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Identifiability of partial combinational permutation intercomparison
in checking angular bias

REN Shunging, LU Jinrui, ZHAO Hongbo, YIN Xiaoqia

(Space Control and Inertial Technology Research Center, Harbin Institute of Technology, 150001 Harbin, China)

Abstract; To solve the identifiability of partial combinational permutation intercomparison in checking angular
bias of the regular polygon and the angle dividing table, aiming at prime-sided polygon and composite-sided
polygon respectively, the checking series selecting was studied. At first, the prime-sided polygon checking
series was studied, the conclusion was drawn that arbitrary two or above series combinatory measurement could
identify the angular biases of the regular polygon and the angle dividing table. While aiming at composite-sided
polygon, if the difference between the numbers of the two checking series is the factor( or integer times of the
factor) of the side number of the polygon, the biases are not identifiable. The multi-series selecting problem was
also researched. According to the practical measurement data about 23-sided and 24-sided polygon, checking
accuracy appraisal of identified biases was studied. The theoretical standard deviation and the practical
calculated standard deviation were given. The results show that only the number of measurement data should be
four times greater than the number of the identified bias, the statistic standard deviation will be effective.
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for k = 1:length(series) ;
side = 23 ;% BARR) TAETHEL.
n = side — 1;
F, = zeros(n,2 *n);
i = series(k);
forj =1 n;
H = zeros(1,2% n);
H(1,j) =1;
if (i >1)
H(l,i+n-1) =1;
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end by, b,
if ((i+j) > (n+2)) X=BYy=(A"A)"A"Y =| : : ]y
H(l,i+j-2) =-1; b e b
ml mp

end
if((i+)j) <(n+2))
H(l,i+j+n-1) =-1;

end
Fi(j’ :> = H;
end, j;
if(k==1)
A= Fi;
end
if (k>1)
A = vertcat(A, F,); % A NEEFFEE
end
end, k;

SR AT AERE A J5, n] UK 05 B
ATA IR BARRE AR, B 22 1 4 X ST
BRI, R Z A ATHER . ISR X n] HER, AR
/i G N )

X = (A"A)'A"Y. (1)
BRARIRZE M N
Ae =Y - A(A"A)'A"Y.
PR EZE N
oo = VAg'Ae/(r —1t). (2)

Ho e AARAEH Nt = 2(n = 1) s HIAE)S
AR S, r = n(n = 1) sn = 23 RRIRHYTHEL,
WA P S0 Al i I 22 10 i X 1Y)
BN TCR AT E L N

o, = oo/ In . (3)

2 FEWEARGRT T4 A A

RBOORBEL S5 E— DR T 1B RECP,
B 11 R A B A, Bk At B AR R BR Y
B FARORTR PR — B T 15 R [R] 25 i el e
FRASC A R v A T P e
BRI IE 17 23 TR, e T 24 Ak
TEMT, — M5 391( =17 x23) R RL A RE. 1523
24 WA LIS 552( =24 x23) (GBI A A EATRE.

S E 23 TR PRI, 22 1] B X 64T 44 4R
I, PSP S RE AR L X 22 1) o, U X
A R ZEAR R, (HA AR I 5E 23 41, TAf i AR
R AR A fr /N TR SR W B4 A
i — 2 BTG AR R R R AR A, i
PRAT R B2 T AN 1 o 32 AE 52 B A8 A, ) i
S A2 ZER AN 5 JEE I BRIV AT 52 0 . AR 2
A (1) A

TSR A U I 2 S5 Y RS A5 DN
WA E BE R o0, AT 2, B E
B R
o= \/blz1 0_(2[) +b?20'(21, + .-

Jd; x o, (4)

é\

7 7 7 2
+ bi(p—l) oy t bi(p) oy =

dy - d,
D =BB" = (4'A)" = { : :
d, - d,
Hd, =d; (i =1,2,-,m). Hrh d, hrifizE &
B BRI (ATA) ™ X fRZOCER. TR
(KRB, Yesi T Fe/D TR e 2 Ak
(3) HTad G, mas o a4l ol A (4)
HARSE, X (4) PEBriEol ol U 2d G
IR BRI AN E L o0 B 00, FPRE 0, T
R e L5 AR T A 1) B AR HE 22 «
o, = VAe'A/(r = 1)
Horpr o AR E e = 2(n = 1) 5
EHINE " = k(n = 1) sk ERIM P HIALA 15
FPVEL Ae" iy e o 45 I K 22 ) o DAl
H xR SR
o = ./d; xa, (6)
AT RIIER X 1E 23 Tk (AR RE 23 A
Fe, ml DA WA Fe 9 2R A7 44, o n] 5
44 MRZEMH AEEIE I 1 AT, AT
BLERZE , T4 i A A L. Y AT R 1 AR5
555 1 P FIRC A 5 SRR T8 U fE S 529.
3AFIIRIALG LI LL 1,3 FRa SRt T 2
A 1 ANPGRS T (1 AT «A L)
(XA E A 2 (T8I fEAE 107 ~ 10).

18.0 |

. (5)

175 F * 4 +* 4

170}
&
= 165t

o0
=

16.0

155 &

5 16 1‘5 2‘0 2‘5
bR AR 2
B2 34FIINERERTIIE
P 2 1 A 5 21 RN AL A 32X
HIELROR , LA P 9944 A (3910 0 g



c44 . T

&
=
S

I

n,

x = I 45 %

»y,
=

Bt 1 BE.

4 AN A VA 1,3,21 3 R 3 mlAT 2
TAHAD 1A 51 5 045 B FEA T 91 =X i (8 1]
3CHEBRIE A AR 2 5 21 PS40 . I 3 AT
JF5 R T BB A7 75 B (1751 2K
{EAE 10 ~10%) AT 0 A% .

2547 * oy ey
325,2’ W . * +
=z
9 . + N +
2250 . *
248t . . . . .
5 10 15 20 25
W7 515
B3 44MFImERERENTIINE
FEIR1.2 J9351.2.3 J94151.2.3.4 JF51;

031,23+ 23 R AT AL I £ X IE 23
TR, 4% 33X (2) FEAT 25 MR G 15 2 1Y
FPRIRZEIREZE N o = 0.19", WIERHE MR _E it 7
B, JEAR S B TS B AL I A B, e
ARG (4) T BB A i 22 1o B AE PHE |
IR IE 2 o R AEL (TR P AN A, 3 (5)
Y d; AR, T2 H G d, 2 1R
) I B 4 rp s 7 AR A 3 (6) #2 IRSE
M T 50T (3 APl LAGETT) |, 2
TR AR ZEbr il 22 WLIE 4 B o™ I R 2
B8 AL EFRAIRA S, geit i ibriEZE %
WS e TR AR HE ZE AR BT LUF S &K
A ASBEHERAHE I A A DA A 22 1)

—o— hRUEZE K SIS SAH
—— bREZE R IR

0.6

0.4

0.2

HEU G 22 (R FRE 2 (unit(arcsec))

1‘0 1‘5 26 25’
Tk 51 %
E23EES 391 EEEAEGNENREN

REEHNERESRITHE

XFRBOEBATT P DA EAE I
HAG SR AAFAED 0 By FE OL. (A3 T
FRIERAR R RE , ENTRFSIABEREE A5, 3C
WRL7 ] RBIETE T 23 Tt i e S L4 TRl AL, 1 T
0 BT B ARG RE 1) PP 81 AL TR LR T IS

0 5

& 4

3 A R B A 40

H AT LB & HOm i (4, 1 8 .12 .24 .36 TH
PR ABXS T IE 24 TR R 360 5 B 1Y 415 K2
I, 0 e 81 AN RE Rl 4L, 70 UL SE v] REASBEBE
PR A S A B R i 22 (E. AT HERF S R 45 H
A —E R REE. T IE X 24 TR - 360 14 5
FR2H 5 G [R) LA — T #6-
3.1 FRFIAGRATHHANS

PAIE 24 Tk MR 360 73 BE & B E 1],
K Fe A 5 i IS (E S I 535 1 25
i 2 1) 572y
X=[p, ¢ ¢ o B B B ,324:|T-

HR PSR 2 5 25 A ARRS 0 BT AR, side = 24,
TEIE 24 TR EUEes 1 525 3 P90 5 R AF
ANBEAR A 22 0] X5 A 1 81556 2 e8]
DA A 22 1] B 56 1 P51 BB S 26 2.6.8 .12
1418 20 24 FF 345 R 4> 51 B i 22
] . ARGEE— P B0 B, iR A R 2598

DA Z 2R 1,5,7,11,13,17,19,
23 JXEERELIT, PIF 4 A5 S AN RE B, AT
A G, i LU B A O 22 5 A AR 2.

2) P30 28 AR RO, £ S M Rk, T0 i
P 22 [9]

3)FHIZAE N 3,9,15,21 S5y Ut ANREHEIR
Hh i 22 1] . SRSERIES AT 24 29K B3 HUREEL

IR 2 HAB A 55 1 RS S
ZEMHSIE 24 (550 TR AR A TH L 24 A A 2%
BRAD) I, X P P 81 4H 5 R R A BE AR 4 s 22
ik X (fFBAEREMTTI0 T ATA T fE 054
JIr PP SRR R ). A P8 Bz 2545 24
TCSLIRRE , AN 5 A R A Al 22 1] o X

23 M R I, B R TRPEOR: 5 800, b2
P RIA L7 5 25 AN REHF R Ay 1) &,
XE B BAR (RE B n) BRE 5, 3t —
A AT AR 2518

1) AR TEPIAHAR e 1 4 mT AR 3 i 22 1o k-

2) I3 5 B 22 (AR n A 28005 2
IS PYRUR AR AUNT  f 22 1] B AN REAR SR R LLan gt
XF 1S TR, BRI ALY ROZ 3,5, W 1.4 75
M9 1.7 FPIA G, 5 2 12 RIS HAGE
B (i 22 150 i (SEBR 526 1P S0 414 ] B
F3k:2,3,5,8,9,12,14,15).
3.2 ZRFIARIEEEBSHT

XFFIE 24 WA 3 AL S A R i
W, eI 2H A5 A [R] AT RE 3 B0 40L 5 5 B bR o 2572



1

TR , 55« HES L Lk A R i 22465 P 81 ) T e - 45 -

AR, 2 KB 3 AP FI A& — AT AE ]
B AN AT (R RS X R o B A B, 3 AN
SRR 91 5 2 22 IR BE (P b T = 0 1
A5 24 (BRI R I TR JoA 295, XA ¥ 51
AR T HE.

4 AFEBIRALE R, T 81 1 22 H, X 2 22
EPZEDA 1A 24 TR XA P4 A
ffR A 4 LA [R]

ZIFHA A, H e AR UL A A Y 5
AU i 22 16] S SRS 08 U 91 445 B 2%
SRR SRR A0 ATA T AR A
MR JIE RS
3.3 FIHAHIRESN

15 23 TR Ay SV A R 22 o BT 26 A0, 24
TR A 12 25 53 A -

WRIEAK(6) &M 1.2 #5512 3 5151,
2.3 48050512 30+ 23 FRAIIEA TG DA,
WAEA(2) , PR AR &k E 55 5
oy = 0. 10"( FLIE23 TR ARG E /), AT BESEAS I
b BRSSO W 2 ~ 24 JRF A5
T D 22 1] Fa b 22 i) S AR T S e
N s: N T ST 15 710N e 1785 3 W D 7
Ze 5 METHR bR fE 22 B A — 2, HEGE 75
SOSE N x, AT E E AL AL S R B 5 52
P HAl (R e i L.

6 03 —o— FRUEZE M SEM SR VT A

: T ARMERE AR i

§ 0.2

By

2 0.

e

=

= 0 5 10 15 20 25

BN AIE
Es5 E24@EE5360 EEAEGNENREN
REZENEBRESSKITE
4 %

1) 0y 1 A3 R G JEE 1 2R AF T, 1 A
BRI — N AT AL AR E I, ol AR
Vi RE bR

2) X T RBEBAE S Z 0 A
RrE , o AT PRI e S B 46 A5 B AR AN
B, BT AER S R e R ), i DME B

3)EEx SRR S 2 o B A R 22 A A
KirE , (ERE KL E P8I IR0, A REAT B,
B PN —E B R 915 ) 25 (e

MAATET R4 R 2 A 7 e, ASRE R R AR (A A
PR R IR 22 [l i LU0 24 TR ARKE RS, 55 1.5.9
13 17 21 FPo sl AN REE P L i 22 1) it

4) TGN TR 23 24 HIBIRRIKLE ,8

UL EFPAUA RET IR Al TR 22 )i, ST A9 i

ZE. R R 15 BER R B Ry 4 5L

L AR 2 1 AR RS BE R TG T
5)ASTCT7 A T o 2 AR AR AR E K

32 A I8 SRR ) 20 A 1630 D M 45 N0 £ 2R 2 1) o

DRZE AN, PT RIS 23 £ 0L B DR 28 R IR i 22

5%

(1] ¥ng, Ful, R, AR G R G
(], MR RIE Tl R4 ,2006,38(2) : 167 — 169.

(2] s Tl o — S A 23 v Ut K Ml H AR
WEE. JIG 283 —2007 iEZ it (Rt e AR [S]. b
5 EF R B (CSIC - JIG) |, 20078 - 14.

[3] gt S AR5 B, H A0 Tk AR AT A
AR SR PIBEE. JIG 472 2007 £¥ 43 G H
MAELS]. dbat: Bt & K E MR (CSIC - JIG) ,
2007 .10 - 13.

[4] FAHZR. EL A 53 B G 5 B 1R 28 1
Fi[J]. St T#2,2009,36(10) :90 -93.

(5] skuUbh. A2HG E R I T8I 4 BE o i) 1 i)
LT SRR ,1994,20(4) 220 -24.

(6] i, G B PRI R 207 58 [ 7y 2 i 22
(] EdfEitais,2002,29(06) - 15 - 17.

(7] AR, Bk, R, 25 bR/ RIETEMALE
BRZERLE IR . TR ,2009,29 (5) 9 - 10.

[8] BRUCAS D, GINIOTIS V. Calibration of precision polygon/
autocollimator measurement system [ C ]//CONF Ser. 13th
IMEKO ( International Measurement Confederation) TC1 —
TC7 Joint Symposium. London United Kingdom: Journal of
Physics ( Conference Series) ,2010:4 —6.

[9] YANSAYAN T, AKGOOZ S A, HAITJEMA H. A novel
technique for calibration of polygon angles with non-
integer subdivision of indexing table [ J ]. Precision
Engineering, 2002, 26(4) ;412 —424.

[10]PARK J, KIM J, EOM T, et al. Development of an angle
calibration system with a combined silicon polygon and
angle interferometer [ J ]. Japanese Journal of Applied
Physics, Part 1. Regular Papers and Short Notes and
Review Papers, 2006, 45(6A) ; 5293 —5296.

(UL P, AR 4S5 2 1) 43 BT Boxh o 265 T A A A
T F ASCHE B B ) B SR 3 [T ] TH & 22 40, 1983 ,4
(4):296 -302.

CI2 ] b RGN [M]. 55 2 b BUM T TR 5
Jikl:,2004 :56 - 70.

=
>&.
%
EE
=
B
g
3
’
g
5
#
:ZN—
X



