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• Display is anything that conveys 

information.

• Control is used by the human 

operator to communicate with the 

machine/device in the system.





DISPLAY DESIGN



• Display - anything that conveys information

• Determine what needs to be communicated

• Requirements:

1.  Compatibility to senses

2.  Language compatibility

3.  Right info at the right time

Type of Display 
(based on sense)

Visual

Auditory

Tactile



Visual 
Display

Static  
(map, chart, manual table, 

form) 

Dynamic

Historical
(plotter printer) 

Present 
Time

Command
(Light indicator)

Status
(counter)

Analog
(meter gauge)

Predictive
(CRT)



Visual 
Display

Quantitative

Digital / 
counter

Analog

MixedQualitative

Counter

Analog Display, 
moving pointer 

fixed scale

Analog Display, 
moving scale 
fixed pointer

Check 
Reading 
Display





1. Scale design :
1.1 Scale range

1.2 Scale interval

1.3 Scale marker

1.4 Scale layout

1.5 Pointer

2. Alphanumeric display

3. Color-coded display

4. Monitoring display

5. Layout Display

6. Legibility/Visibility

7. Readibility/Meaningfulne
ss



1.1 Scale Range

• Select least precise scale that 
meets operator’s needs.

• Display in immediately usable form, 
e.g.

+ 0% - 110% maximum RPM

rather than

- 0 - 8250 RPM

1.2 Scale Intervals

Good progressions
0.1 0.2 0.3 … (0.1 unit)
1 2 3 … (1 unit)
5 10 15 … (5 units)

Fair progressions
0.2 0.4 0.6 … (0.2 unit)
2 4 6 … (2 units)

Poor progressions
0.25 0.5 0.75 … (0.25 units)
4 8 16 … (4 units)
1 3 5 … (2 units, poor initial)



1.3 Scale Marker

Recommended minimum 
scale dimensions (in) for 
low illumination - 0.03 to 

1.0 ft – L (28-in. or 71-cm 
viewing distance).Minor 

marker

Intermediate
marker

Major 
marker

0,23cm
0,41cm

0,032cm 0,13cm

0,56cm



1.4 Scale Layout

• Circular
• Numbers increase clockwise
• Zero break
• Zero at bottom (positive scale)
• Zero at 9 o’clock position 

(positive - negative scale)
• Numbers inside graduation 

marks

1.5 Pointers

• Not over minor scale markings

• As close to surface as possible 

(parallax)

• Same color as dial markings

• Pointer tip angle @ 20 degrees



2. Alphanumeric Display 

Character Height (cm) = 
0,0008666D + K1 + K2

• D : visibility distance (cm)

• K1: Illumination correction factor
• K1 = 0,15 cm for good illumination

• K1 = 0,4 cm for moderate illumination

• K1 = 0,66 cm for bad illumination

• K2: Correction factor for the importance 
level of displayed message
• K2 = 0 for not so importance message

• K2 = 0,19 cm for importance message

• Number/letter’s orientation should be in 
the upright position.

• The ratio of character’s width and height:

• Numeral  3 : 5

• Capital letter  1 : 1 to 3 : 5

• The ratio of character’s thickness and 
height :

• Black/ dark character with white/ 
bright background  1 : 6 to 1 : 8

• White/ bright character with black/ dark 
background  1: 8 to 1: 10

A
width

height

thickness



3. Color Coded

Benefits

• Color stands out against monochrome
background

• Colors capitalize on established meanings
ex: red = danger

• Color ties together elements of different
displays

• Color can speed processing if redundant
with symbology or text

Problems

 Color discrimination difficult for color blind,
reduced illumination, etc.

 Can’t describe continuous data well ex:
too many colors on weather map

 Must be consistent with user stereotypes
or may cause more harm than good

 Irrelevant use of color for aesthetics or
preferences may be confused with coding



Alerting Displays

Warnings – most critical – signaled by
salient auditory (omnidirectional) alerts

Cautions – moderately critical – may be
signaled by less salient auditory alerts

Advisories – Least critical – may be
signaled with peripheral cue (visually)

Normal

Guarded

Serious

Critical

Severe

Terror Alert Scale



4. Monitoring Displays
• Analog Form and Direction – scale and direction of movement should be

consistent with the user’s mental model

• Requirement for higher numbers at top (or to right) and movement of indicator up (or
to right) for high may sometimes conflict (does scale move or indicator?)

100

200

300

400

300

400

500

600

600

500

400

300

Pointer moves up to indicate increasing value 
scale fixed (consistent with pictorial realism 

and moving parts, but space limitation)

Pointer fixed, scale moves down to indicate 
increasing value (violates moving parts 
principle, but consistent with pictorial 

realism)

Pointer fixed, scale moves up to indicate 
increasing value with low numbers on top 

(consistent with moving parts principle, but 
violates pictorial realism)



5. Display Layout
• Frequency of Use – displays used most frequently should be placed in the

primary visual field (PVA)

• Display Relatedness – related displays should be placed close together

• Consistency – placing displays in a standard position eases the load on memory

and attention

• Organizational Grouping – displays spatially organized to allow for patterns to

emerge (pop-out)

• Stimulus-Response Compatibility – displays should be close to their associated

controls

• Clutter Avoidance – minimum spacing between displays



6. Legibility / Visibility

• Legibility emphasizes the extent to which a visual display can be captured 
by the eye. 

• Contrast between characters with background

• Font type usage

• Minimizing glare

• Optimizing design of display layout



7. Readability / Meaningfulness

• Readability focuses on the understanding of the meaning of  a given visual 
display.

• Word order, phrase

• Common symbol/ icon



Auditory display is the use of non-speech
sound to present information (e.g., Geiger
counters).

Auditory display is currently used in many complex
work environments including computers, medical
workstations, aircraft cockpits, and control centers in
nuclear reactors.

A key issue in the development of auditory display is
optimizing the degree of match between the intended
information and the cognitive experience of that
information by the listener.



1. Detectability/Awareness  the ability to detect sound.

• Signal level should be 8 dB – 12 dB above sound threshold, with
duration of sound minimum 300 ms.

• Under bad condition, signal level must be minimum 30 dB above sound
threshold.

• Frequency between 1000 – 4000 Hz.

2. Discriminability  the ability to detect differences between

sounds in the environment, ex : machine’s sound vs friend’s
speech.



3. Identification  the ability to attach meaning to
sounds and speech, ex : fire alarm, ambulance serine.

4. Comprehension  the ability to understand longer
auditory messages, including engaging in conversation,
following directions, and understanding stories.



Ways of presenting information in a tactile form.

This is particularly important for people who are visually
impaired.

The traditional use of encodings such as Braille is effective at
presenting textual information non-visually but touch can also
be used to present or enhance iconic and pictorial data for
those whose sight is beginning to face.

Alternatively, for someone with hearing problems, touch can
be used to present alarms or other messages that might
otherwise be given in sound.



• displays mechanically stimulate the skin using an actuator that 
converts energy into a mechanical displacement of either the whole 
actuator or a contactor pad at frequencies ranging from 10 to 500 Hz.

Vibrotactile

• displays stimulate the skin by passing a current through surface 
electrodes (e.g. typically gold, platinum, silver, or stainless steel) that 
directly stimulate afferent nerve fibers, in contrast to the 
mechanoreceptors activated by vibrotactile displays.

Electrotactile

• statically indent the skin or apply shear forces to the skin surface, such 
as Braille display.Static display



CONTROL DESIGN



• Controls are used by the human operator to
communicate with the machine/device in the system.

• It’s important that controls serve their function. Based
on:

• Ease of operation (considering population, biomechanics,
etc.).

• Nature of the task (force, precision, etc.).

• Arrangement.



• identification of various control, such as using labeling, color, location, shape, size, and texture; 
help operators distinguish controls.  

1. Control Coding

• resistance increases as control gets farther from neutral

2. Control Resistance

• how fast the response that comes  from a given change. It’s applied in continuous control.

3. Control / Response Ratio

• space / separation between controls.

4. Control Spacing

• providing feedback on the controls that have been done.

5. Feedback on Operation



 Labeling; is used when there are a lot of panels and adjacent
to each other. Labeling using letters/numbers/symbols. The
purpose is to reduce cognitive processing of the human
operator.

 Color coding; means to give a different color on the panel to
indicate certain conditions.

 Location coding; states that panels with common function will
be placed together.

 Size, shape dan texture; help to identification the controls
without having to see or the lighting conditions are bad.







• Discrete (e.g., light switch) vs. continuous (e.g., dimmer) :
Controls can have only a few possible settings, or a range of
values.

• Linear vs. rotary : Can operate along a single axis, or be round.

• Unidimensional vs. multidimensional : A light switch only
changes one dimension, a joystick is 2-D.

• Isometric vs. isotonic : Fixed and responsive to force vs.
responsive to displacement.



• Control mechanism should be given a specific
resistance, so that the position of control that has been
operated is not easily changed by touch, vibration, or
light footing.

• It needs a higher resistance to isolate the control 
mechanism from others external mechanism.



• Returns to neutral when released

• Example : spring loaded inside deadman switch.
Elastic resistance

• Static friction for resting state, decreases when pushed. 

• Sliding friction not influenced by velocity or position.
Frictional resistance

• Increases as a function of velocity.

• Promotes smooth movement.
Viscous resistance

• Function of movement acceleration.

• Hard to start and stop.
Inertial resistance





• Applied only at continuous control.

• C/R ratio is the ratio of magnitude of control
adjustment to magnitude of change in display.

• Example : C/R ratio for knob : between 0,2 to 0,8.

• Conditions :

• Low C/R : high sensitivity, coarse control (primary)

• High C/R : low sensitivity, fine adjust (homing in)

• Optimum C/R : lowest response time

movement response of amount

movement control of amount
  ratio C/R 



• Minimum distance between controls, to avoid mistakes when operated.

• It’s important, especially for foot-operated controls.



• Feedback is used to 
indicate that operation have 
been done.

• Using sound feedback (e.g. 
“click”) or lamp signal.









• The goal is to avoid system failure due to inadvertent 
use of a control, but it can make it harder to use a 
control on purpose.
 Use distant location.

 Recess controls.

 Cover controls.

 Lock controls.

 Require a sequence of actions to operate a control.

 Change control resistance.



• Push-button and toggle switches:
• Should provide feedback for use (e.g., click).

• There are rules for optimal arrangements and resistance.

• Increase size with distance between controls (Fitt’s Law).

• Code controls and attend to population stereotypes.

• Toggle switches should be arranged so the direction of the 
flip is compatible with the effect.

• Toggle switches are more difficult to activate by mistake.



• Rotary selector switches and controls:
• Slower to operate than buttons and toggles, but more settings.

• Should click into each setting for discrete controls.

• Population parameters matter (e.g., arthritis makes these controls 

very difficult to operate).

• Multifunction controls (e.g., joystick with buttons).
• Design so vision isn’t necessary.

• Hands will remain in contact with the control.

• Auxiliary controls should be easily activated with thumb and fingers.



• Fitt’s Law applies, but shoe size has 
to be incorporated.

• A common driver error is 
unintentional acceleration when 
trying to brake (probably due to 
variations in designs).



• Speech :  Talk to it.

• Eye and head movement :  Head movement controls 
should be restricted to situations where time is not a 
factor.

• Teleoperators :  Extensions (e.g., easy grip).














