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Abstract:  Often dismissed as a buzz word Industry 4.0 literally means the fourth Industrial Revolution. 
The ever-accelerating shift towards technological advancements like Cloud Computing, Artificial 
Intelligence, The Internet of Things and many more. These leaps forward permeate our life and work: 
saving time, providing efficiency and opening up a world of collaboration not considered possible a 
decade ago.

These are grand statements, and it is hard not to be cynical. References such as the "Gartner Hype 
Cycle" demonstrate how new technologies take time to mature and move from only having a "wow 
factor" to providing measurable impacts on our daily toil.

This paper will provide a new overview of the technologies that have matured and provide significant 
gains for Engineers and Technicians undertaking concrete inspection. It will demonstrate how Cloud 
computing is productivities gains, how LiDAR and laser sensors are providing location information that 
is traditionally time-consuming, and how AI will streamline defect cataloguing with quantification.
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Introduction
The concept of Industry 4.0 (I4.0) originated in 2011 in Germany, a management tool to address a titular 
fourth industrial revolution. The specific technology focus of early discussions was the digitalisation, 
algorithmising and increased manufacturing automation. A new approach for controlling production 
processes by providing real time synchronisation of flows and by enabling unitary and customised 
fabrication of products Kohler and Weisz (1).

Further attempts to codify what defines I4.0 have come from The Prime Minister's Industry 4.0 Taskforce 
and Swinburne University, with a scorecard for Industry 4.0 products. In brief, products are rated on 
their integration of sensors and actuators, connectivity, data storage and exchange, monitoring, IT 
service infrastructure and Business Model. Production has similar ratings, but this is outside the scope 
of this paper Gallagher, S (2). 

In the context of Concrete Investigations, we can examine Tools and Processes and see if they qualify 
as an Industry 4.0 processes, and if so, the positive benefits in Concrete and Construction. This paper 
will first present a review of the tools under consideration, then case studies where integrating data 
storage and exchange, software algorithms and connectivity between tools improve existing processes.

Technology Review
Ground Penetrating Radar
Ground Penetrating Radar has been used for the location of embedded objects in soils and concrete. 
In the specific context of concrete, it is the most commonly used technique to locate the embedded 
reinforcement steel and other details of concrete elements for hit prevention during drilling and to learn 
the configuration of unknown elements. 

The latest hardware integrations now support Internet-connected services for data storage and 
exchange with external software packages and metadata storage. 

Ultrasonic Pulse Echo Arrays
Ultrasonic Pulse Echo techniques are the area of Sonic/Seismic testing that has seen the most hardware 
and software development. Ultrasonic Pulse Echo hardware is most commonly used to check the 
thickness, locate voids and defects, and evaluate grouting in grout tubes and post-tension ducts. 

The latest hardware integrations now support automated detection functions for element thickness, 
Internet-connected services for data storage and exchange with external software packages, and the 
storage of metadata. 

Eddy Current Cover Meter



The most common Eddy Current measurements for concrete are "Cover Meters" devices used to 
precisely determine the depth of reinforcing steel, a critical measurement for the long-term durability of 
structures.

Early Cover Meters provided a raw signal strength measurement from a sensor. The newer design 
incorporates multiple sensors to enable alignment with reinforcing steel bars and for better position by 
a user.

The latest hardware integrations now support Internet-connected services for data storage and 
exchange with external software packages and the storage of metadata. 

LiDAR/ Laser Scanning and Photogrammetry 
Light Detection and Ranging (LiDAR) has been used for survey and digitisation work, but with the 
integration of simple LiDAR sensors within mobile devices, a broader range of applications becomes 
quickly available. 

LiDAR embedded in mobile devices provides a quick and less expensive way of performing scan-to-
BIM (Building Information Modelling.) actions, Meda and Calvetti (3).

Photogrammetry is an alternative process for the survey and digitisation of 3D spaces. It involves 
extracting 3D information from many photographs to reconstruct both the environment and its 
appearance. Lidar and Photogrammetry may be combined.  

Machine Vision and Defect Detection
Machine vision has been used in manufacturing to detect defects in components. The typical 
configuration is a camera with 1 Dimension or 2 Dimensional digital sensors and lenses with dedicated 
software, Vision Systems Design(4). The proliferation of low-cost digital cameras for consumer 
applications has expanded the use of machine vision into all areas of object detection and human 
endeavour.   

The most significant change for industrial applications has been the introduction of deep learning 
models, which improved on earlier conventional algorithms methods. A deep learning system can be 
trained with image databases of the target defects and then examine new images looking for the same 
defect type. 

Once Deep Learning models became available, the same machine vision process can be used for 
defects in concrete, Chen (5).

Case Study - Cloud Computing in Inspection
The main limitations for large-scale integration of visual inspection, Inspection notes and Non-
Destructive Testing (NDT) Technology are the difficulties in working between different data formats. 
Data storage and exchange is one of the key evaluation scales of an Industry 4.0 product. This Case 
Study shows Examples of data exchange between software platforms for data collection and post-
processing.

Combining NDT technology requires; a software tool capable of processing multiple sensor data 
formats, a data collection procedure that produces shared geometry for each sensor's data and 
collection software that collects or can export compatible data formats. 

In a pre-Industry 4.0 process, the operator must draw his geometry, save and export a raw format from 
separate machines' readout devices, import to two software capable of export applications, and then 
import into the final processing application. Figure 1 shows the flow of data from the device to 3D 
processing. 



Figure 1. Pre-Industry 4.0 Data Export and Combination

The paper "SFCW GPR Array Concrete inspection on nuclear sites" focuses on collecting large Stepped 
Frequency Continuous Wave GPR array data sets for 3D visualisation with Brand A's SFCW GPR 
handheld array system. 

The workflow within Brand A's Ecosystem combines mobile device applications with cloud Infrastructure 
for data storage and export. 

For the work in the paper, Brand A's SFCW GPR handheld array depth measurements were calibrated 
using an eddy current cover meter in Brand A's Ecosystem; the operator only needing to change the 
app on their Tablet and retrieve a second sensor. With a final tablet app change in the same ecosystem, 
an operator can collect large-scale ultrasonic data from an Ultrasonic Pulse Echo Array.

Figure 2. Industry 4.0 Data Export and Combination

With one depth Measurement and two sets of 3D data collected, a visit to a single website exports both 
datasets ready for third-party import and visualisation. Figure 2 shows the hardware integration to one 
tablet and cloud data transfer between software.

A single readout device has been used for three operations, and export occurs from a single export 
application, saving the operator at least two interactions. The software interface design has also 
remained the same between the three devices, reducing training requirements for an operator.

Case Study - Centaur Defect Detection
Perhaps the most thoroughly studied and commercially applied application of Machine Vision in 
construction is Defect Detection. Numerous studies have been implemented to explore the power of 
deep learning for defect detection in bridge pavements, Chen (5).

This case study looks at a Centaur approach; like the fabled creature that combines a man and horse, 
the modern centaur combines a human Operator with a machine to move faster than either can alone. 



Certain Defect Detection tasks have a clear definition. Crack Width mapping has defined performance 
requirements and processes. 

A typical specification is for 0.05 mm width after curing and 0.1 mm width at 28 days, Transport for NSW 
(6)

In practice, Quality teams must sketch over the visible cracking, photograph each crack, and record its 
length and average width, Mapping the crack. They must also prepare a purposed remedial action and 
correct procedure for future works. 

Figure 3 shows the separate processes of creating the large 3D Model with Defect Detections, and then 
annotating it with crack map information.

Figure 3. A Mechanised Approach to Crack Width Mapping

Where a wholly mechanised approach is limited is in trying to do every job well, to replace a QA teams 
walk-through of an area totally.

Software that relies upon Photogrammetry to Map and Detect Defects runs into some key limitations;

- Hardware and software requirements may be exaggerated, needing the most feature complete 
commercial systems.

- The entire element must be digitised to allow the Defect Detection algorithm to map the cracks 
and locate them on a model of the structure.

- The digitisation procedure physically cannot achieve a precision of measurement that meets 
the performance criteria; 0.1 or 0.05 mm cracking is impossible to resolve at a distance, even 
with the best Machine Vision Cameras. For example, at only half a meters distance, a 21-
megapixel camera can only resolve a measurement to 0.6 mm, Keyence (7). 

- The typical final submission is a written report with pictures and crack width measurements.
- After a 3D model showings Cracks detected, annotated with manually measured crack widths 

a human must still Produce a written report of the information, the office work is identical, even 
if every tool in the basket has been thrown at the problem.

Instead, a Centaur approach can allow a software package to quickly handle tedious work within the 
current limits of the technology. The human operator then completes tasks that exceed the hardware 
capabilities of the tools or are remove large-scale digitisation requirements.  

In Brand A's Inspection Management Software Platform, a specific feature exists to only tackle this 
Crack Mapping. 

The application allows an operator to place an Information Marker on a specific position on a structural 
drawing, a photograph of the real element or a 3D Model uploaded or collected with a Tablet devices' 
LiDAR. 



These Information markers store structured data; Multiple Choice and Free Text notes, Annotated 
Photographs, NDT data and documents. Data can be exported directly to a .pdf file report that shows 
the information location and value or in .csv format for import to other software. 

Operators may photograph regions to be mapped from a distance and rely upon a Defect Detection 
algorithm to detect and map the visible cracking, as shown in Figure 4. 

Figure 4. Crack Mapping Interface in Inspection Management Software

The operator then checks and adjusts the detection, annotates each crack with width and length as 
desired, and can use multiple choice or free text fields to suggest rectification requirements. 

Figure 5. A hybrid "Centaur" approach to Crack Width Mapping

Figure 5 shows how the Crack Mapping process needs less information and time at the site with a hybrid 
model.

This "Centaur" approach, where the machine handles the task best suited to technology and leaves 
measurements that would be tedious for a machine to a human. Using an existing drawing or 3D Model 
removes the need to recreate a 3D model of every element to investigate with Photogrammetry or other 
survey tools



- Measurements are removed from the Defect Detection algorithm, so a modest camera in a 
Mobile Device suffices for data collection.

- The operator helps the technology with measurements of greater precision than it could handle 
and by locating each Defect's Location on the drawing or 3D Model

- The structured data format ensures the requirements of the QA task are met; the operator 
completes a checklist of required width measurements and can be prompted to define 
rectification in a multi-choice or free-text field.

- The data structure is built to feed straight out to a report document, reducing the post-processing 
needed off-site.

By deploying only a mobile tablet and a single piece of software of modest complexity, a long, slow task 
gets faster.

Conclusion
The case studies in this paper are modest, extending the existing workflows, visualisation of sensor data 
and crack mapping. An Industry 4.0 software and hardware ecosystem do not replace these processes; 
it removes friction. The most time-intensive tasks are supported by algorithms or cloud data storage, 
and compatible data formats make it quicker to produce a visualisation. 

The construction industry was the second least digitised industry in the world in 2016, Building 
Connection (8). There is an urgent need for even simple investigation work to improve the efficiency of 
data collection, post-processing, the compatibility of data between projects and report creation. 

Industry 4.0 software and hardware is built with these goals in mind, and even simple applications get 
faster with an integrated tool and a user who understands it.
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