
1. Introduction

Process Analytical Technologies (PAT) are mechanisms 

to measure critical process parameters. In-line and on-

line PAT provide real-time measurements without manual 

material sampling, facilitating process monitoring and 

control. Industry 4.0 also requires sensors with automatic 

data acquisition capabilities to collect the vast amounts of 

data to digitally integrate entire processes. 

Mixing is a ubiquitous process in process manufacturing. 

It is not only used to combine material streams, but also 

to homogenise gradients in concentration, temperature, 

and solid mass fractions, promote heat and mass 

transfer, increase reaction rates, increase aeration, 

suspend solids, and modify material structure. In 1990, it 

was estimated that the lack of knowledge into mixing 

processes, producing inadequate pilot studies and 

inefficient operation, costed the chemical processing 

industry $10 billion per year in the USA alone (Smith, 

1990). 

2. Aims and objectives 

This research investigates the use of low-cost active and 

passive acoustic techniques for real-time, in-line and non-

invasive monitoring of industrial mixing processes. So far, 

lab-scale honey dilution and dough mixing experiments 

have been monitored using active acoustics. 

3. Acoustic theory  

Acoustic techniques utilise mechanical waves, which require matter to 

travel through. Piezoelectric transducers convert electrical signals into 

sound waves, or vice versa. Active acoustics introduce a sound wave 

pulse into a material and measure the response. Passive acoustics 

introduce no external sound waves into the system, only “listening” to 

emitted sound. 

4. Results: Honey dilution 

The dilution of honey in water was monitored through 

pulse-echo active acoustics using one transducer 

attached to the base of a glass beaker. Two sound wave 

reflections could be measured, one reflected from the 

beaker-honey interface (reflection 1) and one from the 

impeller (reflection 2). 

Reflection 2 wave energy Reflection 1 wave energy

150 s: Honey is drawn 

up to the impeller and 

the honey-water 

interface is blended. 

Less reflection and 

refraction of the sound 

wave causes 

Reflection 2 energy to 

increase. 

200 s: Most of the 

honey is blended. 

Formation of defined 

honey-water boundary 

causes reflection and 

refraction of the sound 

wave and dips in the 

Reflection 2 energy. 

450 s: Honey is 

now completely 

removed from the 

base of the beaker. 

Both reflection 

measurements 

now plateau. 

300 s: Honey is now 

being removed from 

the beaker-honey 

interface where the 

transducer is 

positioned. The 

energy of Reflection 1 

now increases.

5. Results: Bread dough 

As dough is mixed, the flour 

becomes hydrated and a protein 

(gluten) network is produced. 

The mechanical action of the 

impeller (dough hook) stretches 

and aligns these protein 

structures. Pulse-echo active 

acoustics were used to try and 

monitor these structural 

changes. 
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6. Future work 

The next steps will test more lab-scale mixing systems 

and compare machine learning techniques to monitor the 

mixing. For example, classifying well mixed materials or 

using regression algorithms to estimate remaining mixing 

time. Further work will monitor pilot-scale and industrial 

mixing processes. Passive acoustics and multi-sensor 

data fusion will also be investigated. 
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The sensor was able to measure 

changes in fouling occurring at the 

measurement area. However, 

readings corresponding to when 

the dough was pressed onto the 

measurement area could not be 

identified. Therefore, the standard 

deviation of the reflection energy 

was monitored. It can be seen that 

a peak at ~300 s is superimposed 

onto the trends, corresponding to 

optimal mixing time. 

Mixing should be stopped at the point of 

maximum resistance for optimal bread 

structural properties. The impeller power 

consumption was monitored using a plug 

socket power meter. A peak can be seen at 

~300 seconds corresponding to optimal 

mixing time.  
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