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A contributer to digitalization



Digitalization in other sectors



Automotive Industry

• GPS positioning and parking assistance

• Digital speedometers and dashboard.

• Proximity detectors and cruise control

• Self driving



Home Automation

• Voice control

• Touch panels

• smart phone apps

• Smart locks and home security



Process Industry

Source: National Geographic

What about water sector?
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Dosing control



DOSCON 1.0

• Common dosing strategy → D = (flow)

• Optimal dosage → D =  (flow, particles, Cond., Temp., pH)



Calibration procedure and model update workflow

Dose  = 𝛼0 + 𝛼1 flow + 𝛼2 particle + 𝛼3 pH +…+

𝛽1 flow2 + 𝛽1 particle2 + 𝛽1 pH2 + …+

𝛾1flow * particle + 𝛾1flow * pH + …

𝛼0 = Linear coefficient

𝛽0 = Squared coefficient

𝛾0 = Interactive coefficients
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Calibration procedure and model update workflow

1

1 Download data from the PLC

2 Clean data and remove outliers

3 Calibrate model and get new parameters

4 Upload parameters to PLC
23

4
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DOSMON

A secure digital platform for storage, analysis, and vizualization of data



IIoT Architecture

FEATURES

• Standard industrial protocols for sensor to PLC communication.

• Cyber-Secure (sensor → cloud) communication.

• REST API for data-exchange with third-party servers/databases.

• Secure non-intrusive container for algorithm deployment.

• Interactive dashboards for data visualization.

• Alarms server with email/sms notifications.



• Online sensors and transmitters for detecting changes in flow, water-quality parameters, and pump frequencies

• Operator panels for local control and access of field devices

• Routers and 3/4G modems as a secure internet source

• Remote gateway transmitting data from field devices to cloud

Physical layer (on-site)



Data layer (Cloud infrastructure)

• Database server for structured data storage (Hybrid SQL)

• WebSocket to interface with frontend widgets

• Algorithm container for deploying

– Soft sensor codes

– Process analytics/fault detection codes

– Database synchronization



Application layer (user-interface)

• WebSCADA

• Interactive widgets

• Alarm servers

– Email notification

– SMS alerts

– Alarm logs and management
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What do we use it for?

1

2

4

Soft sensors

3 Fault detection

Data visualization

Forecast



Section Overview 



Plant overview



Process Layout



• Enhanced vector layouts

• Dynamic flow representation

• Realtime data visualization
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What do we use it for?

1

2

4

Soft sensors

3 Fault detection

Data visualization

Forecast
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What do we use it for?

1

2

4

Soft sensors

3 Fault detection

Data visualization

Forecast

MSE  : 0.81

R2 : 0.86

Algorithm : Ridge

MSE  : 0.01

R2 : 0.76

Algorithm : SLSQP

Total Phosphorus Inlet Total Phosphorus outlet
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What do we use it for?

1

2

4

Soft sensors

3 Fault detection

Data visualization

Forecast

Inlet phosphorus

Outlet phosphorus
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What do we use it for?

1

2

4

Soft sensors

3 Fault detection

Data visualization

Forecast

Tag 

faults

Train 

model Validate 

model

Append

queries Execute

script

Verify

Results

Model development and validation

Algorithm deployment and real-time assessment

(offline)

(online)
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What do we use it for?

1

2

4

Soft sensors

3 Fault detection

Data visualization

Forecast



15 minutes 15 minutes 2-4 hours

Flow, pH, redox, 
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CAN WE USE THE SYSTEM FOR CONTROL?



The era of soft sensing, data analytics, and AI
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Predictive control



Optimizing dosing control algorithm

Dose  = 𝛼0 + 𝛼1 flow + 𝛼2 particle + 𝛼3 pH +…+

𝛽1 flow2 + 𝛽1 particle2 + 𝛽1 pH2 + …+

𝛾1flow * particle + 𝛾1flow * pH + …

Dose  = 𝛼0 + 𝛼1 flow + 𝛼2 particle + 𝛼3 pH +…+

𝛽1 flow2 + 𝛽1 particle2 + 𝛽1 pH2 + …+

𝛾1flow * particle + 𝛾1flow * pH + … 

DOSCON 1.0

DOSCON 2.0

How can we implement it in a PLC?

Forecast adjust  +  Soft sensor adjust



Current infrastructure



Adding new algorithms to PLC

Train 

models

Extract 

parameters

Set PLC to manual 

control

Download PLC 

application

Mathematical models PLC application Deployment and Field testing

Conduct safety 

checks

Update

2 - 3 days 10 - 14 days
1 - 3 hours



• Model size and complexity

– Complex ML models might have a large number of parameters, leading to significant memory and storage requirements. PLCs 

often have limited memory, and deploying large models could be problematic or require careful optimization. 

– PLCs could also lack the computational power to implement machine learning algorithms

• Software and integration 

– PLCs use proprietary programming languages and specific communication protocols that might not be directly compatible with 

ML frameworks. Executing ML applications in PLCs can be a time-consuming endeavor.

• Operational downtime during PLC’s version update.

– Active dosing should be paused while downloading new PLC applications. This might cause extended periods of the sub-optimal 

performance of the chemical dosing system and reduced removal efficiencies.

• Tuning and recalibration can be a tedious and cumbersome process.

Challenges



IoT architecture

SCADA



Data flow for dosing control
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Dose  = 𝛼0 + 𝛼1 flow + 𝛼2 particle + 𝛼3 pH +…+

𝛽1 flow2 + 𝛽1 particle2 + 𝛽1 pH2 + …+

𝛾1flow * particle + 𝛾1flow * pH + …

Forecast regulator  

+ 
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Communication layer

for DOSCON



Operational downtime during model update
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Improvements in removal efficiency

Performance indicators

Average TP removal

Standard deviation

Total No. of limit violations

Number of violations 

(excluding storm days flow < 7000 m3/day)

before forecast corrector

90.1

8.12

15  (50 days)

6

after forecast corrector
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3.1

11 (60 days)
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Thank You
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