst] t2o] 5714] GNSS-
RTK A7) At 7| 2220209t 55510t 1 olsh7}
Bz o 2 BE 4 otk 8 AL A1 417 5ol
B Aok Sl vl tha 2 WS Holje st A

-
-

v
lower limil_x

1 3 5 7 9 1 13 15

Fig. 3. Results of the simplified tests which depicts
the test statistics and the upper and lower limit of the

critical values

3.2.2 2ATAA

S 71% A1 370 AR = S
Pon g o]5 wFo s LS AASIRIT Fig. 4=
2t AV ISH|E 574 AnhE et 33b 2ot v Al
E 3 Aolof| sjgshs S EAIRE Aotk 3L Egs.
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Table 4. Hypothesis testing results of the question a) and b) in Table 2

Question a) - Horizontal Component Question b) - Height Component
Hypothesis Testing Hypothesis Testing
Null Alternative Statistics| Results Null Alternative Statistics | Results
2 2 2 2 2 2 2 2
Sy SR—1 = Oy | Spy sp—1 > Oyy | 0615 NR | Sj,6r—1 = O | Sh,sp—1 > 0y | 1241 NR
2 2 2 2 2 2 2 2
SeySR—2 = Oy | Spy sp—2 > Opy | 1127 NR | $h.gp-92 < 0% | Sh.sp—2 > 0}, | 1984 NR
2 2 2 2 2 2 2 2
Spy,SR—3 = Oyy | Spy. SR—3 > Ogy | 0988 NR Sh.$r—3 = O) | 81, 9p—3 > O}, 1.873 NR
2 2 | 2 2 2 2 2
Suy.CR—1 = Oy | Szy.cR—1 > 0 1.582 R Sh.CR—1 = 0} | Sh.cr—1> 0O}, 1.987 NR
2 2 2 2 2 2 2 2
Sﬁ”@/'r CR— 2 < Uwy S.’ty, CR—2 > Uzg/ 1.057 NR Sh,CR—2 < O | Sh,crR—2 > oy 1.932 NR
L . 2 L . 2
Rejection region 83y > 1.380 Rejection region sy, >2.074

% Note: NR and R stand for “Not Reject” and “Reject”, respectively.

Table 5. Hypothesis testing results of the question c) and d) in Table 2

Question ¢) - Horizontal Component

Question d) - Height Component

Hypothesis Testing Hypothesis Testing
Null Alternative Statistics | Results Null Alternative Statistics | Results
2 .2 2 2 2
Sy SR—2 = Suy.SR—1|Suy.sp—2 7 s” sr—1| 0.298 R Sh SR—2 Sh se—1 | Shsp—27 Shsr—1 | 0.392 R
2 _ .2 2 = g2 2 = g2
Sy SR—3 — SaysR—1|Swy.5R—3 7 Szy.sr—1| 0.388 R "’h SR—3 "’h SR—1 | Szy.5R—3 7 Szy.sr—1| 0.439 R
2 _ .2 2 2 2 .2 2 2
SeySR—2 = Say.SR—3 | Suy.sr—2 7 Sry.sr—3| 0.769 NR Sh.SkR—2 = Sh.sr—3 | Sh.sp—2 ™ Sh.sR—3 0.892 NR
2 _ .2 2 2 2 _ .2 2 2
Sy, CR—1 = Say,CR—2|52y. cR—1 7 Szy,crR—2| 0447 R Sh.crR—1 = Sh,cr—2 | Sh,cr—1 7 Sh,cr—2 | 0.946 NR
2 _ .2 2 2 2 _ .2 2 2
Sy CR—1 = Say.58—1|52y.cR—1 7 Say.sr—1|  0.151 R Sh.cr—1 = Sh,sk—1 | Sh,cr—1 7 Sh.se—1 | 0.390 R
2 _ .2 2 2 2 _ .2 2 2
Sy CR—1 = Say.SR—2| 5wy, cR—1 7 Say.sr—2| 0.507 R Sh.cr—1 = Sh.sr—2 | Sh.cr—1 7 Sh.sr—2 | 0.996 NR
2 _ .2 2 2 2 _ .2 2 2
Sey.CR—1 = Sey.sr—3|Sey.crR—1 7 Sey.sr—3|  0.390 R Sh.cr—1 = Shsr—3 | Shoor—17 Sh.se-3 | 0.889 NR
2 — .2 2 2 2 — o2 2 2
Sy Cr—2 = Sey.sr—1|Sry.crR—2 7 Sey.sr—1| 0339 R Sh.cr—2 = Shsr—1 | Shoor—2 7 Sh.sr—1 | 0413 R
52 =g 52 = 52 52 =52 52 = 52
Ty, SR—2 2y, CR—2 | Szy, SR—2 zy,cR—2|  0.881 NR h,SR—2 h,CR—2 h,SR—2 ncr—2 | 0949 NR
32 = 32 s2 = 52 5 5 s2 = g2
2y, CR—2 2y, SR —3 | Szy, CR—2 zy.5R—3| 0.873 NR h,CR—2 hSR—3 | Sh,cr—2 7 Sh.sr—3 | 0.940 NR
. . . . . . 5 ~2 9 ,~2
Rejection region su/sw <0.590 or 2, /Su >1.670 Rejection region si/s, <0470 or s} /s, >2.130

5% Note: NR and R stand for “Not Reject” and “Reject”, respectively.
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