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Abstract. To solve the problem of information acquisition of an indus-
trial overhead crane, this paper uses an industrial camera to get the
information. The information includes the height and the swing angle of
the hook and the distance between the hook and the cargo. To obtain
the real-time data of the hook’s height and swing angle, firstly the whole
image captured by the industrial camera is processed and the hook’s
initial position is obtained by shape matching. As the trolley tracks the
hook according to the local information of the image, the height is calcu-
lated by the interpolation method according to the number of local pixels.
The swing angle is measured by the height of the hook and the distance
between the initial and current positions of the upper edge. In addition to
the measurement of the height and swing angle, this platform calculates
the distance between the hook and the cargo based on a visual method,
the cargo is observed by such features as length, width and height input
by operators. This method gets the static information of the industrial
scene, drives the trolley to the cargo, detects whether the hook’s swing
is within the proper range, and hoists the hook to the desired position.
Experimental results on a 32-ton industrial crane system implies that
this algorithm solves the problem of information collection and transfers
the hook to a desired position.

Keywords: Industrial crane - Information acquisition - Real-time posi-
tioning

1 Introduction

An overhead crane is a transportation equipment widely used in many industrial
production situations. Most of the cranes are manually operated, which causes
many injury accidents. For this reason, it is important to design an automatic
control system for overhead cranes. For this reason, many algorithms are pro-
posed to restrain the swing of the hook or position the cargos precisely. As a
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basic need to synthesize the algorithms, acquiring the states of the crane system
is crucial.

As a frequently used equipment in industry, a lot of works have been done to
solve the control problem of overhead cranes, and the proposed algorithms are
tested on small scale laboratory cranes [1-11]. Because of the simple mechanical
structure and the usage of high accuracy sensors [12], the state variables of the
entire system can be obtained for laboratory cranes. In practice, because of the
complex industrial situations and the consideration of the costs, we seldom get
all the state variables of an industrial crane system, including the height and the
swing angle of the hook, the velocity of the trolley, and the distance between the
crane and the cargo, which are very important for automatic control of cranes.
To be specific, the height of the hook provides the vertical position of the hook,
and this information is useful in many control algorithms. The frequently used
method to measure the height of the hook is using an absolute encoder, and the
rope length can be calculated by the reduction ratio and the data of the absolute
encoder. The measurement of the swing angle is necessary in most feedback
control methods, which can be measured by some special mechanical structures
on small scale laboratory crane platforms. In industrial situations, the swing
of the hook is usually observed by workers near the cranes, but the accuracy
cannot be guaranteed. The velocity of the trolley is measured by encoders, which
is adopted in many practical situations. Positioning is a very important aspect
of an automatic crane, the common method to calculate the displacement of
the trolley is to accumulate the encoder’s data. Another method for position
measurement is to divide the ground into different areas, and transport the cargo
to the specified grid, but this method highly depends upon on the operating
environment.

The collection of system states mentioned above is achieved by contact sen-
sors, but the drawback of most contact sensors is that one sensor can only
measure one specific kind of signal. Collecting the information based on the
visual method is more flexible and economic, and different system states can
be obtained by only one camera. The visual method is applied in many areas
in manufacturing [13,14]. Many researchers use cameras as signal collectors on
crane platforms. In [15], a ball is installed under the hook to detect the swing
angle. Singhose et al. use a stick as a guidance, and make the crane track the
trajectory of the stick through a camera installed on the trolley [16], which
uses input shaping to optimize the operating process. In [17] , two cameras are
installed on the mechanized platform to position the payload and measure the
swing angle. Binocular vision is also adopted in [18], and after getting the states
of the crane system by two cameras, the sliding-mode control is used in the
transportation process.

Compared with the laboratory cranes, the industrial cranes are usually oper-
ated in more complex situations, which makes it difficult to collect all states.
It is important to pick up the information we really need and easy to get in
practice.



18 B. He et al.

For the information collection problem for practical cranes, this paper pro-
vides an information collection method based on an industrial camera, the infor-
mation to be collected includes the rope length, the swing angle and the distance
between the hook and the cargo. To be specific, before the movement of the trol-
ley, we first obtain the position of the hook and the distance between the hook
and the cargo through static images using feature matching. Then, the trolley
transports the hook to the set point right above the cargo. In the transporta-
tion process, we use local characteristics to track the hook and measure the
swing angle by the images captured by an industrial camera. After the horizon-
tal movement, it is detected whether the positioning error caused by swing is
in a reasonable range. Finally, the hook is lowered to the target place according
to the height information captured by the camera, which uses the partial infor-
mation of the image to track the hook and calculate the height by interpolation
method.

2 Scenario Analysis

We define one corner of the plant as the origin of the world coordinate. The
camera is fixed on the trolley, which is convenient to calculate the extrinsic
parameter matrixes M.

To get the intrinsic matrix, we lower the hook to a specific position, measure
the distance between the camera and the hook, and then obtain the pixel number
of the upper edge. The intrinsic matrix M5 can be calculated by the pixel number
and actual distance. The relationship between a point X, in the world coordinate
and the imaging point M can be expressed as:

M = My M>Xw (1)

When transporting the cargo to the target place, we should consider the
acceptable offset of the hook and make the error converge to an appropriate
range. The error is induced by three factors, which includes the accuracy of the
camera, the error caused by hook’s swing, and the vibration transmitted from
the trolley.

The accuracy of the camera depends on the resolution. It is assumed that the
resolution of the camera is m X n. After installing the camera to the fixed place,
the corresponding observation size near the ground is x X y, then one pixel can
represent the actual distance Al, satisfying the following equation:

Al=1/m (2)

In practice, we are interested in the error near the hook instead of the error near
the ground. We assume the distance between the hook and the camera is [y, and
the height of the camera is [;. The distance represented by each pixel near the
hook is

Alpoor = lo AL/l (3)
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In the transportation process, the trolley will vibrate due to the hook’s sway or
the uneven pathway. We should investigate the vibration during the movement
process as a feedback in some algorithms. After the trolley is transported to the
target place, we should also observe the hook’s sway because it will affect the
locating control performance. To obtain the error caused by vibration, the trolley
starts to move with its maximal speed, and then we measure the deviation of
the camera by observing the change of the image’s edge. Assume that the largest
deviation of the image near the ground is Aly;pration-

The sway of the hook will also affect the positioning of the cargo. The maxi-
mal error induced by swing is Algay, and the total deviation of the measurement
Aliora; can be expressed as:

Altotal < Alsway + Al + Alvib’ration- (4)

The total deviation, which can be detected by the camera, converges to an
appropriate bound as the vibration and sway become more and more slight.
Then we can lower the cargo to the ground with an acceptable error. But Alipta;
calculated by (4) is the deviation near the ground, and we should convert it to
the acceptable deviation Al; near the hook through the following equation:

Al <lpAlotar/la. (5)

In this equation, [y is the distance between the hook and the camera, and Iy
represents the height of the camera. After the horizontal moving, if the deviation
is larger than Aly, we should wait until the deviation converges to the proper
bound, and then proceed to the next operation.

3 Measurement of the Height and Sway Angle

To obtain the real-time information of the hook, we adopt the partial feature
matching method to track the hook and measure the height and the sway angle.
The flow chart of the whole process is shown in Fig. 1. First, the states of the
trolley should be confirmed. If the trolley is not moving, we detect whether the
vibration exists. Otherwise, the camera collects the image of the workplace.

Commonly, the hooks of the heavy-load cranes are extremely large, and the
camera’s installation place should be kept away from the rope, so it cannot
be installed right above the hook. Because of this, the image captured by the
camera involves the side information of the hook, which enables the camera to
adopt shape matching to find it. The camera is fixed on the trolley, so the hook
is operated in the specific area of the camera’s field of view. Based on this, we
detect the outline of the hook in a specific area, which increases the efficiency of
the shape matching process.

The features of the hook will change as the hook is at different heights. The
camera should consider all the situations to exactly detect the hook.

After finding the hook, one can get the upper edge through the change of the
coordinate values, and then extract the number of pixels of the upper edge. The
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interpolation method is adopted to calculate the length of the rope according to
the length-pixel number relationship measured off-line. The position of the hook
at this moment is considered as the initial position.

Check the states of
the trolley
Is the trolley static?
Y

es

Is the hook static?

Yes

Edge detection

Shape matching
Y

es
Measure the rope
length
Input the size of
the cargo

Move vertically
Verify the next action

Move horizontally

Recieve a transportation
command .
Is the swing violent?

No

Mark several points
on initial position

No

The gradient's change
satisfies the specific case;

Measure the Record the position

height

Measure the
sway angle of the edge

Wait for next Calculate the
operation sway angle

Fig. 1. The total flowchart. Fig. 2. The flowchart of the measure-
ment of sway angle.

According to the industrial standard, the trolley and the hook cannot move
at the same time, so when the trolley moves horizontally or stops moving, and
we only pay attention to the sway angle. When the sway angle converges to an
acceptable range and the hook starts moving vertically, the height of the hook
is the only problem we should concern.

The sway angle of the hook is measured by an industrial camera, and the
flowchart of the process is shown in Fig. 2. The upper edge of the hook is tracked
as the trolley moves horizontally. Then we calculate the distance between the
initial position and the last position, which is represented by do, The sway angle
0y can be calculated by the following equation:

90 = arctan (dz/lg), (6)

where [ is the length of the rope at this time.

To measure the rope length, when the hook is at the initial position, we
mark several spots on the upper edge of the hook, and the number of spots
satisfy the Gaussian distribution because the spots close to the centre of the
hook are more effective. Then we should know the next action is hoisting or
lowering to decide whether the measurement range should expand or compress.
For each spot, we get ng pixels along the sway direction of the hook, and detect
the gradient variation to get the position of the upper edge. Then the number of
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pixels of the upper edge can be obtained by edge detection, which will reflect the
length of the rope through interpolation. The sway angle is so small that we can
assume the number of pixels are the same when the hook is at the lower point
and the higher point. Based on this, we can ignore the change of the number
caused by sway. So the interpolation method is available whether the hook is
swaying or not swaying. To adopt the interpolation method, the relationship
between the number of pixels of upper edge and the length of the rope should
be built off-line. There are several sets of data:

(hl,xl),(h27x2),...,(hn,xn). (7)

In this equation, x, is the number of pixels when the height of the hook is h,.
Assume that the number of pixels at current time is x,,, we can judge the range
of the number is zp < x,,, < Tpy1, the height of the hook can be expressed as:

Tm — Tk

hm = hk (8)

Tk41 — Tk

4 Measurement of the Distance Between the Hook and
the Cargo

The distance of the hook and the cargo is measured by the industrial camera to
facilitate the design of the online trajectory tracking algorithm. Before capturing
the static image, it is confirmed that the trolley and the hook are stable. The
worker inputs the length, the width and the height of the cargo, and guarantees
that the cargo is on the ground. Then we calculate the range of the length and
width on the platform of the height, which satisfies the following inequality:

llow < lca'rgo < lhigh (9)
dlow < dcargo < dhigh~ (10)

Then we can get the range of the total pixel numbers 1.4, Which is expressed
as:

2jow + 2d1ow < Neargo < 2lh'igh + 2dhigh~ (11)

The Canny edge detection algorithm is adopted to count the number of pixels
of the edge. If the number satisfies (11), then it is detected whether the shape
is a quadrilateral and the range of the included angles satisfies the following
condition:

Cmin < & < Qmaz, (12)

where unin, ez are calculated by the camera’s parameters calibrated before.
The rope and the hook may interference the views of the camera. To improve
the efficient of the process, this area will not be detected. If the cargo is infected
by this, the trolley will change its position automatically to find the cargo.
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After finding the edge of the cargo, the coordinate of the corner will
be selected to calculate the center of the cargo. Assume that the corner
with the minimum z-coordinate and y-coordinate is (x1,y;); other corners
(z2,y2), (x3,¥3), (x4,y4) are acquired clockwise. The coordinates of the cargo’s
center Teargo, Yeargo CaN be expressed as:

(xg — x1) + (x3 — 24)

Lcargo = 2 (13)
(y3 — 1) + (y2 — ya)
Ycargo = 9 . (14)

The coordinate of the midpoint (xg,yo) of the hook’s upper edge is easy to
acquire, and the coordinate of the center of the hook ook, Ynook Satisfies:

dz = Zcargo — Lhook (15)

dy = Ycargo — Yhook- (16)

To improve the accuracy and efficiency of the transformation, an online tra-
jectory planning method [19] is adopted to accomplish this process. The distance
to the target position, which is estimated by operators in [19], is detected by the
camera and substituting into the equations of this algorithm to calculate the
proper parameters of the trajectory.

5 Experiment Results

The experimental platform is a standard 32 ton double-girder crane. Considering
the space to place the tools and the passway, the main operation area of this
crane is 47.5m x 25 m. In this platform we use a Blackfly camera made by Point
Grey company, whose the model in [20] is used to calculate the visual angle, the
horizontal and vertical viewing angle as 8, = 68.31°,6, = 56.98°. The height
of the camera is 10 m. We can calculate that the distance of one pixel near the
ground is 0.0106 m. Because the view of the camera cannot cover the whole area,
the operators should move the overhead crane to the area where the cargo is in
view of the camera.

Considering the feature of the hook in this platform, the right side of the hook
is used for shape matching, the position of the upper edge is detected according
to the variation trend of the pixel. The relationship between the rope’s length
and the pixel’s number is measured outline. The rope’s length can be calculated
by (8).

To verify the accuracy of the height detection, we fix the laser on the trolley
and an reflector on the hook. Table1 lists the comparison of these two kinds
of data, where the error of the laser is 0.002 m. We assume the data measured
by the laser is precise. The table implies that when the distance increases, the
accuracy decreases. The maximum error of the method proposed in this paper
is 0.02 m.
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Table 1. The accuracy of height measurement.

Camera

Laser

0.03016

0.03025

0.05083

0.05071

0.07049

0.07067

0.09102

0.09131

0.11064

0.11037

The process of the measurement of the sway angle is shown in Fig.3. The
initial position of the upper edge is the white line, and the position of the upper
edge is the blue line during the transit process. The distance of the blue and
the white line is 0.3 m, and by using Eq. (6), we can calculate the sway angle as

3.37°.

Fig. 3. Measurement of the sway angle.

Figures4 and 5 express the deviation caused by sway and tremble, where the
trolley is operated at the maximum speed to guarantee that the sway is severe
enough. The result is shown in Figs.4 and 5.

number of pixels

0 s 10 15 20 25 0 3 40
time(s)

Fig.4. The deviation induced by
vibration. (Color figure online)

number of pixels

i

5 10 15 25 0 35

20
time(s)

Fig.5. The deviation induced by
sway. (Color figure online)

The maximum deviation induced by sway is 50 pixels, one pixel represents
0.0106 m near the ground, so the maximum deviation is Algyay = 0.53 m. Sim-
ilarly, the maximum deviation caused by vibration is Alyipration = 0.22m, and
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the maximum total deviation is Aljpq; = 0.75m. Normally, the hook is not
operated close to the ground. The deviation of the hook can be calculated by
Eq. (5). In this experiment, the rope’s length is 6 m, the height of the camera is
10.5m, the maximum deviation at that height is 0.43 m. The camera detect the
deviation incessantly until it satisfies the acceptable deviation.

After some basic tests, we apply this method on the 32 ton overhead crane
produced by Tianjin Hoisting Equipment Company. This technique collects the
information exactly and the hook is transported to the target place precisely.
Compared with the manual operation, the efficiency is enhanced and the safety
is guaranteed.

6 Conclusion

To meet the practical demand of industrial cranes, this paper proposes a method
of using an industrial camera to measure the height and the sway angle of the
hook. The distance between the hook and the cargo is also acquired by the
camera. Firstly, the camera collects the image if the trolley and the hook are
static, acquiring the initial position of the hook by the graph matching method.
In the process of transporting the hook or the cargo, the camera can realize
the real-time object tracking through persistently detecting the upper edge. The
height is calculated by the interpolation method according to the number of
pixels of the edge. The sway angle of the hook is obtained by comparing the
present position and the initial position. After the horizontal transportation,
the camera detects whether the hook’s deviation induced by sway and vibration
is at a proper range to guarantee the accuracy is acceptable before the cargo start
lowering. This method is applied on the overhead crane system in a practical
industrial situation, where the information of the system is collected by the
camera. The hook is located at the target position by cooperating with the
motion control system. The next step to improve this system is adapting the
information collected by the camera in a more intelligent algorithm. In this
paper, the operators should move the trolley to the position close to the cargo,
and more cameras will be placed in the workspace to acquire the position of the
cargo in a global coordination.

References

1. Lee, H.: Motion planning for three-dimensional overhead cranes with highspeed
load hoisting. Int. J. Control 78(12), 875-886 (2005)

2. Sun, N., Fang, Y., Chen, H., Wu, Y., Lu, B.: Nonlinear antiswing control of off-
shore cranes with unknown parameters and persistent ship-induced perturbations:
theoretical design and hardware experiments. IEEE Trans. Ind. Electron., to be
published

3. Le, T.A., Lee, S.-G., Moon, S.-C.: Partial feedback linearization andsliding mode
techniques for 2D crane control. Trans. Inst. Meas. Control 36(1), 78-87 (2014)

4. Park, H., Chwa, D., Hong, K.-S.: A feedback linearization control of container
cranes: varying rope length. Int. J. Control Autom. Syst. 5(4), 379-387 (2007)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A Practical Visual Positioning Method for Industrial Overhead Crane 25

Sun, N., Fang, Y., Chen, H., Fu, Y., Lu, B.: Nonlinear stabilizing control for ship-
mounted cranes with disturbances induced by ship roll and heave movements:
design, analysis, and experiments. IEEE Trans. Syst. Man Cybern.: Syst., to be
published. doi:10.1109/TSMC.2017.2700393

Zavari, K., Pipeleers, G., Swevers, J.: Gain-scheduled controller design: illustration
on an overhead crane. IEEE Trans. Industr. Electron. 61(7), 3713-3718 (2014)
Sun, N., Wu, Y., Fang, Y., Chen, H., Lu, B.: Nonlinear continuous global stabiliza-
tion control for underactuated RTAC systems: design, analysis, and experimenta-
tion. IEEE/ASME Trans. Mechatron. 22(2), 1104-1115 (2017)

Boschetti, G., Caracciolo, R., Richiedei, D., Trevisani, A.: Moving the suspended
load of an overhead crane along a pre-specified path: a non-time based approach.
Robot. Comput.-Integr. Manuf. 30(3), 256-264 (2014)

Sun, N., Wu, Y., Fang, Y., Chen, H.: Nonlinear antiswing control for crane sys-
tems with double pendulum swing effects and uncertain parameters: design and
experiments. IEEE Trans. Autom. Sci. Eng., to be published. doi:10.1109/TASE.
2017.2723539

Sun, N., Fang, Y., Chen, H., Lu, B.: Amplitude-saturated nonlinear output feed-
back antiswing control for underactuated cranes with double-pendulum cargo
dynamics. IEEE Trans. Industr. Electron. 64(3), 2135-2146 (2017)

Sun, N., Wu, Y., Fang, Y., Chen, H.: Nonlinear stabilization control of multiple-
RTAC systems subject to amplitude-restricted actuating torques using only angu-
lar position feedback. IEEE Trans. Industr. Electron. 64(4), 3084-3094 (2017)
Ma, B., Fang, Y., Wang, P.: Experiment system for automatic control of 3D over-
head crane. Control Eng. Chin. 18(2), 239-243 (2011)

Wang, Y., Chen, T., He, Z.: Review on the machine vision measurement and control
technology for intelligent manufacturing equipment. Control Theory Appl. 32(3),
273-286 (2015)

Wang, Y., Liu, C., Yang, X.: Online calibration of visual measurement system
based on industrial robot. Robot 33(3), 299-302 (2011)

Pan, T., Xu, W.: Detection of rope and ropes swaying angle of overhead crane
based on computer vision. Comput. Meas. Control 23(7), 2263-2269 (2015)
Kelvin, C., Singhose, W., Bhaumik, P.: Using machine vision and hand-motion
control to improve crane operator performance. IEEE Trans. Syst. Man Cybern.
42(6), 1496-1503 (2012)

Takahiro, 1., Yasuo, Y.: Control of a boom crane using installed stereo vision. In:
International Conference on Sensing Technology, pp. 189-194 (2012)

Lunhui, L., Chunghao, H., Sungchih, K.: Efficient visual feedback method to control
a three-dimensional overhead crane. IEEE Trans. Industr. Electron. 61(8), 4073~
4083 (2014)

He, B., Fang, Y., Liu, H., Sun, N.: Precise positioning online trajectory planner
design and application for overhead cranes. Control Theory Appl. 33(10), 1352—
1358 (2016)

Corke, P.: Robotics, Vision and Control. Springer, Berlin (2011). doi:10.1007/
978-3-642-20144-8


http://dx.doi.org/10.1109/TSMC.2017.2700393
http://dx.doi.org/10.1109/TASE.2017.2723539
http://dx.doi.org/10.1109/TASE.2017.2723539
http://dx.doi.org/10.1007/978-3-642-20144-8
http://dx.doi.org/10.1007/978-3-642-20144-8

2 Springer
http://www.springer.com/978-3-319-68344-7

Computer Vision Systems

11th International Conference, ICVS 2017, Shenzhen,
China, July 10-13, 2017, Revised Selected Papers

Liu, M.; Chen, H.; Vincze, M. (Eds.)

2017, XV, 655 p. 355 illus., Softcover

ISBEN: 978-3-319-6B8344-7



	A Practical Visual Positioning Method for Industrial Overhead Crane Systems
	1 Introduction
	2 Scenario Analysis
	3 Measurement of the Height and Sway Angle
	4 Measurement of the Distance Between the Hook and the Cargo
	5 Experiment Results
	6 Conclusion
	References


