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Foreword  

In 2012 and 2013, the Smart Water Fund (SWF) received several proposals for research funding in the area of 

sewer assessment technologies and sewer condition analysis, highlighting the water industry’s strong need to 

address the limitations they currently face in this field. However, the proposals were each pursuing different focus 

areas, illustrating the wide-ranging views on how best to tackle this challenge and what technology to pursue. . 

Such disparate views result in a range of research activity being performed concurrently, and SWF often sees a 

duplication of effort.  

SWF seeks to invest strategically on behalf of the Victorian water industry by building on research not just within 

Australia, but globally. For this reason, SWF decided a global market scan was an important first step before 

larger investment could be considered. The study took eight weeks to complete, and reviewed current and 

emerging technologies both within the water sector and, more interestingly, outside the water sector. This study 

adopted an innovative scanning technique called the TRIZ algorithm approach. Unlike a typical market scan, the 

study reviewed not only the current state of play, but also the “evolution potential” of technologies in order to 

predict the future landscape of sewer assessment. Less mainstream technologies were brought to the forefront as 

a result of forecasting the evolution potential of technologies.   

As the water utilities were divergent in their focus for research in this space, the project provided a forum for 

subject matter experts from the water industry to continue the dialogue and align their objectives. The results of 

the study enable the Victorian water industry and SWF to confidently invest in the area of sewer condition 

assessment, with an understanding of the technologies that are ready for transfer into the water sector, and the 

technologies for which it is best to adopt a “smart-follower” approach. 

Executive Summary 

As part of sewer maintenance, risk assessment and renewal planning, water authorities 

must assess sewer conditions regularly. This is most commonly done by collecting CCTV 

or digital images, followed by manual review by operators to grade the sewer condition. 

However, given the subjective nature of the data and the large volumes that require 

processing, the quality and consistency of the assessments are often poor. There is a 

combined commitment by the Melbourne metropolitan water utilities to assess 1,200km of 

sewers annually; this equates to their spending $7–12 million per annum on data 

collection alone, which is often not converted to reliable information for decision making. 

Additionally, the percentage of sewers with captured CCTV footage is less than 10 per 

cent. This is because CCTV is a relatively high-cost exercise; accordingly, the utilities 

naturally focus on critical assets which leaves many branch sewers unexamined. 

Furthermore, existing camera/optical approaches only provide information on the internal 

surface view of the pipe; they do not provide insight into corrosion rate, pipe integrity or 

silt accumulation, and cannot be used for pressurised sewers. 

In June 2013, the Smart Water Fund (SWF) commissioned a global market scan of 

automatic sewer condition assessment on behalf of the Victorian water industry through a 

firm called Systematic Innovation (SI). The objective of this market scan was to audit 

water and non-water sectors, to provide a sound basis for future investments. SI has 

access to a large database (4 million data points); this enabled it to evaluate 

comprehensively the water industry “rate of innovation” (pulse rate) which is currently 

0.15 jumps per year. In contrast, the ICT sector – currently the most dynamic industry – is 

pulsing at around 1.7 jumps per year. This suggests that there is significant untapped 

potential; that there have been solutions developed in other industries that can be 

exploited by the water industry. 
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 A total of 31 categories of sewer assessment technologies were identified 

during this market scan; 5 shortlisted for consideration.  

 A total of 4 methods of data interpretation were found that could automate 

current manual data analysis; all were recommended for further investigation.  

Specifically, in the area of sewer assessment technologies, it was found that the latest 

optical camera technologies – such as “Panoramo” by I-BAK – represent the most ideal 

technology currently available off-the-shelf. These are a significant improvement on 

traditional pan-and-tilt CCTV camera techniques, at a comparable operating cost. Yarra 

Valley Water and City West Water have already started investment in “Panoramo”. 

However, when each sewer assessment technology was assessed for its ‘evolution 

potential’, the study found that other technologies will likely supersede the optical camera 

options in terms of “ideality” (i.e. functionality, accuracy, cost). Due to the slower 

innovation rate within the water sector, both in Australia and abroad, investment in 

fundamental research is not recommended. Instead, it is advised that the water industry 

adopt a “smart-follower” approach. Therefore, of the 5 shortlisted technologies, it is 

recommended that advancements in other domains should be monitored in 3. Examples 

include acoustics/sonar technology in the healthcare field (i.e. accurate 3D acoustic 

models that could supplant camera technologies in the future) and Ground Penetrating 

Radar (GPR) (i.e. an aboveground assessment technique that eliminates the need to 

enter sewers). GPR represents a collaboration opportunity with other utilities (e.g. 

energy, telecom) that also have a vested interest in knowing what is located 

underground. Looking more broadly, the need to monitor sewer conditions will decline 

over time as sewer pipe material and design advance, including technology with “self-

repair” capabilities. 

In the short term, the key recommendations from this market scan are as follows: 

1. Ultimate Optical – Adopt advanced optical camera technologies such as 

“Panoramo”, as these are available off-the-shelf and are becoming increasingly cost 

effective. Hybrid systems with acoustics are also noteworthy. 

 

2. Sewer Image Diagnostics Software – Immediately invest in automating image 

analysis, which is currently performed manually. Look to transfer expertise from 

analogous problems in the healthcare / security sectors in feature recognition software.  

Next step: Invest in proof of concept by engaging mathematicians with experience 

in image recognition to apply the software to a range of sewer images from the water 

authority databases. Estimated cost: $50k for the proof of concept over 2–3 months, 

with full development costs in excess of $300k.
1
 

3. Disposable “Pill” – This is ready for immediate technology transfer into the water 

sector from the healthcare sector. This technology has the potential to be used as quick 

scan of entire sewer networks, which addresses the current challenge where only a small 

percentage of sewer networks are assessed internally by CCTV. With the disposable pill, 

there is also the opportunity to make public an image database to de-mystify the industry 

and raise awareness of the important service performed for the community. 

Next step: Invest in a concept design to investigate the practicalities of deploying 

the pill; for example, how to retrieve the device and what communications/data 

transmission platform to adopt. Estimated cost: $50k for the concept design over 2–3 

months, with full development costs in excess of $500k.
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The Project 

In June 2013, the Smart Water Fund (SWF) commissioned a global market scan of 

automatic sewer condition assessment on behalf of the Victorian water industry through a 

firm called Systematic Innovation (SI). The scan looked at both water and non-water 

sectors. The objective of this market scan was to provide a sound basis for future 

investments to be made by SWF.  

This market scan reviewed the best future pathway for the water industry in two domains: 

data collection technologies and data interpretation technologies. The ultimate aim is 

to considerably increase the reliability and capability of existing pipe inspections and 

assessment through automating the data collection and the data interpretation processes. 

 

 

 

 

 

 

 

 

 

 

 

The SI Methodology 

SI utilises a database of close to 4 million data points, and the TRIZ algorithmic 

approach to defining issues, solving problems and forecasting the future evolution of 

technical systems. TRIZ is based on extensive research (the equivalent of 700 PhDs’ 

effort) and a key finding that the same problems and solutions keep repeating across 

different industries. This methodology compares problems and solutions from across 

different industries.  

When examining a problem like 

sewer assessment, SI offers a 

structured approach to identifying 

solutions from other industries – 

in this case, oil and gas, security, 

military and healthcare – that 

might be successfully transferred into the water industry. This leads to acceleration of the 

traditional technology evolution and development timescales. 

An interesting aspect of this methodology is the calculation of a pulse rate or innovation 

rate for a sector or field, which is determined by mapping key TRIZ principles relevant to 

the subject over different timescales (see Figure 1). Another capability of this 

methodology is to assess the evolutionary potential of a subject, by analysing how 

Data 
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Scan Results: 31 technologies identified,  

5 shortlisted 
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become cost effective  

 1: recommend immediate investment 

in R&D 

 3: monitor opportunities for 

technology transfer from other 

domains 
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for immediate 
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1 project 
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advanced the subject is on the evolution pathways predicted by TRIZ (i.e. where along 

the axis could be extended). This is key to understanding whether the best today will 

remain the best tomorrow. 

 

Figure 1 Innovation Rate (Pulse Rate) of the Water Industry 

 

Interesting Insights 

The water industry overall is currently innovating (pulsing) at a rate of around 0.15 jumps 

per year (jpy). Contrastingly, the ICT sector – which is the most dynamic industry at the 

moment – is pulsing at around 1.7 jpy, while the oil and gas industry is pulsing around 0.3 

jpy. In particular, the pulse rate of technology advances in data collection (0.65 jpy) and 

interpretation (0.8 jpy) capability in other sectors is fundamentally faster than in the water 

Industry. This suggests that solutions have been developed in other industries that can 

be exploited, given the slower pace of innovation within the water sector. 

In light of this analysis, the water industry in general (and in Australia specifically) would 

benefit by adopting a “smart-follower” approach – letting other industries do the 

pioneering development, and then leveraging that effort once proof of capability and 

economies of scale benefits have emerged. The Australian government will continue to 

fund pure research in order to encourage innovation from our research institutes to 

develop the Australian economy and export ideas; however, for an industry like the water 

sector, we need to be mindful that this is not always the most fruitful approach. 

In reviewing the geographical spread of activities for data collection and interpretation 

technologies, the highest registration of data points (activity) occurs in Japan, the United 

States and China. Therefore regularly monitoring of overseas research and innovation in 

these countries is important for Australia.  

Global Market Scan Results 

A total of 31 categories of sewer assessment/data collection technologies were identified 

during this market scan and 5 were shortlisted for attention. A comprehensive report 

published by the United States Environment Protection Agency in August 2010 offers 

technical details on the key data collection technologies: Condition Assessment of 

Wastewater Collection Systems.
3
 This was a 3 year study and is a useful general 

reference for Australian water authorities. SI expanded upon this study by ranking 

technologies and predicting evolutionary potential. For an in-depth discussion of each 

technology, refer to the full report.
4
 A shortlist of technologies is represented in Figure 2. 
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Figure 2 Sewer Assessment (Data Collection) Technology Scan Results 

 

Shortlisted Top 5 Ideality TRL 

Optical   
Current 5 10 
Ultimate – Evolved 8 6 
GPR 
Current N/A N/A 
Ultimate – Evolved 9 3 
Acoustic   
Current 4.5 9 
Ultimate – Evolved 9 2.5 
Disposable Pill   
Current N/A N/A 
Ultimate – Evolved 9 3 
Pixie Dust   
Current N/A N/A 
Ultimate – Evolved 9.5 2.5 

 

 

Ranking Approach shown in Figure 2 

Technology Readiness Level (TRL): a 1 to 10 scale based 

on a global standard, with 10 indicating solutions that are 

purchasable from a catalogue or “off-the-shelf”. Where 

technologies are sourced from outside of the water industry, 

the TRL score is automatically reduced to reflect the 

development work needed to transfer the solution from its 

current domain into the water sector.  

Ideality: a 1 to 10 scale, considering accuracy, operating 

costs, capital costs, ease of interpretation, ease of use and the 

ability to characterise the sewer condition. A ranking of 10 in 

“ideality” is unrealistic, as it would imply no sewer, or that the 

sewer repairs itself at no cost. 



 

The market scan found that “Panoramo” by I-BAK (an advancement of the traditional 

CCTV technique at a comparable operating cost) represents the most ideal technology 

(ideality of 5) currently available off-the-shelf (TRL of 10). This is shown in yellow in 

Figure 2. Investment in this specific brand of technology has already commenced at Yarra 

Valley Water and City West Water. However, using evolution potential SI also predicted a 

different future landscape where optical camera technologies are unlikely to remain the 

most competitive. In Figure 2, the light blue points represent the “evolved” solutions 

predicted by SI, which are linked to their related “current” technology by dotted lines. The 

evolved solution logically has a higher ideality ranking but reduced TRL ranking, as 

development work is still needed. Some light blue points represent technologies in other 

sectors, such as healthcare, that could be introduced to the water sector.  

The market scan also found 4 methods of data interpretation to automate the manual 

analysis of data during sewer assessments. R&D in data interpretation in the water sector 

is currently limited in Australia and globally. However, through this market scan we know 

that data interpretation methods are well advanced in other sectors and therefore create 

another opportunity for technology transfer.  

 

Figure 3 Activity Analysis – Data Interpretation 

 

Top 5 Sewer Assessment Technologies 

The top 5 sewer assessment (data collection) technologies (i.e. those with the highest 

evolved ideality ranking) are discussed in more detail below. They are prefaced with an 

“ultimate” label to distinguish them from existing technologies: 

 Ultimate Optical 

 Ultimate Acoustic 

 Ultimate Ground Penetrating Radar (GPR) or Synthetic Aperture Radar (SAR) 

 Disposable “Pill” 

 Ultimate “Pixie Dust”. 

Ultimate Optical is a predicted enhancement on existing optical camera technologies 

such as CCTV and digital imagery. It combines with smart image interpretation software 

to automatically analyse sewer condition and thus eliminates the need for human manual 

involvement. In addition, optical camera technologies continue to rapidly advance in 

definition, colour and scanning capability at near right-angles (e.g. fisheye camera 

“Optical technology is 

the recommended 

short-term investment 

for increased 

productivity…[but] will 

eventually be 

superseded” 



 

lenses). The size of the device is also expected to reduce to allow entry into smaller 

sewers over time. Thus the idea of an autonomous vehicle fitted with multiple very-wide-

angled, “see-in-the-dark” cameras is already highly practicable, resulting in the highest 

“evolved” TRL compared to other technology options. For these reasons, optical 

technology is the recommended short-term investment for increased productivity and 

accuracy. 

However, even after integrating automatic image analysis, optical solutions will only offer 

an assessment of the visible interior surface of the sewer. This is a fairly fundamental 

limitation, suggesting that in the long term optical systems will not be the “winning” 

technology and will eventually be superseded. Therefore the “evolved” ideality ranking for 

Ultimate Optical is not as high as other technology options. 

It is useful to elaborate on the expected trajectory of current optical camera technologies, 

as predicted by SI. An important principle of innovation and invention is adding 

capabilities to a device so that eventually a tipping point is reached (i.e. where cost will 

peak). This was confirmed during the market scan, which identified systems with multiple 

add-ons to the camera technology at increasing cost (e.g. CCTV for interior inspection, 

laser to profile pipe shape, Ground Penetrating Radar (GPR) to explore pipe bedding 

conditions). A smart organisation will, however, spot the ultimate “all-in-one” technology 

early and jump ahead, rather than investing in expensive intermediary technologies. In 

the case of sewer assessment technologies, SI predicts that acoustics could potentially 

be the future all-in-one solution.  

 

Figure 4 Expected Optical/Camera Trajectory based on the Principal of Invention 

 

Ultimate Acoustic is predicted to be a solution that will ultimately be capable of 

delivering the functionality of all existing technologies combined. Sonar and ultrasound 

come under the umbrella of acoustics, and these are currently used by the water industry 

in combination with camera technologies to evaluate pipe thickness and condition. 

Ultrasound is also the subject of considerable activity in other sectors, as it is able to 

generate near real-time acoustic images of an object (see Figure 5 below). One example 

of this is the “seeing with sound” eyesight technology being developed by the healthcare 

sector. Images and 3D models of sewers could be generated through ultrasound in 

future, and quality is expected to increase with time as the technology matures. 

“Images and 3D 

models of sewers 
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“…on the expected 

trajectory of current 

optical camera 

technologies… 
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future all-in-one 

solution” 



 

 

Figure 5 Ultrasound Image 

 

Ultimate GPR or SAR (Ground Penetrating Radar or Synthetic Aperture Radar) offers 

another solution, involving non-invasive, ground-based technology to provide a below-

surface visual. This is a contrast with acoustic or optical technologies, which require entry 

and the deployment of devices inside the sewer. GPR is the current best available option 

for attempting this feat; however, current image quality is low and a high degree of 

operator skill is required to interpret the information. The accuracy problem largely stems 

from the wavelength of radar waves (typically 0.5m in a UHF GPR system). Increasing 

accuracy involves either switching to shorter wavelengths, or, more likely, scanning in 

such a way that images are taken at multiple different viewing positions (such as through 

SAR) and the images produced by each are integrated together to create a much more 

accurate composite picture.  

  

Figure 6 GPR Sweeping the Ground  

 

GPR could become a serious contender to acoustics as a future all-in-one sewer 

assessment technology if non-water industries are also investing heavily into this 

technology to deliver viable commercialised solutions. The water industry is 

recommended to observe the developments in GPR and look for opportunities to 

collaborate, rather than independently developing fundamental GPR technology. 

Alternatively, as the technology matures, the water industry should look for opportunities 

for technology transfer.  

“The water industry 
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Disposable “Pill” is a novel and potentially 

patentable solution derived from a similar 

assessment problem in the healthcare sector. 

The basic concept (as it relates to water) involves 

small (flushable) disposable cameras fitted with 

GPS tracking that can be inserted into the sewer 

system. They will possess a buoyancy and shape 

that will allow them to follow the main flow along 

the sewer, all the time transmitting images and 

data to a central database.  

Figure 7 Pill with Integrated Camera and GPS Technology 

The price and size of GPS trackers and cameras have dramatically reduced in recent 

times, making this technology practical in the near future. It offers an avenue for fast, 

high-level scanning of large sewer networks through deployment into the sewer at 

strategic locations (e.g. from homes or manholes), times and frequencies. As the image 

repository builds over time, a robust mapping of the sewer’s condition will be developed. 

This would solve the current problems of only a low percentage of the sewer network 

actually being assessed with CCTV. 

The GPS signal would enable the water authority to locate where the pill is sending 

images from. If the GPS signal indicates no movement, it may point to a blockage of the 

sewer, which is in itself useful information. Other technologies, such as acoustic or sonar, 

could also be appended into the pill to gather more information on the condition of the 

sewer wall and bed. In order to adapt this technology to the water industry, consideration 

needs to be given as to how and where to deploy the pill, how to collect the pill, the 

specific design of the pill, and the communications/data transfer platform to adopt. An 

thorough concept design phase will be needed. 

Public Engagement Opportunity 

An opportunity available with the “disposable pill” concept is to upload collected images 

onto a central database that is open to the public. In this way, the pill could become a 

powerful PR tool – de-mystifying the industry and raising awareness of the important 

service the water industry performs for the community. An analogy is Dyson, which made 

transparent dust holders for its vacuum cleaners contrary to market research advice. This 

allowed the user to be engaged and to “see” how much they have achieved; so an 

emotional connection with the product was developed by the user. For the water industry, 

the annual cost of installing and maintaining sewer and water pipelines is significant, but 

is a necessary cost to rate payers. By providing transparent information on pipe 

conditions, the public may become more careful of what they send into the sewer or, at 

minimum, more appreciative of the service the water industry provides.  

 

“Pixie Dust” is another “new” concept – one that might be seen as an evolution of dye-

test methods – which involves the insertion of powder-type materials into a sewer and 

tracking their movement using electromagnetic-based detection approaches. Presently, 

this technique is useful for leak detection rather than comprehensive condition 

assessment; however in the longer term it opens up the potential for this agent to act as a 

sewer self-repair medium by depositing itself into cracks and solidifying in order to seal 

the leak. An existing firm, Brinker Technology (bought by Seal-Tite in the United States), 

has invested in such technology, using the concept of artificial platelets to find and clog 

leaks in water pipelines. 

“…avenue for fast 

high level scan of 

large sewer 

networks.” 



 

Top 4 Data Interpretation Techniques 

To automate sewer assessment, automatic analysis of data collected on the field is 

needed, whether this is of images, radar profiles or sonagrams. The dominate practice in 

the water sector currently is the use of optical camera systems, which are the most 

advanced technology currently. Therefore, in the short term the fastest returns can be 

realised through automating image-interpretation processes. Below, the top 4 methods 

the water sector could investigate are described. These have been used widely in the 

security and healthcare sectors, and were selected for their readily transferrable nature 

and off-the-shelf availability:  

 Mathematica 

 MATLAP 

 DigisensD and OpenNN 

 RAT. 

Mathematica has been used in the medical and security sectors as a feature detection 

algorithm. The software is low cost and easily piloted, provided the programmer has 

access to images from the water sector.  

MATLAB uses algebraic reconstruction techniques, which can take low-quality images or 

images from multiple planes and reconstruct a high-quality 3D image.  

Digisens3D and OpenNN are types of neural net architecture software. This software 

progressively trains itself to recognise features as it is exposed to images over time. Such 

algorithms are still mainly domain-specific and used by university academics; however, 

some open-source options are becoming available.  

 

Figure 8 Neural Net Architecture Software – a Self-learning Algorithm  

RAT is an open-source software tool for processing SAR data. It uses large volumes of 

low-resolution images at different perspectives, super-positioned to obtain a composite 

image that is greater than the sum of the parts. 
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Global Market Scan Recommendations 

The global market scan using the SI approach confirmed that water businesses in 

Melbourne are presently moving towards the best technology currently available (optical 

camera technology – “Panoramo” or similar). However, when each sewer assessment 

technology was assessed for its “evolution potential”, the study found that other 

technologies will, in time, be likely to supersede the optical camera options in terms of 

ideality. Due to the slow pulse rate within the water sector in Australia and abroad, 

investment in pure research is not recommended; instead, it is advised that the industry 

should adopt a “smart-follower” approach – letting other industries do the pioneering 

capability development and then leveraging that effort once the proof of capability and 

economies of scale benefits have emerged. Therefore, of the 5 shortlisted sewer 

assessment technologies, it is recommended that advancements in other domains should 

be monitored in 3, in order to ascertain future opportunities for technology transfer. For 

example, GPR in particular should be observed from the perspective of collaborating with 

other utilities (e.g. energy, telecom) which also have a vested interest in knowing what is 

buried under our streets and where. 

However, before any of these technologies are evolved fully, hybrid systems combined 

with cameras will most likely have a role to play. This is due to the inherent limitations in 

camera technologies in providing information on pipe corrosion, pipe integrity and bed 

conditions (and also their inability to see underwater). Where investments in new 

technologies are made in the future, combined optical and acoustics-based methods are 

a likely safe bet. Continuing advancements in acoustics/sonar technology (e.g. in the 

healthcare field) will be able to generate greater accuracy in 3D models in time, and these 

could ultimately supplant optical camera technologies. 

As data collection systems make their journey to becoming more ideal (i.e. more 

functionality, less cost, safer to deploy), two scenarios are likely in the future: the first 

being advanced non-invasive aboveground data collection systems; and the second 

being where data is acquired from within the sewer by low-cost (“disposable”) means, 

such as the “pill”. It is difficult to determine which of these scenarios will be the ultimate 

winner. The answer will likely depend on geography and the level of integration between 

different utility organisations, all of which have an interest in knowing what is buried under 

our cities. Another example is GPR, an aboveground assessment technique that does not 

require entry into sewers, and which represents an ideal collaboration opportunity with 

other utilities (e.g. energy, telecom), as they also have a vested interest in knowing what 

is located underground.  

Looking more broadly, the need to monitor sewer conditions will decline over time as 

sewer pipe material and design advance, including technology akin to “pixie dust”, so 

named for its possible “self-repair” capability. 

Therefore in the short term, the key recommendations from this global market scan for 

the water sector are as follows: 

1. Ultimate Optical – Adopt advanced optical camera technologies such as 

“Panoramo”, as these are available off-the-shelf and are becoming increasingly cost 

effective. 

 

2. Sewer Image Diagnostics Software – Immediately invest in automating image 

analysis, which is currently performed manually. Look to transfer expertise from the 

healthcare / security sectors in feature recognition software.  
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Next step: Invest in proof of concept by engaging mathematicians with 

experience in image recognition to apply the software to a range of sewer images 

from the water authority databases. Estimated cost: $50k for the proof of concept 

over 2–3 months, with full development costs in excess of $300k.
5
 

3. Disposable “Pill” – This is ready for immediate technology transfer into the water 

sector from the healthcare sector. This technology has the potential to be used as 

quick scan of entire sewer networks, which addresses the current challenge where 

only a small percentage of sewer networks are assessed internally by CCTV. With 

the disposable pill, there is also the opportunity open the image database to the 

public in order to de-mystify the industry and raise awareness of the important 

service the water industry performs for the community. 

Next step: Invest in a concept design to investigate the practicalities of deploying 

the pill; for example, how to retrieve the device and what communications/data 

transmission platform to adopt. Estimated cost: $50k for the concept design over 

2–3 months, with full development costs in excess of $500k.
6
 

A recommended roadmap of next steps for the water sector is depicted in Figure 9 

Roadmap recommended for the Victorian water industry in approaching sewer 

condition assessment. For detailed analysis, cost comparison and recommendations, 

refer to the full report. A phased approach is advisable, whereby a concept design or 

proof of concept is initially performed in order to direct investment in full technology 

development. 

Figure 9 Roadmap recommended for the Victorian water industry in approaching sewer condition assessment   
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