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Abstract—This study investigates a simple and effective vision 

calibration method, which is suitable for use on the shop floor. 

Our method doesn’t utilize expensive measuring equipment for 

complex alignment process between the robot and image planes. 

The vision calibration grid is designed with CAD software and 

printed on a piece of white paper, which can be easily duplicable 

on the shop floor. The proposed Jacobian method significantly 

improves the positioning accuracy of vision guided robotic 

operations, which appear to be far superior to the iVY 

calibration method provided by the robot manufacturer.   

 
Index Terms—Vision sensor, Yamaha iVY Robot Vision 

System, Jacobian matrix, Vision calibration 

 

I. INTRODUCTION 

any modern production processes are automated using 

vision sensors. Vision sensors make it possible to adapt 

to changes, and have wide applications by having integrated 

with robots. Because of the use of vision sensors, robotic 

assembly tasks can be conducted automatically with precision. 

However, one of the major problems of using vision sensors is 

that measured coordinates and real coordinates do not 

coincide due to lens distortion. Fig. 1 represents two types of 

lens distortion. One is a pincushion distortion and the other is 

a barrel distortion [1-3]. 

 

 
Fig 1. Two types of lens distortion 

 

Many studies addressed the lens distortion problems, yet 

existing methods are not suitable enough in terms of 

simplicity and cost [4-7]. This study proposes a new 

methodology for the correction of lens distortion using the 

Yamaha iVY Robot Vision System.   
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II. SET-UP OF THE STUDY 

A. Yamaha iVY Robot Vision System 

Fig. 2 shows the Yamaha iVY Robot Vision System. The 

Channel 2 vision sensor is fixed on the ceiling, having a 8 mm 

TV lens with a magnification of 1.3. On the other hand, The 

Channel 1 vision sensor is attached on the robot arm, and 

moves with the robot arm motion. It has a 16 mm TV lens with 

a magnification of 1.4. Each vision sensor has a LED lighting 

control.  

 

 
Fig 2. Yamaha iVY Robot Vision System 

 

The iVY Studio is the operating software that manages the 

system via a personal computer. The iVY Studio has major 

functions as follows: registration of object to find; registration 

of fiducial mark for calibration; and setting the vision sensor’s 

search area. Fig. 3 is an actual picture of the iVY Studio. 

 

 
Fig 3. The iVY Studio 
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B. Register the Fiducial Mark on the iVY Studio 

The iVY Studio provides its own calibration technique 

function. This is a set procedure within the system, to expedite 

the vision-robot calibration process on the shop floor. The 

iVY system is an integrated system, which connects both 

vision and robot platforms. Therefore, the end users don’t 

have to go through a difficult task of making different 

platforms communicating with one another. The iVY Studio 

makes the calibration easy as well for the end users. It is 

required to register two fiducial marks first. Fig. 4 represents 

the fiducial marks. Fiducial marks have to locate on vision 

sensor’s field of view, which should be reasonably set apart. 

Then, each fiducial mark’s robot coordinate is measured and 

recorded through a teach pendent. Fig. 5 shows the process of 

the iVY calibration method.   

 

 
Fig 4. Fiducial marks for iVY calibration 

 

 

 
Fig 5. The process of the YAMAHA calibration method 

III. CALIBRATION WITH IVY SYSTEM 

A. Models used in the experiment 

Before the experiment, one must register the model in the 

iVY Studio. Fig. 6 shows the models used in the experiment 

and each model has different shapes. Each model’s width and 

height are 1.6 cm. There are 0.6 mm circles at the center of 

each model to make robot coordinate measurement simple.  

 
Fig 6. Models used in the experiment 

B. Experiment with iVY calibration – CH.2 Camera 

The iVY calibration is performed at three locations within 

the Channel 2 camera field of view (FOV): center, left and 

right areas of the FOV. Fig. 7 shows the images of the models 

positioned at three different locations within the CH.2 vision 

sensor’s FOV. 

 

 
Fig 7. Models are measured at three positions in the CH. 2 FOV 

 

Table. 1 represents the errors when model was positioned 

in the center of CH.2 FOV. The errors indicate the 

discrepancy between the iVY calibrated robot coordinates 

and the actual robot coordinates. The robot was manually 

adjusted, after the robot was vision guided to each model, in 

order to find out the discrepancy. Table. 2 represents the error 

that occurred when model was positioned in the left area of 

CH.2 FOV. Table. 3 represents the error of models positioned 

in right area of CH.2 vision sensor. 

 
Table I 

Errors (mm) in the center area - CH.2 Vision Sensor 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 221.75 145.90 221.37 146.07 0.38  0.17  

No. 2 221.76 171.66 221.40 171.51 0.36  0.15  

No. 3 222.20 197.41 221.45 197.09 0.75  0.32  

No. 4 247.50 146.24 246.83 146.03 0.67  0.21  

No. 5 247.16 171.43 246.92 171.52 0.24  0.09  

No. 6 247.38 197.17 247.02 196.99 0.36  0.18  

No. 7 273.25 146.03 272.43 145.84 0.82  0.19  

No. 8 272.91 171.78 272.51 171.43 0.40  0.35  

No. 9 273.70 197.53 272.61 196.95 1.09  0.58  

No. 10 234.45 158.94 234.09 158.79 0.36  0.15  

No. 11 233.53 184.14 234.17 184.24 0.64  0.10  

No. 12 259.64 158.73 259.67 158.75 0.03  0.02  

No. 13 259.29 184.49 259.68 184.21 0.39  0.28  

   Average 0.50 0.21 
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Table II 

Errors (mm) in the left area - CH.2 Vision Sensor 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 220.84  101.31  220.72  101.24  0.12  0.07  

No. 2 220.86  126.61  220.97  126.77  0.11  0.16  

No. 3 221.69  152.39  221.29  152.38  0.40  0.01  

No. 4 247.08  100.88  246.65  101.13  0.43  0.25  

No. 5 246.70  126.26  246.85  126.67  0.15  0.41  

No. 6 247.35  152.01  247.01  152.18  0.34  0.17  

No. 7 272.96  101.09  272.31  100.87  0.65  0.22  

No. 8 273.06  127.12  272.40  126.48  0.66  0.64  

No. 9 273.28  152.27  272.58  152.05  0.70  0.22  

No. 10 233.27  113.55  233.94  113.93  0.67  0.38  

No. 11 233.82  139.25  234.03  139.52  0.21  0.27  

No. 12 259.11  113.56  259.56  113.78  0.45  0.22  

No. 13 258.84  139.29  259.71  139.40  0.87  0.11  

   Average 0.44 0.24 

 
Table III 

Errors (mm) in the right area - CH.2 Vision Sensor 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 220.94 193.72 221.74 193.78 0.80  0.06  

No. 2 220.83 218.92 221.82 219.36 0.99  0.44  

No. 3 221.37 244.83 221.91 244.99 0.54  0.16  

No. 4 246.77 193.49 247.49 193.82 0.72  0.33  

No. 5 246.49 219.07 247.52 219.38 1.03  0.31  

No. 6 247.02 244.76 247.58 244.99 0.56  0.23  

No. 7 272.36 193.32 272.95 193.82 0.59  0.50  

No. 8 272.05 218.88 273.04 219.34 0.99  0.46  

No. 9 272.64 244.74 273.10 244.92 0.46  0.18  

No. 10 234.01 206.14 234.62 206.59 0.61  0.45  

No. 11 233.71 231.97 234.71 232.05 1.00  0.08  

No. 12 259.33 206.26 260.23 206.6 0.90  0.34  

No. 13 259.04 231.92 260.24 232.19 1.20  0.27  

   Average 0.80 0.29 

 

Fig. 8 and Fig. 9 show the errors along the robot X and Y 

directions for Channel 2. 

 

 
Fig 8. X-axis errors of the CH.2 vision sensor 

 

 
Fig 9. Y-axis error of the CH.2 vision sensor 

C. Experiment with iVY calibration – CH.1 Camera 

For the second experiment, the iVY calibration is 

performed at three locations for the Channel 1 camera. Fig. 10 

shows the CH.1 vision sensor's FOV for each location. 

 

 
Fig 10. Models are measured at three positions in the CH. 1 FOV 

 

Table. 4 represents the errors that occurred when model 

was positioned in the center area of CH.1 FOV. Table. 5 

represents the errors for the left area. Table. 6 represents the 

errors for the right area of CH.1 FOV. 

 
Table IV 

Errors (mm) in the center area - CH.1 Vision Sensor 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 220.97  145.85  221.37  146.07  0.40  0.22  

No. 2 221.07  171.39  221.40  171.51  0.33  0.12  

No. 3 221.69  197.07  221.45  197.09  0.24  0.02  

No. 4 246.84  145.97  246.83  146.03  0.01  0.06  

No. 5 246.58  171.48  246.92  171.52  0.34  0.04  

No. 6 247.20  197.12  247.02  196.99  0.18  0.13  

No. 7 272.52  145.70  272.43  145.84  0.09  0.14  

No. 8 272.44  171.24  272.51  171.43  0.07  0.19  

No. 9 272.88  196.82  272.61  196.95  0.27  0.13  

No. 10 234.13  158.61  234.09  158.79  0.04  0.18  

No. 11 233.88  184.29  234.17  184.24  0.29  0.05  

No. 12 259.47  158.69  259.67  158.75  0.20  0.06  

No. 13 259.22  184.20  259.68  184.21  0.46  0.01  

   Average 0.22 0.10   

 
Table V 

Errors (mm) in the left area - CH.1 Vision Sensor 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 220.44  101.38  220.72  101.24  0.28  0.14  

No. 2 220.50  126.58  220.97  126.77  0.47  0.19  

No. 3 221.25  152.25  221.29  152.38  0.04  0.13  

No. 4 246.26  100.99  246.65  101.13  0.39  0.14  

No. 5 246.34  126.52  246.85  126.67  0.51  0.15  

No. 6 246.86  151.98  247.01  152.18  0.15  0.20  

No. 7 271.87  100.61  272.31  100.87  0.44  0.26  

No. 8 271.92  126.31  272.40  126.48  0.48  0.17  

No. 9 272.43  151.79  272.58  152.05  0.15  0.26  

No. 10 233.59  113.70  233.94  113.93  0.35  0.23  

No. 11 233.44  139.41  234.03  139.52  0.59  0.11  

No. 12 259.16  113.65  259.56  113.78  0.40  0.13  

No. 13 259.24  139.19  259.71  139.40  0.47  0.21  

   Average 0.36 0.18 

 
Table VI 

Errors (mm) in the right area - CH.1 Vision Sensor 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 221.03  193.97  221.74  193.78  0.71  0.19  

No. 2 221.01  219.51  221.82  219.36  0.81  0.15  

No. 3 221.83  245.26  221.91  244.99  0.08  0.27  

No. 4 247.35  193.75  247.49  193.82  0.14  0.07  

No. 5 246.87  219.26  247.52  219.38  0.65  0.12  
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No. 6 247.07  245.05  247.58  244.99  0.51  0.06  

No. 7 273.10  194.10  272.95  193.82  0.15  0.28  

No. 8 273.21  220.26  273.04  219.34  0.17  0.92  

No. 9 273.24  245.45  273.10  244.92  0.14  0.53  

No. 10 234.29  206.46  234.62  206.59  0.33  0.13  

No. 11 233.96  232.20  234.71  232.05  0.75  0.15  

No. 12 259.29  206.61  260.23  206.60  0.94  0.01  

No. 13 258.91  232.40  260.24  232.19  1.33  0.21  

   Average 0.52 0.24 

 

Fig. 11 and Fig. 12 show the errors along the robot X and Y 

directions for Channel 1. 

 

 
Fig 11. X-axis errors of the CH.1 vision sensor at each position 

 

 
Fig 12. Y-axis errors of the CH.1 vision sensor at each position 

IV. CALIBRATION USING JACOBIAN MATRIX 

A. Jacobian Matrix 

Robot control using an image can be viewed as a 

conversion between the robot coordinate system and pixel 

coordinate system [1-4]. To describe mathematically, 
2 2T    represents the coordinate transformation that 

is based on the Euclidian [5-8]. It can be expressed as 

( , ) ( , ) ( , )( , )u v u v u vT x y . At this time, 
( , )

( , )
det

( , )
u v

x y
DT

u v





. 

In robot control using a vision, variable x and y turn out to be 

u and v,  since it is a conversion of pixel coordinate into robot 

coordinate. In the center of the image, lens distortion tends to 

be minimal, while the distortion increases towards the corner 

areas of the image. This phenomenon can be clearly observed, 

based on the experiment data.  The Jacobian calibration 

method is described in Fig. 13.  

 

 
Fig 13. Calibration process using Jacobian Matrix 

B. Experimental result 

Table. 7 ~ Table. 8 represent the result of experiment using 

Jacobian Matrix. 

 
Table VII 

Errors (mm) in the center area - Using Jacobian Matrix 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 221.34  146.04  221.37  146.07  0.03 0.03 

No. 2 221.38  171.48  221.40  171.51  0.02 0.03 

No. 3 221.44  197.13  221.45  197.09  0.01 0.04 

No. 4 246.80  145.97  246.83  146.03  0.03 0.06 

No. 5 246.98  171.54  246.92  171.52  0.06 0.02 

No. 6 247.07  196.89  247.02  196.99  0.05 0.1 

No. 7 272.42  145.75  272.43  145.84  0.01 0.09 

No. 8 272.48  171.40  272.51  171.43  0.03 0.03 

No. 9 272.59  196.89  272.61  196.95  0.02 0.06 

No. 10 234.03  158.85  234.09  158.79  0.06 0.06 

No. 11 234.19  184.21  234.17  184.24  0.02 0.03 

No. 12 259.70  158.68  259.67  158.75  0.03 0.07 

No. 13 259.71  184.25  259.68  184.21  0.03 0.04 

   Average 0.03 0.05 

 
Table VIII 

Errors (mm) in the left area - Using Jacobian Matrix 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 220.69  101.19  220.72  101.24  0.03 0.05 

No. 2 220.96  126.83  220.97  126.77  0.01 0.06 

No. 3 221.27  152.30  221.29  152.38  0.02 0.08 

No. 4 246.58  101.14  246.65  101.13  0.07 0.01 

No. 5 246.89  126.58  246.85  126.67  0.04 0.09 

No. 6 246.92  152.11  247.01  152.18  0.09 0.07 

No. 7 272.30  100.84  272.31  100.87  0.01 0.03 

No. 8 272.35  126.50  272.40  126.48  0.05 0.02 

No. 9 272.52  152.03  272.58  152.05  0.06 0.02 

No. 10 233.91  113.94  233.94  113.93  0.03 0.01 
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No. 11 234.04  139.48  234.03  139.52  0.01 0.04 

No. 12 259.58  113.73  259.56  113.78  0.02 0.05 

No. 13 259.78  139.37  259.71  139.40  0.07 0.03 

   Average 0.04 0.04 

 
Table IX 

Errors (mm) in the right area - Using Jacobian Matrix 

Model 

Number 

Measured 

Coordinate 

Actual 

Coordinate 
Error 

X Y X Y X Y 

No. 1 221.68  193.77  221.74  193.78  0.06 0.01 

No. 2 221.80  219.31  221.82  219.36  0.02 0.05 

No. 3 221.88  244.96  221.91  244.99  0.03 0.03 

No. 4 247.43  193.78  247.49  193.82  0.06 0.04 

No. 5 247.48  219.37  247.52  219.38  0.04 0.01 

No. 6 247.54  244.98  247.58  244.99  0.04 0.01 

No. 7 272.94  193.80  272.95  193.82  0.01 0.02 

No. 8 273.03  219.28  273.04  219.34  0.01 0.06 

No. 9 273.01  244.90  273.10  244.92  0.09 0.02 

No. 10 234.58  206.55  234.62  206.59  0.04 0.04 

No. 11 234.70  232.01  234.71  232.05  0.01 0.04 

No. 12 260.18  206.55  260.23  206.60  0.05 0.05 

No. 13 260.22  232.16  260.24  232.19  0.02 0.03 

   Average 0.04 0.03 

 

 

Fig. 14 and Fig. 15 show the X and Y errors of vision 

calibration using the Jacobian calibration method. 

 

 
Fig 14. X-coordinate errors of CH.1 vision sensor at each position 

 

 
Fig 15. Y-coordinate errors of CH.1 vision sensor at each position 

V. RESULT 

Based on the experimental result, a capability analysis is 

performed for the robot X-axis and Y-axis. Table. 10 shows 

the capability analysis for the X and Table. 11 represents the 

Y-axis. Fig. 16 and Fig. 17 show the graphical representation, 

which clearly manifest the significant reduction of the 

calibration errors using the Jacobian method.  The substantial 

improvement of positioning accuracy is evident, and the 

spread between the data points has been greatly reduced, 

which shows a very stable and consistent pattern. Even using a 

calibration models printed on a piece of white paper, the 

proposed method performs far better than the iVY method. 

The proposed method can be better suited for industrial 

applications due to simplicity and ease of adaptation on the 

shop floor. 
Table X 

Capability Analysis for X-axis 

CH.2 Vision Sensor CH.1 Vision Sensor Jacobian Matrix 

USL 2 USL 2 USL 2 

LSL 0 LSL 0 LSL 0 

Average 0.581 Average 0.368 Average 0.036 

Stdev 0.292 Stdev 0.273 Stdev 0.022 

3σ 0.875 3σ 0.820 3σ 0.066 

Cp 1.143 Cp 1.219 Cp 15.039 

 
Table XI 

Capability Analysis for Y-axis 

CH.2 Vision Sensor CH.1 Vision Sensor Jacobian Matrix 

USL 2 USL 2 USL 2 

LSL 0 LSL 0 LSL 0 

Average 0.249 Average 0.173 Average 0.042 

Stdev 0.149 Stdev 0.153 Stdev 0.024 

3σ 0.446 3σ 0.459 3σ 0.071 

Cp 2.240 Cp 2.178 Cp 14.172 

 

 
Fig 16. Process Capability of X-axis 

 

 
Fig 17. Process Capability of Y-axis 
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