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SUMMARY

Gantry and tower cranes are used to move heavy payloads to their desired locations. If

proper safety protocols for communication and maneuvering the payload are not followed

this could create an unsafe environment and at worst could result in fatality. Hands-free

manipulation of a payload is accomplished through gross control by a crane operator and

fine control by a ground team consisting of workers implementing either: push-pull devices,

taglines, or a combination of both. The goal for this project is to develop a new paradigm

for collaborative communication between ground teams and the crane operator using these

existing devices. We will also seek to expand on our research into embedding force sensing

instrumentation into these devices.

We envision a manufacturing-type environment with overhead cranes where ground

teams can use taglines or push-pull devices with embedded force sensors to inform the

crane operator of the appropriate crane control inputs based on the force applied to the

device and payload. Introducing force-feedback communication enables the crane operator

to safely maneuver the payload remotely or with a partially/fully obstructed view of the

payload or ground team. We seek to determine whether this communication protocol offers

equivalent performance when compared to established verbal communication methods.

Human subject studies were conducted to compare these two communication protocols.

Subjects completed a standard lift and place task in which they maneuvered a payload into

an open-top box. Performance evaluation metrics for the task included: time to complete

the task, horizontal positioning time, and impulse resulting from the payload contacting

the open-top box. There was no statistically significant differences between the two meth-

ods for the overall time completion and impulse metrics. Horizontal positioning did have

a statistically significant difference between the two methods. And two sample statistical

equivalent testing results revealed that the two methods were only equivalent for the im-

pulse metric.
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CHAPTER 1

INTRODUCTION

Workers in automotive and manufacturing settings implement gantry or tower crane

systems to transport large payloads quickly and safely to their desired location(s). For these

heavy lift operations a team of workers is divided into a ground team and a crane operator

and both groups will work together to relocate the payload. Typically the fine position

of the payload is controlled by the ground team through the use of taglines and push-pull

devices, while the gross position is directly adjusted by the crane operator. Communication

protocols between the ground team and crane operator vary but typically consist of verbal or

signal communication between crane operators and ground team members. Crane operation

is very dangerous, a 2009 study conducted by the center for construction and research

training (CPWR) found that crane loads striking workers resulted in 125 deaths from 1992-

2006 [1]. As such proper signalling and communication within the group is critical during

lifts, to minimize the risk of fatality.

Current crane control operations have been completed implementing many different

communication methods ranging from radio communication, hand signal communication,

to hand-motion control communication. Radio communication can be prone to delays and

malfunctions and could also be a source of miscommunication [2]. Additionally, radio

communication between two parties relies on using the same language and a shared repos-

itory of commands and instructions. Existing verbal communication between crane oper-

ators and the ground team can also be in the form of direct verbal communication within

close proximity. This may exist in environments like automotive assembly line manufac-

turing plants containing small gantry crane systems; the ground team and crane operator

may not be physically separated by much and can freely communicate without electronic

assistance. Unfortunately these environments can also be subject to loud ambient noise and

could affect the fidelity of verbal communication with or without radio assistance.

To solve the verbal communication issues associated with the radio communication
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method OSHA recommends using hand signals according to figure 1.1 below[3].

Figure 1.1: Hand signals suggested by OSHA to improve communication between ground
team and crane operators.

The sixteen hand signals are essential for safe and clear communication but require

extensive training for both the crane operator and signal person. If solely relying on hand

signals this requires the crane operator to have perfect visibility of the signal person. In

larger work-spaces where perfect visibility is not possible, a combination of hand signals

and verbal communication is implemented to ensure safe crane operation. In situations

with extremely large payloads the crane operator’s view may become obstructed and this

in turn increases the risk of miscommunication.

Hand-motion control on the other hand introduces the possibility of non-verbal com-

munication by using a hand-held wand or glove to manipulate the payload [4]. While this

approach is effective it deviates drastically from existing crane control methods and relies

on adding hardware to existing crane devices including machine vision systems to track

either the hand/wand and track the payload to estimate cable angle. This may be expen-

sive to implement and does not leverage existing devices used to manipulate slung loads.
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Another approach to non-verbal communication comes in the form of Welch’s work in em-

bedding force sensing instrumentation into push-pull devices. Welch’s work leverages the

force feedback from a push-pull to directly move a bridge crane to guide a payload to it’s

desired location[5]. Although this approach was effective it still requires extensive hard-

ware changes to be made to the crane system. Each of these communication paradigms

has been proven to be effective but are not remiss of certain drawbacks. Communication

fidelity between the crane operator and the ground team is subject to many factors but is

critically important to reduce the risk of injury and fatality in the workspace.

To address these issues we propose a new teaming communication protocol to offer an

alternative to standard collaborative payload transport. Specifically, we leverage the forces

applied onto a payload by push-pull device to estimate both the cable angle and angular

velocity of the payload to create an electronic display with real-time tracking capabilities

of the desired payload position. The crane operator can utilize this display to make gross

adjustments to the payload position based on the ground team’s estimated force inputs. As

a result, the ground team regulates the payload velocity in multiple axes which in turn the

crane operator uses to guide the payload to the desired location established by the ground

team.

Figure 1.2: An overview of the proposed teaming approach for collaborative payload trans-
port.
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