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Notes on Industrial Engineering & Ergonomics: Unit V 

Unit V: Display systems and anthropometric data 

Display-types of visual display, visual indicators and warning signals; factorial and graphic display; 

general principles of auditory and tactual display, characteristics and selection. 

_________________________________________________________________________________ 

 

Q  Define anthropometry and explain its importance with suitable example. 

Ans 1. 

Anthropometry simply means "measurement of people". The word is derived from the Greek ‘anthros’ 

meaning man, and ‘metron’ meaning measure. 

More formally it is the study of the size, shape and strength of the human body, including, mass, volumes, 

mobility, proportions, centers of gravity, and inertial properties of the whole body and body 

segments. 

  

Anthropometrics is the practice of anthropometry and involves the collection, analysis and application of 

anthropometric data. 

 

 

Applications of Anthropometric Data   

Eg.  Equipment and Facilities 

 

Criteria of judgment of design features of physical equipment and facilities: comfort, work performance, 

safety, physical effects.  

Human body measurements are clearly relevant to the design of equipment or facilities for human use. 

Such equipment is of three kinds: spaces into which men fit, whether for work, rest or protection; 

tools or controls which men use; and protective clothing and devices (e.g. helmets, masks, goggles, 

parachutes) which men wear.  

Although many basic body measurements like stature, sitting height and weight are generally applicable, 

each of the three different kinds of end product mentioned above requires some distinct 

measurements.  

Clothing design, for example, utilises several body circumferences, special limb lengths (spine-shoulder-

fingertip; crotch height), and details of the head, face, hands and feet.  
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Q  From anthropometric considerations, how will you arrive at the suitable work surface for-           

(i) Seated         (ii) Standing operations. 

 Ans  

General Principles of Seat Design 

 

 

 

1 Promote Lumbar Lordosis 

 

2 Minimise Disc Pressure 

 

3 Minimise Static Loading of the Back Muscles 

 

4 Reduce Postural Fixity 

 

5 Provide for Easy Adjustability 

 
6 Specific Design Recommendations 

 

In the standard standing posture, for example the person must be in a free standing position, erect at full 

height with eyes looking straight ahead, with relaxed shoulders and arms down to the sides (Fig. 1). 

The person should wear as little clothing as is practical so that points of the body are measured and 

not points on clothing. 
 

For the seated person measurements are taken relative to the horizontal and vertical reference planes that 

represent the seat surface and back of the seat. The point where these two planes and the median 

plane of the body intersect is called the seat reference point (SRP) (Fig. 1). 

All of the anthropometric measurements are based on the position when an individual sits with 

the popliteal fold 3-5 cm above the seat, with knee flexion of 90º, and with the foot flat on the 

floor.  

• Sitting height： the vertical distance from the floor to the posterior aspect of the mid-point of 

the thigh  

• Shoulder height： the vertical distance from the sitting height to the superior aspect of the 

acromion  

• Elbow height： the vertical distance from the sitting height to the tip of the olecranon with the 

elbow being flexed to 90º and the upper arm being vertical  

• Thigh height： the vertical distance from the floor to the highest point of the thigh  

• Patellar height： the vertical distance from the floor to the superior aspect of the patella  

• Orbital height： the vertical distance from the floor to the orbit. 
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Some of the points used to take measurements are bony landmarks on the body, like the acromium which 

is the bony prominence at the top of the shoulder, or the trochanterion, which is the bony prominence at 

the side of the hip (Fig. 1a). Other measurements are made on soft tissue like bust or buttocks and 

circumferences are on soft tissue. The methods and devices used to take static measurements are exactly 

what you would expect. Measuring grids (like graph paper) can be attached to vertical walls at right angles 

to each other and the person stood or sat against the grids may then be measured by projection of the 

desired dimension onto the grid, using, for example, various sliding flat surfaces. More simply but slower, a 

range of hand held instruments may be used. The median plane of the body intersect is called the seat 

reference point (SRP) (Fig. 1b). 
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 Dimensions of the Seat  

• seat height = sitting height  

• 3-5 cm below the knee fold when the low leg is vertical; otherwise it will cause 

compression of the posterior aspect of the thighs  

• 3-5 cm above popliteal level if the chair is tiltable or the seat slope is forward 

• seat width  

• seat depth (length)： 10 cm less than the internal sitting depth in order to facilitate rising 

from the chair  

• seat slope  

• backward slope of 5º  

• adjustable seat slope： better used in the office  

• forward slope of 20º 

• shape of the seat： Front part of seat should be contoured so that the edges of the seat 

should not be detectable during seated work.  

• friction properties  

• softness： pressure should be avoided on the posterior aspect of lower thigh  

• adjustability  

• climatic comfort 
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Q What are visual displays? How visual displays could be made effective? 

Ans  

A visual display is a device that presents information about objects, events or situations, to you through 

your eyes. Sometimes the display will be used in addition to information gained by observing the event or 

situation directly, but in some circumstances the display may be the only source of information available to 

you. 

 

Examples include TV, your computer screen, thermometers, car instruments, charts, graphs, maps and 

other forms of printed or written material. 

 

Displays will generally be effective if they have: 

Good visibility - you can easily and clearly see the displays. To attract attention visually, the display must 

be within your field of vision and should flash or change in some other way. Humans are very good at 

detecting movement. 

Good comprehension – you can make the correct decisions and control actions with minimum effort and 

delay, and with as few errors as possible, because you have understood the displayed information. 

Good compatibility - the display can be used easily with others and you are not confused by any different 

types used. It can easily be seen and understood in the space and lighting in which it is used. The 

movement and layout of displays matches those of their controls. 

 

Q Explain the General Guidelines of Visual Display. 
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Ans  

General Design guidelines for displays are- 

1. Viewing distance:  The maximum display viewing distance should be determined by the size of details 

shown on a display. The reading distance for displays is usually 300-750mm, as many displays have to 

be read at arm's length and must allow you to reach or adjust controls. Displays must be optimally 

positioned within your field of view. 

2. Illumination :  Displays may have their own internal or back-lighting, but if not, their design should be 

suited to the lowest expected lighting level.  

3. Angle of view: The preferred angle of view for displays (the angle at which the display plane is 

positioned with regard to the person monitoring it) should be 90 degrees. This is especially important 

with large picture displays as positioning them at an angle may cause parts of the display to be hidden 

from your eyes. 

4. Combinations of displays:  For these complex displays you will almost invariably have to divide 

attention between a number of tasks, as well as the displays themselves. Any inconsistencies in the 

manner of information-representation among the displays will be confusing, and will reduce your 

speed of reaction to a change indicated by a display, or even cause reading or decision errors. If a 

number of displays look alike, you may interpret data incorrectly. Each display should be easily 

distinguishable, and its information not easily confused with that on any other display. 

5. Compatibility with related controls:  Displays and their associated controls should be designed and 

located so that you can select the correct control and operate it effectively and without error.  

 

Q What are different types of Auditory Displays? Explain general principles of auditory displays. 

Ans  

Auditory display is the use of sound to communicate information from a computer to the user.  

Types of auditory display- 

Audification: a technique for listening to a large time series by mapping values directly to sound pressure 

levels. 

Sonification: the use of non-speech audio to convey information or perceptualize data. 

Earcons / auditory icons: brief, distinctive sounds used to represent a specific event or convey other 

information. 

Speech synthesis: the artificial production of human speech. 

 

Q What are different types of Auditory Displays? Explain general principles of auditory displays. 

Ans  General principles of auditory displays are- 

1. Compatibility - Make use of pre-existing stimulus-response relationships which may be natural, learned, 

or population stereotypes. 

      Orienting reflex - is a basic reflex to turn to the source of a sound (stimulus), e.g. If you want an 

auditory sound as a warning for a pilot, don't put the speaker behind the person! 

      Learned - Examples are sirens which are learned to be associated with an emergency; higher frequency 

= high value like a tea kettle whistle. 

2. Approximation - Complex messages should be presented in two stage signals: 

     Attention Demanding Signal - to capture attention. 

     Designation Signal - with precise message information. 

3. Dissociability - Auditory signal must be discernible from other noise, especially multiple auditory signals, 

e.g. when several phones ring in an office it's difficult to tell which is ringing. 
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4. Parsimony - Messages should be as short as possible. 

5. Invariance - Same signal or message should designate the same information in all situations to avoid 

confusion like that between "priority" and "emergency" information. 

Q Advantages of visual icons and auditory natural indicators 

Visual icons are used extensively in interface design based on the assumption that visual icons can 

transcend language barriers and present meaning in a condensed form. Studies of visual icon 

characteristics – semantic distance, concreteness, familiarity – provide a further explanation of 

the relative ease of recognition of iconic compared with abstract images.  

The importance of visual icon characteristics changes through the time course of experience. For 

example, semantic distance, operationalised as a natural indicator-conventional indicator 

comparison, is crucial during initial phases and while visual icon-function relations are learned. 

Visual icon familiarity is important later, and reflects access to information in long-term memory. 

 

There is accumulating evidence that natural indicators which not only alert but also inform an 

operator of a critical situation are recognised with greater accuracy and speed than symbolic 

warnings. Symbolic auditory warnings that blare, beep, or ring, for example, go unrecognised 40% 

of the time when there are seven or so different indicators, and require training and retraining to 

improve retention/detection. 

Q Public Warning Systems and Warning Sirens 

To protect the lives of people and workers in a variety of environments, a variety of  public 

warning systems are used. Advanced technology in siren control means a selection of Public 

Warning Systems.  

Warning sirens are available to cover varied applications such as Petrochemical, Nuclear, Defence 

and construction industries and environmental disaster areas. 

Sophisticated Electronic warning sirens emit pre-recorded or live voice messages in addition to 

traditional tones. A full range of control equipment is available: stand alone hard wire switch 

control; computer system control; radio and/or satellite controlled link units. 

 

 

Q What the characteristics of tactual display? How are they selected? 

Ans 

Tactile (or cutaneous) sense refers to the awareness of stimulation to the body surfaces.  

Tactual displays are the devices that communicate to a user through the sense of touch. 

Characteristics  

1. Size 

Size refers to the overall surface area that the tactile display uses to depict the information. A small square 

of tactors might be activated to depict a low-priority threat, while a larger square centered at the same 
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location could represent the location of a high-priority threat. Size can be used to create a limited number 

of distinctive perceptual levels that are more easily distinguished when the boundaries of the depicted 

patterns are better defined. This requires small tactors in a high density configuration, which may not 

always be possible. 

2. Shape 

The shape of a tactile symbol depends on having a clearly defined boundary. The number of distinctive 

shapes that can be created is dependent on the number of tactors in the display. It is possible to display an 

enemy aircraft as an “x” and a friendly as an “o”, but little data exist on how easy it is to distinguish 

different symbols created with tactors. 

3. Orientation 

Orientation of a tactile symbol can also be varied to provide information to the wearer. An enemy threat 

might be depicted as a vertical line of three tactors, while a friendly aircraft could be depicted as a 

horizontal line of three tactors. It is unclear if these types of displays are easily discernible in an operational 

setting. 

4. Position 

Position is probably the most used and most intuitive characteristic to utilize during tactile coding, 

especially if the coded information concerns spatial information. The advantage of position is that it can be 

used to create many distinctive perceptual levels as long as the distance between two neighboring 

positions is large enough and the positions do not overlap.  

It is feasible to present multiple targets at different positions on a tactile display, and it is even possible to 

utilize different locations on the body to attach two or more position-based tactile displays. For example, 

navigation information may be displayed on the frontal part of the torso, while threat information is 

displayed on the dorsal side.  

5. Moving Pattern 

Another characteristic that can be used to create many distinctive perceptual levels is moving patterns. 

A moving pattern is a time-varying shape that can create sensations of movement. The moving pattern 

should be designed such that it can be distinguished from other moving patterns quickly. One example of 

using moving patterns is for communication. One row of tactors is rapidly activated in succession to create 

a sensation of moving around the wearer.  

6. Frequency 

The frequency at which particular tactors are activated can also be used to convey information. 

In the hairy skin, there are three different types of mechanoreceptors that can be activated at specific 

frequencies. However, at suprathreshold stimulation more than one channel will be activated at the same. 

Within each tactile channel, only a few discernable levels of frequency can be created. This may limit using 

different frequency levels as a way to convey different types of information. 

*** 
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Anthropometry 

Q What is anthropometry about?  
 

  Anthropometry simply means "measurement of people". The 

word is derived from the Greek ‘anthros’ meaning man, and 

‘metron’ meaning measure. 

  

More formally it is the study of the size, shape and strength of 

the human body, including, mass, volumes, mobility, 

proportions, centers of gravity, and inertial properties of the 

whole body and body segments. 

  

Anthropometrics is the practice of anthropometry and 

involves the collection, analysis and application of 

anthropometric data. 

 

Why is anthropometry important?  
 

 When you buy off-the-peg clothes, you expect to go to a shop and 

find something that more or less fits you. Somehow the 

manufacturer has found out what size you are and then made 

something suitable for you. However, if you are an 'unusual' size, 

either very tall or short, or heavy or thin, then you will probably 

have difficulty finding something to fit you. You may even have to 

find some specialist shop that caters for people of unusual size. This 

happens of course because it is generally uneconomic for a 

manufacturer to produce items for the relatively few people who 

want some unusual sizes. But how does the manufacturer know 

what sizes to produce? 

Experience of course, which has been translated into industry 

standards backed by knowledge about the dimensions of a particular population. Knowing the 

quantities of various sizes that have sold in the past and then trying to make sufficient clothes of 

each size to satisfy most customers will keep the manufacturer in business - assuming that 

people like the styles produced. If the manufacturer gets it wrong then he or she will soon be out 

of business. Obviously the clothes must fit the customers and therefore must be based on the 

body sizes of the customers. If the manufacturer is American and decides to market the clothes 

in Japan then business may not be too good if the same range of sizes are marketed there. 

Japanese people are generally smaller than Americans and what about body proportions? 

Suppose a Japanese man has the same stature as an American man, does he have 

proportionately shorter or longer arms and legs. And what about his overall body shape? Do 

Japanese men have the same necks and waists as American men of the same height or weight? 

The problems for the clothes manufacturer are fairly obvious. None of us buy clothes that don't 

fit. 
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 The problem  

The problem then for anyone concerned with good design and a more comfortable and safer 

environment is to be able to find, understand and use appropriate anthropometric data to 

ensure that the man-made world is better fitted to the users. 

  

The consequences of not fitting things to the user can range from 

minor inconvenience, like shirts that don't quite fit, to serious injury 

or death, like when a driver cannot properly reach the controls of a 

vehicle or cannot see enough of the space around the vehicle to 

drive safely under all conditions. 

  

A good match between design and user should improve efficiency, 

safety, health and comfort; make things easier to use and; improve 

the quality of our lives. 

 

Applications of Anthropometric Data 
 

 

 1 Equipment and Facilities 

Criteria of judgement of design features of physical equipment and facilities: comfort, work 

performance, safety, physical effects. Human body measurements are clearly relevant to the 

design of equipment or facilities for human use. Such equipment is of three kinds: spaces into 

which men fit, whether for work, rest or protection; tools or controls which men use; and 

protective clothing and devices (e.g. helmets, masks, goggles, parachutes) which men wear. 

Although many basic body measurements like stature, sitting height and weight are generally 

applicable, each of the three different kinds of end product mentioned above requires some 

distinct measurements. Clothing design, for example, utilises several body circumferences, 

special limb lengths (spine-shoulder-fingertip; crotch height), and details of the head, face, hands 

and feet. 

 2 Spaces 

One of the applications of anthropometric data is the design of work spaces, including the work-

space envelopes. The limits of the work-space envelope for seated personnel are determined by 

functional arm reach, which is influenced by such factors as the presence of any restraints, 

apparel worn, angle of back rest and especially by the direction of arm reach and the nature of 

the manual activity to be performed. Improper postures caused by poorly designed facilities and 

methods bend the spine and increase the pressure between the vertebrae.  

 

Use Of Anthropometric Data 

The objective in applying anthropometric data will be to improve the design of things and 

spaces for people to use so that they are more comfortable, efficient, easy to 

use and safer than previous designs. In order to do this it is necessary to have some idea of 

the dimensions that are really important for the particular design under consideration, the 

problems that have been encountered by others and the recommendations, design rules 

or regulations that are available. 
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 For example if a seat height is to be 

decided and for economic or other reasons 

it is not possible to provide any 

adjustability, e.g. Seats in public places or 

in public transport, then the most 

important dimension is popliteal height 

which is the vertical distance from the sole 

of the foot to the crook of the knee. 

This distance is important to the sitter 

because if the seat is a little higher than his 

or her popliteal height then the foot 

cannot be comfortably placed on the 

ground and there may be discomfort due to the pressure on the underside of the thigh 

resting on the seat. For this reason it is generally recommended that the popliteal height of 

the smaller members of the population is used to determine seat heights. 
   

 

***** 

ww.ncbi.nlm.nih.gov/pmc/articles/PMC2865004/ 

POP display gets the auditory edge 
August 21, 2014 

Innovaxis’ Motion Activated Shelf Talker (MAST) senses the presence of a 

customer and plays a pre-recorded sound clip to inform the customer about 

the product on the shelf 
Innovaxis Technology released its new product called MAST or 

Motion Activated Shelf Talker. The product is designed to add 

sound to POP and shelf displays. The shelf talker has a motion 

sensor, which senses the presence of a customer and plays a 

pre recorded sound clip, to inform the customer about the 

product on the shelf. 

 

MAST uses premium quality PIR sensors to sense motion on 

the ground.  The sensors have a range of 2-5 meters. The 

MAST requires three AAA batteries which can give you 6,000 

repetitions for a 10 second sound clip.  All sound clips can be 

re-recorded whereby ensuring reusability of the product.  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 

 

 

https://qp.rgpvnotes.in/
mailto:rgpvnotes.in@gmail.com

