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A new method lhas been evolved to facilitate de-
yvelopment of the more complex weapon systems
by providing concurrently with the design of

the system a clear definition of contemplated man-
machine relationships. In its present form, this method
was employed successfully on the Sparrow III, Hawk,
TAC-BADGE Polaris, Thor, Swallow, and other missile
system programs. The technique provides a schematic
(liagram of the essential interactions among operators,
stations, equipments, and time. Design flaws in the
svstem, either from an equipment or operator point of
view, are revealed by the schematic or decision-action
flowv chart which we will call an Operational Sequence
Diagram (OSD). These diagrams present graphically the
interactions between mnan and machines. The OSD re-
veals system weaknesses that can be directly traced to
inadequate hardware or communication-link construc-
tion. In addition, the OSD provides a realistic descrip-
tionl of system operation wlhich enables the human fac-
toIr miian to design consoles and arrange panels.

Consider the use of OSD during the design of a hypo-
thetical air-launched ballistic missile (ALBM) weapon
systeii composed of the following maj or subsystems:
fire control, launclher, aircraft, navigation, missile (in-
eludling missile checkout) and communications. Assume
that four men will perform all necessary operations for
lainclh, and that the subsystems will be assigned in the
following manner: pilot-aircraft and command; navi-
gat or-communications and navigation; flight engineer
-launciher and missile; co-pilot-fire control.
As soon as the equipment units have been defined, the

first (Ii'aft of an OSD slhotild be attempted. At this stage,
the diagram might appear as in Fig. 1. Individual con-
soles are grouped as subeolumns under major columns
corresp)onding to eaclh operator. Since the assumption
has been macde that the co-pilot, will perform fire con-
tiol functions and thuius coordinate all launch activities,
the central columns on the diagram represent the co-
p)ilot's activities and decisions during countdown pro-
cedures. To the left of the operator-equipment columns,
an estimate lhas been made of the relative time each op-
erator or equipment action will take prior to launch
(note that this hypothetical system employs four iner-
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Fig. 1-An example of an Operational Sequence Diagram.

tially guided solid-fuel missiles and that the weapons
carrier has the capability of rapid successive launch at
different targets).

Squares on the diagram are used to indicate actions;
automatic or miachine operations are indicated by double
outline squares, manual actions by single outline squares;
hexagons represent operator decisions. Triangles are used
to indicate the transmnission of information, and circles
are used to indicate the receipt of information. A double
circle indicates, for examiiple, activation of an indicator
light by a remote action. Single circles represent receipt
of information by manual (verbal or written) means.
Wherever quantities necessary for normal operation
have not been specified (or rely up)on external sources),
a dash can be used to indicate a required quantity that
must be furnished. Fig. 2 suiimmiarizes OSD symbols and
rules that have proven successful.
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Fig. 20.-Svibols and rules for onistructinon of tonl

Sequtencee Diaigrams-.s

Numbers within a block refer to a keN xhere a iiorte

extenlsive d1iscussi be p)rioi(led. Note that On the

diag;im only enouglh words ot' abbreviations ai'e p)'o-
vided to identify a particular item. A compact, con-

cise diagram is necessary if someonie besides the oi'igi-
nator is ever to study it. At a glanice, it should be pos-

sible to determine if the preliminary allocation of duties

has been equitable. System inconsistencies often showv

upl) in an OSD that mniglht othei-wise have gone unde-

tected uintil the completed svstem was aiiborne and

ulncder 'test and( evaluation. (Changes at thle latter time
aIre usulallv extremely expensive, b)oth in dollars and inl
slipped delivery schedules, due to tl-he customlary practice
of followving protot)e weal)n sy-stcillus perfilosly- (lose
withl prodtictioin runs:.

Tl7he niext, step in sysstenm design, followving prepal'atioi
of an OSD, is to proportionltle allocationi of functions
between manin andm1iaclinie in order to ar'ive a-At a practi-
cal configuraftion. S)peifi(h-ally it must, be decide1cd whet her
autornatic scquencing sh1ould ht cminployed. or- whethicr
primar11,ilyv m-l.annal sequencing as shown in Fig. 1 is11nzees-
sarv tCo accouinit for- pos.sible malfulinctiolln(sor -s1udd
changes ]in thlie taticls'itutdion. II genleral, syst em

design wN-ill imi foI te' gllreatest degrec of aitoalltion11
('onsistent with rliabIla)IIdit Ipractiotieaf1lsbound of ciquip-
1nen't, coinl)lexitv. In as systein ats vit'al as lan1 ALTI\M s-

tenii, manual mionitorilng uust 1w eladily hlanclble to

micanual ol.mel'ratioln ill tie event of ('011-1pomlle']t 111l fulnl-
tion. Althouighol thle scope of the ( hoI)as sI lmwilncarm-
pcassc-,,t' only norm11;al operationl). othler' sqencille's nauilyall
follow each decision hexa'gon. ( )t her dJecisionll naIm cartions
follow every indietion) not receive(l. Separate(t )S are
therefore necessat N to J,Itc' mlbc Sucl Inal.jor n111am leltiol
secuencesI as isniile bvI)p,9. (Itir'ing normal, laumICI o)r1 1iis-
sile: jettitsol in th (a (iii of al hazrdous ('irtli a.larmn
dtu'immllg1 I-nonnal1'l1 lcriuse Conidit ions. 'More detaili1(I corree-
-e actions folr etchp.I 4l- llictieOlli can ofi en I (e

'ep)ItentSDt pr'ofit, nlxul inl t-1ill.ar ton111 tle (W s l ci
r'esetrved1 for svstelll problemlls involvin, citonr(liIiU t ion
.tmon04/ sever'a 1 stttttio-ls.
TI I (- (C I (h-tiotn Sen(tieCe D)iaia.1rm tpnl 11111 l dcprovh I

Ia C0Nr' nlit ntmet -1hodwherehl-v syistemil ol)eratiollenn he
codifie(l .siiultaneously wi t IIim Iarldware designi. ThTeIIIhI-
luan engineet ('intO lalI' oult Iliis planels. reualist i lIIv
the prOtiect einioieci'' can1 ohtain a lett.er ideatt of the oman-
rmachinie relationships foi' var'iois (legrees of ant onrat ion1
and cain thIerefore evaluatetlit ernaftinve syst-em desians.
Perlhalpss muost imlpiortailt of o11,Ol)(erating p)(i'sOi1el clanl
take a look at how a new sRNstem w\-ill operate. andl p)io-
v-ide uiseftul feedback to the desiarners ini tinme to effect
essential lhardw^are clnanges pmroio to .ysvtein inst:all-ation.

Operator decision Io.iroiced oI basis of re(eived
O finformation?).

D Operator actioln ((.q.. t1totw 5wit('l).

>n Infornmationmirainsinitted ( p..vi.-la phone circuit).

nfi-nit'otnaon. received /.voiceCommuad

Autoniatiac ation (Cq.. aubornatic cheekout).

j Informnation1 tr-ansmitted automiatically (C.g.-, raiile
checks-;,frsomi checkout equipinent to FC).

O Inform.a-tion eceived aut.omiatically (e.g., sign.al
lighlt).

Vertical lines tie togethIem sequentiatl items; cla.shed xer-
tieal line indicaites a tinme delay in the sequence.
Horizontal lines represe-nt informawtion links between equip-
rnents and/or' operators.
RouLgh time schiedutile is indtlicatedi in a. separate column.
Ntimbers inside symnbl.s imn.y bel.-ufsed for reference to a
key.
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