Journal of the Korean Society of Manufacturing Technology Engineers 23:5 (2014) 485~497

http://dx.doi.org/10.7735/ksmte.2014.23.5.485

ISSN 2233-6036

0| E}l =X 9|8t N-R1} EKFEtHe| ZEH|®A 07|Ho| s AL
EM22 FQIAP 2R e

A Study on the Robot Vision Control Schemes of N-R and EKF Methods for
Tracking the Moving Targets

Sung-Mun Hong®, Wan-Shik Jang”, Jae-Meung Kim®

“ Det. of Mechanical Engineering, Chosun University, Seoseok, Dong-gu, Gwang-ju 501-759, Korea

ARTICLE INFO ABSTRACT

Article history:

Received 11  April 2014
Revised 16 July 2014
Accepted 11  September 2014

Keywords:
Extended Kalman Filtering

Newton-Raphson

Robot vision control scheme
Tracking

Moving target

This paper presents the robot vision control schemes based on the Newton-
Raphson (N-R) and the Extended Kalman Filter (EKF) methods for the tracking
of moving targets. The vision system model used in this study involves the six
camera parameters. The difference is that refers to the uncertainty of the
camera’s orientation and focal length, and refers to the unknown relative position
between the camera and the robot. Both N-R and EKF methods are employed
towards the estimation of the six camera parameters. Based on the these six
parameters estimated using three cameras, the robot’s joint angles are computed
with respect to the moving targets, using both N-R and EKF methods. The two
robot vision control schemes are tested by tracking the moving target
experimentally. Given the experimental results, the two robot control schemes

are compared in order to evaluate their strengths and weaknesses.
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Table 1 Link parameters of 4 axis robot

AXI s Q1 @y dz 91
(degree) (mm) (mm) (degree)
1 0 0 387 0,
2 0 400 0 0,
3 180 250 d 0
4 -180 0 0 0,
ay 1 a; .
29
7] 1 ‘D \_F\
Zi A NZ,
S S X3
X, Xz ]
Zs|lw
ds
dy Zy
Zy T s Xy
o P(cue)
> X,

Fig. 1 Link parameters and link frame assignments of 4 axis
robot manipulator
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Table 2 Comparison of the real values and the estimated values
for the moving point targets in x-y-z coordinates

Target Fx Fy Fz r.m.s

(mm) (mm) (mm) | (mm)

| Est. [641.573| Est. | 71.379 | Est. | 108.017 0.044
Real |642.445| Real | 68.978 | Real | 108.333

) Est. |640.607| Est. | 73.901 | Est. | 107.658 0.053
Real |641.596| Real | 71.447 | Real | 108.000

3 Est. |638.618| Est. | 78.659 | Est. | 107.011 0.106
Real |639.752| Real | 76.347 | Real | 107.333

4 Est. [636.633| Est. | 83.598 | Est. | 106.352 0.013
Real |637.714| Real | 81.192 | Real | 106.667

5 Est. {633.385| Est. | 90.831 | Est. | 105.419 0206
Real [634.298| Real | 88.346 | Real | 105.667

6 Est. [630.239| Est. | 95.020 | Est. | 104.616 0230

Real |631.784| Real | 93.032 | Real | 105.000 |

7 Est. [627.956| Est. | 99.954 | Est. | 104.035 0172
Real |629.082| Real | 97.646 | Real | 104.333

g Est. |624.661| Est. |104.292| Est. | 103.374 0.078
Real [626.195| Real [102.182| Real | 103.667

9 Est. [621.309| Est. |108.506| Est. | 102.668 0225
Real |623.126| Real |106.636| Real | 103.000

10 Est. [616.562| Est. |114.991| Est. | 101.721 0182
Real |618.183| Real [113.153| Real | 102.000

1 Est. {612.934| Est. |119.193| Est. | 101.055 0.165
Real |614.666| Real [117.380| Real | 101.333

12 Est. [610.909| Est. |121.214| Est. | 100.688 0175
Real |612.842| Real |119.457| Real | 101.000

13 Est. {605.216| Est. |127.191| Est. | 99.704 0.193
Real {607.113| Real [125.535| Real | 100.000

14 Est. {601.085| Est. [130.919| Est. | 99.037 0265
Real |603.082| Real |129.453| Real | 99.333

15 Est. {599.103| Est. |132.959| Est. | 98.722 0216

Real |601.005| Real |131.370| Real | 99.000 |

16 Est. [592.313| Est. |138.349| Est. | 97.691 0231
Real |594.528| Real [136.948| Real | 98.000

17 Est. |588.096| Est. |141.808| Est. | 97.076 0.350
Real [590.011| Real |[140.517| Real | 97.333

18 Est. [585.448| Est. |143.469| Est. | 96.722 0293
Real |587.694| Real |142.255| Real | 97.000

19 Est. [578.562| Est. |148.570| Est. | 95.743 0352
Real |580.514| Real [147.277| Real | 96.000

20 Est. [573.698| Est. |151.506| Est. | 95.149 0.501
Real |573.000| Real [152.000| Real | 95.000
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Table 3 Comparison of the real values and the estimated values
for the moving point targets in x-y-z coordinates

Target Fx Fy Fz r.m.s

(mm) (mm) (mm) | (mm)
Est. | 641.776 | Est. | 71.531 | Est. | 108.341

! Real | 641.596 | Real | 71.447 | Real | 108.000 0228
Est. | 640.649 | Est. | 73.646 | Est. | 107.693

2 Real | 640.698 | Real | 73.904 | Real | 107.667 0.152
Est. | 638.581 | Est. | 78.663 | Est. | 107.024

3 Real | 638.757 | Real | 78.777 | Real | 107.000 0.122
Est. | 636.663 | Est. | 84.078 | Est. | 106.385

4 Real | 636.623 | Real | 83.593 | Real | 106.333 0.283
Est. | 633.302 | Est. | 90.751 | Est. | 105.402

> Real | 633.065 | Real | 90.698 | Real | 105.333 0.146
Est. | 630.250 | Est. | 94.925 | Est. | 104.646

6 Real | 630.456 | Real | 95.349 | Real | 104.667 0272
Est. | 627.896 | Est. | 100.166 | Est. | 104.040

7 Real | 627.662 | Real | 99.924 | Real | 104.000 0.196
Est. | 624.499 | Est. | 104.575 | Est. | 103.398

8 Real | 624.683 | Real | 104.420 | Real | 103.333 0144
Est. | 621.372 | Est. | 108.205 | Est. | 102.693

? Real | 621.523 | Real | 108.831 | Real | 102.667 0.372
Est. | 616.626 | Est. | 115.156 | Est. | 101.788

10 Real | 616.447 | Real | 115.279 | Real | 101.667 0144
Est. | 612.698 | Est. | 119.127 | Est. | 101.068

1 Real | 612.842 | Real | 119.457 | Real | 101.000 0212
Est. | 610.878 | Est. | 121.075 | Est. | 100.702

12 Real | 610.975 | Real | 121.509 | Real | 100.667 0258
Est. | 605.145 | Est. | 127.246 | Est. | 99.725

13 Real | 605.118 | Real | 127.508 | Real | 99.667 0.156
Est. | 600.977 | Est. | 130.999 | Est. | 99.088

14 Real | 601.005 | Real | 131.370 | Real | 99.000 0221
Est. | 599.068 | Est. | 132.968 | Est. | 98.754

15 Real | 598.886 | Real | 133.259 | Real | 98.667 0204
Est. | 591.955 | Est. | 138.332 | Est. | 97.687

16 Real | 592.289 | Real | 138.748 | Real | 97.667 0.308
Est. | 588.063 | Est. | 141.512 | Est. | 97.079

17 Real | 587.694 | Real | 142.255 | Real | 97.000 0481
Est. | 585216 | Est. | 143239 | Est. | 96.747

18 Real | 585.338 | Real | 143.961 | Real | 96.667 0425
Est. | 578.284 | Est. | 148.388 | Est. | 95.762

19 Real | 578.045 | Real | 148.885 | Real | 95.667 0.323
Est. | 573.204 | Est. | 152.008 | Est. | 95.134

20 Real | 573.000 | Real | 152.000 | Real | 95.000 0.141
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Table 4 Comparison of the N-R and EKF

Target Time (ms) Average error (mm)
N-R 406 0.202
EKF 172 0.239
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