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Fig.1 Flow chart of estimating image Jacobian matrix with AUKF
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Note: v is vertical axis coordinates of camera imaging plane, pixels, same as be-
low. u is horizontal axis coordinates of camera imaging plane. B is the distance of
2 parallel camera. p, and p, are the two points of the end-effector on the left cam-
era coordinates. p, and p, are the two points of the end-effector on the right cam-
era coordinates. w, andw;, are the two points of the stem on the left camera coordi-
nates. w, and w, are the two points of the stem on the right camera coordinates.
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an matrix. ¢ is joint angular change velocity. Aq is change value of joint angle.
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Fig.3 Flow chart of visual servo control system
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Note:u,:Horizontal coordinates difference between the clamping point and the clamping point on the left camera, unit: pixels(The same below).»,: Vertical coordinates dif-
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Fig.5 Changing progress errors between end-effector position and target position

FH P 5 ] A, LE AR ] RO R A, R AT 48 5 H AR
R = YA by 22 g . R 2w, BT
AUKF S (1R v Al 2 0 R ge b, R i AT 2% de 2847
5 H AL O 4.19 mm. 3T KF 575 f UKF $235 1)
PR AR I A28 T R G, R i AT 2% e 407 8 5 H bR i 25 %
Z=05 512k 20.68 F121.33 mm, AUKF S L T KF 532
L5 UKF ¥ ) 28 1R A0 0 ) R 42 1) 38 48 B 125 13 22 40 il ik />

T 79.74% 5 80.36%. T KF 5 3% UKF 5% DL )
AUKF 535 (1) A0 3 ) i 428 11 2% 6 i S I5F 1) 25l Ok 2 s
1.5 s Bl J% 1.2 s, AUKF HiEAH L T KF 5345 5 UKF #5392,
Wi 1 IS TR) 0 590 sk 2> T 40% 5 20%. 4% B 0, R
AUKF 53245 vH 1 B G A v LU BE S e 6% 50 IR 40 4e vt
R TR 2R G e 7 ARG v LR B A o S I #E
M 5 B 1) B o



234 ANk TFE2EHR (http://www.tcsae.org) 2019 4F
ZEGEBTREREER _ " 100% (8)
Tablel Simulation results of image features error pixels 1 M ’
JithiMethod v, 0 v, s u, Horbron R RA BT 2, n i B D B, M AR IR
KF 557 1085  -17.58  -6.57 1484  -13.58 ﬁ 30 )
UKF 523 1096  6.61 9.23 5.07 2.61 DERIATREF S
h ‘ ' - ' ' TEAH BT T P 152 B o ] il &5 T R 4 D7) 1
AUKE 428 020 SRS L8O S R AR AR , AR AT B L bR 2
FOMBIREFELR R RUBARABBRAE 2243 B B AR R 22 o T A R A0 1l Dy ik
Table2 Simulation results of position errors mm LR RS = B S E =y S|
771 Method X X axis Yl ¥ axis 7 7 axis ix.
KF 10.141 16.790 6.545 y,="—"—j=12,..6 (9
: n
UKF 5.695 16.292 -12.582 quyyg/l\lgugq:#?Eﬁ%qzw{E
N J o
AUKF 0.697 -4.094 0.618

5 BRI
51 MFARAKRREAE TS

5 UESE T AUKF EGHE rl EURE Bl v S35 (R AL 3
i) 47 1 2R A SIE o AR R FR R AT S VP B R £ M A
KGR FE 4 T 7 B S il A SR A AL TR0 B £ Mk 3=
Gl 5, W 6 Jros

LFEB -6 2. HARTE AR 3 AR S AT 25 4. 47 HAHHLS. 22 HAIBL 6. 983 25 7. 5%
LS. BUbAS fA 9. AT AL 10, FAZHL

1. Moving platform 2. Target tomato skewers 3. End-effector 4. Right camera 5.
Left camera. 6. Motor driver 7.Joint motor 8. Machine body 9. Upper computer
10. Lower computer

6 EMIMF AR R Gk BT &

Fig.6 Picking manipulator visual servo system test platform

P Al ik 5 48 L PC HILAE ) EAZ AL, 4 R A
Win7(64bit), &bt FE 2% >4 Intel Core i5-4200M 2.5GHz. *{
HAHHL COMS E B AHHL, L5 2 DC-USB300-B, & #
fE A 1.0V/lux-sec550 nm, Y W% Wi W 35 [k 400~
1030 nm, % % bk 3.2 umx3.2 um, 3 &0 Bl K T 61
db, {55 by 43 db, K 650 nm (G I Fr o AR &R
WE ) 640+480 1% % , K USB #idi 4k 5 LA ML AS .
AL R F i g T A A LR B R AL B
S8 SCHUIE 2 256 715 OB X 8. XUH A HLFATIRCE T
AR S AT a5 O, [ #E 4 15 emo M AZALZE LA ARM /\ﬁ
AP STM32F 103 FR A0S ok %0 (R s il 4 o o
i ASE A A0 1 F LR B 45
52 Rt
5.2.1 RKIEFE4R

1)K 1 2 %

KA B AR SR

3) BT BA R A ) 1)

P v st B b, R AT #4555 B bR PR B 58 25 AN
PN R TR s AT 2 B I [ A A R
BT KA AT B A0 ] R G R 2 o, R 56 A e N e R
4 17.7.16.0 F128.0 mm. Al FH T B 25 ic s 0 3 A] ot

FETT46 2 45 o A7 B e, REA B UCRAE I 8], e vk i %
Elpp Rk At N IR S SEEWSE
t=1" (10
n

LA 7 g SR ) P44
522 RKEFE

7y ) % T KF UKF AUKF &5 kAT B 2 B A - 5
ERRE RETATHS LSRR . SRR
B K T i RS B EE TR BT & IR R LA S, HL
BT AEAR T H bR AT AL 7 BT 46 1) H AR 508 ) 5K
BURA o shA KR 0, 42 518 31 °F & e [ 0 4
SRSy AL 0 P AN e MRS . B8l & ALK
AL T B B0 & 2 AT oK uf , ALK 3 88 AL S 0k
HBS57, 4% 4y 1 500 Hz, # 3 ¥ [l 7-0.02~0.02 m.

BERR 7 A 5 B AR AR 5 30 UG, B R
BRI TR G 07 B A, S S S5 s &4 TR
T Il R | PG R HE A5 2 1 B DA R B VT 389 SR A B 1)
53 MR E

FIFH MATLAB % 5 (1)1 A7 L ) 5 1650 H AR AL
KA1 G AT b B DL K H ARFEAE SR . ¥ AT
MNSZ 2R I8 S SR I R, A FH SRR ) ALV 4 15 H H
o SR AT P 2728, 43 L R SR P A5 6 AR B A A
Oy BB TIPS AP, 193 3038 Ml A K
%o TR AL brid SRR B BT 1 I X K, I 4y
B AR C , XA AN O X IS L] B A VA 1S B
Do K SR I AU R e I i, WA 35 o Tl 2R K
Rf P DA R R g b e 55 U1 s e S B IR EE R, SR
B e HE T 7 — SR DR . i RCE AL
T HUBE T A i, S0 IEFE 5 U1 i AR AR A R 58 {1, 7
W%?EL%EEE%% 80 14 % , IR 5 iy 794 Ak o2 4 o

Tk AL A AR A2 ) V20K A AE AR LT T (6 T A5 R A



5519 3] 2N RIS

ik 25 Y

IR I 10 RA AU T A B ) Al A2 40 g 92 235

NS
AL AL ) ST A JE AR R . A MUK ST A AR
A 6 I 1 i b 50 AR TR ok A R IR B R AL, P
WL ALK Bl 8 4 4 o 2% I Bk e A5 5 A ok AP kR
BLI A A7, T 3R S HLAR T OC 532 3, BAR I8 Vi fE
w7 piR .

HHURAE
Hbr 5 RA7HL

124
REIEFEIL

RUBE A B T35
BRHIEAL AL B R AL
H R EEN R

St ff P A W
PR I 5
ik

BB AT
RGP 2

B 7iXEERAER
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Table 3 Success rate of picking experiment
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Table 5 Average value of picking time s
B - 37 TR — e
o AR AN AR
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Table 4 Average value of image feature error  pixels
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Servo control method of picking manipulator based on
adaptive traceless Kalman filter

Liang Xifeng, Peng Ming, Lu Jie, Qin Chao
(College of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: Image Jacobian matrix is core portion of robot vision servo system. During estimating image Jacobian matrix with tradi-
tional methodology of KF (Kalman Filter) and UKF (Unscented Kalman Filter), the system noises of unknown statistical proper-
ties is determined according to priori knowledge, which is remained unchanged in system. However, this methodology of dealing
system noises would make image Jacobian matrix s estimation inaccuracy because of time-varying system noises. Based on tradi-
tional methodology of KF and UKEF, in this paper, we structured propagator of system noises estimation with the difference value
of system state predicted value and updated value, and raised Adoption Unscented Kalman Filter to estimate image Jacobian ma-
trix. Two points on the tomato string”’s stem, clamping point and picking point, were chosen as feature points in the image feature
space. The center of mass of fruit stem was extracted as the holding point. According to the vertical growth characteristics of to-
mato clusters and the distance between the holding point on the end and the cutting point on the image, a point above the holding
point was extracted as the cutting point. Image Jacobian matrix was used to transform information of pixel difference in image
feature space to change in pose of end-effector in manipulator motion space. First, results of image feature space localization ex-
periment showed that six image feature errors were smaller and the average image feature error of visual servo system based on
AUKEF was 4.978 pixes/mm in condition of unknown system noises. Compared with visual servo system based on KF and UKF,
average image feature error reduced 54.44% and 24.78%, respectively. Second, three dimensional space positioning experiment
between end-effector and target picking point showed that the final distance between end-effector and target picking point was
4.19 mm, reduced by 79.74% and 80.38% compared to methods of KF and UKF. Third, the response time of visual servo control
system based on KF method, UKF method and AUKF method to estimate image Jacobian matrix was 2, 1.5 and 1.2 s, respective-
ly. The picking experiment was carried out on the visual servo test platform of the seven-degree-of-freedom picking manipulator.
The visual system based on each visual servo control method was tested for 30 times. For the visual servo system based on AUKF
method estimation, the success rate of picking the static target was 90%, and the success rate of picking the dynamic target was
83%. Compared with KF methodology and UKF methodology, the success rate of static picking test was increased by 17 and
10 percentage points, respectively, and the success rate of dynamic picking test was increased by 16 and 10 percentage points, re-
spectively. The results showed that the static picking time based on AUKF methodology was the 18 s, compared with the visual
servo system based on KF methodology and UKF methodology, the time of static picking was reduced by 35.71% and 25%, re-
spectively. The average dynamic picking time of visual servo system based on AUKF was 22 s and the test time of dynamic pick-
ing was reduced by 35.29% and 26.67%, respectively compared with the visual servo system based on KF methodology and UKF
methodology. The image Jacobian matrix based on AUKF was suitable for the dynamic picking of tomato clusters, and the accura-
cy of visual servo control under dynamic condition was lower than that under static condition. Test results suggested that the pro-
posed AUKF method with KF method and the UKF method compared to estimating by image Jacobin matrix, and AUKF method
to estimate the image Jacobin matrix, reduced the process of picking robot visual servo control system noise interference, which
made the picking robot visual servo control system of processing noise adapted to the change of the visual servo system, resulting
in higher positioning precision for picking robot visual servo control system .

Keywords: robots; image processing; visual servoing; harvesting; image Jacobian Matrix; adaptive unscented Kalman filtering

methodology



