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Historical Interfaces
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1970s 1980s 1990s 2000s

Process Graphics Evolution
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ü Safe
ü Reliable
ü Efficient
ü Effective
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A quick Google for “HMI Screens…”

HMI practices are 
varied, and most 

are bad.

So what are good 
ones? 



Why do we need a different methodology 
“Review some legacy graphics”



Fully leveraging technology to empower our workforce
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Progressing up the Smart Utility Maturity Curve
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Fully Automatic 
Monitoring & 
Control/Basic Integration
• Full automation
• Process interlocks 

exchanged over network
• Automated closed-loop 

control around a setpoint
• Control modes (remote-auto)

Situational Awareness/ 
Enhanced SCADA
• Operational flexibility
• Don’t need operator on site 24/7
• Historical SCADA data mgmt.
• Decision support system provides operator advice
• Control modes (remote-optimize)

Smart Utility
• System-wide proactive control
• Tools for operations optimization analysis
• Business systems integration (SCADA, 

LIMS, CMMS, GIS, hydraulic model)
• Control modes (predictive)

Automated 
Monitoring 
(Basic Control)
• Digital controller loop 

controller/PLC
• Network with central 

HMI/SCADA servers
• Control modes (remote-

manual)

Basic Monitoring
• Loop controller/PLC
• Local data loggers and OITs
• Control modes (local only)

Manual Operations



• As utilities move up automation 
maturity curve, important HMI 
elements are:

• Use of HMI to convey prioritized, 
contextual information

• Appropriate process alarm handling is 
top priority

• HMI provides critical operational 
status

• Use for process optimization and 
improved business performance

Moving up automation maturity curve
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Easy to identify 
alarms and 

abnormalities
Quick look KPI 

trends

Actionable 
information not 

data

Control logic 
awareness/ 
accessibility

High Performance HMI Principles

12Brown and Caldwell - Michael Karl



Science of interface design



Color and Attention

Source: NASA Ames Research Center Color Usage Lab
http://colorusage.arc.nasa.gov/popout.php

Color is a powerful way to guide attention
– Your eye is automatically drawn to colored objects 

• This is called the “pop out” effect

– Now try this one…

Color is a powerful way to guide attention
– Your eye is automatically drawn to colored objects 

• This is called the “pop out” effect

– Find the the “L”s and “I”s 
in this picture…



Color and Attention

BUT – if you use too much color, the “pop out” effect doesn’t 
work anymore

Click and then try to 
find the “I”s in the picture…



Color and Eye-Strain
• Another reason for limiting the use of color is to reduce 

eye-strain
• Different wavelengths of light are focused at different 

distances behind the lens of the eye
• Your eye has to re-focus slightly when moving between 

different colors, esp. saturated (pure) blue/red
• Constant re-focusing leads to fatigue, headaches



Color and Equipment States

Traditional graphics often use color to show equipment 
status

Which one is on 
and which one is 
off?

It depends! In some plants red 
means on, while other plants use 
red to mean stopped or off

Sometimes it even changes for 
different parts of the same plant

On and Off  are always shown the same way

P XXXX P XXXX

Off On

No 
fill

Grey 
fill



Color Deficiency 

• Yet another reason to concern ourselves with color is 
color deficiency (aka “color blindness”)
• ~8% of men and ~1% of women have some form of color 

deficiency

• Red-green deficiency is most common
• What do you see?

People with normal color vision see 
’74’ clearly; if you see ’21’ or don’t 
see numbers at all, you may have 
some red-green color deficiency



Using Alarm Shape Coding

• Have you ever noticed that important signs often have 
highly recognizable shapes?

• This is purposefully done to help people identify the signs

It’s an octagon

A “STOP” sign has 3 unique properties…

It’s red

It has the word “STOP”

The alarm symbols on graphics also have 3 unique properties…

2Shape
Label

Color



mis

989.7
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PI-4105PI-4105
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XXXXX

PI-4105
mis

Analog Meters

How can we avoid forcing people to calculate 
these things in their heads?
• By using a visual representation – such as an 

analog meter…

This is a pressure meter

Different types of values have 
slightly different meter shapesAll meters include visual 

representations of the PV and the 
related reference values

HHAL

HAL

SP
PV

LLAL
LAL



Analog Meters

Now the calculations disappear…

How far is the PV from setpoint?How far is the PV from setpoint?

By looking you can tell that it’s 
relatively close to setpoint
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kPa

PI-4105

PI-4105PI-4105
kPa

XXXXX

PI-4105
mis

Analog Meters

Now the calculations disappear…

Which alarm limit is the PV closest 
to?
Which alarm limit is the PV closest 
to? 
By looking, you can tell it’s about 
halfway between the hi and lo 
alarm limits

Note that the numeric PV is still available
– Sometimes operators still want to know the 

precise value of  a PV, so it is included with the 
meter



Smart Objects
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FIC 101

Increasing operational excellence by providing insight to operators
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44.5 
gpm

24

44.5 gpm

C

Leveraging wisdom 
from senior staff for 
intuitive knowledge 
transfer
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Process graphics utility wide
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Building standards 
around smart objects 
result in SCADA 
systems that provide 
greater transparency 
into the water system 
and enhance 
operator training
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E1 = HSP (High Alarm Setpoint)
E2 = LSP (Low Alarm Setpoint)
E3 = LLSP (Low Low Alarm 
Setpoint)
E5 = LDSP (Lead Stop)
E6 = LGSP (Lag Stop)
E7 = LDST (Lead Start)
E8 = LGST (Lag Start)

Sketch:A - Information:

B - Other Data Sources:

D - Pop-Ups:

C - Alarms:

E - Animation:

SCADA HMI
Object Template Preferences: Process – Tank Detail

Position

Bar Graph
E4 = LVL (Tank Level)

Text

Trend Display
B1 – LV (Level, Analog Value) for 
Tank
B2 – Trend of Quality Data
B3 – Exchanges/Week
B4 – pH
B5 – Chlorine Residual

A1 = NAME
A2 = CAP (Tank Capacity)
A3 = LVL (Tank Level)
A4 = UNTS (Units)
A5 = ELLO (Low Elevation)
A6 = ELHI (High Elevation)
A7 = TNKLO (Tank Feet Low)
A8 = TNKHI (Tank Feet High)
A9 = HRCHNG (Hourly Change)
A10 = CAP (Current Tank Capacity)

NAME - CAPACITY

XX.X FT
XX.X FT

XX.X FT

A1 A2

A3A6

A5

A4

B1

XX.X FT

XX.X FT

A8

A7

Hourly Change: XX.X MG
Capacity: XXX.X MG, XXX.X %A9

A10

E4

E5

E6

E8

E7

D2 = LGST (Lag Start) 
D3 = LDST (Lead Start)
D4 = LGSP (Lag Stop)
D5 = LDSP (Lead Stop)

Numeric Entry

Comments
D1 – Tank status indications 
duplicated on popup and 
additional items below are 
included.

D6 = Popup select mouse over 
range, highlight outline only 
visible when mouse is over

Link

E1

E2

E3

pH 7.8

Chlorine .5 mg/L

Exchanges/Wk 2.2

B3, B4, B5

Quality Data

B2

Visibility, Color & Blinking per Alarm Acknowledgement 
State
C1 = See Status Symbol/Alarm Symbol for more details
C2 = See Alarm Border Symbol
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Best Practices



Blue 
SCADA
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Is  designed 
specifically for the 
water/wastewater 
industry to 
transform data to 
wisdom and enable 
Smart Utility.



Developed for Operators
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Flexible application for Mobile and Command Central
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P104

R A RF

P102

L M S

P103

R A S

1

R

P101

M RF

11.42 FT

2

93 PSI 4.69 MGD
3692234 MG

Tank 1 – 10 MG
Tank 2 – 2 MG

4410 EL 0 FT

4432 EL 22 FT

4460 EL 0 FT

4490 EL 30 FT

PIT-101 FIT-102 Zone 1

Zone 2

Zone 3

SOV-101

SOV-201

SOV-301

L M C

R A O

R A T

Level Control
S
P
O 95.4%           %

11.4  
24.0             FT

A

Pressure Control
S
P
O 95.4              %

93.0  
95.0             PSI

S

19.76 FT

iPad/4x3

Light 
background
traditional screen
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Status/alarm symbol with alarm border examples

Alarm Live Safety 
UNACK

Alarm Live Safety 
ACK

Alarm Live Safety 
Return to Normal

Alarm Disabled

1
Outline Blinks

1 1

Alarm Process Safety 
UNACK

Alarm Process Safety 
ACK

Alarm Process Safety 
Return to Normal

Outline Blinks

2 2 2

x

Alarm Equip Safety 
UNACK

Outline Blinks

3 Alarm Process Safety 
ACK

Alarm Process Safety 
Return to Normal

3 3

Point Simulated
SIM

Alarm Silenced Out of Service
OOS

Loss of 
Communications
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1
2
3

SIM

x

OOS

Shapes hidden 
behind alarm 
position

3

# of 
Group Alarms



Navigation Levels 
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Table 12-1. Screen Type Overview
Type Description Example

Overview District-wide or division overview SWGWTP
Level 1 Process area or pressure zone overview Membrane Room
Level 2 Process train or site screen RO Train 3
Level 3 Process or site unit detail and/or support



Navigation: Perspectives
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Select Facility/ 
Plant

Select Overview 
Type

“Overview”

“Tour”

“Training”

“Water Quality”



Navigation: Perspectives “Overview”
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Navigation: Perspectives “Tour”

Brown and Caldwell - Michael Karl 41



Navigation: Perspectives “Training”
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Plant 
Overview 
Screen -
BEFORE
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Thank you. 
Questions?

Michael Karl
National Smart Utility Technology Lead
MKarl@brwncald.com
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