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A Method of Improving the Measuring Accuracy of the Pose
of Targets Based on Outliers-Removal
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Abstract Based on the circumstance that the outliers appear sometimes when the pose of target is measured by
mono-vision method, a new method is presented for estimating the pose (position & attitude) based on outliers-
removal (ORPE). The optimization function is established based on the principle of max-min error. Then the outliers
can be detected and removed through eliminating frontier of maximum error. Furthermore the impact of outliers’
error on the accuracy of pose estimation can be eliminated. The pose of 1 m>X1 mX1 m cube target is measured by
ORPE, which proves the validity of the algorithm. The pose of Boeing plane model is measured by ORPE. As a
result, the average attitude error is 2.07°, and the average position error is 1.6 % . Comparatively, the average error
of ORPE is less than the one of the lest-square pose estimation (LSPE) method. Consequently, it’s demonstrated that
ORPE can do outliers-removal effectively, and improve the accuracy of pose estimation simultaneously.
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Fig. 1 Definition of reference frame and object pose
5 H bR AE 5L ps 12 HARARBR RN A AR N
C=[xisyirz )T HPr i=1,2:n(n=3), 5 p; 1¢

*ﬁﬂé—léﬁ%?éléﬁ?ﬂ cr = I:f/i’y/i’ Z/;]Tva i
Cr R F

C"=R(@) -C"+T (D

RO =[ri ry ri]" AFEFH . MHLASHE
fo 0w

BEK= |0 fo vo|sfusfo 3 NER w0 J5
0 0 1

A ROBE A7 Cl A BIL AR BE AR T RS e ) s (a5 0)

PR LA . AHTHLA 7 5 PR A A 1 A 6 R
W —u,=fo o= o= Lo T ME] p W H

A bR A B B B B AR bR R IL LA TT R

T ob
o, ry - C,' +l‘1
u; — fu r;}" R Ciob+t3 +u0, (2)
_ r; «C"+u
vV, — f?, . W"’T&,. (3)

3 (uusHRs
MR @ A AR 1 T R 0. 3 T 1% i 4F
I 2R 22 1 J7 A /N JE AL 3 H AR R 40 B LSPE
(0,T) = arg min || £(0,1) || * =

arg min > [(@, —u)* + (T, — )" ] (D)
i=1

s TR po ERAAR B WIIAE . 1% 56 A7 2 D 4+t
t L LSPE KM RLOR o 4 B 2 b An . AR T B AR AE
SO B e S LSPE fif B 45 R E L.
I T MIML 5 U] 4 3 17— ol 2 B 8 SRS R
P AL R B . . MM R AL R B

(0,T) = arg min{f@igi[f',(o,T)]} =

arg min{max[ (@; —u,)* + (T —v,)* ]}(5)
1<"i<in

B A 9 25 max £, (821009 I 1 6 50
fq(O,T):%ln_éef,(O,T) A

(0, T) = arg min[ £,(0,T) ] (6)
M q Fo4r KSR Jaynes R W 5L EE Y 5 4%
G5 O FEN . £, 0. T) AALRFE T 5 R L
HESR e NER N PR R SR e TR €t
A, (6) X B AR R nT 2 0 k14,15 ],
HEAE () Ak 11 H AR AL LS I, BB ARG 18 22 B
KT HABFEAE SR 25, BT LA B BE A po WG ZAL T
R EMESB A L
(W —un)’ + (T, —v,)" = llg@iaji[f,(ﬂ,T)]

D)



9 4

AV HE AT - Tl 5 B RS R R b o ) R 2

2465

e AR SR I T XL Al A 00 £ A bR AH 15 25
M KRR . B E A R BRS F 80 MM H b5 eR 5L
EEVEEURN i = F e S S S A R €
/MRS . WJEF MM JE ) ORPE 228

D FAFRAE sSOW Ae AR (o T) i=1,2+m
(n=3) LA J (5) 3 (6) AR Mk i (', T, |y (2)
3D A B AR Caesa0,) o (7)) A5 3 6 B B
A e KW 15 2 B FEAE 8L P s

min{lrggx[f,(ﬂl,T')]}

nnnﬁiégiwﬂﬁ<d,TU]}:

3) #a=p (o TR B FEAHE BIED  FIE pu
N EEHER I RIR po s W A m AR FUES 1 25 k22K
BIRER . RZHNE po ANESHES LS 4 4

4) R B SUE R AE s AR BR AR A (6) i B I
R EHARNLZ(0.T)

AT

T TR SRV B O M AN A ROPE L O B S A
A matlab ¥ & Xf ORPE i 17 % 2= {i ¥ F| H
Carnegie Mellon K% FF & 09 = 48 W 55 15 B 8 1+
Alice HEA7 AP UGB AL I 4 i Boeing707 "KALE
TUAE P 7 %8 T #5145 12 il ORPE 1 LSPE
it Boeing {5 % 45 B 9E 47 4T HL 43T

Ber i EP R BRHAE S 1 m X1 m X1 m 7
Ji M B L 8 AT S H AR RRAE A5, 5 R A
MLEERE M 0.3 m 2 RSP 2R 20 pm X 20 pm, 14 18]
Gy Ky 512 pixel X 512 pixel, H fr i 45 H 2 K
50~150 m, AHHLXF 100 FBEHLAL % 1 H b5 A8 52

2) HHE A;

3 :
o LSPE yme=m==mmmmmmm=
~2f
&
<o . ORPE

0 1 1 1 1 1 L 1
0 05 10 15 20 25 30 35 4.0
noise S.D /pixel

0.8 -
LSPE___ |
L 05T . ==
\§ 0.4 [ T e -
&~ ORPE
02 [

AR o AR AR AR 32 = T B AL P TR L IR 25 T 2
(S.D.)K 0~4 pixel, FEBril & . BI{H o % H
S B B o A B 1 22 M VG i L A B A6 A5 R0 25 bR S
S BRERE R p N B Z R ER K. 1 o
W K ) 1 RS B e o BEE /N 5 R R
RS R AR B A . LI P R B T A AR AR IR 2
KF%TF 15 pixel, 52X W W E p=10. K H
LSPE il ORPE U] & A [vi] M 75 125 #F s 45 44~ H A
WA B ) i 1% 22 P, Hrp B s MiRE
Ocrcor HEHBR Piccn s Vo s 7on 3 HEFS AR 2Z B I AR(H
BN ) o R R 22 T A XT IR 22, B 25 [H]
xayazs3 NI LS IR 25 5 H AR R IR B 1 Y
B B %6

WE 2 24 8 A G B 1A B S
R[] Wt 7 5 0 R o7 S 2 R L A R 4 22 A/
i ORPE ¥ B2 ] AL T LSPE, £ B ORPE £ &1
B 1 B AR A5 2 I R . i 2% ORPE 45
B Ourror <<2° s T << 0. 6% . fE A [ M 75 55 F N HA
358 1R N ) R

JAG A5 A B M 7 38y 25 [ Ok 2 piex], B B
FER B AR A s R 3 s . B B R
SUBCR K LSPE 52 BB S50 W Bk ™ L 1R 22 Bl
Z KM ORPE il iR 22 - WA B & B B A £
e WK, i — L 3] ORPE 4 8 2B 1T & it
KU DNTT B 5 17 0 RS B . B4 ORPE 45 R
Ouvror 1. 3%, T << 0. 9%, 3¢ W] Bifi 25 5 B 45 00 1%
K ORPE 75 H AT ¢ e A0 22 D) 2 K5 1

0 05 10 15 20 25 30 35 4.0
noise S.D /pixel

AT U Er SR VE S E

Fig. 2 Results of pose estimation of object with different noise

I Alice /2 i Boeing707 #5 AU4E 45 Fit fir % T
B ER . BEE CHLA AL AR A (UL, LK) L 4
4 CO Oy RERT R o I BRIUCRFAE 2 3~ 1 BE X
BLSK AL B 4 CO o, 57708 S L Sk 398 430 B3 1

i BCRE I B 10 PO B AR RN RRAE A o5 (IR B A
D 3B AL FF AR FR AL, B 4 (b)) ~ Ce) . A ]

Hough 25 # K I 1 2% B 26 . & IML3E i1 75 & H 4k
FRAE (15 2 5 A A S B R E 2~ b
(R EFRR) . BB 4G, (DITUEL . i THZLKH
AR IR oo RO AE 5 LSO py 2 M) AF AE K
K2 B py MBI RER



2466 ot # i Eird 29 &
6 T T 15 T T T T
R e LSPE e
C 4 LSPE rmmmmmm -~ < 10] T )
" - ~ "
£ - g 4
" pm———— - g ¢
P) , /' i &~ 05 k Ptag ORPE |
~ ORPE i
o r
0 = 0 L
0 1 2 3 4 5 0 1 2 3 4 5
outlier number outlier number

PR3 A R A ] W Ao 28 00 ik 4

Fig. 3 Results of pose estimation of object with different outlier numbers
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Table 1 Result of pose estimation of Boeing
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