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TABLE 1. ERGONOMIC SOCIETIES

Founding Population Members
Countrv/region date Membership (m) per m
Austraila 1964 613 (1991) 17 36
Austria 1976 42 (1990) 7.5 5
Belgium 1986 140 (1991) 9.9 14
Brazil 1985 274 {1988) 143.3 2
Canada 1968 300 (1991) 23.6 14
China 1989 500 (1989) 1096 0.3
CIS 1989 434 (1990) 288.8 2
Colombia 1987 30.7
Denmark 1063 (1991) 5.1 208
Finland 1935 110 (19%1) 3 22
France 1963 331 (1987) 33.2 i0
Germany 1938 700 (1991) 76.6 g
Hungary 1987 90 (1988) 4.9 20
India 1987 100 (1991) 200 G.1
Indenesia 1988 120 (1988) 176.8 0.7
Israe} 1982 120 (1992) 4.3 28
Italy 1968 213 (1990) 37.2 4
Japan 1964 1358 (1989) 121.4 13
Korea (South) 1982 250 (1988) 43. 5
New Zealand 1986 119 (1992) 3.3 35
Netheriands 1963 604 (1992) 13 40
Norway 147 (196D 4.2 35
Poland 1977 100 (1990) 37.5 2
Singapors 1988 36 (1990) 2.6 |
South Alrica 1984 107 (1988) 34.3 3
South East Asia 1984 86 (1990) 250 3
Spain 1988 187 (1992) 39.6 3
Swedan 303 (1991} 8.5 36
Unitad Kingdom 1649 1050 (1992) 36.5 18
JSA 1957 4638 (1990) 2422 19
Yugoslavia 1973 50 (1989) 23.2 2
TOTAL 14335

o kel ) l‘ i-:

SOURCE: Adapied iTom Lrgongmics 35(11), page 1410, 1992
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Frgure 1-3. Anatomical landmarks in the frontal view. (From Kroemer.
Kroemer. and Kroemer-Elberi. 1990. Engineering Phvsiologyv: Bases of
Human ractors/Ergonomics, 2d =d. With permission by the pubiisher, Van
Ivostrand Reinhold. All rights reserved.)



TABLE 1-3. 80DY DIMENSIONS OF U.S. CIVILIAN ADULTS, FEMALE/MALE, IN CM

Percentiles
3th 50th 95th. SD

HEIGHTS
(f above floor, s above seat)

Stanure (“height™)’ 152.78 1 164.69  162.94/ 175.58 173.75/ 186.65 6.36 /7 6.68

Eye hetght/ 141.22/ 152,82 151.61/ 163.39 162.13/]74.29 5.25/ 6.57

Shouider (acromizal) height!  124.09/134.16 133.36/ 144.25  143.20/ 154.36 5.7973.20

Elbow height” 92.63/ 99.52 99.79/ 107.25 107.40/115.28 443/ 181

Wrist height/ 12797 7779 79.03/ 84.65 85.51/ 91.32 3.86/ 4.15

Crotch neight/ 70.02/ 76.44 77.14/7 83712 §4.58/ 91.6+ 441/ 442

Height (sitting)* 79.55/ 83.4> 85.20/ 91.3% .91.02/ 97.19 349/ 3.56

Eye height (sitting) 68.46/ 73.50  73.87/ 7920  79.43/ 84.80 5,327 53.42

Shouider (acromial} height

(sitting)” 50.91 /7 34.85 35.257 39.78 60.36/ 64.63 2.86/2.96

Elbow height (sitting)’ 17.37/7 18.4) 22.05/ 23.06  26.44/ 27.37 2.6872.72

Thugh beight (siming)’ 1404/ 14.86 1586/ 16.82 18.02/ 18.99 .21/ 1.26

Knee heighr (sitring)” 4740/ 31.44 51.34 ¢ 33.88 36.02/ 60.57 2837 299

Popiiteal height (sitting)/ 33.15/ 39.46 538.94/ 4341 4294/ 47.63 2,377 2.48
DEPTHS :

rorward (thumbtip) reach 67.6771 73.92 73.46/ 80.08 19.67/ 86.70 53.647 3,92

Burtock-knee distance (sirting) 54.21/ 36.90 38.89/ 61.64 63.98/ 66.74 2.96/ 2.99

Buttock-popliteal distance

(sitting) .00/ 45.81 48.17 1 30.04 525971 54.55 266/ 2.66

Elbow-ringertip distance 10627 &4.79 44,29/ 48,30 48.25/ 32.42 23471 2.53

Chest depth 2086/ 20.96 25.94 /7 24.32 27.78 /1 28.04 2117 2015
BREADTHS

Forearm-forearm breadth 1,477 47.74  46.85/ 54.61 32.84/ 62.06 3.47 7 4.36

Hip breadth (sittine) 34257 32.87 38.45/ 36.68 43.22/ 41.16 2727232
HEAD DIMENSIONS

Head circumferencs 52,251 54.27 54.62/7 356.77 57.05/ 59.35 146/ 1.54

Head breadth 13,667 1451 14,447 13.17 15.27 /7 16.08 0.49 /7 0,54

InterpuptHary breadrh 366/ 3.38 £.23/ §.47 0.85/ 7.10 0.36 7 D.37
FOOT DIMENSIONS

root length 22447 2488 24447 26.97 26,46/ 29.20 1.22, £.31

Foot breadth 8.16/ 9.23 8.97/ 10.06 9.78 / 10.95 0.49, 0.33

Laterai malteolus height/ 523/ 3.84 5.06/ 6.71 6.97/ 7.64 0.33/0.53
HAND DIMENSIONS

Circumferance, metacarpale [7.25/ 19.85 18.62/ 21.38 20,05/ 23.03 0.835/ 0.97

Hand length 16,50/ 17.87 18.05/ 19.38 19.69/ 21.06 0.97 / 0.98

Hand breadth. metacarpale 7.347  8.36 794/ 904 8.36/ 9.76 0.38/0.42

Thumb oreadth, nterphalangeal 1.86/ 2.19 20770 2.4] 2,287 263 0.13/0.14
WEIGHT (in kg) 39.2% ) 37.7* 62.01/ 78.49 8§4.3*/ 99 3% 3.8% /12.6%

*Estimated (from Kroemer, 1981).

Note: In this table, the entries in the 50th percentile column ars actually “mean™ (average) valuss. The 5th and 95th

percentile vaiues are from measured data, not calkculated (
ferent from those obtained by subtracting 1.65 SD from

SOURCE: Acapted from U.5. Army data

and Walker (1989).

except for weight). Thus, the values given may be siighily dif-

the mean (50th percentile), or by adding 1.65 5D 1o ir.

reporied oy Gordon, Churchill, Clauser, Bradumilier, McConvills, Tabpatrs,



——

gl OO 1 0O W O
- -

O O -
1T

O R
oo O O

Stature (percents)

-3 N
o O

-

l

!
!

| ] | o
I ! . l:'

20

30

40
Age (years)

50

Figure 1-4. Approximate changes in stature with age.



Average stature in cenliinelers

Stewardesses ‘

AAFTD U.S.A. T -/INASA women 1985
DIOTS ,/ (Publicity gata)

et T —  1588-1385
162 — v S 2 A
v v e (NASA R.P. 1024)

F .

.r/f 20-year | __1’ ,—/
e aging | ../}

Koreans | y |
158 — 23 years /j ,’/ |
3 \ L = 51.8in |
Hawatran Y / r, Ed 57 om I
Japanese N A0 i
' Q I J L
I \ /,." \ Average l
General ,"f space i
20-year old popuiation / t station
154 - Japanese rererence ) ..ff J'?panese E
students \,s | temale .;
(Kimura) A | | crew |
’ /\ : ' membper
: \ |
12-year
aging
150 . 25-30 year olds (NASDA)
clothing standard study
1 L . [ ' ! ' :
1800 1920 1940 1980 1980 2000 2020

Calendar year

Figure 1-7. Predicted average statre for American and Asian WOIMEN sPace Crews
(with permission from Roebuck, Smith, and Raggio, 1933).




] l

N
/ m\\\\\\\ﬁw \\\ \\ \ \\

<Eae
\\ m | EL&%‘&L {i\%‘\\\%\' \k\x \;"

l§ \ ¥ &QK \\ N \:;a
\\-" \ s "-;:f;‘\\\w “\\::H

w&&b N
\ \"'@.\. -
ﬁ&m\\\\m\\\ N

N \\\\‘\\“‘

AN ’*h.‘t ]

—

\\\ \\h\\‘ﬂ:\xcﬁg R\&%

o ; \\\\\\aq\\\\\&\ -
\ E Hh Ey {: |

’ "~‘~:‘~.

[ \‘
-&“‘\\m k} |

RN ‘

—_——ama. rre—r—-a- — e g - EmE PR

|
|
|
[
L
b
-
|

Figure 1-8. The concept of “praferred” working zones of :he hands anc fast.

=10~



-11-

Figure 1-12. Human skeleton sim-
plified as “links connected in joints™
(H for hand, E for elbow, 3 for
shoulder, etc:). (From Kroemer,
Kroemer, and Kroemer-Eibert,
1990, Engineering Physiology: Bases
of Human FacrorsiErgonomics, 2d
ed. With permission by the pub-
lisher, Van Nostrand Rsinhold. All
rights reserved.)
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Figure 1-18. Intraabdominal pressure (IAP) and its resulting force vector
(') reduce the comwressive force (C) which is produced by trunk muscle
pull (M). Shear force (§) and torque (7") also Ioad the spine.
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Figure 2-1. The interrelated func-
tions of the respiratory and circula-
tory systems. (From Kroemer,
Kroemer, and Kroemer-Elbert,
1990, Engineering Physiology: Bases
of Human Factors/iErgonomics. 2nd
ed. With permussion by the pub-
lisher, Van Nostrand Reinnold. All
rights reserved. )
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TABLE 3-1. MERKEL'S 1885 DATA ON
REACTION TIMES FOR VISUALLY
PRESENTED NUMERALS. SUBJECTS
HAD TO PRESS THE APPROPRIATE
BUTTON OF 10 BUTTONS

Numoer of Reaction Time
Alternatives {ms)
{ 187
2 518
3 564
4 434
5 437
6 532
7 570
J 03
9 419
K, 622

SOURCE: Adapted {rom Kezle, 1986. Reprinted by
permission of John Wiley & Sons, Inc.
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figure 4-3. Line-oi-Signt Angie LOSA against the Ear-Eye Plane,
and the Frankfurt Plane.
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Figure 4-6. The subtended angle.
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Approximate

iuminance
in cdem™?
104 Upper limit of human visual talerance
White paper in moonlight
10°
SKy on a clear day
Earth on a ciear day
102 i
|
e Earth on a cloudy day
Whita paper in "good raading light"
:
1071 White paper 1 m from 1 cd source
.
10~ White paper in moonlight
1073 Zarth in moonlight
10~ Whita paper in starlight

1073

109 Minimal threshold for human vision

Figure 4-13. Luminance levels experienced by humans. (Adapied
from Van Cott and Kinkade, 1972.)
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Semicircular canals

Figure 4-23. The three semicirculer canals and the otolith organs of the vesiibu-
lum. and the cochlea. with their nervous connections w0 the Sth cranial nerve.
(Adapted from a 1934 drawing by Max Broedel.)
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Figure 4-16. Sound intensity levels.
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TABLE 4-8. EFFECTS OF NOISE ON HUMAN PERFORMANCE

Conditions of exposure

SPL (dB) Specirum Duration Performance effects
133 8 hr; 100 impulses Hearing TTS 2 minutes arter exposure
120 Broadband Reduced ability 10 balance on 2 thin
rail
110 Machinery 8 hrs Chronic fatigue
noise
105 Alrcraft engine Visual acully, Stereoscopic acuity. near-
noise point accommodation, all reduced
100 Speach Overloading of hearing due o loud
speach
S0 Broadband Continucus Vigilance decrement; altered thougnt
processes, interference with mentai
work
90 Broadband Performance degradation m rmuliiple-
chorce. serial-reaction tasks
85 1/3-Octave Continuous Fatigue. nausea, headache
al j6 kHz
73 Background 10-30 days Degraded astronaut perfermancge
n0LSE 11
spacecraft
10 4,000 Hz Hearing TTS 2 munutes after exposurs

Ses Taole —-11 ror eriects on person-10-person voice communication.

SOURCE: Adapted from NASA, 1989,
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Dry- bulb temperature (°C)

as various combinations of the several climate components. A well-known ex-
ample is the effective temperature, ET: it reflects combinations of dry tempera-
ture, wet temperature, and air movement, with various levels of activities and
clothing—see Figure 3-2.
70 l
65 ! f
RH = relative humidity
&0
55
20
45
40
35 io2nr
! —
L
T
30 Limited
tolerance
hotzonea
25 i
! !
I//‘ ! i o :
R _~__Summer comiort zone: 23710 277 &1 :
“ Winter comfort zone: |3° 10 247 ET |
| | |
| |
15 i
| |
!
| | |
e | ' |
Limited | Air motion of 60 m/min
tolarance fortolerance zones end 6 m/min
cold zone. for comfort zones
{
| |
. ; i +
20 20 40 =0
Vapor pressure (mm Hg)
Figure 3-2. [ndoors summer and winter comfort zones and thermal tol-
erance for appropriately dressed, sitting persons doing light work (MIL-
HDBK 739).
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tal whole-body vipbrations (ISO
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Figure 8-3. Attnibutes of comfort and discomfort while sitting (courtesv
of Zhang, L.. and Helander. M. (1992), Identifying Factors of Comfort
and Discomfort: A Multidimensional Appreach. in Kumar, S. (Ed.). Ad-
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Disability

Disorders, injuries,
diseases, require
medical interventions

Pronounced symptoms
make it difficult to
continue usual activities

Soreness, pain, persistent pains
and aches affect well-being and
performance

Qccasional movement or pasture probiems,
intermittent discomfort,
fatigue, small aches

Fatigue and tiredness, uneasiness and discomfort
cansidered “normai® after 5 full day's wark

Figure 8-37. Analogy of the “mountain of cumulative trauma partly ob-
scured by fog,” the levei of which indicates perception and awareness of

SYmpioms.
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Figure 8-4(c). Contorted boay

— 1 posture of the trencher operator

looking at the trenching equipment
(modified from Brennan, 1987).
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Direction of trenching operation ———

Figure 3-d4(aj. Trencher (with permission from Brennan, 1987).
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Figure 3-4(b}. Frontal view of the irencher cab ¢with permission from Brennan.
1987).
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Figure 9-17. Examples of kzvboards: (a) K-kevboard®. (h) Maltron®,
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Figure 8-32. Suitable bulges and constrictions along the handie allow
many hand positions without severe iissue compression. A flange art the
end presents the hand from sliding off the handle.

_L6 -




\ N

Figure 8-29. The naturai angle between forearm and Zrasp center !s
about 70 degrees.

Figure 8-30. Common use of straight-nose pliers is often accompanied
by a strong bend in the wrist imedified {rom NIOSH. 1973).
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Figure 11-11. Handwheel. (Modified from MIL-HDBK 739.)

TABLE 11-14. DIMENSIONS OF A HANDWHEEL

r. Wheel radius

d D
with Without Rim  Tili rrom R Dispiacement
powersteering powersteering diameter  vertical Resistance both hands on wheel
(mm) (mm) (mm)  {degrees) (N) (degrees)
Minimum 173 200 19 30 20 —
Light |
vehicle
Preferred — — — — ~— —
Maximum 200 255 32 43 220 120
Heavy
vehicle

Note: Letters correspond to measurements (llustrated in Figure {1-11.
SOURCE: Modified from MIL-HDBK 739
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Figure 9-1. Modes of sitting.
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Figure 89 Working postures often encountered in Asia,
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Figure 8-10. For thousands of years, Chinese lived on mats (Xing.

1988).
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Arms Writing Typewriting Lifting Depression Relaxed
hanging wetght of pedal

Figure 9-4. Forces in the third lumbar disk when sitting on an office
chair with a smail lumbar backrest at a desk (with permussion from Chaffin
and Andersson, i984).
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Fjigure 9-18. Adjustments of the components of a computer worksta-
tion.

TABLE 9-4. HEIGHT
| ADJUSTMENT
RANGES ABOVE THE
FLOOR IN CM FOR

| COMPUTER

i WORKSTATIONS
Seat pan 37 to 50
Keyboard support 53 t0 70
Screen center 93 to 122
Work surface 53 to 70
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Figure 8-2. Activation of longitudinal trunk muscles generates spine
Ccompression.
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Figure 10-1. Sketch indicating the
pull forces generated by the trunk
muscles (RCA, rectus abdominus;
EXO, INO, external and internai
obliques; ERS, erector spinae; LAT,
latissimus dorsi) resulting in spinal
compression (SC). {Modified from
Schulz and Andersson, 1981.)
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Coupling #2.

Coupling #3.

Coupling #4.

Coupling #5.

Coupling #6.

Coupling #7.

Coupling #8.

Coupling #9.

Coupling #10.

Palm Touch:

Some part of the palm (or hand) touches the abject.

Finger Palmar Grip (Hook Grip):

Qne finger or several fingers hock!s) onto a ridge, or

handle. This type of finger action is used where thumb
counterfarce 1s not needed.

Thumb—ringertip Grip {Tio Pingh):

The thumb tip opcoses one fingertip.

Th,urmb—Fin'ger PalmarGric {P-‘éd Pineh or Plier Gripl:
Thumb pad oppeses the palmar pad of one finger (or
the pads of several fingers) near the tips. This grip
gvoives eastly from coupiing #4.

Thumb-Forefinaer Side Gripn (Lateral Grio or Side .
Finchi:

Thumb opposes the (radial} side of the forefinger,

Thumb~Two-rFinger Grio Grip {Writing Grip):
Thumb and two fingers {orten forefinger and middle
finger) oppese each ather at or near the tips. ,

Thumb-ringertios =nciosure (Disk Grip}:

Thumb pad and the pads of thrae or four fingers oppose
each other near the tips (object grasped does not touch
the paim). This grip evolves easily from coupling #7.

ringer—Palm Enciosure {Collet Enclosure):

Most, or all, of the inner surface of the hand is in contact
with the object whtie enclosing i1, This enciosure
evolves easily from coupling #8.

Power Grasp:

The total inner nand surtaces is grasping the{often
cylindrical) handle which runs parailel to the knuckles

and generaily protrudes on one or both sides from the
hand. This grasp evoives easily from caupling *9.

~
‘e

Figure 8-26. Couplings betwe=n hand and handle (adapted with permission {rom
“Coupling the Hand with the Handle: An Improved Notation of Touch, Grip. and
Grasp™ by Karl H. E. Kroemer, Human Faciors, Vol. 28, No. 3, 1986). Copvrighr
1986 by the Human Factors and Ergonomics Society, Inc. All rights reserved.
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Viewing distance {in mm)

Dimenston {in mm) 710 910 1525
A

(Major index width) 0.89 1.14 1.80
{(Minor index widthB} 0.64 .81 1.37
(Intermediate inde;width} 0.75 0.99 .83
{Major index heighEt)} 5.59 7.19 12.00
(Minor index heighErJ 2.54 3.28 3.44
(Intermediate inde: hetght) 4.086 5.23 3.71
(Major index separgtiun between midpoints) 17.80 22,80  32.00
(Minor index separ};tiﬂn between midpoints) 7.78 2.29 381

Minimum scale dimensions suitable even for low tHumination

Figure 11-22.- Scale marks. (Reprinted from MIL-HDBK 759.)
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Figure 11-24. Control-display relationships. Adapted from MIL-HDBK

759.)
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TABLE 11-21. MAXIMAL
NUMBER OF STIMULI
FOR CODING

Visual stimul;

Light intensity (“brightness”)
Color of surfaces

Color of lights (lamps)

Flash rates of lights

Size

Shape

N LI I G \O o

Auditory stimuii

Frequency 4
Intensity (“loudness™) 3
Duration 2
—_—
SOURCE: Adapted from information
comptled by Cushman and Rosen-

berg, 1991.
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> 2
g & g S o = 2
Sl =Tt a 3 s]alS|E 5
Sls1z|elZl gl [2]8(8]g]s] |2
IHEEEE R E
Froblems/ | &1 2125|518 21E| 2| 5| 3| €] 8|23
Manifestations jw |<|Zfc | |0 < |o|Sia|ElalS
General debility |« WYy Tiw|w|o|y sy
Mobility |2 =] [w]e] T=lwlal | ||
Posture |+ | | % [ T W || w | ] |
Pain | |=| T=l« xlewl | | ‘
Incoordination | | % B | | |
Reduced sensory inpurt |« ] w | l g I |
Loss ofbalance & |<| |=| | |e Pl
Reduced joint mobility | | - | x| |0
Weakness in muscles | = | || =] | Ll
Auditory discrders | = b = | ] ] ] ==
Locating body in space % | wi=l L]
Shortening of breath = = | |=]=|
Deformity I | ] =lwlw R
Memory impairment | =} | | | [ R
Visual problems ||| | | | |« | N !
Discrientation | || [ | i | i =
Loss of sensation | w I |2 |2 I | f
Cognition disturbance | [« | || | | N
Inccntinence | [=| | | | o e
Spezch disorcers | | b | A=) ]
Touch disabilities |« | N b o

Figure 12-4. Problems arising -from common age-related Cisorders,

(Adapted from Kemmerling, 1991.)

TABLE 12-8. MEASURES OF DAILY LIVING

Instrumental activities of daily living (IADL)

Acuvities of daily living (ADL)

Managing money
Shopping
Light housework
Laundry
Meal preparation

Making 2 phone call
Taking medication

Living

Bed/chair transference
Indoor and outdoor mobtlity
Dressing

Bathing

Totleting
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Expert knowledge
Operator suggestions

_____ | =1 Become aware
- Performance praoblems

#3 Identify problem

+
"Quick

and =4 State needs and goals
easy
— |
Y

25 Select candidate
sofution

T

#6a Engineering 1 #6b Managerial |
controi t conrtrol

!
!

=/ Implement
sotution

l

T

-
of problem : Coa

: P Dissatisfaction, turnover

1 Well-being or heaith affected

! T Injuries, accidents

: #2 Analyze task and

{ congitions

| |

]

1 T

|

i

I

I

1

Eem rm Lmm s ma s - Rl Bk ek e —— — —

#8 Check success 1
I

i
YES ' l NO |

——— ~ - Return to step 2 or =

i
o~ ———
"H

A
s

— ampeitl
"."'—-—l-.._—-"-_

Figure E-1. Steps to identify 1nd preempt or solve ergonomic problems.
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The Head
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BONE OF THE HEAD

Skull, 22 bones

Cranium, 8 bones

Face, 14 bones
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Occipital

Two Parietal
Frontal

Two Temporal
Sphenoid
Ethmoid

Two Nasal

Two Superior Maxillary
Two Laxhrymal

Two Malar

Two Palate

Two Inferoit Tirbinated
Vomer

Inferoir Maxillary




A. Bone of the Skull

I. SKULL AS A WHOLE

. Pericranium
Periosteum on external surface of skull

2. Norma
1 Calvaria

it Norma facialis

i Internal cranial base
Iv Norma lateralis

v External cranial base

vi Norma occipitalis

[I. CRANIAL BONES

1.Occipital Bone
Between the spheoid, temporal and parietal bones.

| Bastlar part
i1 Lateral part
1 Squama

I~J

. Sphienoid Bone

Between the occcipital and temporal bones.

1 Body

it Lesser wing of sphenoid
i Greater wing of sphenoid
1v Pterygoif process

3. Temporal Bone

Located between occipital, sphenoid and parietal bones; formed by pars
petrosa, pars tympanica and prs squmosa.

1 Squamous part

11 Mastoid part

i1 Petrous part, petrosal bone, pyramid
v Tympanic part

4. Parietal Bone
Adjoint the occipital, frontal, sphenoid and temporal bones.
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5. Frontal Bone
| Squama of frontal bone
11 nasal part
11 orbital part

6. Ethmoid Bone

Unparred bone inserted into the ethnoidal notch of frontal bone

7. Inferoir Nasal Concha

8. Lacrimal Bone
9. Nasal Bone
10. Vomer

[1I. FACIAL BONES

1. Maxiila
I Body of maxilla
1t Fontal process
11 Zygomatic or malar process
v Platine process
v Alveolar process

D

. Palatine bone
From the posteroir extension of the Lupper jaw.

| Perpendicular plate
11 Horzontal plate
m Pyramidal process

3. Zygomatic Bone

Forms a large portion of the lateral wall of the orbit and part of
zygomatic arch.

4. Mandible

Lower jaw:,

1 Body of mandible
11 Ramus of mandible

3. Hyoid bone
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B. Craniometry(Cephalometry)

1.
diameter.

2.
diameter. -

3.

4
5
0.
.
8
9

10.

11
12

13.
14.

-

15.
16.
17.
18.
19.

Maximum length of the head,or the maximum antao-posterior

The maximum breadth 0? the head or maximuim lateral

Height of the head (balanved in its condyles).

. The mmimum frontal breadth.

. Maxomum bimastoifeal diameter.

Bizygomatic diameter.

. Bigoniac diameter.
. Height if the face, total.

. Naso-menton diameter.

The nasl-buccal diameter.

. The naso-alveolar diameter.
Height of the nose.

Breadth of the nose.

Prominence of the nose at its base.
External bipalpebral breadth.

The internal palpebral breadth.
Breadthof the mouth.

Bilabial height.

The ear.
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internasal suture |
I| ., Fromal bone, squama

Masal bang . '

Frontal proc of maxiila | » Fronlonasal suture

Fronmiolacrimal sulure

Sphengiromal suture |
Supraorbilal margin \

Coronal sulura N

Farnetal bone. , e
sphenord angle S

» Sphenopanetal

Greater wing of N
sufure

sphenoid bone

Orbutal suface ~._ l
of Ircnlal one .= Grealer wng of
sphenoid bone

ZyQoMmauc process - ..
orbtal surface

ol Ironlal bone

Sup orbrial e}

lzsure —= Temporal hone

L
o
Ly =

¥
L

Grealer wing of ~=——73

sphencid bone

Lesser wing af ~=——

sphenord bone - Lacrmal bone

oo
S
1

, ""*- Sphenozygomanc
Zygomzahg bone - SUTUre

In{ orbital tissure -~ ™~ Nasomaxillary suture

at Infraarbnai foramen

Iniracronat margin e

Zygamaticomanxillary

sulure *Inl, and middle nasal conchiae

Vomer nasal septum =~

Alveolar process of maxilla <~ ~- Ramus of mandipte

7~
Anl nasal spine -

Memal ioramen

' Body of mandible

Frontal bane - lavender
Nasal bone - light gray
Maxillary bone — veilow
Lygomatic bong — orange
Sphenoid bone — green
Temporal bone - Tight orav
Inferior nasal concha _ sray
Mandible - lioht plue = -
Lacrimal bone — red

Vomer - red
Eﬁi’; IEMI concha fethmoid bone) ~ dark yeilow Fig. 4. The skull. Anteror aspect. The bones of the skull are
One - brown depicted by different colors.
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Sguamosal suwure | ~Panetal bone

ra
Coronai suture | | L. T e

I T
Sphenolrenial suiure | .?‘-‘"'-"-'f""“‘"' --: SRR T L e T _ - Sup lemporal ing
i R R L N .
Pl S _

Sphenosquamosal suldre \

Frontal bone. .

. int 1emporal hne
squama

-~
Temgzaral bne

- Faretai eminences
Spnenozyoomals |

sSuLre

-

Fronlczygomanc .

. Squamosal
“ I % suldre
suture N JRIRS
Gr&:xal r:rn::a:::e ol | Paneto.
ethmaid bone 7 enastond
Froniolacnmal | suture
suture Sy

Lacnmal bone .

SEAMmo- -\ o o : My o N, il ot by~ T I - NI sulure
maktlary "~ 7 i Suini . - - LY, L A - -
ELIE Jw:_'h“
L

o
Nasal bone -~

mas|ond
- sulure
MNaso- -
maxillary
suiure

Zygomango- ~.
maxillary
A4 T

HHL Jf : ’ r - AL - i Ve . ] T .I. iy 1 _.-".'.;‘:-L-;;:‘-..*.._{.I
nasal PR R R : : il

R A
Sping ‘E#W

_.". -
". v Squamomasiod sulure

!
vEx! acousuc mealys

. Ocopilomastod sulure

e

' Qcopital condyle

Siyloid process

L
n
————— —— B E——

—
—-—--_

, Condyloid proc. of mandible
Zygomanco- -

1emporal v Caronoid proe of manaible
sSuure
. Angle of mandmle
3 ~~. Base o
Meral - _¥. \ T2 - Base ol mandible
protuberance " ey "z - |
i Y ~ Body of mandible

Y
* Mental foramen

Fm}'ttal bone - lavender
F‘:m_eml bone - brown
Qceipital bone - light biue
Nasal bone — lichr gray
Lacrimal bone — red
Zyzomatic bane — orange
Sphencid bope — green
Tempﬂr:ll bone —TiEhl Oy
Maxillz - veliow ~ =

Mandible - ight blue Fig. 6. The skull. Lateral aspect. The cranial and facial bones

ol the head are depicted by different colors.
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Farieal bone |
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- _.- Scaphod lossz
Slyloig

Procgss
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- (] - a1 _Fr
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foramen

lissure
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Y - ﬂ‘,f.
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plerygod process
—- Med piate of
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- et~ AnT, nasal
foramen 3 SpINe
: & ——_ Prerygmd
..f
Eundylmﬁr ” ; hamulus
cana
Occipital - __,..—"f"
condyle oy
- l|.r"" ..|'l L= r
il Tam
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. _ Vomer
~1
M - N . [T L ' h I
- b

- T N
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-~ Body ol
: o d sphenoid hone
i, TN -
- . ) . T
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-
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™. Palaune process
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-
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 loramen
: - LT -..i"':""
. S o i" ™« Horzonlal
. , o VR ot AR plate el
arch  * 1.t ' Ii" O I b o 10, S palatine bone
Hf’ i ' - R R R ’ - - G
; y . r
Spinous process f . reate
X S palaune
A, . .- ' L ot e R loramen
_ﬂ- L it/ 2 oy \ . Mylohyaoid line
] L] r \
4 g ‘*,\ + Foeramen tacerum
Faramen of ransverse process ———_ 1 \
: \ \ H\._ v Mylohyod graove
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3

s
—

vidandibular foramen

il
[
F
p |
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II
f
i
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Fig. 8. The skull, with bisected mandible and upper cervical
verichral column viewed [rom below and from the side.
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Parlar Fig. 10. The skull. Paramedian sagittal section, medial aspect.
alatine bone light blue

The bones of the skull are depicted by different colors.
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Pasieal o £ Kig. 12. Interior of the base of the skull (from a young person

Ethmoid bope . as indicated by the residual spheno-occipital synchondrosis).

%thﬂﬂicl bone _F;;‘;: The bones of the skull are depicted by different colors.
UIUPDF Al bﬂl‘lE ~ ora

Occipual bone — lighfblue * The foramen lacerum is visible only in the dried skull. while in

vivo this aperture is covered by a layer of {ibrocanilage.
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Jtefl (Photometry)

Jt& (lumenous flux):Bf7Zlumen, 1/683 wattf9555nmfiyRadiant energy
or 1/1700 wattfy507nmfyRadiant energy
VRodBENFEKE.

$=KPe
=KJ1Peav(1)d(1)(1m) K=6 8 3%Aphotometry
1700 %scotometry
B8/ (illuminance) : the luminous flux impinging on or traversing a unit area.
En=dgé¢ dsn(lm,/m?) M=dg¢ dsn(lm.  m?)

ESp=
dw=dsn./1r?(Sr1)

/

dsn

point source

)

dw=dsn,/r?

[=D¢ . dw
=dgd dwr?
=1,/dw — R d snbbEE r AN RENER

fE (luminous intensity)
[=dg¢.dw (1lm. s r)or (cd)

SR, YtEIEFEpoint source , the luminous intensity per unit area may be o

f interest .This is call luminance (GZf&) HEE(IBIm srem?
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55 (luminance )

L=dIl/dsn{Ilm/sr -m?)
X di=dp/dws
=d?/dsn-¢ / dws
W
Ksn ﬁw/ ” —~
S S
f Ot A ¢
!
/:’\WD x%‘\
L > P
N T T
S >

BERFR NS IR (NG a <) | (@S

SRR

NBEEREMEEEEEIRGER (Jn, total flux T

Bl E N FBLanbert’ s surface, B84 lanbert’ s surfacest 2 —{f

surfacef) 5/ fviewing directiondERE, FHN

NS

kSRS, B
I () =1 (o) COS B

d ¢ =1 (0) COSOdw

dw=2rxs inédag
¢=Jo"?1 (0) COSO (27SINOd8)

=z (o)

-,
.
o
_lI--

)
w
'=.||

------------
-
]
-
am

----_.:: ::::
--

-

-

Traln,
"llh‘l.

IIIII

L
""l.
L
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R, H—EESNIREEE R e, TeELAHES | unitsfy lumiousflux,

total flux
d.=4r1l

L.=1/"#7r1° (z r2=d s ) projected area

S —{Bldi { fusely BHEZERRT =, R EAL BT mIAY

SRR ANET, BlH intensity (1) &
EE A HE, Htotal luminous flux

BEC O S O miER; 0 £viewing directionfllH g2

dw=27zcos @d?@

p=2xnl1 (0) §77% .,,C0O08%°6DFO

=721 (o)

Lc=1 (o) /2rL

(2L

r : proected area)

FTHLERI ZEMER BE5E0ET Eluninous density, B2 R gefE k) luminous

flux BBf7=Z1m/m?

E=UC

mit area

HEEM=ZRE —EzEm, Hluminous flux

/B2 51°Eall directions,

du=ud® 4=

v=CSING¢f
dw=27xzcosfd®@

M=fvdu=§f"% (c
=1./4cu

sind@ )
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Table 1{(4.1) Basic Photometric Quantities, Their Defining Equations and Units.*

Term

Symbol Defining Equation

Explanatory Notes Units

Lumtnous flux
(or.power)

L usmnous
1ntensity

Luminance

[lluminance

Luminous
exitance

Luminous
efficacy
function

F,(or P,)F,=KP,

F;'=Kmfh‘pflwh)dh K.

v

B dA cos g,

_ 4%,

| dE

[ |

dw,
_— dFﬂ
- dA,

dF,
M = ¢
g M=

E E

K(A) K(A)=K,V(A)

P,

K

-

dw,:

dA,:

dAICDS €.

dE,

d s

dA,:

V(A):

Radiant flux (W) Im

Luminous efficacy (Im-W ™)

: Max. luminous efficacy

(683 Im-W™ )

Element of solid angle with  cd
apex (1) at surface of source  (lm-sr™')

Surface element of source cd-m”™~
(Im-m~™*-sr™ )

: Angle between given direction

(1)-(2) and normal n, of dA4,

dA orthogonally projected
on plane perpendicular to
siven direction (1)-(2)

: Hluminance on dA; normal

to the direction (1)—(2)

Element of solid angle with
apex (2) at surface of receiver

Surface element of Im-m ™"
recelver

Relative photopic luminous
efficiency function
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Fig. 1{4.3.4). Schematic diagram of a gonio-
photometer to measure the total luminous flux
emttted by a lamp.
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i

- r
Fig. 1(1.1). Tllustration of explanatory notes given in Table 1(1.1) conceming basic radiomet-
ric quantities and units. |

w = — (steradian)
"--..,_____ r

Sphere
{raodius r}

Fig. 2(1.1). Bhustration of a solid angle w and its measurement in terms of the unit of solid
angle, the steradian (sr). The apex of the solid angle is located at C. The solid angle cuts off an
area § on the surface of a sphere centered at C and of radius r. The size of the solid angle w is
then given by the quotient of S over r2. In the case illustrated, « is approximately equal to one
stexradian. The concept of sohid angle is not confined to right-circular cones of the kind depicted
in the Hlustration. Almost any skape of cone, generated by the straight lines emerging from the
apex to the points of a closed carve, can represent a solid angle. If the closed curve is a pulygon
(e.g., a square), the cone and thes the solid angle takes on the shape of a pyramid.
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Figure 8.39. Changes in ihe shepe of the lens during
accommodalion (&) The lens is flatlened tor distant vision
when the cilary muscie fibers are relaxed and the
suspensory hlgaments are jaut () The lens is more spherical
lor closeup vision when the ciilary muscle fibers are
contracted and the suspensory lgamenl!s are relaxed

Ciliary muscle
{ibers relaxed

Suspensory
ligaments {aut

Lens thin and
focused for
distant vision

Ciliary muscle
fibers contracted

Suspensory
ligamenis relaxed

Lens thick and
Tocused {or
close vision

{e} SIms/Schenk

THE RETINA

There are two tvpes of photoreceptor neurons: rods and

Sensory Physiology 243

Figure 3.40. In a normat eye (a), parallel rays of hght are
brought 1o & locus on the retina by refraction in the cornea
and lens If the eye 15 100 long, as in myopia (b)), the tocus is
in front of the retina. This can be corrected by a concave
lens Il the eye 1s 100 shorl (), as in hyperopia, the focus 15
behind the retina This is corrected by a convex lens. In

astigmalism {&). ligh! refraction is uneven due Lo an
abnormal shape of the cornea or lens

qd1Dp
e
- )

Normal sight No correction necessary
Rays focus on retina

@
-
__'_‘F
gt
B

Nearsightedness Cencave lens corrects
Hays focus in front of retina nearsightedness
Y
Farsightedness Convex lens corrects
Rays focus behind retina farsightedness
- A |
Astigmatism Uneven iens correcls
Rays do not tocus astigmatism
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Figure 8.41. The layers of the retina. The retina is inverted,
so that light must pass through various layers of nerve cells
before reaching the photoreceptors (rods and cones).

Direction
of light

Fibers of the
optic nerve

Ganglion cells

Amacrine cells

Bipolar cells

Horizontal
cells

Photoreceptor | Cone
cells

Rod —

Pigment layer— T
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245

nology

L

N&QTy, Flhy

€

(a) Structure of a rod and cone 1) A

scanning eleclran micrograph of rods and cones

Figure 9.42.

QUTIR0gDoa0maEDpaAmuAgGR

(b)

Cone cell

(2) Roc cell
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Figure 9.46. S3ince bipolar celis receive inpul Irom Lhe
convergence ol many rods {a), and since a number ol such
bipolar cells converge on a single ganglion cell, rods provide
high sensitivity to low levels ol lighl at the expense of visual
acuily. The 1:1:1 ratio ol cones 1o bipolar cells to ganghon
cells in the fovea, (&), In conlrast, provides high visual acully,
bul low sensilivity.

Pigmenied epithelium

Rods Cones in

fovea

Convergence
No convergence

Many sensory

Single sensory nerve fibers

nerve fiber

~ealson

(a) ()
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Figure 9.47. The neural pathway leading from the relina to
the lateral genicuiate body 1o the visual cortex. As a result of
lhe crossing of optic fibers, 1he visual cortex of each cerebral
hemisphere recerves input from the opposite {conlralateral)
visual field.

Point of fixation
(eyes are focusing
on a close object)

Monocular field

Binocular field

Macuiar field

Lens

Retina
Macula

Optic nerve

Cptic ¢chiasma

Optic tract

Superior
collicuiys

Laterai
geniculate body

Optic radiation

Qccipital lobe
of cerebrum
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Nasal

half-retinas
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TABLE 6-1 Values of the Relative
Sensitivity Curve ol the C.1.F. Standard

‘/;z;':‘/éj%lféii'zgéﬁﬁ ﬂ/éa>ﬁﬂf>t

Ohserver®
Wavelenglh Phaotopic scelepic

A{num) v, " Vs

380 0.0000 0.0006

390 0001 0022 2000 [ : !

400 0004 0093 |

410 0012 0348 . -
420 0040 0966 _
430 0116 1998

440 0230 3281 1560 _ }
450 0380 4550 -
460 0600 5670 2

470 0910 6760 = N
280 1390 7930 3 -
290 2080 9040 3 -

2 10001

500 3230 9820 2

510 5030 9970 5 ~
520 7100 9350 T —
530 8620 8110 g _
540 9540 5500 B
550 9950 4810 o [Vt
560 9950 3288 "hotopic _
570 9520 2076 :

580 8700 1212 B
590 7570 0655 -
500 5310 0312 ol |
310 5030 0159 400 5C0 507 700
320 3510 0072 Warelergth (nm]

530 2650 0033

640 1750 0015

650 1070 0007

5660 06 10 0003

670 0320 0001

580 0170 0001

590 0082 0000

700 004 1 0000

710 0021 0000

720 0010 2000

730 0005 0000

740 0004 0000

750 000 J000

760 0001 0200

770 0000 0000

780 0000 0000

“To conver! o spectral luminous elficacy in lumens
per wall, multiply V, by 683 and V', by 1700,
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Method of Adjustment

e EE R & — Method of Limits

[ Method of Constant Stimuli

MRET fi[E
~ 4 30° T|H
~ =+ 80° kI
BRh R ¥ LERER

_"|.

(Z)alHE
=HEE « IND (Just Noticeable Difference)
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o
EE5ES — PERE SHZ 6~9HZ
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ol R

Response
: ! 2 3 4 5 9 7 Other
% 1 T | |
1 T 100 E ‘ 3
2 f 38 4 8
] S 6 24 4 16
5 2 4| 98 ,
% S
> I 72 5 22
1 o 8 58 4 20
T % 10 78 8
i (a) )
!
1 4 2 5 G 3 7 Other
‘ T T T T T
j Y100 3
| - o 2
2 RS 4 q
E |
o 68 8 4 2
| e - 24 56 4 16
| |
f 7 Maximum confusion L_TO_ . 4_ /3 a

(5)

Figure 7-8. Distinguishability-confusibility matrices on data adapted from
; Green and Pew, 1978. (a) Original confusibility matrix. (6) Revised confusi-
. bility matrix.
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SRR — T EEIE (Analytical Proc. )

B HE — FEE=EH (Holistical proc. )

EARTE ¢ BEEERmE R - BB

Ko

wian * Ellis and Dewar (1979)

() EFEHRE

R ETR
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=7 R stom recognizability
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120 PART 2: INFORMATION INPUT

1000~
Verbal-No
2 GO0k
: --
% Verbal-Yes
E
m‘ - A
: -
=
S
5
g
2 800 A
,...--""H
-
“Sy
- - Symbolic-Yes
e FIGURE 4-15
- Mean reactior
sponses {0 sy
260 f | SIgns viewed
Nondegraded Degraded graded viewin
Viewing condition and Deward,

}

‘At a more specific level, in Chapter 3 we discussed
using coding systems: detectability, discriminability,
ingtulness, and standardization. These guidelines are ec

desi_gn of symbol systems. After all, symbols are reall
coding.
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1.8 (F48) iR (Figure to Ground )

0. FEEFIE (Figure Boundaries)

3. FA=azET (Closure)

4 E5EEHHME (Simplicity )

5. &51MmE— (Unity)

(TR TR AER

| BT mAS BRI & E R

2. ZHEREES

-156-



~19321d si (adeys pIjos € A]|L11uassd) AILpunog Jse.uod y  SILIEPUNOog 2.1nsL]

("026L
‘Aqueised woil po)ydepy '82.n05) "saulyoewl Yiim pasn s|joquwAs 0) ajejal sejduexs 1e|noed

asay| 'S|OqWAS apod [ensia jo ubisap syl 0} ueAsjal sajdiould ienjdeosed urepao Jo sa|aduiex3

gi-v FHNOH
J. 1oedwl ssa| sey |
joguAs 100d o.1nbt] uadO
B sa)eWw apIsIno |1Ie1agd |0QUIAS YEeam € .xd 1004
saxew [ielap (onu 00| Lju/ud -
100
UIL/W X W o 5 |
\ peal@alad Ajipes.
350
oquAs poob e b nii e > POOY)
_ s poob e bunjew |
Asepunoq 8|buls e uiypm A 1ao1d o T
o1l joquiAs sw1 jo sped iy | PR Arepunog
Ha . HS 9ICUIS ¥ 21nso|N) (o) a.nbi4 (q)
| #
2Nl a|gqeIsun 1004 ainbij ajgels 'pPoon)

\AAANV | .,_ 1]

Anoiiduig (p) punolbyainbly (&)
1

€ZL S3A00 ANV STOGWAS 'SOIHAVYHD 1XdL ¥ "HILdVHO

-157-



TAIN VISUA  SODING METHODS

mber of leve: -hich can be discriminated on an absolute basis under

[) Single nur “rals, 10; single letters, 26; combinations, unlimited. Good:
especially © seful for identification; uses little space if there is good
contrast. C rtain items easily confused with each other.

2) Hues, 9; hie, saturation, and brightness combinations, 24 or more.
Preferable iimit, 9. Particularly good for searching and counting tasks.
Affected by some lights; problem with color-defective individuals.*7

3) 10. Preferabie imit, 3. Limited space required. Good for qualitative
reading.z |

# )15 or more. Preferable iimit, 5. Generally useful coding system,
particularly in symbolic representation; good for CRTs. Shapes used
together need to be discriminable; some sets of shapes mare difficult to
discriminate than others.z

5) 24 Preferable limit, 12. Generally satisfactory for special purposes such
as indicating direction, angle, or position on round instruments like
clocks, CRTs, etc.§

5) 5 or 8. Preferable limit, 3. Takes considerable space. Use only when
‘specifically appropriate. |

7 ) 8. Preferable limit, 4. Use only when specifically appropriate, such as to
represent numbers of items. Takes considerable space; may be
confused with other symbols.

&) 3-4. Preferable limit, 2. Use only when specifically appropriate. Weaker
signals may be masked.xt

7 ) Preferable limit, 2. Limited applicability if receiver needs to differentiate
flash rates. Flashing lights, however, have possible use in combination
with controlled time intervals (as with lighthouse signals and naval
communications) or to attract attention to specific areas.
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FIGURE 4-22
Potential combinations of coding systems for use in multidimension

coding. (Source: Adapted from Hejiin, 1973, Tables VI-6, VI-22.)
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E? VI - @ o ®
o c o 2§ 5
= 2 & s 5 < 3
= s o & = O 4 -~ o
& Z v J o o«
| .
l Cotor X X X X X X X X
Numergl gnd letter X X X X
Shape: X X X X
Size X X X . X X
Brightness X X | X
_oCcahion X X X X
Flash rate X X X X X
Ling length X X Y
Angular grientation X X X X
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_Dﬁ_\\
Sources
(Measured at operator/ Aural Sound Level
listener distance trom source) Effect In Decibels
Shotgun blast Human ear 140
Jet plane at take-off Pain Threshold
Firecrackers, exptoding
Rock Music (amplified) Uncomfortably 120 {Owmin
Hockey game crowd Loud
Thunder, severe
Pneumatic jackhammer N
Powered lawn mower Extremely 100 z \h\f
Tractor, farm type Loud
Subway train {interior)
Motorcycle
Snowmobile
Cocktail party {100 guests)
Window air-conditioner Moderately 80
Crowded restaurant Loud '
Diesel-powered truck /tractor
Singing birds Quiet 860
Normal conversation
Rustle of leaves Very Quiet 40
Faucet, dripping
Lighi rainfall
Whisper Just Audible 10




M 13-3  LISonesIiR A4 7

WS aB .
Sones
FEEO0R8 » E2N8 1 1
BRI 56 7
=88 - 50 ft 68 14
[ O 76 54
18 iINESMMSE 89 127
FTSLXPEEM » 3 Tt 103 350
WETH - 6 Tt 11 800

ZOWE I - 4 Tt 128 30000

WEPKM . Banvallet, 1952
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The organs of hearing, including the
exiernal ear (pinna and external auditory meatus); middle
ear ossicles: and mner ear, which contains the cochlea.

Ossiclas
%c p’__g‘—\
‘ ‘t incus %45%

,\ r-(, iﬁ A Malleus Stapes ﬂl""

Y 1 R Cuchiear nerve -

" Oval window "P@
Yo |

Pinna

-
= 7% External meatus =

-| Middle ear
Round window —-l

custachian tuba

j-}}' ?:':'ﬂ 1%:**9 o CAN. 1 |
w %1?}3} dﬂﬂiﬁﬁ‘i@

Source: Human Phy51010 'y (Fox, 1984)
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R

P b

A longitudinal mechanical waves FEBRE - ¥ « 2R [EHB
Audible range : 20~20,000 Hz |

Compress the éir'l |
B V:brating element ——— 3D proganation
pleasant Sensation
unpleasant

(3'1.intensity-2joﬂiéé/ﬁ/%éc
| 2fpréssure : P#I.ﬁi;
3.Intensity level = 10 log [/Io
[ = detected as a change in  loudness

lo= AJEN[HETR{EEET 1init of human
audibility |

4.Pressure Level = 20 log P/Po
) Po= describe the amount of sound at a
location away from the source

5.Frequency = F=1/T
(cps.Hz)

6.Amplitrde lbudness
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Measurement of Sound

A Instrument

1.Sound level meter
a.Measures the root mean square (r.m.s)sound presure

level in dB
b.Duplicate the response of the human ear ABC  network

(scale)
c.steady sound —— Fast Mode
Intermittent sound —— Slow Mode

2.Impulse meter |
a.peak level of noise that are very short in duration

3.Frequency Analyzer
a.Segment noise into frequency band (low median high)

b.(—)effectiveness of noise control technique
(—)detect the dominant frequencies

4.Sound Monitor
a.Elevate sound level varies drastically over a wide
range
b.mean percentile
c.exposed to varying noise for a duration of time and
indicate if the exposure limit has been exceeded
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SOUND PRESSURE LEVEL, dB ve 20 uPs

4 M Possible vegetative rejaction.
40;_ I m Pronounced vegetative 7eaction.
201 | .

24771 Beginning of injury.

Possible danger zone for wide-band noise.

250 500 1000 2000 4000 8000
FREQUENCY, Hz

Fig. f ) Damage risk criteria, after Jansen {1].

(r1ay 1978)
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Toial Noise

Duration per
8 hour

value

— Q)
N RO — N I 000

is not given,

min
min
min
min
min

day

1

87
0
21
73
96
100
104
108
113
123

interpoltation is permissib.

3

89

972
74

98

107
104

105
102
114

e
FA.

Number of Occurrences per Jav

7

&9
23
28
102
106
102
115

17

il
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Effect of Noise on Operators

A.0On Performance

].Interference With Communication
To have909%speech intelligibility between 2.With ]
meter apart |
the backgrourid noise of mixed frequencies < 95 dB
the backgrounhd noise low - frequencies < 105 dB

2.Interfer human performance

a.Steady noise < 90 dB (A) ok

b.Intermittent or impulseve noise are more disrupting
even < 90 dB (A)

c.Noise and No. of error

d.Complex tasks are more affected by noise than simple
tasks

B.Health and Safety

l1.Physiological effects
a.Effects on hearing:Temperary threshold shift(TTS):
fatique of cochle Permanent hearing loss:damage to
the hair cell
b.Temperary hearing loss
].noticeable dullness in hearing
2.tinnitis (ringing or roaring senation)
J.disappear a few hours (day)after noise
exposure cease
c.oensorineural hearing loss:inability to hear high -
pitched sound
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NOISE-INDUCED LOSS IN HEARING SENSITIVITY, dB

et

T T 1 1
No exposure

]

10 years

10'{

20 :

j’
/

BN

exposure’|

| ]

20 years

EXPOSUre .

/

N

=i

45 years -
exposure

/

N

—

/

pg

/ |

.—u..—-——u.—-——_.-o—-—u-—u—_.._.4L;4m.—-.—s.—_4

r____

Approximate speech frequency rmge———‘{

|
i

10

e e g

:
(

|

200

500

1000

FREQUENCY, Hz .

2000 3000 4000 . 6000 8000

Fig. 5 Audiograms showing the typical reduction of hearing sensitivity as a
result of long term exposure to industrial noise. The approximate range of speech

frequencies is shown.

May
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Noise as a Public Health. Hazard, ASHA Rep. No. 4.

American Speech and Hearing Assoc., Washington. D.(..
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Young adults
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1ology ond Pethology, A Symposmum, Kales, A., Ed., Lippincott, Philadelphia, 1969, 17. With

waon) ( Crocker & Price | 1975 )
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Source:
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-
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g 0.6
g O
E e
O
O 0.4l
= :
0.0~
0.2

|
80 85 S0 93 100 105

Effective Noise Leve] (6BA)

110 115

The recommended maximum duration of exposure (in hours, hr,
On the vertical axis) to noise of different intensities (in decibels,
dBA, on the horizontal axis) is given. The higher the noise level,
the less time a person should be exposed to it in order to reduce
the risk of hearing damage. Noise levels above 115 dBA should be
avoided; levels below 80 dBA are not known to contribute to

hearing loss over extendeg exposure times.

Lrgonomic Design for People at Work, Vol. I
(Kodak, 1983)
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V. CONTROL OF IMDUSTRIAL NOISE

A. Sources of Internal Industrial Noise

_-——--—--—-———_——l-————ll—l-—-l-l—.—_—_—————‘————-ﬂi—l——l—l I-F——-—————l-—lllrl—d-———-—-——-——————-l-l-l-l-.

SYSTEM SOLRCE
Heaters Combustion 2t burners
Thepiration af osremix 3irc at burners
Orzft fans
Ducts
Motors Cooling air ©an
Cooling svetram

Mechanical and electrical parts

Air-Fan Coolers Fan
o 4 1 . +
Speed ajternator

Fan shroud

Centrifugal Compressors Diccharge piring and expansion joints
Antisurge bypazs Ssysiem
Intske piping and sucticn drum
Air 1ntake and air discharge
Screw Compressors Intake and discharge pPLlpPpiNng
Comeressor and §&ar Casing
Speed Changers Tear meshins:
Engines Suhaugst
|" J.rlull.a:'\'f."
0 ! 1Mi3 fan
Condensing "~ Tubilng EFxpansicn Joinl on  steam S1scnarge
l1ne
Atmospheric . Vents, Cischarge ;=%
Exhaust and Intakes Upstream vz . ves

Compressaors
Piping Eductars

Cuwcess ve noities

____—____—_-__-_—H_—H_—--——_-—l—-————————.—l—|—'l——_——m —— o — ey S-S E—
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A . Measurement

| 3R B2

B.Evaluating

r
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C.Control
4.Control at the Source Engineering effort
5 Control in the transmission path

5.Administrative control

7 Control at the receiver (personal heaing protection)
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= NOISE SOURCE —=—=-— -~ PATH - - °—;—— -~ RECEIVER
].
i [ R—
b | Reptecten | [ BRI
/i/ fRom | IACOUSTICALL, ,j
, e TR {8 S A
L fuosl oy
; | 5 I i
; 5 | f%\’ PERSONAL l
- 1 f N7 A A\
1 ENCLOSURE L-f;éb-'—{ DIRE-IT AIR PATH L-»-%é-{ PROTECTION: . [,
, R ;% N H ' ’ [
gggg Lo e J L | Eﬁ/}PLUGS,MUFFS: \
_’—% - e e = | ! L — - J K
- RESILIENT | I | ReFLecTeD T 1 L7 _
= , FLOOR r——==-=" TN
= == VIBRATION FROM e ENCLOSURE i ~
MOUNTING | 'l rloor ’ H SR
Lo J a - 7

REDUCTION OF NOISE
AT SOURCE BY:
1. Acoutticol design
3. Decreose 2nergy for driving vi
broting system,
5. Chonge coupling between this

energy ond ocousticol radieting
iystem

<. Chonge structure 3o less sound is
rodioted

2. Substitutior with less noity zquip.
ment,

3. Chonge i= method of procesiing.

REDUCTION OF NOISE

» BY CHANGES IN PATH:

" 1, Increose distcnce betweer 3ourca

and receiver.

2. Acousticol Irz !ment of ceiling,wails
ond floor 10 - Hsorb sound ond re.
duce reverberution.

3. Enclosure of noise source.

REDUCTION OF NOISE
AT RECEIVER BY:
1. Personcl protection,

. Enclosures — isoloting the ~orber,

[ ]

Roiotion of perionnel 10 i2dyes 1=
. posure lime,

4. Chonging job 3cheduley

Fic. 11 —Every noise problem breaks down into three component parts,
(a) a source radiating sound energy, (b) a path along which the sound
energy travels, (c eceive h as the hums : Ky

gy (c) areceiver such as eummear</\/SC/ (/7) (

J
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