PORTABLE LASER SCANNI NG SYSTEM AND SCANNI NG METHODS BACKGROUND OF THE

| NVENTION 1. Field of the Invention The present invention generall yJﬁaat es
to | aser scanning systens for, and nethods of, scanning, reading and/or
anal yzi ng bar code synbols and, nore particularly, to a mni gt uen

scanni ng systemwhich is conpletely field-portable due to i ti‘?ﬁbgﬁee%ght
and smal | -size and snal | -vol ume cihgracteri stics. Still nore particularly,
this invention relates to a hand-held | aser scanning head in which the

| aser source, power conponent, optics, scanning el enents, sensors, and
signal procgsshte GiasER | SOANNNE sPSTEMTAND ! RANNARE Hslrops Description of the
Prior Art MamyTTmogustrres, partrcurarty tihe grocery amnmd food processi ng

i ndustry, have begun to designate their products with a uni que bar code
synbol consisting of a Sckegoudd br N8g apengpaces of varying wi dths.
Various bar code readers and Taser scanning systens have been devel oped to
decode the synbol pattern to a nultiple digit representation for check-out
and inventory purpasesd dJfOokheXawehe€iod he contact-type wand or pen bar code
readers were nanual Ty positioned on the synbol, and then nanually dragged
acrpss the synbol, with the pen tip always . remaining in contact with the
Sy E‘Ol . Ski || edTpermenast ineerctigengerseirayly e@liatesd tbolaseresdagpiing he
novenent, b , - QITD t £ . a e ; t he pen
on 1 hesymoae His Sfodt feifdad 88 Udnabilf POAGL B/ BECEMNELR 10" T
ma'ﬁ"La| rrovelpmppdg§mms and; morgnparticularly, to a miniature laser

scanning system which is completely field-portable due to its

fie
i light-weight and small-size and small-volume characteristics.

Still more particularly,_this invention relates to a hand~held
laser scanning head in which the laser source, power component,
optics, scanning elements, sensors, and signal processing circuitry
are all mounted therein.

2. Description of the Prior Art

Many industries, particularly the grocery and food processing
industry, have'beguﬁ to designate their products with a unique
bar code symbol consisting of a series of lines and spaces of
varying widths, Various bar code readers and laser scanning
systems have been developed to decode the symbol pattern to a

B

multiple digit representation for check-out and inventory

= purposes.

' For example, the contact-type wand or pen bar code readers
were manually positioned on the symbol, and then manually dragged

across the symbol, with the pen tip always remaining in contact

with the symbol. Skilled personnel were generglly required to
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the pen speed, were also critical. These contact-type pens were
Eeousiﬁﬁt;pnly because of the requirenent for skilled personnel -.
pcause' the pen tip tended to scar the synbol itself. Repetitive
bps wef e of ten necessary, becausg successful decodi ng may not

ed on the first attenpt. Al so, in sone applications, a product

b be scanned several tinmes a day, or repeti- tively over the

protect the synbols, nylar protective coatings were used;

ne nylar coating is not only expen- sive, but also diffuses the

e ffdgets uthe ngovameasdi begansd cramordeotiaek HactorEer they anmfgltehand
| so means that the pen readers could not be reliably used as
hiprgssure-ofil fheypeot ohorthec eymhicl Wwasasomeéwhati aziviidals iamd the
y- zers, which neasurenent requires a uniforn1scanning speed. -
hepead refidehe panndurdagudds wmanunahmevemedtpraguvedl agcirhgs uni-
ns, because the wax diffuses the |ight and al so adheres to the
hefaxtmi tiecefsthat PRY SoRSCanWede sy Fithealip. Nor can

be readers be used on soft products, such_as soft-packaged potato

bse, or bl oPAeBAgSONLARE-FyPe RANT RKR 45528VRBRATREVR NRK oLy

en over these soft packages, and m_ght égen rip the packﬁgg

- hegrusmitdEt thepretiBagernente fRke Finkrqd tPRY BARNR bdePYF IS Hecause
t he outer surfac f . relective alum.numcans: _als contact-type
ride RETCEP (ReREeBneOo a5l e ROl | SESFLE L ReRECabege meRRal
%m%é¥§”$%439¢ftéﬁfp%é%ggg%y, because successful decoding may not

have occurred on the first attempt.' Also, in some apvlications,
a product may need.to be scanned several times a day, or repeti-
tively over the years. To protect the symbols, mylar érotective
coatings were ﬁSed; however, the mylar coating is not only expen-.
sive, but also diffuses the light, therebv resulting in reading
problems. |

The lack of uniformity of the pen speed also means that
‘the pen readers could not be reliably used as scanners, and partic
ularly not for accurately measuring line widths in symbol analy-
zers, which measurement requirés a uniform scanning speed.

Contact-typeipen readers cannéf be used with wax-coated
products, such as ﬁilk cartons, because the wa!.diffusesléhe.light
and also adheres to the pen tip, thereby necessitating-ccnst;nt
cleaning of thé tip. |

Nor can contact-type readers be used on soft products, -
such as soft-packaged potato chips, cheese, or blood bags. The
user would have to follow the wrinkles with the pen over these
soft packagés, and might even rip-thé package itself.

hNor can contact-tvpe readers be used wﬁere the bar éode-

symbol is located on the outer surface of relective aluminum cans;

also, contact~type readers cannot be used where the syvmbol is not




cassette tapes are coded, but-the plastic container for the cg§sett§ spaces
but non--negli gi bl edi stance fromthe outer plastic
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the synbol at a snall
}-- surface of the container across which the pen is dragged. This snal
" distance can cause |ight diffgsion and non-reading. Sone wand 99 pe
readers are of the non-contact type, i.e., the pen tip need not be i
physi cal contact with the synbol. Neverthel ess, the depth of focus
| arge, and the pen must be positioned in the inmediate vicinity of t
synbol. For all practical purposes, the non-contact pens are usuall
Legakad 'W@rh@@e@ugéro§§rtfﬁé=%>ﬂﬁ)cﬁl}e tPRekagipgsul FPlg SXaMHe scarri
cl eani ng problens di scussed above. Mbreover, non-contact pens stil

caSsathd i §3PPR 8RE ARARHUI A4torFhs RIRSEhE €°BFALRETERTOFNe synbg

Dasnstem spagss, Ehe” BYRBAL ek gnisTa ] g oo Pehn peB Tass 3%§£d%€%qc3
| t. _Jf_the. symbol . not” full, d on
L the (QRERT PRBRCL Fo SUEEATRIATT rERRaTOb RELARRUAF EO8Sn “REa i

%ptiJs successfu
Belbdrs SHAYST y. _
rket counters. These point-of-sale or "deck" scanners may ;

u " -
'ﬁﬁd?gﬁﬁéghﬁbean1or fi xed beam type.

! _ I | . However, t hese are | arge, nassg
tat . ; t " t ,
e S nand 0P, bah) 23 aer WS UL e Hon' 08nRERE L vBE A1 fon

- t?%wpé?pl@ﬁ ShdBY " N6+ Shal 1A ¥ i Bl Y PBact wifh the symbol.
Nevertheless, the-depthloﬁ_focus_is not iarge,.and the pen must
lbe positioned in Eﬁe-immediate vicinity of the symbol. For1ail
practical purposes. the non-contact pens are usually manﬁally_

dragged across the symbol, thereby resﬁ;ting in the scarring_an&

' cleaning problems discussed above. i
| Moreover, non-contact pens still require criticality in the -

manipulation of the angle of the pen on the symbol , thé pen speed,’

'the'pen pressufe and the uniformity of pen speed.

'ly,'just like the contactetype-pens,_the_user, at best, gets one

scan per manual movement. If the symbol was not suéessfully read

on the first attempt, then the user must repeat the manuai.scaﬁ

- again and.again until a successful decode has been performed;_

i This is ti.me- and labor-consuming. |

True laser scanners, not manual reéders, are built-into super-

market counters. These point-of-sale or “deck"-scannérs may be ofr

the moving beam or fixed beam type. IHowever, these are large,.
massive, stationary installations. Some objects are too heavy,. or
too big, or too inconvenient to be brought to the stationary

scanning installation. Some  objects may be stationary themselves.;

Most important-
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/
Nb?_e nodern scanners have recently been designed to have hand-held,

portabl e | aser scanning heads. However, the known portable heads such as
di sclosed in US patent No. 4-251 798 wei gh over three pounds and are too

heavy for thosg®ssenbly- line applications where a user is reading codeé3
all day.long. The known portable heads are al so sonewhat difficult to
mani pul ate easily due to their size,_as_well as due to the fact that a

rat her Thick and somewhat unwi el dy cabl e interconnects the portable head to
a desk-top consol e which houses the decode circuitry. The cabl e contains
rel atively thick, shidlednsiethr€sanasss aatelicernelyybédt aésipmear tovhage Whi ch do
not permt a relatiyely easy freedom of nmovenent .as e portable head is
meni pul at ed. SUMRRARSLAT REFERRENHICS PoRHPRReds; FRECTScRRY SO
Accordingly, it ipertdtdegieesisasuatbjpecdisolosede iprusspatentn¥entdi 251 768 over cone

t he aforenenti On%'?.i%,[ rqfa g-cﬁegfpohngs grnidogreggtgo- H%Q% t}%h ﬁgdé%%sé%‘;nbiyh-e

I nvention is to e e requirenent of using s personnel to
ef fect a caref ul ljnprappl icatdonnmbare s uaen ig meddnemodaeraldsday Bargcode

symbol . Still ang},pamqRhi sritable hBsad AENM1BNsdnzvhet Hikpidakecscarring or
tearing of the synbol during scanning. Yet another ohject of the invention

is to accurat el y "aeinnlate \aasdiy \fuentS thein sdagr &2 w91l as s £9 ttheon the
first attenpt w trfledttha@0alireithér THDSE @HE NSomeGReY uhgiclldy eFaMlE . inftRrasitiecttonal

(r)rgjb Ie f; |O; S ; P ! : c ;%\F/}g %rgggiez H:l[e(a)d pl:rc>0¥ ! éieeskgtgpo c tlxseotlgl Xhifcll'nei'xgﬁs%g r %haeb Idgco ed

—

circuitry. The cable contains relatively thick, shielded wires
and a relatively thick power wire which do not permit a
relatively easy freedom of movement as the portable head is

-manipulated.

. SUMMARY OF THE INVENTION

l. Objects of the Invention

&h/ ' Accordingly, it is the general object of the present invention
to overcome the aforementioned drawbacks of the prior art.

Another object of the invention is to eliminate the requirement
of using $killed personnel to effect a carefully practiced
manual scanning movement across a bar code symbol.

Still another object of the invention is to eliminate scarring

~ or tearing of the symbol during scanning.

Yet anothef object of the invention is to accurately scan a
symbol with a high degree of reliability on the first attempt
without requiring subsequent scanning attempts.. .

An additional object of this invention is to proﬁide a completely

field-portable and mobile laser scanning system.



2. Features of the Invention This invention includes a portable |aser
scanning head for a |l aser scanning system for readi ng bar code synbols
sighted by a user, conprising: (a) a housing having wall portions bounding -
an outlet port and bounding an interior space, said-wall portions including

an el-ongate upper wall adjacent the outlet port along whi ch-.'ﬂifghti ng of. the
synbol s can be taken; (b) I+ @&ht+ source neans nounted in the interior(gpace
of the housing for generating a | aser |ight beam (c) optic neans nounted
in the interior space of the housing for optically nodifying and directing
t he | ader Featimestedthe | Inygnbidn ght path through the outlet port in a
‘direction generally parallel to the el ongate upper wall and towards a bar
code synbol which is located exteriorly of the housing; . (d) scanni ng neans
mount ed i nTRife IPYYHEOP AT LUTRE ?np?‘ﬁ@b?'ﬁzlt]érs?ﬁrs“?ﬁaﬁég &ga‘? HeThousi ng f or
repetiéineby szeanitighgysétem Fows @eadirgbabaide asybots tdighbéd bgode synbol for
reflection theref q .(e) sensor neans nounted in the interior space of .the
housi ng ¥°8F* cf’é’f“grc‘{ﬁ & the variable intensity of light reflected fromthe
~bar code sytdiol a wgifighagime wall mpr&bored boundingl arsiogidét | ndi cati ve of the

ot ect gl BhPRSLAN G oh BebEICEAEL, | b vall bt 08 1RERGRSGI N0 means
mounted in the Interior _space of thé housing for processing the electrical
si gnal 2t ¢lergrtearrPerhvdidi pPAIAERE athee Sutigh POt glorsahpel code symbol ; (g)

“handl es{@egmg @2Nedd kyhbdle Pad beOtadldds housing for normally supporting the

|aser scanning 0EA Slbe Nediiondiitoa! [ WEBHLLLE Jpgag1 N of the bar code

synbol and a S TS . el o
of the housing for generating a laser light beam; _ : ~/

(c) optic means mounted in the interior spaée_of the
housing fér optically modifying.and directing the laser light
beam along a light path through the outlet port in a direction
generally parallel to the elongate upper wall and towards a
bar code symbol which is located exteriorly of the housing;

(d) scanning means mounted in the light path and in
the interior space of the housing for repetitively scanning the ' ;;)
laser light beam across the bar code symbol for reflection
therefrom; '

(e) sensor means mounted in the interior space of the -
housing for detecting the variable intensity of light reflected
from the bar code symbol, and for generating an electrical
signal indicative of the detected intensity of the reflected
light; ..

- (f) signal processing means mounted in the interior
space of the housing for processing the electrical signal tO'.
~generate therefrom-daté descriptive of the bar COde'symbol;

(g) handle means constituting part of the housing
for normally supporting the laser scanning head.only by the
user throughout the reading of the bar code symbol and in a

non-contacting relationship therewith; and



non-contacting rel ationship therew th; and 25 (h) manual |y actuatabl e
trigger neans on the housing for initiating reading of the synbol each tine
the tpigger neans is manual ly actuated by the user. Wth the | aser scanning
head of this invention, the user can pick up the laser scanning head I@hhls
hand, V|suaIIy ab@;the | aser beam at a synbol al ong an el ongate upper

of the head al ong a direct line of sight which does not pass through the
head, %ﬂﬁ manual | y actuate ‘'t he trlggé$ “means to initiate the reading of the
synbol.' The head need not necessarily, and in fact normally does not,

contact the symbol dyring_the.reading,.Th vision of act uabl e
trigger neans gives ﬁ?e ’g%fB“ggH i1 yu% b%%n% %5 I‘tg"eec O% gg%hq‘%?%b%l%el r
respective turnfor fnitiating ireadingoofli thej moéhedpé!t m thaetrtiggemmany scans

have been perfo r bj h one scan has been perforned
% é)mafwﬁl? b &Ghted bgs i %J

for many objects en a usel approach ect bearing a synbol, he
manual | y act uat es t heWitthi tge lasmrarsanrdng rigadac® thépetriwerlv:aonscahmiuﬁgrof t he

synmbol . I n one {ar Hl.‘fl{ uhNehed TYSH !59511 ng?eatdhﬁ% FRE OS] G%a&% éhﬁs

determ ned that a i Ci ent nunber scans ve been 'perfor
successful |y de®déaserebesmissl 2 SWIE‘PI]- fheng, 8y elr%"géFEr"cP@Gr pLadred ndi cat or

such as a |ightyhédd Rlosd adei i/ DinedobaAgat wHilAtaddaensepaks ti ve
scanni ng of the ob ect h een erm ted The trigger neans can be
rel eased eit her P %kr‘ s, ?ﬁ%'aﬂ F‘aml e ?ot}' ggﬁFﬁd'leéﬂs *® The
actuation of t hiautl:ﬁ.at.;ge:he areddime ot‘ntl'le:ajmtrol. The head need not necessarily,
"\y) and in fact normally does not, contact the symbol during the
: reading.
The provision of manually actuable trigger means gives the
capability of sensing objects, each in their respective turn.
It is critical to distinguish between whether many scans have
been performed for one object, or whether one scan has been
performed for many objects. When a user approaches an object
bearing a symbol, he manﬁally actuates the trigger means to
s initiate repetitive scanning of the symbol. In one form of
the invention, once the decode circuitry has defermined-that a
sufficient number of ecans have been performed to suCcessfully
decode the symbol, then the user is alerted by an indicator
such as a light-emitting diode and/or a beeper, that the
i,/ repetitive scanning of the cbject has been terminated. The trigger
means can be released either prior to, or after, the indicator
is actuated. The actuation of the trigger and the indicator
are separate definable events in which only a single object
has been repetitively scanned for a determinate number of times.
In accordance withlanother feature of the invention,
the scanning head includes power supply means operatively connected
to, and supplying power for, the light source means, scanning
means, sensor means and signal processing means, said power

supply means including a direct current power supply component



are separate definable events in which only a single object has been
repetitively scanned for a determ nate nunber of tines. In accordance with
anot her feature of the invention, the scanning head |nclugﬁs power supply .
means operatively connected to, and supplying power for e light source
means, ’scanni ng neans, sepsor means and signal processing neans, said power
supply nmeans |nclud|ng a direct current power supply conponent -T-0
nmounted i'n the interior space of the housing and energi zable by a | ow

vol tagResh BCEnE YhE&orSigR! of ARd Rouzdhh arOBAGEL A & he head to the
system said cable_including a conductor for carrying the |ow voltage

di r &8t actRw éﬂ’ctagiegﬁ’eﬂeci"o?“’é'ﬁ@?gﬁiﬁr‘ﬂb R HERRES SoppPYEi®8nponent, and being
r eadiHeyhddexbbtiR bpstear, NddidusesleTBAE NIdiAg | DRofuddde head with nultiple

f f t f to.th . d ith

anotiEr SPEHAR PG Lo LR EI AT BHRr B o 4Fesai ng. moans mount ed i n

t he enetgizing Spapewer stbelyhoospangntpramdi seingmeeadilyor processing the anal og
el ecftlase(%gi“ g{)g‘m‘hl Q.m@rqt Eglz ogl %gqgér?gs*, 2l i&lpg_gnerat e therefrom

dat a i've o the e apparatus includes power
suppﬂr‘yew@nsfammﬂ't\/é'mm @@ﬁnwbeél 'GQJ thamex$uppl yi ng power for, the |ight

Sour ce Mmeans, 115 GRBSHdaHcBARR arRRieP fRARS o the 1A0atiBRPCESSI Ng Neans,
sai d power supply means including a cable connecting the’ head to the

syst'®f SRy é’ﬁP%s’r%F’ﬁﬁﬂ%Bmém’ﬁ ni et IeEGeR MFC% hi el ded conductor for

condifctmélgxohbﬂagibgnﬁniéed nidlaf8 afort prédeassyg ttae) aridgbei ng readily flexible

to [) Ec rica signaflipolJ aﬁié¥%ized electrical signal to generate . h.J.

therefrom data descriptive of the bar code symbol; and the '

apparatus includes power supply means operatively connected

to, and supplying powef for, the light source means, scanning

means, sensor means=and'signal procéssing means, said power

supply means including a cable connecting the head to the

systém, said cable including a non-radio-frequency-shielded '

conductor for conducting the digitized signal to the system. -

and being readily flexible to permit hser manipulation of

the head with multiple freedoms of movement from one symbol

to the next, _ _ | .
The invention also includes a field—portable laser -~ B -

scanning system for reading bar code symbols sighted by a )

user° comprising: o : \~)
(a) a hand-held portable laser scanning head '

.including a housing having a handle porfion of a size dimensioned

to be gripped by the hand of the user for normally supporting

the head only by the user throughout the reading of the bar

code symbol and in a non-contacting relationship therewith,

said housing being formed with an outlet port and an elongate

upper wall adjacent the outlet port along which sighting of

 the symbols can be taken, said housing bounding an interior space;



the head with multiple freedonms of novenent from one symbol to the next.
The invention also includes a field-portable | aser scanning system for 27
readimg bar code synbols sighted by a user; conprising: (a) a hand-held
portabl e | aser scanni'tg head including a housing having a handl e portion of
a size dinensioned to be gripped by the hand of the user for normally
_suppodLbng the head only by the user <t8r-oughout the reading of the bar code
synbol Jand in a non-contacting relationship therewith, said housing being
formed with an outlet port and an el ongate upper wall adjacent the outl et

-port along which sightingf ih@eSsdielsndadld RAnkakaR tRdiidtdabsi N9
boundi ng an interior space; .27 -8- (b) = light source nmeans nounted in
the interior spSEa°orLt e hﬁﬂé’i'ﬁgf?roﬁeﬁ%‘f‘?é"%i%éa%e’f 3489% PegRt beam (c)
optic nmeans nounted in the)i NdgticafieshBancingbd tike the Unitefidrospaget beal |y .
nodi fyi ng and digjecting t | ager ], ght am al ang. a | L ght h through the
outl et port i n &b ng don ARk " B SR Hrd"Aest i suPeidbeer Cual
and towards a baighodeams\albog alight psth dhabegh ke ayutdet oot irhe housing; .
(d) scanni ng nmeag t ' ' L0t | ' space of
the housi g or Casaiol fiebEuly etdidd) iFkh Zéﬁgr%‘m Upndr wald 3basPRoe, 0,
code synbol for tPedndsceikar code eymead which is located exteriorly of

the housing;
(d) scanning means mounted in the light path
and in the interior space of the housing fbr repetitively
scanning the laser light beam across the bar code symbol
for reflection therefrom;
(e} sensor means mounted in the interior space
of the housing for detecting the variable intensity of
light reflected from the bar code symbol, and for generating
an electrical signal ihdicative of the detected intensity
of the reflected light; o |
\‘/ " (f) signal processing means mounted in the
interior space of the housing for processing the electrical
signal Eo generate therefrom data descriptive of the bar
code .symbol;
| (g) a harness supported by the body of the user;
: i,j _ (h) - data decoder means mounted on the harness for
decoding the data generated by the signal processing means;
: (1) storage means mounted on the harness for
storing the decoded data; .
(3) _rechargable battery means mounted on the harness
for supplying power; and



(e) sensor neans nounted in the interior space of the housing for detecting
the variable intensity of light reflected fromthe bar code synbol, and for
.generating an electrical signal indi.cative of the detect eﬁ_s ntensity of the
reflected light; (f) signal processing neans nounted in { interior space
of the housing for processing the electrical signal to generate thereffom
- data descriptive of the bas <ode synbol; (g) a“harness -supported by the
body of the user; (h) data decoder neans mounted on the harness for
decodi ng t he dat a generated by the signal processing means; (i) storage -

nmeans noun lg)d QR élggép%; Qeﬁgb]haf,a‘;itn I Liag egigemﬁjﬁgggleoql data; (j)-rechargable

battery rreans nount e rnes or supplying power; and 9 (k) an

elt8et headapnd difp o theyi prif SAwntaddondihet bernessi I’P@lﬁe%@l&nd its other end

meam&elﬁgatbﬂmss@aﬁaﬂ% %agkﬁl&csmdaéuéﬂqaﬂe%@f to span the
di stance between the harness and_t head as.the latter is noved from one

sydothe beathGenthe WAEFGuULS RRYSAr F‘r‘ﬂﬂ‘ ane SYEPoL o PRYER by the user. The
| RenéutoPegphiring Ginchesiesetidigth Wy thayusek.exanple, with reference to the

acconpanylrghedggwgdlggn will now be described, by way of

example, with reference to the'accqmﬁénying-drawipgs.
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OF THE DRAWNGS FIG 1 is a side sectional view of a
enbodi - nent of a |aser tube- ed | aser scanning head in
with th® invention; FIG 2 is'a top sectional view of the
enbodi - fent of FIG 1; FIG 3 is a'front view of the gun-shzgpd
of FIG .1, FIG 4 'is a side sectional view of a mniature
scanning notor with schematically-illustrated control circuitry
FIG 5 is a diagrammatic view of the

G 4 with the rBREEFi PESCRIEANAN 95 FHHRRAVENGSFIG 6 is
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nce Wr nven-
FIG. 3 -im a front view of the qun-shaped embodiment of

ectric
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aq.m
“ment of FIG. 1;

FIG. 1;

FIG. 4 is’a side_sectional view of a miniature high-~speed
scanning motor with schematically-illustrated control circuitry
in accordance with this invention;

| EIG. 5 is a diagrammatic view of the motor of FIG. 4 with
the rotor in its equilibrium position; |
| - rotor in

FIG. 6 is analogous to FIG. 5, but showing the

one of its sweep-limiting positions in SOIid lines, and its
shutter position in dashed lines;
| ,FIG. 7 is analogous to FIG. 5, but showing the rotor ih

the ofhér of its:sweep—limiting positibné;

FIG. 8 is-a feedback circuit for modifving the output
shéft speed motor of FIG. 4;

FIG. 9 is a closed loop scanning motor control circuit
for the motor of FIG. 4 in aécordance with this invention;

FIG. 10 is an electrical schematic_of.the motor control
circuit of FIG. 9;

FIG. 11 is a schematic_view of a completelv field-port- 

able and mobile laser scanning system 'utilizing_the FIG.1 gun-shapecd




tion; FIG 12 is a schematic view of a senm conductor | aser diode- baéed |

enbodlnent of the portable | aser ,qun scanning head in accordance wit h:
invention; FIG 13 is a diagramatic view of an assenbly |ine eqU|pped
a box—shaped bracket - nount ed enbodi ment of a | aser scanner head servi

an inspection station in accordance with this invention; R@f 14 is ah_g
5d

schemati c view of another hand-held enbodi - nent of a Iaser scanni ng
in accordance with this invention; FIG 15 is a diagrammtic view of
pent a- bi norph scanning el ement with schematically-illustrated drive
ChibHil ik it AC @I tas SACEHhhAInghhe adNeNtd Wb rfdkle&| (3 t A6t hs sal nPledll
circuit diagramof the control circuitry in accordance with thls i nveh

on: 31 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 1. LASER

" t r N . . . .
SCANNER Referring now to FIGS. 1-3 and 11 of the -draw ngs, ref- erence

this
W th,
ng as

rical
tion.
TUBE .

nurrer al 10rgenerid |ys i desthém@sie hight okigghemiehdhetdr paseabl e | aser

scanni ng head for use in a |aser scanning system operative for reading

agdbae-pagled igibdiimenteo Sythel portSindle asmt gwoPeaneiagsheads iof
and spaces of varying w dths, whi ch pattern decodes to a nultiple dig

l'i nes
t

reprordanatlel ol tthagleics imventmon@f the product bearing the synbol. Typica

synbol bar codes i'n current use are the Universal ‘Product Code (UPC),
FIG. 13 is a diagrammatic view.of an assembly line

equipped with a box-shaped, bracket-mounted embodiment of a laserf'

scanner head serviag as an inspection station in accordance with

this invention;

FIG. 14 is a schematic view of énother hand-held embodi-

- ———

ment of a laser scanning head in accordance with this invention;

EAN,

FIG. 15 is a diagrammatic view of a penta-bimorph scanning

element with schematically-illustrated drive circuitry in accord-
ance with this invention; and
FIG. 16 is an electrical circuit diagram of the control

circuitry in accordance with this invention.
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Code 39. Turning again to FIG 1, the portable | aser scanning
| udes a general ly gun-shaped hod&i ng having a handl e portion 12
| portion 14, The handle portion 12 has a cross- sectional 31
nd overal | “si ze such that it can conveniently fit in the pal m of
Thebbar r el portion 14 is connec- ted to the handle portion
portions are
self supoortlng

_ : B NENFSHg i s

I nj ection-nol ded, but can be vacuun}forned or b|OMF nol ded to

sheliagbkCchybs gghhwggand bounds an interior space whose vol une
ess tama varoe Wit ts on the order of 100 cubic inches. The

llue of 100RgEBrein@ChHOY it TGS NtEhsleghdolbecgekhel GHaWitgs | tref-
ovided nmerely to give an approximation of the qverall maxi num

EZen&é hhnehaad1b0genbialaveriaidnvDf Lo® gabigRtrueighajehardivheld,
nches, and indeed, in sone applications, interior volunmes on the

;fcwbﬂ:&b lechesesnr ecahhawgabiemd foBiddeihaar thspor sicannifg System
orizontally elongated and has opposite end regions 20,22. The

hable connectors 16, 18. Both the handl e and barrel
shock re5|stant

of a |ight-weight, reS|I|ent

| iope ARt 1 ee eFongatadiard ansd onreatd Byelz ing t berbaodel syobbilen safch

P

b

'ial, such as -a synthetic"plastic material.

ndl e portion forms an. angle with the latter. The detachable
1ymilis b ucombhé skamdise et icdh listesy amé Spaces obr viaoy iangd widths,
e the opposite end regions 20,22 of the latter. This feature
whmnhtmatbavandenppysmmqﬁg|qpknqgtgtd;@et representation charac-~
teristic of the product bearing the symbol. Typical symbol bar
codes in current use are the Universal Product Code (UPC), EAN,
Codaﬁar and Code 39. '

Turning again to FIG. 1, the portable laser scanning heac
10 includes a generally gun-shaﬁed housing having a handle portiqn
12 and a barrel portion 14. The handle portion 12 has-a.cross~ |
sectional dimension and overall size such that it can convenieﬁtly
£fit in the palm of a user's hand. ' The barrel portion 14 is connec
ted ﬁo the ‘handle portion 14 at detachable connécfors'ls 18;

Both the handle and barrel portions are constltuted of
a llght-welght, re3111ent, shock-re51stant, self-supporting mater—
The plastic housing is
preferably injectionhmélded, but can be vacuum-formed or blow-
moided to form a thin shell which is hoilqw and bounds an interibr
space whose volume measures less than a value which is on the .
order df 100 cubic inches. The specific value of 100 cubic ipcﬁes
is not intended to be.self-limiting;'it has been provided merely -
to give an approximation of the overall maximum volume'and_size
of the head 10. The overall volume can be much lower than 100

cubic inches, and indeed, in some applications, interior volumes

on the order of 50 cubic inches are obtainable.



head 10 from bel ow the barrel portion.and at a location for optim urm
manual mani pul ati on and bal ance of the head. M niature- l'i ght source means .
for.generating a laser |ight be gls nmounted in the intgpior space of t he
barrel portion 14. In one preferred enbodi nent, the I|d§ source is 4a

co-axial helium neon |aser tube 24 which generates a red-1ight beamjat._ a -

wavel ength of 632.8 nanoneters. The |laser tube is a hard seal ed, 1
unpackaged tube. The laser tube is of |light-weight (i.e., less than SIX

ounces; ty@hgagg¥rgge?@ ﬂ%&#”léﬁlérﬁéﬁé?&ﬂ§9shof£§dﬂié¥¥¥teléHEEﬂ%S 21w

Iess than el ght 1nc typically onthe order of five in-" ches)
&S%Sé iE8quhueRRYids €0, 2podernel hagaleegdidigh W0 yol ts,
typlcall out 650 volts; anode current’ less than 4.5 m-llianps,
téamn“g’&télda@ﬂat id &bhlnleaiﬁw tdathe barcélrpogtiont ageh itimt tless thHan six
Kilovolts, typically about 3.4 kilovolts maxinunm); has a | ow out put gower
(HaﬁﬂleQ@obeoﬁrﬂetmsfa&EingléiwtmhstheamdtterLong%baﬁbtqpﬁabke, on the

v

order of 15,000 hours). The |aser tube 24 produces a |light beamin the TEM |

rfehnector®de6; 18himsumt! tiberduend lbepoetiont belawl dder Hamtel pant bari ng an
14 33 axial cross-sectional, generally circul ar,
lxﬂﬂmfnxmrmedlheeluhedpppusate(nnﬂtyegionaezam@éeoEGhha<ﬂat$embout 35
mls in dianeter. It will be understood that the |aser |ight beam diverges
iThid$ reaturenpewmthr dihet Msediie cenvendanhiyl Baguadilye SRR tit th@out
3.5to 4 mlliradians. 1In contrast to conventional single node | aser; t ubes
Wessk Lt foembakey] tbel Harsish Porkienarndt aki 2edogption for optim- w

um manual manipulation and balance of the head.

Miniature-light éource means for genérating a laser'lighﬁ
beam is mounted in the interior space of the barrel ooftion,l4. :;
-.In one preferred embodlment, the llght source is a co-axial hellum-
neon laser tube 24 which generates a red—llght beam at a wavelength

of 632.8 nanometers. The laser tube is a hard-sealed, unpackaged!
tube. The laser tube is of light-weight (;.e., less than six .!
ouncés; tybically on the order of three ouaces); is of short length;
(i.e.} less than eight inches; typically én,the order of five in-

ches); has a low input DC power requirement (i.e., anode voltage

less than 1100.volts,.typically about 650 volts; anode current’

- less than 4.5 milliamps, typically about 4 milliamps); has a low
firing voltage (i.e., less than six kilovolts, typically about 3@{

kilovolts maximum); has a low output power (i.e., on the order of}

0.5 milliwatts); and is long-lasting (i.e., on the order of 15,000
hours). i
The laser tube 24 produces a light beam in the TEMnmq :

mode. ~ This multi-mode tube generates a laser light beam having an

“ dm— - . .
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brightness distribution characteristic which does not vary over

ircular beam spot of the multi-node |aser tube 24 is - |

ed by a nonzuniform brightness CH acteris- tic which vari esga i
|
1

Vi sual observation of the output beam spot of the nulti-nod

racteri zed. by darker zones within the output beam spot, which

s nove ran- domy within the output beam spot in a manner

| ogous to sunspot activity. Straps 32,34 having springs at their

ends are w apped around the tube 24 for nounting the latter on a I

rd .or ort 8 ug t t

TRL RS ceRoPebrdly, SRt AT Rodh e RS BPYr ToTRHE, Lmeas

Y. i t t s n nt ver |

sl fReinfRy' roRHE R e?’*%l?lmk%%u?ﬁaﬁai?g in'Bikier .
%ﬁ;fs 3 &Haepégbeaa%de S ket aif@n@%@&ﬂea&%e@@at 4% direc-
er IS mounted between the housing ahd a rearward

F¥¥6dcﬁhé§ fPsmphaéea%QabnzyW#a drP 4% cguénas dpvapgeflednat about

venent of” the plate and its associated conponents. The underside

r3 13ibes 24 mhichrbasassthe mpl sbrierdBti std e6onvedtionalpeihgde mode

t grooved supports 42, 44. 34 Each support 42,44 has a

Jll&éﬁ%u@éenﬁnbséhbﬁlapm Hya@zﬁdﬁﬂdulﬁwr‘é[@dt@nakbecﬁamaeﬁ:brlzed bv

The threaded el ements 46,48 are independently turnable to adjust

a Gfaudeidmsprighibaesel diistaitmtion chaattaniistioc phichcdoas, not

align the laser light beamwth respect to tthe mniature optic

vary over time, -£t»2 circular beam spot of the multi-mode laser

tube 24 is characterized by a non-uniform brightness characteris—‘
tic which varies with time. Visual,obse?vation of the output :
beam spot of the multi-mode tube is characterized by darker zonesi
within the output beam spot, which darker zones move ran-
domly within the output beam spot'in'a_manner roughly anaibgous'
to suhspot activity. .

Stréps 32;34 having_springé,ét their respective ends are
Qrappea'ardund the tube 24 for médnting the lattér on a motheréf‘
board or support plate 30.
the supporﬁ plate ih shock-resistant relationship with the barrel

1

1

Rubber bumpers 36,38 are used.to mount

|

|

: |
portion. i

Specifically, bumper 36 is mounted between the housing
and a front vertical flange portion 40 of the plate ‘30 in order tq
minimize tOvandffro horizontal movement of the plate and its assog
iateé components mounted thereon. Bumper 38 is mounted between
the housiné and a rearward horizontal portién of the plate 30 in

order to minimize up-and-down vertical movement of the plate ‘and

‘The underside of the laser tube 24 which faces the plate

30 is received in a pair of spaced-apart grooved supporté 42,44.

|
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its associated components. T ' _ !
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|
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means, as described bel ow. - The DC power supply 50 for supplying DC bd“er to *
the | aser tube 24 is nounted Wﬁghin the interior space of the handle
portiodn 12. The DC power conponent 50 occupies. a volune of about four
cubi ¢ inches and wei ghs about six ounces. This power conponent isithe
heavi est conponent from anong all the other conponents nnug- ted mﬁﬂhigﬁthe
housi ng, -and therefore, the placement of this heav- i este@ nponent M'.t@ o
t he handl e portion provides the head with a |ow center of gravity amd
better bal ance for ease of nmanipulation. As best shown in-FIG 16, the -
. Bewkersupppty 42, hdshas ianthyaadedrad hastBent oebkinent! slvibd e t age| e. g.
12 VDC,.is applied. The 12 volts DCis supplied by a separaté non-shi el ded
thineadashly deeentedhPBhthe IsPR: B i3te ggnne@benghggbﬁedaalemaptﬁuuny 50
al so has an output term nal 54 which supplies the appropriate anodejvoltage
it SR Erderapdentile tFedP I 3 adrushskhetBpEition 25 e | as]
resistor 55. _The ballast resistor 55 is about 100 kil ohns, 2 wattsi The
Blehaveube 529 $URRSHIARA TheR sRBEFY CB8 aFur tRePHARS Ues a

gntrol termnal_ 56 lch is.qoperatively connected to a trigger sw gch 60
R ¢t cARe D) 13PhEuPe AT IFH CHARREY EQetae| THBIaROT STRE Ghbaence. o

absence oﬂia con%rgl sg nal at the control ternminal 56 determnes | 35

| MRS 2 ordettr tR89aR84E8 "ol t age is generated at the output term iTaI 54.

The elecyﬁicqéFconnections f or. tq§ vario ternﬁﬂals 52,_54, 6 have!been
omtted f Rt c?‘_"ierF“PF?&Ysasl?e G AW Y FuPhi R§¥EZaiT O ¥ the
dfCd LB LS ILRER! Rie! ATUdY A" GpRPL 6 "ERESnURATL ARG Tunt ¢,

'12. The DC power component 50 occupies a volume of about four-- !
. . ' : - ' - _ -

cubic inches and weighs about six ounces. This power component |
. - - '

is the heaviest component from amohg'all the other components mourn-
ted within the housing, and therefore, the placement of this_heavé.'

"iest component within the handle portion provides the head with a; -

low center of gravity and better balance for ease of manipulationﬁ ~

| As best shown in FIG. 16, the power supply 50 has an in-=
but.terminal 52 to which low DC voltage, e.g. 12 VDC, ;s applied. _4
The 12 volté DC is supplied by a.sepérate non~-shielded Qire_con; | i;}

ductor which is located within connectiﬁg_cable 58. The supply
50 also has an ocutput terminal 54 which supplies the appropriate
: anode.voltagé and anode current to the anode 26 of the laser tube

24 via a ballast resistor 55. The ballast resistor 55 is about-'.

100 kilohms, 2 watts. The cathode 28 of the tube 24 is grounded.

—

The supply 50 further includes a control terminal 56
which is operatively connected to a trigger.switch_so and to a

control circuit, as described in detail below. The presence or -

absence of a control signal at the control terminal 56 determines
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optic neans includes an optical train operative for optically
he | aser |ight beam and for diregcting the nodified beam al ong--a
t hrough the housing. The bean1e§ﬁ!s t he housi ng t hrough an 5
62 | ocated at end region 20, and inpinges on a bar code synba
cated in .fhe vic- inity of a reference plane that is |ocated

of the hdﬁ%w-Lng. The optical train includes a beam expandi ng

bns 64 and an obj ective positive | ens 66 each having individual f
which are typically in the range fromf/6 to f/7. The f num ber

hm exiting the optical train is typically in the f/50 to f/60 S
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I The_ b ing j - h .
28 SRYS PP LPR RS, T it £ 645 Bt 8REREE Slar sk

the b : t bea t Wl _di : . :
om s to 7 biroiid pRASPUEAIERE I indlrEes L IERLThAR M dippotes
. e < 6 Th g . : . . .
5 b5 RSB P e RS BP0 foRLERCHE CRPhAN I pox
P0G i { BB 18 61 REAACE IIANRLS APAGEE BBOULrd ihNERRURE v TBr
pi on” 22 of the barrel portion. 14, and
PGS i

_ he working. dis- tance is

emolReyEnd knePAlastZ & ich 9HE4R! | ¥nFREBLAUAAIAG the
gi on é%i?gg'godisgaﬁgz of 1 inch t%??he.reference pl ane,. ghd g:so .
IS d£fié@rpaBmaddbhigoRallikht path through the housing. The beam

1

exits the héusing through an outiet port 62 located at'end region
2@,,and impinges q;.a bar code symbol which is located in the vic-
-inity'of a referencé plane that is located exteriorly of the hous-

~ing. |
The optical train includes a beam expanding negative lens

64 and ‘an objective positive lens 66 each having individual £ num-

£

bers which are tyéically in thé fange from £/6 to £/7. The num-
_Ser for the béam exiting the optical train is typiéally in the;f
£/50 to f/Gd fange. Other choices 6f lens pérameters'éan lead to
larger numbers for the depth of focus in the range £rom 1" or
more for.the multirmode laser.

| Aé noted above, the beam spét'diameterimmediately outside
the laser tube is about 35 mils. The beaﬁ eXpandiﬁg lens 64 in-~
creases the beam spot diameter to about 250 mils at thé.objéétive
lens GG.J'The optical tfain'Wil; focus'the'béam such that the bear
spot will have a.diaﬁeter oﬁ'the order of'froh 5 to 7 mils at the

reference plane which is about 260 mm aWéy'from the objective lens

-

66. The 6 mil spot size at the'réference”plane is maiﬂtained on




i nch. A bar code synbol placed anywhere in this regioh wll be acc?rately

decoded and/or anal yzed. The focal |engths and di stances of the posytive

and nega- tive lenses of the opfical train are specially designed tp nodify ,
Ll

- the nmulti-node | aser beam The beam spot at the reference plane st
contai ns dark zones, but the uneven brightness characteri% ticis

pronounced. The optics for a single node | aser tube are nore conveny

then for the multi-node case, and f nunbers for thée | enses would ty
lie in the range fromf/120 to f/200 to obtain depths of focus int

ess.
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thesenidvedaimn 652 fof thai baguelspertdione ;& aandnthai vorkdnge fiesd
- achrometric doublet, where-.in the spot size will be increased on
temcevdis @aROwh f3 riecheson HERGRLi §he § Migl sIPRF eS pRANSScERNEXadiLYy
used, as jllus- trated, thhe spot size wil] be increased, by about on
maipspiseddpon thy epd \FRF&PDr @2 EaMmihJimkarRcareinbuinel te the
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t hereby nmandating a smaller depth of focus on the order of 1I
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accurately decoded and/or analyzed.

The focal lengths and distances of the positive and nega

tive lenses of the opticai train are specially designed to modify;_

tic is less pronounced.

. . ' ' e o : i
The optics for a single mode laser tube are more conven- ;

tional then for the multi-mode case, and ;;numbers for the lenses
* would typically lie in the range from £/120 to £/200 to obtain-

'depths of focus in the range from 2" to 3". 'For the multi-mode

case, the f numbers for the lenses are lower, thereby mandating al

- smaller depth of focus on the oxder of 1". However, we have féund”

3
-

!

{
|

w

the multi-mode laser beam. The beam spot at the reference plane '
) . ’ ) ' i
still contains dark zones, but the uneven brightness characteris- -

‘that the working distance can be greater than 1", and typically

~ in the neighborhood of 2".

The preferred embodiment of the positive lens 66 for mini
_ k ml !

mum spot size is an infinity-corrected achrometric doublet, where

in the spot size will be inc:eaéed only about 5% over the diﬁfrac{

tion_conéition. If a single plano-convex singlet is used,'as illu
trated, the spot size will be increased by about on the_drder of

40%.
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means 68 for sweeping the symbol along a predeterm ned direction (X-axis
scanntng) | engthw se thereof. The scanni ng nmeans may, but not necessarily,
conpri se another miniature scan nmeans 70 for sweeping the synbol along a
transverse direction (Y-axis scanning which is substantially orthog%??l to
t he predeterm ned leectlon Many types of scan el enents can be util¥YZed
for eigher scan neans‘68, 70. For exgmpl e, mniature polygons driven by
nntoréxfén be used, or the various binorph scanning oscillating el enents
descri bed in co- pending U S. patent  application Ser. No. 911,171, filed May
31, 1978, now patent No. 4 251 798. Nevertheless, the. X-axis scan neans 68

and the.Y-axi s sG@nifRaRSsddhniA® 8RS rd&eﬁodn'%eﬁl%ﬁltﬁe Q@E&W pa%ﬁ €in
particularly conmpatible in terms of their size and be nount ed

within the b&erHItepE0R iSACALT e P3Pt aPPO-08f f?‘hég%l’scééw rﬁ‘é’&ﬁ%m& 70 Wi l I

be di SCUSSEC{:hBEiaEAIrIHSbeﬁDEéinHsI it wat-rbo'ab@;mbéilfbr reneblaiah shagse. of the
di scussi on lent to in sgap neans 68, 70 are

Ceanm o m dbu o e scBhBie hosnd ESTEG3RE e’ feaqiobte TATRERMGE o 74
Li ght - r ef | ecterng 68e8ms sepepingr biies s¥Ghol/ 8lene ar peyietermioky dipactied on shafts

72, 74 and pasiL ﬂsOBQQndl‘H N&n jcx%msepﬁ{e*}eof MotRL s%%ﬂ i;r%' ndGR Rl GuoPerative

for driving each notor recirprocal turn each s In a redeterm ned
cycli cal nam?érnﬁwsaﬂléwna@@pe q:@m:the@nmrwatam SCaR MPENY VAY f'alfc | engt hs

which are gyegsthgt B sbﬁscsﬂ alorg/ R aaédswergé@l@é&;bﬁW@LQﬁstskémﬁ%Fabout 5

rela- tive to the vertical O course, other arc |lengths could also be
utilized. ARgeh |‘§h?“tb¥éﬁf"rar+ﬂiv refthgEMRL ke ther Pradetermine firgGEiPnat a very
rapid rate of spemeywhiped ¢fs sakn leaséntancahi®eontianized thiveitassi | | ati ons per
second, and typl GalLy &hovs, 193, Oesx%}nglJ gt ln?rﬁ‘lsatﬁ% poI500% artven by
motors can be used, or the various blmorph scanning oscillatlng
elements described in co-pending U.S. patent application Ser. No,
911,171, filed May 31, 1978 now patent No. 4 251 798.
Nevertheless, the X—ax1s scan means 68 and the Y—axis scan
means 70, as described in detail below, are particularly compatible
\_X in terms of their size and weight to be mounted within the barrel
portion 14. The operation of these scan means 68, 70 will be
discussed below in connection with FIGS. 4~10. At this stagélof
the discussion, it is sufficient to inderstand that both scan'
means 68, 70 are scannlng motors which have reciprocally osclllatlng
~ output shafts 72, 74. Light-reflecting means or mirrors 76, 78
are respectively mounted on shafts 72, 74 and positioned in the light
path. Motor control means are operative for driving each motor to
reciprocally turn each shaft in a predetermined cyclical manner

in alternate circumferential directions over arc lengths which are



The miniature scanning neans includes a stationary light- reflecting mirror "
80 which is fixedly mounted on the support plate and which is positiioned at
a[err] angle relative to the axis about which the output shaft 72 tiurns.
The |ight,..beam | eaving the obdY ective lens 66 | npi nges on the statwonary
mrror 80, and is there-  upon reflected in a horizontal ‘pl,ane to i npinge on
the mrror 76 which, in turn, is nounted on the shaft 72 dis pogpkl ed
at a 450 angle relative to the turning axes of shafts 72,74. The lilgh

1895 “Ehaﬂ @%om rr @yﬁﬁcamf ef tget sécumw;@mé & 1 rﬁ@raﬂ&xwhs €hré§am)u”t ed
‘on the shaf a 45 angle. The light inpinging on mrror 78 |s=

thes euaoahéefvle&%efu Or vof dbyuisel, eoghby 26 dilerrdinn ederg alicobaer kel
portion 14. The |light beam passes through the |aser beamtransmi ssije exit
WEDU0Bed2. Ahe Ndejht dssamosmpihgihgnoal thiee rihafdr s Arhlises mbeealght beam
to be noved | engthw se along the bar code synbol teo therebv. obtain axi s :
staaniagy rbbidedatad,of hepeedi phaehl igsait! [leamtt an ofhe herdkaf 6£74 causes
the 'li ght beamto be noved al ong the height of the synbol to thereby: obtain
Fioz#i ssedadaitigns foeon| ge ¢dred Yamk itypicallyi aiputniloe @Riliaticnsepers webochat -
mrror 76 is driven at a uniformrate of speed,” then the | aser beamwill be
li nearly @hephdndadturehcs¢zoning neasst iogludes @ st&KHQQMEYalightrnear
scan line will be generated at the reference plane.: If the Y-axis spannlng
refbectdngs mireow &0 drhian sachixadiynimovsters ams the \wppert BARtermrate
of speed, then the-laser beamw || be linearly displaced in vertical;

and e¢hich, isn@ositdonadrat ypeds2aangaet gedakiive o ddieraxes abovﬁq

reference pl ane !
which the output shaft 72 turns. The llght beam leaving the ob- i

jectlve lens 66 impinges on the statlonary mlrror 80, and is there-
upon reflected in a horizontal plane to impinge on the mirror 76

which, in turn, is mounted on thé shaft 72 and is pOSltloned at a

45° angle relative to'theiturning axes_of.sﬁafts 72,74. The-lighé
1mp1ng1ng on mirror 76 is reflected upwardly to mirror 78 whlch 15 _ng
mounted on the shaft 74 at a 45° angle. The llght 1mp1nglng on :

mirror 78 is thereupon reflected forwardly in lengthwise direction

along the barrel portion 14. The llght beam passes through the

s mvm——— o.

J

laser beam-transmissive exit w1ndow 62. d\’
- The rec1proca1-csc1llatlon of the shaft 72 causes the’

light beam to be moved lengthwxse along the bar ccde symbol to

thereby c¢btain X-axis scanning. If de31red, the rec1procal oscle—

ation ef the shaft 74 causes the light Beam to be moved along the
height of the symbol to thereby obtain Y-exis scanning.

If only the X-axis scanning motor 68 is driven such that
mirror 76 is driven at a uniform rate of speed, ﬁhen the laser
beam will be linearly displaced iﬁ horizontal direcﬁion, and a

. .
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httern conprises a set of generally parallel, equidis- tantly
k't scan |ines which are stacked one about another along the
rection. Qther types of scan paiéua'ns are al so available. For
t he- X- and Y-axis scanning notors are both driven such that
78 are drisven at a sinusoidally-varying rate of speed, then the
n at the +&ference plane will be a Lissajous-type pattern for

i onal scanning of UPC sym bols. The barrel portion 14 has an
portion 82 and a lower tapered wall portion 84 respectively
D\Wrerpentla DBy obihbarosicant liord waill hee epeneegted 28. théheefigpance
bn 82.is generally planar and has no upstandi ng projections
brpElame N tDE thei HFeyxisf sideerdndy megion 20. is Thékewtiket dpdamen such

H to be wide and narrow. The |aser beamexits the outlet port at
jurst el oworh@8uppedniaten @iy td omifermeratdeolpppredal ftheor tihen lase
AS a conveni ent sighting QUIde in which to accurately aimthe

Hesmmn wblhdr de Lhoeradyedispiirded in vertigalrdiogetion ,t kad & ras-
al |y sights. the target synbol froma position generally behind

D, tewmk YPait Seasr BRSter naiiddpdie iianepeked oat sehnayphigrence plane.

5 woul d bl.ock his view. 'The snooth upper wall -portion 82

e $eR deatregal CPﬁ‘Pé'rlﬁ@rser?cé%t%e?ﬁ%‘héakenspﬁﬁaéﬂﬁltrh@qmdls"
mitself. Mniature sensor nmeans are, |ikew se nounted on
yﬁant%mgepaeeéraPﬁsts&ﬁ&&w Hﬂ%ﬁ<¥Q&FWrF?%esFﬁFE?¢09n§péP@%ﬁ anothe:

The niature sen means i ncl udes a phot o-sen-
along ége vertgcai glrecgio n. P
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Other types of scan patterns are also available. For

example, if the X- and Y¥Y-axis scanning nocors.are both driven such
that mirrors 76,78 are drlven at a 51nu501da11v-vary1ng rate of
speed, then the scan pattern at the reference plane will be a
Lissajous-type pattern for omni-directional scanning of ﬁPC sym-
bols. | | o

| The barrel portion 14 has an upper wall portion 32 and;a
lower.tapered-ﬁall portion 84 respectively iocated above and.belbw
the'output cort at the end region 20. The upper wail porcion 82
is generally planar and has no upstandlng nrogectlons mounted
thereon in the v1c1n1ty of the end reglon 20. lThe outlet port.:
is dimensioned to be wide and narrow. " The laser beam exits the
outlet port at a location just below the upper.wali portion.
Hence, the upper.wall portion 82 serves'ae a convenient sighting
guide in which to accurately aim rhe'laser light beam towards the
target eymboi. It will be recoénized that a uaer generally sdights
the target symbol from a position generaliy behind the head 10;

and that therefore, an upper wall portion 82 having orojections




sor device such as a photorultiplier tube or a sem conductor photo-;diode,
for detecting the intensity of the light reflected fromthe synbol, .and for
generating an anal og el ectricg) signal indicative of the detected intensity.
of .the reflected light. As shown in FIG 1, the reflected lightyfirst
‘passes through the exit w ndow 62, and thereupon passes thrpu thelred-

| ight |aser beamtransm ssive filter 90, whereupon it inpinges on a pQLp of .
phot odi odes 86,88. The phot odi odes are nounted i n spaced-apart
worlldl ibARsdi hid vhewl | arhe 4Boctid upaer atzl hnpanaiog éRedesicxdlbexd gnal .

Two di odes are used; rather than one, in order to increase the fielg of
abow. avbirid wii shiallesnaeeferaned dpdmeanicthe hadushrgr anddithed dadsezpnes of
coverage overl|lap each other. If the field of view of the scanning ngans is
beant Heswld®er of four inches, then the photodi odes ‘are spaced about two
I nches apart for conplete zone coverage. M niature signal processin; means
92 (see MiBizfureesahsornmesnsd ane tlhidewise i meunpadeodf tiige fxante|
portion 14 for processing the electrical signal generated fromthe gensor
uprdght THangecelspfigtheasyrpeort Rddte Mintkdtha LRseFipFosPassat e !30 at
one side of the laser tube 24. The processing neans is prefer- ably
offatrhiec s g an The efiBLBFUERr GFNSGHhiTGRDT otRSivdesha Bheto-senrltrica
anal og signal and digitizes i.t tQ generate data descrggtion of the bar code

SOYNIEIY L R f AR RS iy PBE EREW Litd Rdd-SFe fdiify Appf - SEREFOBAUSELT RECTN, 171,
S e Sl B RGN LR e Lo Stk B
symbol, and for generating an analog electrical éiénal indicativei ~
of the.detected iﬁtensity:of the refleétéd light. | i

As showﬁ in FIG. 1, thé fefleéted light first passes f
througﬁ.the eXit.windoQ 62, and thereupon péssés through the red-g
~light laser beam—frahsmiséiﬁe filter 90, whereupon_ié impinges on ;
a paii of photodiédes 86,88. The photodiodes are mounted in % ;,/

spaced-apart relationship on the flange 40, and generate an énaloq:

electrical signal. .Two diodes afe used,'rééher than one, in ordeé_
to increase the fiéld of view. The two diodes aré spébed apart | ~
such tﬁat their individuallzones 6f covérage overlap each other. ? '\Sf
If the fieldIOf view of the.écanning means is on the order of fou%'

inches, then the photodiédes'are spaced about.two inchés apart for,
completé zone coverage. | | B %
-Miniaﬁure éignél processing means 92.(see FIG.IZ) are. g
) alsd mounted in the intefior s?ace Of.the barrel pdrtion.l4 for_ ;
prqcésSing the électrical sighal generétéd from the sensor means.

The processihg meahs'is fixedly mbunted on the support plate 30

—— e —————— e

at one'éide of the laser tube 24._ Thé processing means is preferj

ably fabricated as an integrated circuit which processes the‘elecj

.

e ———— o .
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The control circuitry 94 (see FIG 2) for the scanning neans 68, 70 is

i kewi se preferably fabricated as an integrated circuit and is nounted on
the other side of the |laser tube. Al of the electrical connections for the
phot odi odes 86,.« 58 the processing neans 92, and the control circuitry 94
for the scannlﬁg neans 68, 70 have been omitted fromFIGS. 1-3 for t he sake
of clafity. A detailed description ?at he control circuitry is set forth
bel ow in connection with FIG 16. AT of the above conponents, |nclud|ng,
anong others, the laser tube 24; the power supply conponent 50; the |enses
64, 66; the scanning notors 68, 70; the photodi odes 86, 88; the processing
circui try 9Zricéle apaing sigrdly end tdigiYiresahl tohgenerppo datp|deserBiipnget her

with the hangdl end@bhi Qaeldymdad. tfh%fb@é{celmagpsslm %é&t L8 nB o100
conprise a |I%ht wei ght scanning whose t ot al LH%dgarreasures | ess than -

a val ue whi (gt §ﬁrt e 0P erl 7f fti\J\E)dé'ﬁé{ Bhe lR% f 1P tepteNQpecific two.

and one- hal fa psundsyefdphiiefdigsr 6f iofie NPHefeX@W bPde/ of HignkS prokeddihgnded to
be self-limtin Typi- cally, weighs on the order of one to two pounds are

readily obt &A% Ie and, in the sem.conductor |aser diode enbodi nent
descri bed bel ow, V\Ehghtostﬂﬂ k:hecnmtdyergaof(séeaﬁGt feanfonehpostatiniige real i zed.

The portabl (?negﬁ %8107 912' %g& g%‘ab%gaﬁ%gg%%%eg %O%Pgﬁp%gpgée% unit, and

fl exi bl e non- ky cable rpconnec r enai ni ng
conponents GArekd padds B@mhﬁrﬂntgl $hetatirer sid¥hef dhe clagieni Wpecorfddnent s

i ncl ude, anRguR REESerithe GhAbd@bnsi fr B pHECRASAEOBYLEY, ghdcUitry, the
data storage circuitry, and, In sone appljcations, the control voltages for

t he~power sE@BPFSFS30E a{‘f?ﬁnfo?z't aed thAtttrel cdaruityyodd ToRche sernningnal
circuitry cCewans 68, 70 have been omitted from FIGS. 1-3 for the sake of clarity.

A detailed description of the control circuitry is set forth below
in connection with FIG. 18.
All of the above components, including, among others, the
laser tube 24; the power supply component 50; the lenses 64, 66;
the séanning motors 68, 70; the photodiodes 86, 88; the processing
. .circﬁitry 92; the control circuitry 94; and the support plate 30
'together with the handle portion 12 and the barrel portion 14 of
the housing comprise a light-weight scanning head whose total
weight measures less than a value which is on the order of two and
~one-half pounds. The specific two and one~half pound weight figure
is not exemplary, and is not intended to be self-limiting. Typi-
célly, weighs on the order of one to two pounds are readily obtainable
and, in the semiconductor laser diode embodiment described below,
weights on the order of less than one pound are realized.
The portable head 10 depicted in FIGS. 1-3 and 1l is a
hand-held unit, and flexible non-bulky cable 58 interconnects the

head 10 to the remaining components of the laser scanning system.



ponents can be nounted in a desk-top console for AC wall power gperation,
or in the preferred enbodi nent .of FIG 11, they can be incorporated ifto a
body harness 100 to be worn by the user. 1In this latter case, a ;
réchargeabl e battery pack is gﬂunted on'the harness for conplete W
field-portability of the entire system The body harnesshldﬂann be a; ..

- -

back-pack or preferably a belt-pack (see FIG 11) which is worn about{&ﬂg_,'

user's waist. The decode conputer circuitry 102 is nounted on the |
bBhesparkmaind g aarpenentst snddedee Fm@ﬂﬂgﬁﬁh%%%rsﬁ@%aﬂsggéﬁéréﬂéd;by
the sig- nal processing neans 92. The data storage circuitry 104 is Al so
ndaht dgcedet KOMRIteH LICCehErYs Sher 8aitde STOAR L HFRUHEEBdedndl A s.
Essential |y, the data storage chrcu sel f- contai ped gennfy

S

deOPe e 2PPL G tAONTom-FAf oFPRETB bHPé'%%ﬁ#r)ffc;é e RAYWeRgRBPPLYcadsette, or
(StfLsR BRE BRI LA 54T Rk W R come
TR 4RO Y S bt L
L B R e e e e e
DBPRLE e, % 35005 bR L A e, A1 Gk eosE

| pﬁ{lig%ew e deAT 9P f{ﬁ&&é@%ﬁgéasger&e% KGO AR GPEREt 6h Ehicuitry

o fromone to three | ps’ to mount These addi- tional conponent.s

Bafntle 2USIRAl A ROIEOLLEB2Y1LY LS dlile ditif@!syoeem.the entl e\

e

[
| aser scanni ng system can el o .
The body harness .l00 can be a back-pack or preferably a |

belt-pack (see FIG. 11) which is worn about the user's waist. The
decode computer.circuitry 102 is mounted on the belt-pack, and ;

is operative to decode the digitized signals generated by the sig-
_ . '

RN

nal processing means 92. The'datalstofage circuitry 104 is also , W,

mounted on the belt-pack, and is'operative to store the decoded

3

agnais. Essentially, the .data storage ciréuitry 104 is a self-
contained memory device,}sﬁéh as noh-volatile bubble memory means,;
or maénetic casseéte,.or vélatile semiconductor read/write memory
means. The low voltage rechargeablé battery supplyv IQF is like-

‘wise mounted on the belt-pack..-The decode circuitry 102, data

—— e o —

storage circuitry_lb4 and battery 106 can be separately mountéd_o%
the belt 100, or can all be mounted witHin a single housing rdughl&
measuring about 2" x 4" x 10". The entire laser scanning systemlé
is completely field-portable and self-contained. . E
. i

|

It is also within the spirit of this invention to minia-

turize the additional components mounted on the belt-pack 100,

. eem - e —et ¢ —— e W
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The cabl e 58 conprises a plurality of radio-frequency non-
res therein. Sonme of these wires conduct the input voltage to™
erm nal 52 of the power supply 50, as well as biasing voltages
ntrol cirguitry. Another wire Cg§ﬂyd“Cts the digitized signals
rocessi ngagi-pouitry 92 to the b&t-pack 100. Still another wire
N indicator signal to the light-emtting diode 99 and/or the
beper 98 to indicate, either visually or by sound, that the

been successfully decoded. Al of the aforenentioned

fated individual wires are unshielded. This neans that the cable
iRAT 51 QR 1Y nb¥r 43598 ECRHE IntparIHioRi 9kt thRoAeBaARy cCommyter

d theref ' i d wh t he. head 1Q | ' .
L ARLELEPobS Saehl Lo ted WA Uie fead 1 Lo BLred Sl saes -
ERY BooDabhe Heel § Pdsers .

yenent and does not require excessive s e
ﬁ £94 56 et s hgoggﬁiogﬁa itse

i Y u??fBB%(Ej?T‘ Rel . |
T s ERegEel bReck sk, Al Hrantldo (s PRLho4Ra 8 R n the
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eugg el %;Qg-held configuration for the head 10a is shown in

The St reanti ned head 10a is basically identical to the ' :
head, exc t he gh : [ I'6: LO-LEN : W

ion ,and t AT ?%élrgegrs %%g'b(%‘l%g#e agg?%é%%g?i%% %%&ﬁ‘ﬁg%?&h}%ncy no?

21 3 1107 DAY ESe L0LnELEERD! T RO RANALLDAL - YPEs JEbRau TR tHRC rpAiE
he Jhea% and ﬁo%d I.t.in the palm ofdtlhl s hand. - .
voltage to the input terminal 52 of the power supply 50, as well
as biasing voltages for the control circuitry. Another wire con-
ducts the digitized signais from the processing circuitry 92 to
the belt-pack 100. Still another wire conducts an indicator sigﬁa
to the light-emitting diode 99 and/or the auditory béeper %98 to
indicate, either visually or'by sound, that the_symbol*has been
successfully decoded.

All of the aforementioned non-illustrated individual wiFe
are unshielded. This means that the cable 58 is relatively éméll
in cross-section, light-in-weight, non;bulky;'and flexible, and
therefore is easily moved when the head 10 is aimed at different
target symbols. The cable 58 is charécterized by multiple free-
doms of movement and does not reguire excessivé strength Qh the-
user's part for manipulation purposes.

The head 10 need not have the.gun-shaped configuration.as
depicted in FIGS. 1-3 and 11. Other cdnfigurationé such as strean
lined or box-like configurations are also contemplated. For exam-

vle, another hand-held configuration for the head 1l0a is shown in

FIG. 14. The streamlined head 10a is basically identical to the’
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way as to allow the plate and the components mounted thereon to

momentarily shift within the-housing under shock loading. Suffi-5

-structure to its original pésition within the housing.

Anot her feature of the stream ined head 10Ca is an external rubber Bunper
103 which could be utilized for any of the housings disclosed hereirn. As
not ed above, |ike any hand-hel d equi prent, a hand-held | aser scanner head
mist be strong enough to withs#&hd sone physical abuse, such as belng '
unlntentlonally pushed off a table onto the floor. Fﬁhﬁe, the rubber shock
mounts 36,38 are used to support the rigid plate 30 within the houdin n -
such a way as to allow the plate and the conponents nounted thereon to

nmonentarily shift within the housing under shock |oading. Suffi- dient
I 3Q: I fo t t
m?ﬁ ?ﬁ%%‘%cﬁ bRaBl YR ¢ G e BLALESBaER B 1Y e b TRUSIL OME |

ou3|ng sorbtion 1s sO0 periornmed by {fl exing

'h F-réb%h‘%@.hgo%[ 0\}&1516‘:9 ¥esmbi3Rbl & nEMAIHMEI N her pytier

ous n out of "suitable nmaterial such as vacuumforned ABS‘can perrfit this
Tﬁéb %Bhtﬂﬁsd%'ﬁ@ﬁ‘ HEHdD0an@ ©hOeahQuSiRgLhd idd1d Wt hefs shgck
sor ion is obtained by the rubber bunper or ridge 103 running arjound the
éﬂa§lde of the housing and positioned so as to absorb the nost conmon
shocks such as dropping the scanner on its side on a table. The hqusing is
mol ded | Anb¥Repafeatudrd diheché dgerddlined aead Neandan dihetverhausi ng
parts. 45 As anot her exanple, the miniature size, small volune,,and
rubigd - Benmgbt Lhar abiieh wduldfbé hethbddedOforkeanvt cfuittablouwingslly for
hand- hel d applications, but also for conveniently converting any ddgsi gnated
disrkbéed baraiprodast notdd rebdwee anlike any hand-held equipment, Nt/

S S it o dantinglon o i St i

a hand-held laser scanner’head must be strong enough to withstand

some physical abuse, such as being unintentionally pushed off a

table onto the floor. Hence, the rubber shock mounts 36,38 are

used. to support the rigid plate 30 within the housing in such a

RO

cient clearance is provided. around the plaﬁe 30 to allow it to i
_ _ ;

move without hitting the inside wall of the housing. After the !
shock has passed, the rubber shock mounts will return the inner |
. . . . 1

’ {

!

: i

Shock absorbtion is also performed by flexing of the,re-}

silient outer housing'wall itself. Constructing the outef.housing

out of suitable material such as vacuum-formed ABS can permit this.

_-.__..-.—_-.

fléxing with no damage occurring to the housing}_

Still further shock absorbtion is obtalned by the rubber'

bumper or ridge 103 ruhnlng around the outside of the hou31ng and |

positioned so as to absorb the most common shocks such as droppini

the scanner on its side on a table. The housing is molded in two |
. .. ' '

parts, and the ridge 103 is placed between the_two'housing parts. '



ation or to any on-line synbol affixing station. As best shown

t he box-shaped head | Qb is provided with a bracket 11 for -
y mounting the head | Gb at any designated | ocation on the

ne 13. A plurality of objects 1§kare conveyed past the head 10 45
I on purpgoses:: The head | b can al so be conveniently nounted on -
tand. The niniature size and |ight weight paraneters insure that
dification to the production line facility 13 is not required. -
the fact that the inspection station is stationary, it is not

o nount the DC power supply com ponent 50 within the head 10.

e DC power Asu@piorheumepareke , sbheamipndakuast 64 28 FMrHervolume,
mote fromthe in- terior space of the housing, therﬁp ,qpviaiiqg
rab¢0119PGFW§%Sh%ﬂﬁﬂ%?%ﬁﬁ??ﬂ?F%cgﬂﬁ-§h§p§85ge#§iEW: Lt suitable
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cillatory pubpdl shalh to W 15 1O %L?thﬂ??ﬁg&:‘ﬁﬁgtlﬁgﬁjios?%&ﬂéé Qi th .la

76 fixedly n-the sha for- participa
oot b “houl SBAGHRR. 18" SR e L O LIELARS BRSO PR onat
wn . location on the assembly line 13. " A pluraligy of objects 15 are
conveyed past the head 10 for inépection purposes. The head 10b
can dlso be conveniently ﬁounted oﬁ a support,staﬁd. |
.The miniature size and.light weight parameters insure
that extensive modification to the produdtion line facility 13 is
U not required. In view Qf the fact that the inspegtion station-is
statiohary, it is not neéessary.to mount the Dcipower supply con-
ponentISO within the head ;o. Insiead, the DC power supply com-I
éonent 50 can be.mqunted at another lécation remote from the iﬁ-

s terior space of the housing, thereby obviating the need for pro-

viding a handle as in. the gun-shaped version.

II. HIGE-SPEED SCANNING MOTOR

The structural and functional details of the X—axis
scanning motor 68.aré illustrated in FIGS. 4-10. These details
are identical for Y-axis scanning motor 70, and hence will not
be repeated for the sake of brevity. Ty |

The scanning motor 68 is a light-weight, miniature laser
light beah scanning device for the high-speed scanning of bar éoae

symbols in laser scanning systems. The motor 68 includes an os-




ings 114, 116 are respectively nounted in stator housings 110, 112: A
per manent nmagnet rotor 120 is journalled on stub shaft 118 whtch is:
co-linearly arranged with shaft The rotor 120 is surrounded byithe

. stator coils, and is operatlve connected to the output shaft 72 fér joint

oscil'latory novenment therewith. The upper stator housing &1§0 has a. a|r of
pol es 122,124 nechanical ly displaced by [err]. The |ower®Stator ho Si n o
112 has. a pair of poles 126,128 nechanically displaced by 1800. Th per

pol es 122,124 are spaced 90 apart fromthe | ower poles 126,128. The :

t ur al
pper

_ pernanent magnet rotor 120 is negnetized with the same number of po%e pairs

149, re@@%%ﬂﬂ&héﬁ@rﬁﬂgﬁétoﬂaéor 120 is journalled on stub shaft 118

 the output shaft 72 for joint oscillatory movement therewith.

-poles 122 124 are soaced 90° apare from the lower poles 126, 128.

© of pole pairs (i.e., one palr) as contalned by each stator coil ;

“angular steps over the entire 360° circumference of the output

Gt o PhRt récéﬁdﬁﬁﬁg‘ﬁi)?%ﬁ:%%%&“%ﬁé?tf’%aéﬁih %déﬁﬁpﬂ% ¢
adrrearfarﬁ"’néc%en@a “WRGRR T SR o7 PR e R b TRk aR R 2 bt o

| Hed i S pben9edor Dy mBliich Wﬁéxﬁémaaz' ng and de- energl zi ng the two

St at’or nagnet ic interaction bet ween

r ot or. pol.l«a}.§te %é?esﬁt %eliugglse té\ep.tgﬁgﬁ?aosgurtgrl Aot <S¢ g ﬂe

angul ar steps -over the entire 36 circunference of the output sh
1hd G raadloﬁiéfcéhﬁﬂshg%aéheBI%%.rtdIDtHHL?s 1&:%'911')“ or s€QRbEOLoTBANS r¥ Is

operative to oscillate The shaft 72, fir in one circunferential ddrectlon
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circunferential direction over an arc | ength | ess than 3600, and théreupon

|

i

whlch is co—llnéarly arranged with shaft 72. The rotor 120 is l
' 4

surrounded by the-stator co;ls, and is operatively connected to

: _ R
_ The upper stator housing 110 has a pair of poles 122,124§

mechanically displaced by 180°. The lower stator housing 112 hasg

a pair of poles 126, 128 mechanlcally dlsplaced by 180°. The uppeﬁ
{

‘The permanent magnet rotor 120 is magnetlzed w1th the same numberg -

winding. |

The structural aspects of the scanning motor 68 are anal-

. ogous to a simnlified stepper motor, which is a.deVice-which is ;

used to convert electrical pulses into discrete mechanlcal angular
movements every time the_polarlty of a stator'w1nd1ng is changed.:
. i

. . . {

By alternately energizing and de-energizing the two stator coils I
of a stepper motor, the magnetic interaction between the rotor ;
poles and the stator poles causes the rotor to turn in discrete |
. i

i
t
!
i

shaft.

—— -
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high rate of speed. Each arc length is typically about 50

the vertical, although other angul ar displacenents are

The rate of oscillation is typically on the order of one hundred

second. The notor control mnmeans 94 includes reference nmeans 140‘47

ng a genef®l.ly constant |ow | evelQfC voltage to one of the stator

For exanple, a 12v DC signal is applied to stator wi nding 114

or 132. The notor control neans al so includes vari abl e neans

bl ying a periodic voltage of tine-varying anplitude to the other

or wi ndi ngin Eonteaddsitdnction aryus beppert agbonavefttdemmogor control

stator winding 116 via conductor 134. In FIGS. 5,6 and 7, the
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The motor control means 94 includes reference means 140
for applving a generally constant low level DC voltage to one of
the stator windings. For example, a 12v DC signal is applied to.
stator winding 114 via conductor 132. The motor control means als
includes variable means 142 for apblying é periodic voltage of
time-varyihg amplitude to the other of the- stator windings. For
-example, a triaﬁgular voltage waveform is apblied to s;ator windir
‘116 via conductor 134.

In FIGS. 5,6 and 7, the reférgnce means.applies'a con-
stant positive DC yoltage to stator coil 114, therebv energiziﬁg
stator poles 122,124 as north and south, respectively. 1In FIG. 5,
the.va:iabie-means aprlies a zero voltage to stator coil il6,
thereby permitting the permahent north and south poles of the .
roﬁor'to a;ign themselves with stator poles 122,124, as shown. In
FIG. 6, the variable-means applies a positive bc voléage to coil
116, thereby energiiing stator poles 126 and 128 as_nbrth and sout
respectively, and ;oncomitantly'causing'the rotor to turn in'

clockwise direction to an andular position which is depeﬁdent{up—

on the positive amplitude of the voltage applied to coil 116. " In




)

ent upon the negative anplitude of the voltage applied to coil 116.3|n

summary, the shaft 72 is noved in an anal og manner to an angular position
whi ch corresponds to the anpligﬁhe of the periodic voltage. The nufiber of
- degrees of angular novenment is proportional to the voltageganplitudé. - The

speed of movenent of the shaft 72 corresponds to the rateé$®f change!lof -t he
periodic voltage. The direction of novenent, i.e. clockw se or COU-tQ%j

cl ockwi se, is dependent upon the slope, i.e. positive or negative of the

periodic voltage. The oscillation rate is proportional to the periodicity

-t riodiG. for T it e of ' i gp 1,513 e [ve ) '
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can be any tine-varying voltagé, such as a sawooth, sinusoidal or i

Aoy vehar BbnkemikANtAq c4lid eg Venel 8B r kthe tureedPf thelshaft

#%?runrl?%%%?,giﬁdaFREfact, isqginusoiﬁ%J-like in the sense that thé shaft
CORAE 15 RYESkwWoNe dhesctienshaf armpiariespbbt civhephliich tish@gpesid+ons of

FIGS. 6 and 7, and speeds’ up when the shaft approaches the equilibrﬂum
eP@sSiigon e Fhégabivenampdditude aiff atle nwoBthgeeappliadkitey cafit HEL Ghaf t

posi- tion with respect to the anplitude of the periodic drive voltage, one
~ adj ust mentn i Sutwapye- thke shafaid tidlenoted héncanshanflodCmeniner td age
. Which is applied to stator coil 114 by adjusting the reference neans 140 to
an Ppirefeler poeiit vahushichl lcorxeidhands yteotpenenpld itadebe fcdreaact eritzed by

a resonant frequency. For the scanning notor 68, the resonant frequeéncy is ,
peatiediinedyl tapag oTher nukbegs dfy ddgrens sobf angulasymoyestentctis e and by
the fixed magnetic _ _ . . i
proportional to the voltage amplitude. 'The speed of movement of :

the shaft 72 corresponds to the rate of change of the periodic f

, voltage. The direction of movement, i.e. clockwise or counter- ‘'

clockwise, is dependent upon the slope, i.e. positive or negative,
of the periodic voltage. The oscillation rate is proportional to i
the. periodicity of the periodic waveform. The rate of oscillation

is at least five oscillatiénSpafsaxmd, and in a preferred'embodi{

ment, the rate is on the order of one hundred cycles per second., ¢

The periodic voltage waveform can bé'aﬁy time-varying b Y,
voltage,'éuch‘és a’sawtéoth,-sinusoidal dr triangular wavéform: i
For'pefiodié drive .waveforms, the speed of the shaft is non-lineé%,
and in fact, is sinusoidal-like in the sense that the'Shaft'speéd:
) slows down when the shaft approaches the sweep—limiting'positionsé
' of FIGS. 6 and 7, and speeds up.when the shaft approaches the }
" equilibrium position of FIG. 5. | i
| In order to obtain more linear tracking of the'shaft'pésiL

_tion with respect to the amplitude of the periodic drive voltage, |
one adjustment is to pre-set the amplitude of the constant DC vol-
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, spring constant) which is. established by the stator wi ndings. ;

hangi ng the DC voltage | evel applied to stator coil 114, one |
frequency of novenent of the aft to any desired val ue. éﬁk |

ans 1404 s .adj ust ed such that~¥he fre- quency of nnvenent |s at ‘

|nherent‘?esonant frequency, then a |large anplitude of notion

Is obtained for a relatively small input power. This

is used for those applications where a mnimum power drain is

Pi&dd | WhiBhbakt gk ?ﬂ@aerteﬂ LRI @il Ot heyohhguskand, the ideFerenc
ans 140 is adjusted such that the frequency of noverent is |

mhdién § €500a8b hr pefedede rniitid Nalud | nemllt oackllhgtokyskahiponents i

rsus drive voltage anplitude is obtained at the expense of i nput '

scaulj st obaracsegdekd biyora ttesmappl freguensywheForativer scanning

ep is desired; for exanple, for measuring bar code widths.

| hoolcof 6Bt athengespnemta femqueneki g detevninddn amengwedhrelyy thlnc=

hg the shaft 72 to sweep-limting positions which are nore |

S kic ethapaasst 0 fskbepMRViling ¢ tuch e viRd oy sther éixpdnmagnetic =

Lo scan the synbol. W have recogni zed that the shaft undergoin
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If the reference means 140 is adjusted such that the fre-
quency of movement is at or near the inherent resonant frequency,
then a large amplitude of motion for the shaft is obtained for a

relatively small input power. This adjustment is used for those
appllcatlons where a minimum power cdrain is desired, typlcally in
battery- powered operation.
On the other hand, if the referenée means 140 is adjusted
such that the frequency of movement is remoté from the'resonant-
frequency, then more linear tracking of shaft position versus driv

voltage amplitude is obtained at the expense of input power. This

adjustment is useful for those applications where a more linear
sweep 1is desired; for example, for measuring bar code widths.
Another method of obtainiﬁq more linear tracking is to.
widen the sweep by over-driving the shaft 72 to swéep-limiting
positions which are more angularly spaced apart to sweep a fieid b
viéw which is more than neceséary to scaq_the symhbol. We have

recognized that the shaft undergoing a sinusoidal-like movement




vel ocity of the harnonically-varying éngular vel ocity can be des- cflbed as
a conpl ex transcendental function, and has a velocity. which i-s unifiormto
within a few per-cent over a +3jerr] to [err] range. Hence, in the Micinity,
of the equilibrium-wposition, the shaft undergoes a sguidMat |inear | _
novenent. By-over-driving the shaft 72 to generate a sweep having field -
of view on the order of eight inches, in a situation where only a fagur_ ijhch
sweep i s required to adequately scan a synbol, the speed of the shaf 2 10s
LaLl v hr, d. f r .knches of -
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The voltage at the oppos- ite end of the coil” 116 is connected

%&H NgnVigel 8%att Furfthe andl +61h808vbaAGK coddithmtiegat Ve haent 1&9?€wal
e anplifier 144 via feedback conductor 148. The voltage in the eeldback

&P i8HCEARN 143 rnfa I1Re edtpedted ed BerHapsoithadR WY Ghadls @ﬂpeherraa&% 51
with the voltage generated by the stator coil due to shaft notion he

180gotBibhe offeetmtamniletmot 148 dlst azRlablien. f AlHOVL LhH@adr BMGtV=0| t age,
ereby making the output shaft speed nore uniform Any |aser Ilght

vEPO BPt PYoEN thiee Wavmor i FHL 1y Hratpeng- angullare ved dainearéyn shepéiessr 0ss t he
target synbol. If two scanning notors are used, then the |aser bean1ban be
cwwwédoasratwommﬂmeﬁnanscendental function, and has a velocity. |‘J

s

which is uniform to within a few per-cent over a + 25° to 30° !

z A

range. a : : S _ o 3
Hence, in the vicinity of the equilibrium position, the

shaft undergoes a somewhat linear movement. By-over~driving the |
shaft 72 to generate a sweep having a field of view on the order :
of eight inches, in a situation where only a four inch sweep is f
required to adequately-sean a symbol, the speed of the shaft 72 i%
essentially linear over the centrel three end one-half to fOur |
inches of sweep. B ' ' e ' o ' i —
| Y
- Still another method of obtaining more linear tracking : :

is to utilize the feedback circuitrf dépiéted in FIG. 8. The - i

]

drive waveform VD is applled to the positive input eermlnal of the'

differential ampllfler 144. The amplifier output is connected to

one end of the stator coil winding 116. The voltage at the eppos-

ite end of the coil 116 is connected to ground via resistor 146,

and is fed back to the negative input terminal-of the amplifier
144 via feedback conductor 148. The voltage in the feedback con- !

‘ductor 148 is the attenuated drive voltage which is superimposed |
!
o
|
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directions to generate raster-type scan patterns. O course, if
I onal scan patterns, such as Lissajous-type patterns, are ~a
r sone appligcations, then the ve- .described |inear tracki nél
are not uti%ized. The un- nodified sinusoidal--1ike novenent of

i
i

t he (out put shaf t thenirepre- sents a significant feature of the scanning
nntor-QLpNEnt. The m ni ature scanni ng notor wei ghs about one ounce, and
occupi es ajjvol ume on the order of one inch x 0.4 inches. The scanning
not or al sojfhas a | ong working-lifetime_ on the order of 1Q,0Q00 hours, . .
because i t||i ¥1tRehEnvOy ta9e IRRRFALRA RECFRPATBEPEWCOVEt SaFotite ShAkthdiption.
of obtainifp re Linear .tracki s illustrated by e_closed | Qo
scanni ng ?BHQCXR FSﬁeCilInC%i < %e%?a&!%dc?ﬂgwg%? éagnagf&m- e%scg&%%ogw the
notor contfol _circuit in- cludes.th canni r 68 rativ ,
reci procal yéf)%X?l V85'tﬁg|‘?g t%eers%b&ﬁ‘?“ 90 erﬁhgﬁggdfgggﬁ tgﬁ,e%gfng{% eenm”'f“"rm'
the other,{jwith, angu tJ fs %ay h r -iQ% s -
above. Thig mrror 765‘?% %ugnet%gdqaltgﬂ e’@fldﬁi’?n%hgﬂs%g%t ]1} tgd?ZG?Idel?Ieldathere.
i ght beanli g,a,dgsi Ladeter il Ned- FPdeL e - + IPG 0B RBLICI T G4 ttwo scapni
conpri ses g??ﬁagé gg?ﬁgfgg?%ﬁﬁjéh nor e sec%n_arg_coi%s 162 and léa,zﬁﬁFnlng
a novabl e hh@#?réGQrf é@% , HHEd”%P@‘%&éeQGQeéﬁ 888" BbZ8tebk dvelitio mutuall
freqyency scillator 168. The secondary colls 162, 164 are_Juxpaposed
physi cal | y|ichpERob8nkAC AR orfPido Idherdfe £REEE1660LS sareat varHY ed of
on notor shaft 727for joint oscillatory novenent theremnfh, and i's | ocated
between the gpheBey €81 bmhi0 @b ddiodaD sSesnngatyeentl, ssheh b4 LiAsdRAIs-type
shéwn in FjG 10, the tuning-capacitors 170,172 ' :
patterns, are reguired for some applications, then the above-
+|l described linear tracking technigques are not utilized. The un-
modified sinusoidal-like movement of the output shaft then repre-
sents a significant feature of the scanning motor element.
The miniature scanning motor weighs about one'ounce,'and
et occupies a volume on the order of one inch x 0.4 inches. The
scanning motor also has a long working—lifgtime on the order of-
10,000 hours, becausé it is frequently shut down, as described
o below.
\~

fet another method of obtaining more linear tracking is
illustraﬁed by the clésed loop scanning motor control circuit de-
pvicted in FIGS. 9 énd 10. The scanning motor control circuit in-
cludes the scanning motor 68 operative for reciprocally oscilla-
' ting the shaft 72 first in one_directioﬁ, and then the other, witl
angular motion of always less than 366°, as described above; The
mirror 76 is mounted at the end of the shaft 72 to reflect a.light
beam ih a deéirea prgdetermihed manner. |
- Thé control ciréuit comprises a primary coil 160, two or

more ‘secondary coils 162 and 164, énd a movable shield 166. The




itune the secondary coils to resonate at the frequency at which the pripary
_,c0|l is excited. Wen the primary coil is excited, the secondary c0|IS are
rinductively coupled to it to e blish an os- C|Ilat|ng magneti c flehdi "and.
Jan AC vol tage of the sane hi gh 0s- cillating frequency as the primary coi
"appears acros.s the sec- ondary coils, and is detected bﬁ'&he sensing L.
icircuitry 174. The shield 166 modi fies the radio frequency signal at tﬁg“"
'prﬁf@'ﬁafrf%oll‘hlﬁb s eAddtdd Bfea sss@ﬂsaﬂea%h%ybbs@l 3@&& 1‘11

.,proportlonal to the area of the latter covered by thé shiel %haft

| /A5 dddohgary! BOiTR Qled, B are! phk¥epbSelhphiRaRallG IdiRdb ddie \ﬁolftage
facross one secondary coil increas- es as that secondary coil becones! ;

-' ureHd b rtetiarpandot NGOt Ay sHiell@el 40! § 801 REBVYS mbltd tRid&n %ﬁﬂsmdar%'
| coi | decreases as it be- conmes nore shielded. The.voltage sensing cirfcuitry:

i 1&hafnpl2 sésrpdekinti ede iddiaminy movenéneuthérwbieh ,i aaldude Qwhafedﬂﬁ 178
cand resistor- capacitor parallel-conbinations 180, 182. Each det ect or! |

mﬂetweeM|thdepe¢maryheouﬂtk&ﬁaand|¢nereeoesécuﬁdar§5&mﬂkﬁ(ﬂt$ﬁﬁ@ﬂdafy
~coil and feeds the voltages to a differential anplifier 184 for gener;ay
‘ting a diffhsehestssyowin vim (LG s ¥ ppohe i buaingockbacdnguisal 7di &72 ;

pl acenent of the shaft 72. This difference signal is, in turn, fed toione
. | pute ofhansebenddiryf eodidtsi do argAdridtes aBGthahﬁsequehey at SMiidiputhe $
"supplied with a contral voltage The output drive signal is fed to t:hé
stPaigRaxpi¢oilnis pref&eded éﬁiﬁiﬁl%t?rxwmtﬂalyléoﬁkw.l tthe |

oscillator is printed on a printed circuit board. The primary o
secondary coils are inductively coupled to it to establish an os-!
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cillating magnetic field, and an AC voltage of the same high os-
cillating frequency as the prlmary coil appears across the sec-

'ondary coxls. and is detected by the sensing c1rcu1try 174.
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The shield 166 modifies the radio frequency signal at
the primary coil which is coupled to the secondary coils by an 5?

amount proportional to the area of the latter covered by the S

shield. As the shaft 72 osciliates, the shield moves relative to: |
the magnetic fieid, the voltage across ohe secondary coil increasig';
es as that secondary coil becomes unshielded, and concomitantly ié o/
the voltage across the other secondary coil decreases as it be-
comes more shielded. | . |

The voltage sensing circuitry 174 comprlses peak dlodez

detector sub-clrcults which 1nc1ude diodes 176, 178 and resxstor—-

capacitor parallel comblnatlons 180 132 Each detector sub—czrcu;tf

detects the voltage on its respectlvelv associated secondary coil:

I

and feeds the voltages to a dlfferentlal ampllfler 184 for genera-
: l
ting a dlfference signal whxch is proportlonal to the angular dls-

I
placement of the shaft 72 Thls dlfference 31gnal is, in turn, fed

rertn aeMAe e+ heemis e ey

to one input of another dlfferentlal ampllfler 186, whose other

T et g S vy
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the centetl of the primary coil. The secgggary coils are printed mﬁth_ther} 53
sensing cijrcuitry of another printed cir t board. The secondary coils are

pr.i nt ag generally triangular patterns with the apex |ocated on the shaft
axi ss_Refgrring nowg FIG 16, each niniatgre Eggnning tor 68.70,1sS
r
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th torg 68,70 t hut t ifi i n.which th ' By
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is pgjinted with a circul ar pattern, and the shaft 72 extends through_
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r is ymoved © to thereby interrupt |I"aser beam !

transm SSi‘bBoalr%.anofﬂlﬁ_rsé)é&flcﬁ’éffd?éﬁgd'b.%nbrih'%%ds-@ét RndEANSy i@ri}éﬁgular'

operative &0 nove the mrror out” o

above

pass

e sweep range, as describ-:

. Insk ?,a_%tetﬂg SULH Sfh&EAPSEx| SoRLEA! bhe the EhwEH ke sror to a
ion within the sweep range such that the reflec- ted light will not

throqph the outl ele fOffing THew' €6l PEGEd16, each miniature scanning motor

|
I
| 68,70 is provided with a reference means 140 and a variable vol- %
|

¥ tage means 142. 1In addition, shutter means 150 are provided in

'; the control circuitry 94 for generating a shutter voltage which |

: moves either or both output shafts of the motors 68,70 to a shutte

\kj"iposition in which the associated mirrors .are moved such that the

(%

!{laser beam is prevented from passing through the outlet port 62
]

. towards the symbo}.

. The shutter means 130 is electricaLly connected to the
;variablg voltage means. In one embodiment, the shutter means 150
;generétes a voltage hadving an amplitude greater than the amplitude
%of the drive voltage. 1In FIG, 6, the dashed line rebresentatidn

:iof the rotor 120' depicts the shutter position. The large ampli-

“tude voltage displaces the output shaft to a greater angular ex-
‘tent than that required by the sweep-limiting position shown in

! : . .
solid lines. 1In this case, the associated mirror is moved out of
! : .
‘ the. light path, to thereby interrupt laser beam transmission.

i - '
! : In another preferred embodiment, the shutter means is

not operative to move the mirror out of the sweep range, as descri



i ght can be contained within the housing itself, or preferably can be
fliverted to a |ight absorber, sucg as a bl ack body, nmounted within the
flousing. In the preferred enbo nt, the variable voltqpp_upans anes;the .
mrror such that the reflected laser light beamis swept” across a field of
%ieM/mhich is_longer_ than the length of the exit window at the outlet port

B2d aboeet ecInStRE@hoHih FRMFFET dPe3PBodFt EPEFALS VEr Y@K tth@ ndoy ,
iIntercept the | aser, |ight beam.and bl ock its transm ssion when e beamis.
LT ORr BAGR PPSLELOR WAERIR NG aSYESBes 8RS REFerDAr GRS LIEST { he

inved L faRE i1, Ped BRNS STl o0 BRoShoPRs T ¢ St d DaAR R T |

bl TerefR Bhy EoBsashad AL ie chobpbht,ddRetange it a5 s Ty such
41K 7 (BEPEF 5T 88 AL e e or o Ehut BHFR Eand Diict, oM FIRAERE .
bR kR B R AL Dea above, he scanning means i S operative (o

< necoseary Fo e AL e b TR EhPER o ARD kLA I e el O e
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The capa i Ty of sensing each objec e scanned’i*n 1ts
i esdesesskubi1dee®dii®w which is longer than the length of the exit

! window at the outlet port 62." In effect, the housing walls at e

- opposite sides of the exit window intercept the laser light bearnl_:E

‘and block its transmission when the beam is swept through its. en- |
' tire sweep range beyond the length dimension of the exit window.

In this case, the shutter position can be any position of the

[ I

i mirror which results in its reflected light being directed beyond B
" the length dimension of the exit window. It will be noted that
' the shutter position in this case is within the entire sweep'range;

~but is . still such that the laser.light beam is prevented from
;reaching the symbol. o . : T o g:)
; | ‘The shutter position represents a motor shut-off condi- :
_:tidn. The frequent motor shut-downs described below means a very :

"!loy'duty=cycle.



Trigger nejgns 60 (see FIGS. 1 and 10) is operative for actuating the -
scanni ng- mgans 68,70 to repetitively sweep the bar code symbol a number of

ti nes eachfjtine thé #trigger means 60 is ac®éat ed. Trigger neans 60 is
prefyenabl yjja manual 'y~ depr essabl e switch nounted on the housing in the

vi ClMAi'ty the interconnec- tion of the barrel and handl e portions of o
housi ng. he trigger switch 60 is located on the handl e portion such that
the forefijg- er of the user's hand can be used to nanually depress the
switch. Eagh time the switch is depressed, the scanni ng neans sweeps the
synmbol many ¥ITes, OBAECHe SEHNSINIGf two hundred times. \Wen the decode
circuitry 1102 successfully decodes the synbol, which may occur on the flrst
scan or atllany scan upst dessaibedciaRaviRy tHhe (SAPRHATRERNSC AR, OPREatdVSddo
circuitry generates a successful decode signal and conducts_the_|atter
through a orapiidtyopndnreretddiivielys Sepmcthftit B2 ¥Rt AYPEator FOEnSroper opers:

| ocated injjthe head. The indicator nmeans conprjses, an audltg e beeper
Ribedh

98 and/or f Fiemt - bﬁ]%?lﬁQC&§§@§Y9§° qﬁﬁﬁiq $RepeFvwesnsy drRoY \irafs

t he di ode ght , en the er o] that th f th

parti l:ul ar s‘?@r’tﬁ%lb%%ngsé'EoFé‘Pﬂ ¥ (ane %%‘E’?u or - ﬁ?gﬁglﬁ?gf‘ﬁggﬁﬁnta&‘t‘?%(?een
and the acliuati gn of t?e |nd|cat% an e definabl e, ,events whi.ch advi,se §>. 4
the | aser egegsfem MraY S é%ﬁ%ﬁjt) %is© BhuEY SthEePSifges S OPJec

b I h f

v”ﬁén §c;ﬁn} 6 nS o CRRBRY A ddE Gogl The Thireaf of bheshECrRET B RYne
t 150 I t t t

Chdby orfhvent | g furEREssE, tERE Bl (U TG0, [CahalHb) Bk BREAANY for

port The lQé@ﬁa&ERS %ﬁe’@cann;ng meansl68,70 to repetltlvely_sweep ‘the bar

K

code symbol a number of times each time the trigger means 60 is
actuated. Trigger means 60 is preferably a manually-depressable
switch mounted on the housing in the vicinity of the interconnec-

tion of the barrel and handle portions of the housing. The trigge

-\?/l- switch 60 is located on the handle portion such that the forefing-
er of the user's hand can be used to manually depress_the switch.
Each time the switch is depressed, the scanning means sweeps the
v symbol many times; on the order of two hundred times.

When the'decode circuitry 102_successfully decodes the
symbol, which may oeccur on the firstiséan or at any scan up to and
including the two hundredth scan, the decode circuitry genératesl
a successful decode signal and conducts the latter through a cbn-
ductor in the cable 58 to actuate the indicator means located in
the head. _The indicator means comprises an auditory-type beeper
98 and/or a iight—emitting diode 99. When the beeper 98 sounds
and/or when the diode 99 llghts up, then the user knows that the

scanning for that partlcular symbol has been terminated. The actu




not shut off at this tine; onIy t he scanni ng motor is shut down. Thiss not
only represents a safety feature, but also | engthens the working-1Iifetine
of the |aser tube and of the scanning notors. Actuation of the trigder
means_ 60 concom tantly turns ti®&M aser tube 24 on, provided that thd |aser
‘tube Was previously shut-down. reover, actuatron gﬁi;he trigger ans 60
simultan- eously turns tinmner neans_152 on..  The tine ans 152 rengi ns 4
operative for-a predetermned tine period, on the order of five ninytes.

If the trigger switch 60 is not actuated during the five mnute timing

PP £t PRE WS S R0 tARE dife 24 CORLEGA! bY Thid Mbé%f%ﬁ@éﬂg a-jcontrol

S|gnal to the control termnal 56 of the power supply conponent 50. | This

08508 F O aB Q¥ bvenits WHLAH | 4BRIse¥ tBE Laspw |s%¢rﬂﬁrﬂg1%§§\€eﬁlmgg peri od,
then the timng period is reactivated, and the | aser tube has ahother five

dBdni B8y begiakt apdf @midt lm@utpﬂggegabbymabuwwéasémeeﬂm& tihat the
trigger swtch is not depressed again in the next.five m nutes. Anotjher

Ye it e et t REBErdaeduaticrsest Rte ijdisawounmednsn the head to indidate the
on-of f status of the laser at all tines. 57 As noted above, each
act uat i onvhént beahniiggeremansubén i indiaaesoa plfurtile tindifcasioans unU|I t he
decode circuitry has de- term.ned that a successful decode neasurengnt has
niedees, pheceechaniiadh shiviter secesstay d86oneveisgrdie icutumndushafitso

ei ther the beeper 98 and/or the light-enitting diiode 99. The sound [and/or ..
tichet he gt shntkeat posiddwnses thereRyrPraventiddr épmnhamelmmme@mhas been
term nated, and that another synbol can.now be scanned. The repetitiiv
txansmigs Lon ‘enththyposah rfémlmtlemthpgﬁt The laser tube 24 is

not shut off at this time; only the scanning motor is shut down.

| Ed
i
I

!
This not only represents a safety'feature,-but a150'1en§thens3the§
working-lifetime of the laser tube'and'of the-scanning motors.

Actuation of the trlcger means - 60 concomltantly turns - |

"the laser tube 24 on,: prov1ded that the laser tube ‘was prev1ously§

shut-down. Moreover, actuation of.the trlgger means 60 51multan—§

eously turns timer means 152 oﬁ; The timer means iSZ-remains

tperative for a ptedetermined time period, on the orae: of~fivé | -
minutes. If the trigger switch 60 is not actuated during the fivé .&:)
minute timing period,ﬂthen the laser tube is automatically shut

down by éending a control signal to the control terminal 56 of the
' power supply component 50. This conserves power. If the trigger |
switch is pulled during the timing period, then the timing period
: is reactivated, and.the laser tube has another five minutes to |
wait beforé it iS'automatically shut—down'in-the event that the i

; trlgger switch is not denressed agaln in- the next five mlnutes. E

~ Another llght—en1tt1ng diode 97 (see FIG 1) is mounted on the hcarq -

to lndlcate the on-off status of ‘the laser at all times.
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leaders and scanners which only scan once for an object,

ity as conpared to the prior art readers and scanners where only

or automatic scan is perfornmed. |In sone instances, the print%?g i
ol on the product is poor in ternssgg the contrast of the col
s af the synmbpol as conpared to the | or-- of the spaces of the

these cases; #he probability of getting a-successful decode on
can attenpt forf a given object (i.e., percent decode) is very
us poor printing also contributes to lowreliabil- ity. It can

at the prohabiddieg Oébél@é}lélgcﬁt akeast jone ofeaode afigfe N REARNS 60
ed by the foll ow ng equation: 1- (1-P.D.) wherein P

thg&hmgﬁgaﬂpﬂuxéﬁlﬁmeosusceﬁs uhth ldeteddetiddy dY saniisry Bas de-
of scans per attenpt; and P.D.= Percent decode, i.e. the
eérgﬁhteldwg;matsLaccsasc;dedssﬂebodecodeam;agu\temesﬂamas tdkee place, at
t he percent decode of a given synbol is about- 10% because of

i whil), tdme tshatuddessd fiskrdecadea- siggady disemamidudiiesd itwest tloer the
out 200 scans a second, then: p=1- (1 - .10)[err] 1 -

1begpeny PG and/ax m%mmbaemittjmgf ddodeed9 -By hentsawnd dnd/or

t hen:

the light indication advises the user that the repetltlve scannine

has been terminated, and that another symbol can now be scanned.
The repetitive scanning for each object results in high-
er reliability as compared to the prior art readers and scanners

where only one manual or automatic scan is performed. 1In some

instances, the printing of the symbél on the product is poor in
terms of the contrast of the color of the lines of the symbol as
compared to the color of the spaces of the symbol. 1In these
cases, the probability of getting a successful decode on any
given scan attempt for a given object (i.e., percent decode) is
very low, and thus éoor printing also contributes to low reliabil-
ity. | | |
It can be shown that the probablllty of getting at least
one decode after N scans is determlned by Lhe following equation:

(L - P N

P=1- .D.)
where1n§P = probablllty of getting at least one success-
< ful decode after N scans (%);
N = Number of scans per attempt; and
' P.D.= Percent decode, i.e. the probability of

getting a successful decode on any given "scan

( %).
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=1- (1- .10) 1- (.9) = .1 or 10%probability of success. The virtual
certainty (100@@ of gettlng a successful de- code using repetitive scanning
even ‘for poorly printed synbols which have only a 1 in 10 chance of being
successful |y decoded, as conpiyap to the very low cerpainty (10% for the
prior art devices iIIustrates the high reliability ur invention. Ln the
event that no successful decode neasurement has been made, then the tyigger -
nmeans is operative to termnate the re- petitive scanni ng upon el apse of a
predetermned tinme period as neasured fromactuation of the trigger. The "
predetermined time period, typically on the order of three seconds, is

,.Sel ected tgprayigeste that whieh paifddrt eidcdddeot 0asqPhent b?mbbjledls

iiIScanning will also be automatically termnated if the trigger is released
ibabeie t1lvw dexousatodntdst pvee padotdrg Mand fieat othdatakapsedaand before
ia successful decode neasurenent has been obtai ned. Another or the sane -
uvuagabystemuﬂfnthndlinvgntmdncghamsnmx1dhnuseﬁbmoscadscatsebbaﬁ,the _
JIscanner system has not success- fully decoded the.synbol to be read. : V.
uLABER.DIODE SCANNER The neans for generating a | aser beam need not be the
ilaser tube 24, as descrlbed above, butyqmay be a sen1conductor

P = (1 = .10)
=1-( .92 |
=1- (x00 | -
; =1lor 100% probability of success
'T By éontrast; for prior art readers andlscanners which only.écan
| once for én object, then: | |
P=1-(1-.10)"
=1- (.9t |
= ,1 or 10% probability of success. : - ;df
- The virtual certainty'(IOO%) of getting a successful def.
. code using repetitive scanning even for ﬁoorly printed symbols
which have only a 1 in 10 chanée of being successfplly-decoded} as ’; g
. : W

- compared to the very low certainty_(io%) fdr the prior art deviqes:'
. illustrates the high reliébility_of our inventibn. :
In the_gvent that no successful decode meaSurement has 
;ébeen made,'then the trigger means 1is operative to tefminate thé %ei
.peéitive scanning uppn_elapse'of a'predetermined time period as '_7
- measured from actuation of the trigger. The predetermined time
Lperiod, typically on the order_of'three.secongs, is selectea té
provide the usér with sufficient time to sight the object.
Scanning will also be automatically terminated if the

. trigger is released before the aforementioned three second time



| aser di ode!

conti nuous Wave-or pul se-type.

avai | abl e fu
Laser.\ Di ode;
200 & nnunﬁ
di ode 200 i

head 167 TH
conpared to.
particul ar- i

order of Ie$
than fifty ¢
contrast to:
power suppl y
200 only red
elimnation

and wei ght.

cavity or | a
m crons. The
and has an q
.The lens sys
order of O. 2
number on 't

neéﬂé have

200, as shown in FIG 12. The |aser diode mav be of the

Such | aser diodes are commer- cially $9-:

om many sources, such as the Gd&al Optronics Corporation,
Inc., and'gptical I nformation Systens, Inc. The | aser diode

ed in the head 10. In one preferred nounting arrangenent, the
mount ed. an heat S 20 ich_ is threa unted to th

o BRH2LE 53 Hi 4 52 8 €58k RERRGr fok o Bt bl as

it a . Hence, the use of a laser diode is
Q88é5§§%€ﬁ or appllcatlons where wei ght requirenents, on the

s than one €Y
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are to kept to a bare mni mum Moreover,

tEsnl saehsteldoecéﬁmmé eENa£ e)@he Bkghn¥e! E%Qeéﬂ s 6BV sf&)cess-'

and a | ow voltage (i.e. 12v power supply, the | aser diode -
UEGES ya de@Waed e dymisol 12y BE) reguer supply. The
of the high voltage power supply 50 conserves even nore space
The | aser diode 200 is forned with a generally rectangu- |ar
ser-emtting aperture 204 whi ch neasures about one mcron x ten
emtted | aser beam di verges outward- |y fromthe aperture 204
symetrical angul ar splay which neasures about [err] x 40-50.
tem 206 is - 42 - designed with a nunerical aperture on the
5, a net magnification fromabout | OX to about 15X, and an f
de order of about f/2. The scanning neans and signal processing

leen onmtted fromFIG 12 for the sake of clarity.



R _ i
Due to the rectangul ar exit aperture 204, the axial cross- section of the

beam spot is |ikew se generally rectangular or oval in shape. -‘The el ongated

beam spot at the reference plane is on the order of 6 nilﬁéy 1 hil.;The
€” hei ght of the

-l onger di mension of the elongatdddspot is aligned al ong’t
synbol to be scanned. The shorter dinmension of the elongated spot i

aligned al-ong the length of the synbol to be scanned. Scanning wth N

rectangul ar or oval beam spot is nore desirable than scanning with.

. circul ar beam spot, because the el ongated spot generates electrical isignals

hvvi b SER O IUDRIBCANNMERt ude changes as the el ongated spot noves acrpss a
dark-light transition on the synbol.. Wen an el ongated spot is juxtaposed
with a dafhe imearoh foe geneohtingripatliases ihedn meeed dudtober thee entire
hei ght of the line are averaged out._ Wen the el ongated sgot t her eupjon
Betan el ongat ed

roses tube. e mestdaparitbedhabpvgnsblitomays Rfore samigen
spot as conpared to a circular_spot. This greater resol-uti-on capabi

tegagedigdeodiOfy & otRovPatni Edfar Mg -f oThey ifsier iedde tey cbat Past,

bet ween the printed lines.and spaces is poqr. The_]lens system 206 is;

ity
I y
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the_al i gnment of the -el ongated spot relative tQ the |ines of the, synbol.
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'The laser diode 300 is mounted in the head lO.- In one’

|
3
|
:
t
1

preferred mounting_arranéement, the diode 200 is mounted on a heaﬁ
g . :

sink 202 which is ﬁhreadédly mounted to the head 10, The diode

200 is much_smaller in §ize and lighter in weight as compared to

'the laser tube 24. Hence,'the.use of a laser diode is pafticularf
ly desirable for applications where weight requirements, on the ;
order of less than one pound, and size requirments, on the ordér §

of less than fifty cubic inches, are to be kept to a bare minimum.’

Moreover, in contrast to the laser tube 24 which requires:

f

a high voltage (i.e. 650v DC) power supply and a low voltage (i.e..

12v DC) power supply, the laser diode 200 only requires a low

voltage (i.e. 12v DC) power supply. The elimination of the hiéh

The laser diode 200 is formed with a. generally rectangu-

f

| : !
voltage power supply 50 conserves even more space and weight. o

| i

i

!

lar cavity or laser-emitting aperture 204 which measures about

one micron X ten microns. The emitted laser beam diverges outward-

1y from the a?erture_204 and has an asymmetrical angular splay |

which measures about 10°-209 x 40°-50°. The lens system 206 is

-~ T~

U



mor ph 250 is a mniature, high-speed scanning el enent which can place

either the X-axis scanning elenent 68, or the Y-axis scann- ing el enent 70,
or_ bot'h. The penta=bi,qorph 250 conprises a pair of binorphs 252, 254 which 61
are ferro-el ectric¥t'ype oscillating elenents which re- ciprocally oscillate
when vol tages are applied thereto. At their |ower ends, the binorphs are
mounted on a grounded support strac42 ture 256. At their upper ends,

| i ght~€flecting mrrors 262, 264 are nounted on the bi norphs such that

they include a [er rl ar_lgl e between_ their refl eé‘ti ngd'surgﬁqc%g. V‘édge-shaped )
bl ocks 258, 26875ARBEduyifk i "HBRTHERh PRETHRS PBr P aRt hat B mor phdto
properly posi tha@nifheatibhriros abous J0Xedetabont NkSX, pasd tanof) nathbéhen the

af orenent i oned I r&,de i bi.ng. ' Clycuit 1 1. shoul d be
ot ed that T e oSt sB8nf e’ b Ikt ReRfiAd Ry (Raryigihl prbeetding O Lorr)

i ncl ude a ri ghweaasghavet hesrebaitkednitan FE@. dRefrsnt dheisekd posiaridy. The

i ncom ng beam i npi nges §le Mol £y rEthnghial QUPOhplePtikrQf bOA] @Hle [kidL MErREs262,
and then is reflected at a 90 angle relative to the incomng beam Mre

i nportant|y, a%eckderrafhbsle hepB\Frosykh likewife ganerAblyhEREEGIIRR 5K i s

subj ected to npehamh Ghapehoake elbhgatedgbéamnBpbe atetitd irenedenpe hailaneen t he
-incom ng and oyt goi beans i.s. maintai,ned in_th r edet erm.ned L tion.

. The bi nor phs 2155,%"2%% 8F erdPFv%ﬁllhﬁ )glnfﬁlﬂlﬁerweeggﬁﬁﬁ (r%%m?'}?emﬁo fgﬁéent of the
tines of a tunelwggétedk spo¥ds akiznpé ealong vilet beighitsofbei syhbod 49 ber ph 252
to drive the sguR.b8, a3,0S%oht&! AiNensioRr 4a elongated spot is aligned

\/ along the length of the symbol to be scanned. =
| Scanning with a rectaﬁgular or bvel beam spot is more
desirable than scanning with a circular beam spot, because the
elongated spot generétes electrical signals having more abrupt
amplitude chaﬁges aé the elongated spot moves across a dark-light
transition on the symbol. When an elongated spot is juxtaposed
‘with a dark line on the symbol, variations in line.width over the_...
entire height of the line are averaged out. When the elongated
= spot thereupon moves into the hext space, the transition is more
abrupt for an elongatéd spot as compared €o a circular spot.
This greater resolution_capability reduces decoding errors,
particularly for symbols where the contrast between the printed
: lines and spaces is poor. _ _ | _
’ . - The lens system 206 is designed to allow for a small
angular tilt of about 10° to about 15° in the alignment of the
elongated spot relative to the lines of the symhol, '



manner in the direction of the doubl e-headed arrow: Regenerative feedback
Is provided to drive the other binorph 254. An operational anplifier 266
has its positive i nput termnal connected to the sensingbi nor ph 254. The
negatlve termnal is connected through. a capacitor 26 o the wi per arm of
a gain-adj ust potentionmeter 270. The anplifier output is connected to the
driven binorph 252. The drid4® Tircuitry is operative to oscillate the\t\\ixﬁ)
bi rorphs in anti-phase rel ationship. In other words, the two binorphs

ei ther simultaneously nove towards each other, or simultaneously nove apart
of &ach pENDE+BIMORPH IseApNINGEEEBMENDed position, the incom ng and outcom ng
beans al ways define a right angle therebetween. This is anal ogous to the
penta-prismeffect, wherein the beam exiting from one face always defines a
90 angl e Twraingt hew HwaRIGn L6 in@entabinenrbhecarindog. elfhentest abl i shnent of a
con € 5EHCO ut.goi ng beans is
adv%t gggggwl ﬁﬁeﬁﬁf‘%‘%a%p%ger#?%ﬁﬁgﬁﬂ sztgzgnnrfhggpee?\gfgmﬁr}t 250 insensitive
to FPpRmEsenis ao’i‘l@%?@ékevef‘ﬁé‘tts?eet\ﬁé‘ﬁ“‘iﬂfn& REeMesEsYHGhi #fMwhi ch t he

penpaadd ré%m itfie MURLE hoafinSgh E6iend 6, WRdER vablie seglhani cal forces, the
scannin not be effected, because the effects of the mechanical forces
ar e 18g e@?‘é‘? YOoe e @PFRY. Nbreover, the penta-binorph is sel f-conpensating
due to te:ﬁpe;fea:ttuamobﬁleeamec&mhs& rDp@is ofi bimobghabBect ed in the sane

ad] ug st..control of .th tentlorreter to a
val %g“ j%%h ?7‘1 r ?’Flr&fe%?cetﬁoT%' %”scc}s%? "% P Jc')emem}s‘le"'(;ﬁgfr’)\t a-bi- 64 -45-
ciprocally oscillate when voltages are applied thereto. At their AR

oo/

lower ends, the blmorphs are mounted on a grounded support struc-
ture 256. At their upper ends, llght-reflectlng mirrors 262, 264
are mounted on the blmorphs such that they 1nclude a 45 angle
between their reflecting surfaces. Wedge—shaped blocks .258, 260
are mounted between the ﬁirbbrs'and the blmorphs to properly
position the mirrors in a predetermined position at the
aforementioned angle. | _
Before describing the drive circuitry, it should be noted w,
that the iﬂcoming light béam_Li and the oufgoing ligpt_beam Lo _.
include a right angle therebetween in the predetermined position.
The incoming beam impinges on mirror 264, thereupon is reflected - B
to mirror 262, and then is reflécted,ét a 90° angle relative _ :
to the incoming beam. More importantly, as described below, i;}
even if the entire penta—bimorph is Subjected.to mechanical
shock, the right anglé relétionship between the incoming and
outgoing beams is maintained in the predetermined position.
The bimorphs 252, 254 are driven in a manner resembling
the movement of the tines of a tuning fork. For example, a voltage

is applied to bimorph 252 to drive the éame in an oscillatory



nor ph shoul d cl

osely approach a harnonic oscillator. Moreover, the

pent a- bi norph greatly anplifies the scanning novenent. The mirror 264

doubles the anplificatiopa;

st.ill again. The outgoi ng beam scans ouer a relatively |l ong range as

conpared.t o the range over which the” f%con1ng beam i s noved. Attentlon IS

directed to d|V|S|onaI application No. 8328690. 65 CLAIMS: 1. A

portabl e | aser
code synbol s m
portions boundi

portions incl udig i afle2bed dlsei tdRBEL itk 1dlitacamtinkN@orkédtel fPRheal ong

whi ch si ghting
in the interior
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a user, conprising: (a) housi ng having wal |

the mrror 258 doubles the anplification again;
and the anti- phase novenmént of the two mirrors doubles the anpllflcatlon

63

daacle&ﬂ eroviged tenfrivsulir w§hem hln%qhi 8P4 s phR resatienahl |

of the synbals can be taken; g?%vﬁﬁ ht source neans nount ed

sgies torHL 2RBusiThy TesATHE
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and towards a bar code 'Igtynmvev\d:mr@mtzsr Lo cantezdtiovet @«piqslcblylaﬂe thee thousi ng;

i r Tt e upper-wal |

(d) scanning negg&,gpyq&g

t he housing for

U

erél.gaxg% L‘E%ogﬁﬁ angl ipBndGokdl eLhO s Pace of
repetit

canni ng
bimorphs elther s1mu1taneously move towards each other, or-

simultaneously move apart of each other.

In the predeterﬁined position,'the incdming and outcoming
beams always define a right angle therebetween. This is analogous
to the penta-p}ism effect, wherein the beam exiting from one
face always defines a 90° angle with.the beam entering from
another face. The establishment of a constant angular relationship
between the incoming and outgoing beams is advantageous in
making the penta-bimorph scanning element 250 insensitive to
vibration - or shock-effects. Even if the housing in which the
penta;bimorph is mounted is'subjected to undesirable mechanical
forces, the scanning will not be effected, because the effects of
the mechanical forces are completely cancelléd. Moreover, the
penta-bimorph is self-compensating due to temperature, because
both bimorphs will be affected in the same manner.

By adjusting the gain-adjust control of the potentiometer
to a value just over the threshold for oscillation, the penta-bi-

B romRsc R gRro¥®hm  (c)



| aser |ight beam across the bar code synbol for reflection therefrom (e)
sensqr. means nounted in the interior space of the housing for detecting the
variable intensity of light reflected fromthe bar code synbol, and for
generating an electrical signal indicative of the detected pgtensity of the
reflected light; (f) signal processing nmeans nounted in‘t h§ nterior space
of the housing for procgsdsg' ng the electrical signal to generate therefrom .
data descriptive of the bar code synbol; .(g) handl e nmeans constituti NQ s -
part of the housing for normally supporting the |aser scanning head only by .
t he user throughout the reading of 'the bar code synhol and in a
non-contacting relationship therewith; and (h) manual | y actuatabl e
triMpgeR shenhe Tesehe %Bﬂ%ﬁ&gaf%“mPM% PgtiHgtPradi ng of the synbol each time
the trigger peans is panually actuated by the user. 2. The | aser
scanni ng hedtPTESVERs iHEPIWEThORPh ergaEle APt fdefoths ng is generally
gun- shaped, and rein the handle %ngh has and] e portion of a size

o]

di mSAST iR BoYEes. 'Sr' pBHTBY 195 IR ¢ FEPtAFFt M wherein the housing

h I j : to. the_handl e tion. 3. . The |
Sk B S S O B 418 ¢ ase

scanni ng hea N arm T ri sing means for
cuar D e BE B B e SRR M PR Gl portion. 4
Thesth 85 &lga$6 ANThE out@eth P SedR fdcBRE dverCh delbeively - '
long range as compared to the range 6v_er Qﬁich the incoming
beam is moved. | |

Attent_ion is direc_ted to divisional application

No. 8328690.



wherein the | i ght source. means i ncl udes a power suppWose
wei ght. is the heaviest fromanong the optic,. secannhi” sensor r“ si gnal

- processing neans; and wherein said heavi est power I's
nounted in the |nt;eh‘s| or space of the h e porti W\1 ance of
the | aser scanning head. 5. The™Y aser sca ead"

as defi ned |§.
claim2, wherein the elongate upper wall is smooth and free of obstructi 55
in th‘e**\n cinity of the:outlet port. 6. The laser scanning head as
defined in claigL&mMswherein the |ight source nmeans, the optic neans, the
scanni ng neans, the sensor neans and the signal processing neans. are all
nmounted on a support plate; and further conprising neans for nounting the
support plate wlthin thedriable lasart sormrdng headshior k- tamirsseanning -system

| at1 onship ther 94k taang TP %8 SBmpBEAMERGd 189 23o0cToRBdifgE | ol M 1

wherein the housing i's constitute g resilient synthetlc
plastic material. 8. TH | as@“%&mm@g H’é?ﬂd pes tHurs hetnding AmaPutiet and

further conprisppst ERANSOUNAIngS laacmgpmt lspacd hﬁaf@%ﬂ.ﬂ%orltﬂ&{sudhé@d&ﬂg ex-
ternal bunper extendi ng outwardl‘)éf om t he ext erilotr surfagce of .t he housi ng.

9. The laser Eﬁnﬂﬂ?ﬁ Yo 48PSk Va ﬁ‘?éﬁ"‘?"ﬁ ERiCHEYSt RATE APPSR l‘c':‘brrprl si ng
means for nount sightihg ésfathe symbols rgnltendaldn;an i nspec- tion station for

reading bar. code Symboks 0B Sl UBuld REardsRARREEYn e (HREALAOBLacEN NG

head as defined in cla urthe supp y conponent
for energizi ng ohethe gmsmgwomegeneratmg a lase!‘ llght beam‘

k\; {c) optic means mounted in the interior space of thg

- housing for optically modifying and directing the laser light
beam along a light path through the outlet port in a direction
genérally parallel to thé.elongate upper wall and towards a
bar code symbol which is located exteriorly of the housing;

(d) scanning means mounted in the light path and in
the interior space of the housing for repetitively scanning the
laser light beam across the bar code symbol for reflection

St - therefrom; |
p {(e) sensor means mounted in the interior space of the

hoﬁéing for detecting the variable intensity of light reflected
from the bar code symbol, and for generating an electrical
signal indicative of the detected intensity of the reflected

NI - light; | |

i ' (f) signal processing heané mounted in the interior
space of the housing for processing the electrical signal to
generate therefrom data descriptive of the bar code symbol;

.{g) handle means constituting part of the housing
for normally supporting the laser scanning head only by the.
user throughout the reading of the bar code symbol and in a

non-contactlng relationshlp therewith; and



means, said power supply conponent being nmounted at the inspection station

at a location_r romthe interior space of the housing 11. The |aser
scanm ead as d ed inclaiml, wherein the housi ng has a streanlined -
M fit within the palmof a user's:-hand. 12. The |aser

body P
scanni &% med in claim1l, wherein the streanined body portion
has - grl Tng ‘medns for faC|J|LFY| ng manual gripping by a,user. 13. Th

| aser. scanni ng ‘head as defined in claim1l, wherein tbe%ﬁght sour ce neans

i ncludes as |ight-weight |aser tube for genera- ting the laser |ight
beam and neans for adj position of _the ser _tube relative to
the housi ng for(ré)l | gn anta lﬁYhe %Ea:brl §mfﬁge5 mednsl?ln 1-‘lhfhel‘i SA88r scanni ng head
as defforednitiating m’ea_dmahef ¢iihe symbolLi gmh g dbengdiggerncl udes a

hel i urme%ﬁgr&; ag&;altlybgcguggeggg wfd akbpg a red-light beam at a wavel engt h-

of 632 nanonet er s.: | aser scanning head as defined in claimil,

whereig) the |igile inG:C%cm% lhéHEi Heeferanb@Sl ciafae1i n unpackaged form
said | aser tube having a weig whi.ch nmeasures | ess than a value which is

on t he'hsreit the Wqﬁé"%ﬁcé%“e&ﬁallégluéﬁﬂﬁ?eﬁmﬂm weereires | ess than a val ue
whi ch the RéhdlBemeng@ehaHh Rrglle poralien.oflé. s1szaiﬂ|&&ebned:anm ng head as

defi ned n cl.ai 5, .where e |l-aser t out, t.hree ounces and
has a 1% ﬁtWIBPn%%’KuPhe*%fﬁ/e"flt hegS eé'elig é"r Eglésrﬁﬁlﬁng head as
def i ndeksi a twEraempbrtivrecenmedted td ghe rmme@mam i ncludes a | aser tube

and a power supply conponent for energizing the |aser tube, said power
suppl yB-com The laser scannlng head as defined in claim 2, -

and further comprising means for_mounting the handle pqrtlon
below the barrel portion for”convenient manual support

of the laser scanning head from below the barrel portion.

4. . . The laser scanning head as defined in claim 2,
wherein the light-soﬁrce-means includes a power sﬁpply component -
whose weight is the heaviest from among the optic,. scanning,
sensor and signal proceésing-means;.and wherein said heaviest
power supply componeﬁt is mounted in the interior spacé

.of the handle portion for better balance of the laser scanning
head.

5. The laser scanning head as defined in claim 2,
wherein the elongate upper wall is smooth and free of
obstructions in the vicinity of the outlet port.



ponent havi
anode curre
head as def
mul t j~mode
Cross- sectl
char act er,i
an optrfél

and operati
whose axi al
of the refd

beam expan
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hg a firing voltage which is less than six kilovolts .and an
Nt which is less than five mllianps. ning .

ned in claiml, wherein the |i gﬁ;gpsourculmgmmnnﬂllmgm 57
aser tube-for gen- erating a |aser |ight*beamtw t*h &n #axi al

onal bean1spot characterized by a non-uniform brightness

tic which varies with tinme;, and wherein the optic neans incl udes
train én the¥l igbkrpstanafinghhesd iz de bineht Dess1hight , beasrein

ve for optically nodifying the latter to produce a bean1spot
the@skiglect sonatesmeaniss gmmempﬁgcrmaanstathedscmnnhagvmeansnythe
rence plane over a working di's- tance. 19. The | aser
mensoriai¢ard andckhemsignaihgmsicessinppreaas 2rai allinvbudésdaon a
er negative lens and an objective positive |ens having

fsunpAyet splateheanpdnfurthem SonRr f5ing geaput fo¥ mewnthagebpe
eneral ly circul ar beam spot having an axial ¢ross-sectional size
\BuRRPEh Ot 2 e VA tRins the bR&redf Atk & iposhogkeregdstant re-
ad as defined in claim1, wherein the |light source neans _

i ncl udes a %ﬁﬁ*°QiR%PfEPe§§HéF§tlng a | aser. Ilght beam havi ng an axi al

-secti | [ 1 - t t d N
and wher ei ﬁ"?ﬁe ot e SeF nEraRBabg, TaR R ALINEd h HELE TGNt JHRRECLN th
and operatiiiye for optical d he | eam t 0. pr oduce a, beam t .
of 2 bt aneydourind o= send SR tale Y, adpRr e e LR FefeRee ik cBlastic

pl ane, and
di st=dnce.

} means,

thaégyfgfyrlthe smal’l er beam spot d[aneter over a morklng

8. The laser scanning head as defined in claim 1; and furthe
comprising means for shock mounting the housing, including an ex-
ternal bumper extending outwardly from the éxterior surface of the
housing.
9. The laser scanning head as defined in claim 13 and furthe
comprising means for mounting the laser_scanniné head at an inspec
tion station for reading bar code symbols on items to be ihspected
10. The laser scanning head as defined in claim 9; and furthe:
comprising a power supply component for energizing the light sourc
said power supply component heing moﬁnted at the inspection
station at a loéat;on remote from the interior space of the hoesin'
11. The laser scanning head as defined in claiﬁ 1, where;n
the houeing has a streamlined body portion shaped to fit within
the palm of a user's hand.
12. The laser scannlng head as deflned in clalm 11, wherein-
the streamllned body portion has gripping means for facxlltatlng
manual gripping by a user. .

13, The laser. scanning head as defined in claim 1, wherein th

llght source means includes a_ light-weight laser tube for genera-




521 __Ihg_Lasnr scanni ng head as deflned in claim?20, wherein the beanwspot
“dlaneter at the reference plane is on the order of 6 mls, antd whereiin the
~uvref erH muﬁmuumumat ed app imately 1 inch away from the outlet port .
dexter ing, and erein the working dlStﬁﬁ?E i's on the or der
lof 1 inch on ei"th&r Side of the reference pl ane. e | aser scann!ng
ilhead as defined in claim1, wherein the |ight source means |ncludes aj
“Se{h §ORAECh Al elrasar O?rdi askearh Prag@naeahsngorhadiasaiind HHe esen £ 26n \s-"
.| aser scanning head as defined in claim22, wherein the |aser dlode has a -
gener ahk¥reaneates 4 vmes - €5 théNBoapehbUESr alfign GRNel I i TWséPerigher
ilight. beamwi th an -axial cross-sectional i beam spot which is generally
wepheagat ed in configuration; and where- in the scanhing neans is operative
+f or sweepi ng the el ongated beam spot |engthw se across the synbol suth
jthat the.l omper lgisEnsscanning hbeeﬁoagadetflhe@ﬂnpculam al i gwieergimer al | y
.perpendlcularly to the sweeping direction. -- 24. The
'4aherlsgaMnBmynuaﬂheﬁnskﬁm¢¢mﬁeﬁ elhe&nga-nwh@réa$Qﬂu;u#eH@pwe@ehean1spot
imeasures about six mls in height and_one nmil in width. 25. The |aser
“sexahing Bezedad i@ty hermn %taﬁnVéYelﬁRGﬁél@ftﬁ§34%ﬂﬂanﬂmﬁtﬁrﬂeans
+includes a | ow vol tage power s for energizing the |laser diode. 26.
iThe '| ad8F s@@ﬁnllﬁé%eﬁfwwlgéﬂgl ascfgfdned \imecdiain her Seh@reha neans -
i ncl.udes hi gh- speed scanni ng_not or haV|n% an OSC|IIat|ng out ut shaft,

IFbﬁt1FSFFeéPPﬁgﬂnﬂﬁﬁP?n&ﬂﬁ%%ﬁ%ﬁ fhe2FEE| trbe ﬁ?:ﬂﬂﬁqc ¥Foned in
t he, é 9 and notor_con; . o
_sa1 ase tube having a weight which measures less than a value ! o’

_whlch is on the order of five ounces and a length which measures
less than a value which is on the order of eight inches,
16. The_iéser scanning head as defined in claim 15, wherein
the laser'tube weighs about three ounces end has a length of abeutl

. -

- £ive inches.

N

17. The laser scanning head ae defined in claim 1, wherein'
. the light source means includes a laser tube and a power 'supply
- component for energizing the laser tube, said power supply com;;_ -
:pdnent haviné a firing voltage which ie less than six'kilovolts- \;;

Eand an anode current which is less than five milliamps.
f18.' The leser scanning head-as'defined_in claim 1;_wherein

- the light source means includes a multi-mode laser tube'for.gen- |
eréting a laser light beam with an axiel cross-sectional beam .
spot characterized by a hon-uniform brightness characteristic
which varies-with'time; and wherein the optic means includes an
optical-train in the light'path ef"the variabie brightness light
beam and operaEive foﬁ optically modifying the latter to produce _:
a beam spot whose axlal cross—sectlonal size is generally main- |

.‘tained ln the vicinity of the reference plane over a worklng dis-
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for driving the notor to reC|procaIIy turn the oscilla- ting
predeterm ned cyclical.manner in alternate circumi ferential - = -
over arc Iengths which are less than 3 ﬁ ving the
beam.oversg field of view whi cr@(t en$ﬂ||“mﬂumﬁ n m“lg

e scanned. 27. The | aser scanning head*as¢defintd Sn cIa|n12 69
scanni ng not or includes a rotor operatively connected to the
shaft and a pair of stator coil w ndings; and wherein the notor

ns includes reference nmeans for applying a generally constant DC
%%-the stator windings, and varlable means for applying a

| t ti - litude-to,th f.th tat ,
nd oheb®i n ”Es%%‘s%geam”p RS AR THeeSniPt L8R posi HhgFeLn
ﬁgnds %bc%ﬂe a é the

Bht 6 B B 230 R R an

Sy0Ee0g: et sl%%pel% BT MDA PREES, Y ence
SRS B S 7 SPU IS g Thasgasy circun
'%garneggo ShQ@&hﬁein 3 Glaal @1%795% 1&?5116592@89' Su¥akt G.%e to
gu veform characteristic. aser -scanni ng hea

%@6&2&\;&&%@1@ E'%et‘?:‘é”trre‘:“ﬂer@ﬁf@ mkéldes pre-set neans for
he voltage | evel of the DC voltage applled to said one stator

The p@serrreanape Readminglafdaethd Mefohaa2in whaifi 0,t GBerein
ns further includes feedback neans electrically

the light source means includes a laser tube for generatlng a

laser light beam having an a#ial cross-sectional, gene;ally.cifcu-
lar, beam spot of predetermined'diameter, and wherein.the optic
means includes an optical train iﬁ the iight path_and.operative
for optically modifying the iight beem to produce a beam spot of
a diameter smaller tﬁan said predetermined diameter at the refer-
ence plane, and to maintain the smaller beem spot diameter over a
working distance.

21. The laser scanning head as defined in claim 20, wherein
the beam spot diameter at the reference plane is on the erder of 6
mils, and whefein the reference plane is located approximately.l
inch'away from the outlet port exteriorly of the housing, and
wherein the working distance is on the order of 1 inch on either
side of the reference pPlane. | |
| claim 1, wherein:

22. The laser scanning head as defined in

the light source means includes a semiconductor laser diode for
generating the laser light beam. .
23. "The laser scanning head as defined in claim 22, wherein

'the laser diode has a generally elongated laSer—emitting aperture



thapSHeRFAER

cQﬂﬂﬁQLed—%frEEﬁTrfﬁﬁer st.at or mﬁnding for moving the oscillating. thaft at

ined in

a uni form |i e of speed. . The | aser scanning head as def
a\m“ m conpri sj-ng cl osed | oop notor cont gl nmeans for novi ng.

at a substaftlial |y l'inear rate of.speed, including

energlzable primary.coil neans, secondary coil -neans Juxtaposed w th. and

.inductively coupled to the primary coil means, and -a shield nounte

on the

shaft for novenent therew th; and wherein sai d shield is located b tvEén
said primary coil means and sai d secondary coil neans for changinglthe
forngaﬁbruem@urﬂhmgwmémbnght beenf erindr adnd il |atoes -sectbgnadvenent of
sald shaft. 33. The | aser scanni ng head-as defined in claim32,
beahespbr whidisedmorgmerably ebangated udesdm figurafiemeoandr yheoeks, and
wherein said closed l.oop notor control neans includes nmeans for sem5|ng t he.
inchhagscanndmgplieans oks coperabivadioy svideping the ebompeated beemyagni t ude
of each sensed coupling change to generate a difference_signal mhlth s a
spéun&engmhuﬂaﬁuiqnﬂﬁﬁeﬂhﬂl%bmh@énﬁnﬁhoﬁhﬂﬁaQhﬁﬁkOHQHK dimensiomhe|l aser
scanni ng head as defined in claim26, wherein the notor control neans
of f theheld ongaitede eamIRAt nbanaligpedugsneFalily Rerrendicglandyt teo a

shutter position in which the light-reflecting neans is p03|t|oned

such

thehaveepingniddgiesitidn¢ he light beam through the outlet port .is prevented.

35 The | aser scannln% head .as .defined in clajm34, wherek
h|gﬁ4spe€§esé%ﬁﬁ4mF9ﬁﬂQﬁngnE? d
oscHIatln%d haft™ and a stator Lcu@' lx %1f§u£n er ei.n.- the not or -

%aﬁ?é’fr d‘i‘e%\?)‘ﬁ ?F n@ elght '

.
one mil in width. _ _ , o

¢

25. The laser scannlng head as defined in claim 22, wherein

~the light source means includes a low vc;tage power supply for

-energizihg the laser diode. o - - i

\

26. The laser ecanning head as defined in claim 1, wherein i

"the scanning means includes a high-speed.scanning motor having

an oscillating output shaft, lIght?reflectinc means mcunted oﬁ thef
osc1llat1ng shaft and p051t10ned in the light path, and motor con-
trol means for dr1v1ng the motor to reclprocally ‘turn the oscilla-!
ting shaft in a predetermined cyclical .manner in alternate c1rcum
ferential dlrectlons over arc lengths which are less than 360°,
for thereby mov1ng the laser llght beam over a fleld of view whlch

extends across a bar code symbol to be scanned.

27..-The laser scanning head as defined in claim 26, wherein -

o b e . o A——— e s o T mr . T AP A s Saeae 0t E e

the scannlng motor 1ncludes a rotor operatlvely connected to the
osc1llat1ng shaft and a palr of stator coil w1nd1ngs, and whefeln-
the motor control means includes reference means for applying a

senxally constant DC voltage to one of the stator'windingst and

- |
- - ———————— -

n the

eésadﬁéﬂ-&e%&é’r &haHr 2 onReF8EN o t he

control
) v’



a beriodic vol tage of variable anplitudé to the statU’?ﬁTl Vﬁ?ﬁﬂ?ﬁ;lo

t hereby efffect novenent of the rotor and its assocj mhereln
the shutteg neans applies.a shutter voltage of an than t he
variaql e l'itude of the pefi odi c volta g to t he nDue ﬁhé shaft to 71

t he'shutte
claim 34;
nmeans ™t o
The | aser

position.- 36. - The Iaser *scanni ng head as defined in
erein said trigger neans is operative for actuating the shutter
ve the oscillating shaft to the shutter position. 37.

scanni ng head as defined in claim36, wherein the hou3|ng |s

iviAriiaies \‘3%%%“ o eATS For  ep R ERE g Rt ipd B%'re Vo (o it itng
t he handl th t ed hand] e
oortion il &PVV{‘%‘[% %fg?gohﬁgcﬂ;g‘?‘r% i ingy gra’féc: %%%ﬁ&?e
ti ) Th ' d d f
D ein s .&%@ﬁﬁ%ﬁm% A d FEy 2L RRL Indea ¢ ?ﬁe oLs A A dorrespona

for each b Caartin SRS égf’%é%”%it% ?ﬁg?fécz%’ee hee
as defined| i, mﬁgreg n:%e whergel n-d fe 5f'89258§EteEsth% @&g@a&' Xr%ﬁ?ab' e

switch, a . scanni ng nmeans- swee bar e synbol nber

of times gach timg t hepnfLded ssaaw:%%yhdsarsgsa@flmd in clafi® 3 PS&kherein
scanni ng ad as defined i'n claim 38 erein the trigger means includes

timer means taRepRld i %Eﬁ‘é@%é@ LB@QJ.{:L“.GEL SAHM GRJARAND - AP H &t ¥éns,

foLNPrevem$|ng generation
and wherein the motor control means moves the oscillating shaft in

the requlslte.clrcquerentlal direction which corresponds to the
slope of the periodic Qoltege;

29. The laser scanning head as defined in claim 27, wﬁerein
the periodic Qoltage has a triangular waveform characteristic.

30. The laser'scanning head as defined in claim 27, wherein

level of the DC voltage applied to said one stator winding.

31. The laser scanning head as defihed;in claim 27, whefein.
Kef It the control meané further includes feedback means electrically
connected to said other stator w1nd1ng for mov1ng the osc111athg
shaft at a uniform llnear rate of speed.

' 32. The laser scanning head as defined in claim 26; end
further comprising closed loop motor control means for moving-the
eutput shaft at a substentially lineaf rete of speed, including
energlzable prlmary c01l means, secondary coil means juxtaposed'
w1th and lnductlvely coupled to the prlmary coil means, and a
shield mounted on the shaft for mdvement therewith; and wherein
said shield is loceted between saia primary coii means end.said

secondary coil means for changing the inductive coupling between‘_

the control means includes pre-set means for adjusting the voltage



of the laser |ight beam upon el apse of a predeterm ned tinme period after

t he _Lu_gge-lc—-n%ans—has—-been actuated. 41. The | aser scanning head. as
defined in claim 1I mﬂerel nh the scanni ng neans sweeps the |l aser |ight beam -

si-gna rm ned direction Iengt hwi se of #he code synbol, and
wher el \mllkmm z

ans ifQal udes first mni atur€ st&n neans for novi ng
the laser |i ght beam | engt hWfse of the synbol along the predeterm ned: '
d| rection, and second m niature scan neans for noving the laser |ight %é'ém

ansverse direction sybstantially ortho to the predeterm ned
d| rg% ﬁ"“*’hf“"9 the Eattfﬁe ‘Fdé‘ér"‘%"fﬁﬁ%? %0 g% Yefined in claima4l,

mhereln both the first and the second scan means each include a high-speed
scaf®di ng not Ghe Hasengaanning headtasndetimeguin sRatn 32,i ght -refl ecti ng neans

moupt &4 18Nedilies 91%%5;@%? BthUfnciD&éé a2Pgh PR8I {dRRQG N the ight path,

and notor contr riving each notor to re- Ciprically turn each
osceeilsi arf wherein paikd Fé?m éoen r'“eﬁm‘ eoBhrqlgmeans dpeldeBons over arcs -

Whi ghardl 8o RRfis i ined Want® in"BMip1dng or! a&afsbeamariaeam both al ong the
predet ermned and transverse directi he | aser: scanni ng head as

def Foidd PRI dPEi SR ST 1%, &heinpeBLEdes gfecacf‘ss"d}sie SPPLr 1y for generating a
I astiedngley P& gféﬁafaﬂaaat:ﬁ.rmwﬁfmr ssgdloxfrhza:hptslraalf‘uhqtioﬁ general |y parallel,
eqU| d| st a Yo pagﬂaed ARRr b SSE a%. I i nes. The | aser scanning head as
def Ig rﬁfﬁ Wher ei 1 each sShaft |s drlven si-nusoidally for
generatlng a Llssajous type scan pattern for ommi-directional scannlng 45,
The3#aser scafiht igseemsensingehead@si defingfidnl claim 26ur - t her “conprising aJ

| as@hedelidMnd RSB ESNRILSRdNS Bl theW {HIANAED CBLtter means -
for turning the oscillating shaft to a shutter position 1n which
the light-reflecting means is positionéd such thaﬁ transmission
of the light beam through the outlet port is pﬁeﬁentéd.

35ﬂ. The laser scannlng ‘head as defined in claim 34,
wherein the high—speed scanning motor includes a rotor operatively
connected to the oscillating shaft and a stator coil winding,

and wherein the motor control means includes means for applying

a perxodlc voltage of variable amplltude to the stator coil
winding to thereby effect movement of the rotor and its associated
shaft; and wherein the shutter means applies a shutter voltage

of an amplitude larger than the variable amplitude of the periodic
voltage, to thereby move the shaft to the shutter position.

36. - The laser scanning head as defined in claim 34, wherein
said trigger means is operativé for actuating the shutter means
to move the oscillating shaft,to the shutter position.

37. The laser scanning head as defined in claim 36,
‘wherein the housing is gun-shaped and wherein the handle means
“has a handle portion for gripping:by a user's hand, and

wherein the housing has a barrel portion connected to the handie
portion, and wherein the trigger means is mounted on the handle
portion in the vicinity of the interconneétion_of the latter to

the barrel portion.



|ng the outlet port. 46. The |aser scanning head as defined in claima1,
wherei n the sensor neans includes a photodetector nounted on t he hou5|ng
faor detecting the reflected light, and for gener electrical?d
~signal therefrom 47. ‘¥he |aser scannsng head a ﬂglﬂﬂll@“lwmwulm46 _
wherein the phot odet ector includes a pai r of photodl edes nburited in spaced-
apart relationship on the housi ng, said photodlodes haV|ng over- |apping
zones—of coverage for %I e\%!ed field qg d? a 1 aser scanm ng .4
head as defined ﬁ cl a| m r SFHAR n%ﬁ Sh%eesé?ncgaﬁ%aﬁs B SE8sTHS

t he anal og el ect rant@tasilgrmmaﬂd mgmmnm@ddpglml hais¢og rnscabersatgvmlfsrf rom.-

the latter. 49. |

further contising g@ﬁlgge%} egﬁ%}{#lggﬁ%ﬁ?r?ﬂgﬁécél?gﬂelyna&%&cgﬁ e connect ed
to the housing, éﬁﬂb%é'%l%Cbh@féﬁeﬁf’apfs’?"@né?%?é“%w ducted al ong the
non-shi el ded cabl e. 50. A hand-hel d, portable |aser scanning
head f?[] aI | aser zg¢anni ngﬁﬁaysa@éﬂ E@énnﬁﬁ@d‘le‘&a Balgeeopa lselxrmah.s B, gMKengJ@y a
user, e | aser scanni.n ead canprisin ra gu e
portabl e housing tﬁ%v‘irr’rég%i" &R é‘sp%r"ﬁnligllt%' %éprsﬁsgéb é‘ih %‘?stf”gg n

gri pped by the hahd sifanhivg users fsoéepsolthalblay mqepeymhongatdmbéneam tiveg by

t he user throughouththe r adl nﬁi%f H‘%ng%rl ofe o [T and in a non-

contacting rel at iSSR& AT pt Sr BWi r el por on connected to the
handl e portion and having an outlet port and an el ongate upper wall
adj acent. t he out 148t port Teohgsearhpeanningheadganidefineds jmisdpim 3n Wreredken,

Sa\g barrel a_-nd hap B gger means includes timer means operatively connected

to the light source means, and operative for preventing generation

of the laser light beam upon elapse of a predetermined time period

after the trigger means has been actuated.

41. The laser scanning head as defined in claim 1, wherein

the scanning means sweeps the laser light beam signal along a
predetermined direction lengthwise of the code symbol, and wherein '
the scanning means includes first miniature scan means for moving

the laser light beam lengthwise of the symbol along the predetermined
direction, and second miniature scan means for moving the laser

light beam in transverse direction substantially orthogonal

to the predetermined direction.

42, The laser scanning head as defined in claim 41 wherein
both the first and the second scan means each include a high-speed
scanning motor having an oscillating output shaft, light-reflecting
means mounted on ‘the oscillating output shaft and positioned in the
light path, and motor control means for driving each motor to re-

ciprically turn each oscillating shaft in alternate circumferential
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portlons together boundi ng an interior space; (b) I|ight source means:

mount ed i-h-the—nterior space of the gun-shaped housing for gerierating a
| aser |ight beant ‘g optic nmeans nounted in the interior space of the

gun or optical !énodlfylng and directing the laser |ight
beam"mm“m_)! llM at h througﬁ the outlet port in a di rec'tWDn genera!l ly
paral*l el to the el ongate upper wall and towards a bar code synbol mhlph IS
| ocated exteriorly of the gun- shaped housi ng; (d) scanning neans now

in the light path and in the interior space of the gun-shaped housing for
Adpemittions yoweanarag vhéchasee |ligga tHewm 360 dssfohempad ngoddes atssix f or
reflection therefrom (e) sensor nmeans nounted in the interior space bf t he
ddghshdesam heth Rleng 8 ?e@ﬁﬁﬁ@ﬁﬂﬁ@kﬂﬁdeﬁn@ tﬁ@éﬁgﬁrﬁeoﬂlrﬁﬂﬂ1QQﬁIﬁcted
fromthe bar code symbol, and for generating an el ectrical SI nal l

i ndi c4t3ve Tie t}RSeErEERBALNA é‘r‘i’ﬁdtg;a'-’oquifﬂé’?‘EH-%c?eﬁlml §it-; whergin s gnal
processi ng neans pounted in the |nter|or space of the gun- shaped housli ng-

eafFhp |%ﬁ;4¥%V%$eE%PF65FYS|&ngQH?EﬁﬁkR%I% YASFFT5¥PRatS&3Mescri pti ve
of the bar code synb ), . _manual actuat abl e gger ans on t he
Ra&SERS f‘iﬂ‘“ﬂrrﬁﬁ‘?%t?gg rBEHF% P;E(elgse;ﬂ\%&ﬁ t)é Iﬁa’f?]]ri: kheeﬁf“g‘édé"r &fdns i s
nuaII ct uat ed QX ge user. An entirely field- portable | aser
Par%dgﬁ&aeﬁﬁf%? Pe ﬁf‘ﬁa bar code synbol s sighted by a user; corrprll si ng:

44. The laser scanning head as defined in claim 42, ‘wherein

each shaft is driven sinusoidally for generating a Lissajous-type o

o _— N | ;
scan pattern for omni-directional scanning. , i
- a : ’ i

'

45. The laser scanning head as defined in claim 1; and fur- ;

: _ !
ther comprising a laser light beam~transmissive exit window cover-.
ing the outlet port.

46. The laser scanning head as defined in claim 1, wherein

o~

the sensor. means ihcludes a photodetectbr mounted on ﬁhe housing A
for detecting the reflected light}.and for:generating_an analog
electrical signal'thefefrom. | : - ’ -
47. The laser scanning head as defined in claimlés, wherein i
.the photodetector 1ncludes a pair of photodlodes mounted in spaced-
apart relationship on the housing, said photodlodes havzng over-' ;
lapp;ng zones of coverage "for an enlarged fleld of view. f
a8. The laser scannlng head as deflned in clalm 46, wherein §

the signal processing means processes the analog electrical SLgnal

and generates digital electrical signals from the latter.

O —

49, The laser scanning head as defined in claim 48; and.
further comrising a flexible non-radio-frequency-shielded cable . -
connected to the housing, and wherein the digital signals are con-

ducted along the non-shielded cable.

. e ——— e



(a) a hand-held, portable |aser scanning head i ncl udi ng a housi ng having a
handl e portion of a size dinensioned to be gripped by the hand of the user
for Aormally supporting the head only by the u e readi ng of
the bar code synbal, and in a non-cont i'ng reﬂmllmﬂmnnﬂm I“l:n sa| d
housi ng bei ng formed with an outl et p and an*elongat & uppet wal

adj acent. the outlet port along which sighting of the synbols can be taken
sai d-holisi ng bounding an interior space; (b) |ight source means mounted in
the interior space of the housing for generating a |laser |ight beam (c)
optic neans nounted in the interior space of the housing for optically

modi fying and girecting ihenhasan, 'smsbpfq & Wnfirgl Al 3l B AlgGuUON the
outlet port in a direction generafl arallel to e el ongat e upper wal

and towards a $RANNERRISYSIAN Prmaé#!a a?MFeW“@?@%rﬁ’@F‘F &Y 2 WSeRousi ng,

(d) scanning naansad@iUBt&thing K@ sdnpisfigi:h and in the I nterior space of
t he housing for repetltléwly scanning the |laser |i beam across the bar

code synbol for reflecti t AeFREFFY gun-ﬁta(:%tj PgE Peusiee haYAR& R in the
i nterior spacendidle hwritoors ioffga fsike dfimeAsidigdt te beagripbked byntReaIahy of | i ght

reflected from and ener n n ctrlcal si gnal
i ndi cative of ?#}Qgﬁelfsegt& nﬁ%{nngtVPBPr{]hn@ ?}eefl eg%e"égyi dht "fs)erm gnal '
processi ng neattsropghmuteths reading nf ethieobars gade suﬁlboh@nﬁoirsiangorf-or

pr.ocessi ng thebéﬂt%&%fﬂgcﬁéléyigﬁgﬂip therewith and a barrel portion

connected to the handle portion and having'ah outlet port

%
i

> and an elongate upper-wall'adjaceht the outlet port along which
| sighting of the symbols can be taken, said barrel and handle
portions together bounding an interior space;

{b) 1light source means mounted in the interior space
of the gun-shaped housing for generating a laser light beam;

-(¢) optic means mounted in the interior space of
the gun-shaped housing for optically modifying and directing
the laser light beam along a light path through the outlet '

port in a direction generally parallel to the elongate upper
wall and towards a bar code symbol which is located ékteriorly
of the gun-shaped housing; ' |
- {(d) scanning means mounted in the light path and in
;,3 the interior.space of the gun-shaped housing for repetitively

scanning the laser light béam across the bar code symbol for
reflection therefrom;

. (e) sensor means mounted in the interior space of the
gun-shaped housing for detecting the variable intensity of light
reflected from the bar code symbol, and for generafing an'
electrical signal indicative of the detected intensity of the
reflected light; '



to generate therefromdata descriptive of the bar code synbol; (g) a

orted by the body of the user; (h) data decoder
on the harness for decoding the data generated by the signa

means nount ed

" processing

t he decoded

Hm,,,l,ﬂ,'mm%e means nounted on the harness for storin :
: abl e bat&gyfy neans nmounted on the har ness for supplying
powet ; tand (k) &n electrlca cabl e having one end nounted on the head and -
its other end mounted on the har ness, said cable acconmpdating itself t

span the di stance between the harness and the head as the latter is noved
from one synpe) Lpgﬁaohk&resmgmu&ng QidUntddngn HeeSSteveost rength by the

user. I,el d-portabl e | ase anni_ng. s em as defined in

cl eﬁpﬁF?)ff e g s’ﬁ?édbrlﬂi?g f??&%rq?sﬁ{‘lge% gt"%a& A | aser “scanning
heahdgﬁ@I 37"} gmatemﬂef@msystaenaémiplteml|onrgtltuaroaﬁodﬂesyrrbol s sighted by a
user. . co |S|ng (a) a portable, hand-held housing having wall portions
bouﬁg outlet port and bounding an interior space said wall portions
i ncl udi ng an(gél ongtad ly ednabpbile tefigzer meanhecorokhe drougieg al ong whi ch

S| h ﬂgit‘iEtHEréXJﬁ@ éfceﬁe Hbb@K&dtn time’ 8né Mribhdhheamir ce means nount ed.

in the interior of the "housing for generatlng a |l aser

| i ght beam (c)

opﬂﬁcmﬂﬁﬁﬂéyﬁﬁﬁﬁﬁ Pﬁ tecupefieri or space of the housing for optlcally

nodi fyi ng and dlrectlng the |l aser |ight
S1. . An entirely field-portable laser scanning system for |

reading bar code symbols sighted by a user; comprising:

(é) a hand-held, portable laser scanning head
including a housing having a handle portion of a size dimensioned
to be gripped by the hénd of the user for normally supporting
the head only by the user throughout the reading of the bar code
symbol and in a non-contacting relationship therewith, said
housing being formed with an outlet ﬁort and an elongate upper
wall adjacent the outlet port along which sighting of the symbols
can be taken, said housing bounding an interior space; .

(b) 1light source means mounted in the interior
space of the housing for generating a laser light beam;

_ (¢c) optic means mounted in the intefior space of .
the housing for optically modifying and directing the laser

iight beam along a light path through the outlet port in a direction

generally parallel to the elongate upper wall and towards a bar
code symbol which is located exteriorly of the housing;

| ' (d) scanning means mounted in the light path and
in the interior space of the housing for repetitively scanning
the laser light beam across'the.bér code symbol for reflection

therefrom;



Lo

béam aI“ong a li ght' path through the outlet port in a direction generally

parallel to the elongate upper wall and towards a bar—cote—sywbel-which is
| ocat’ed exteriorly of the housing; (d).scannj ngqa@m@ m)unt ed in the |ight

path and in the interior space of the housing f ,Iﬂmfanm ng the
| aser l'i ght beam across* t he bar code sy | for rom- (e}]7
sensor neans nounted in the interior space of the hou5| ng for detecting the
vari abré. intensity of l'ight reflected fromthe bar code synbol, and for
generating an-electri cal SI gnal indicative of the detected i ntensi ty of

the reflected |ight; gnhal processing neans nmounted in the .interior
space of the housing f(SF prsﬁt‘%%’sf“ﬁ@“st FauRted: iR e ixtegiar spgcyafeltht e

t her ef rom dat a wheseh ﬁbrvweuaétix{getMrvaemﬁesyﬁm{suﬁmr (L@nﬂoemrecsw@pl y
nmeans operative nnect ed .t p Daver for e.light source
means, scanni ngh?/?g'aﬁ’é %gzéncsgf ??@'iﬁg g%‘%/gﬁg? TRv608 ﬁbe A& said pover
supply neans | neilgndl nigpddcatiivecef the rdatecm/\/ent&qipyyoﬂ:chhpmmecﬂmiunt ed in
the interior % aof the housing and energi zable by a | ow vol tage direct

n

current si gnal a cable connecting the head to the system. said cable
including a conduct or (&) cieral ppocareing epns tmayated decthedptanicrsi gnal

for energizing éﬂ%emﬁewﬁiﬂfg ee S%sinﬁnﬁn@éla&ﬂﬁaﬂlélﬁnﬂ exi-ble to
perm t. user manj pul ati on .of i ple freedoms of

movenent . f r om offe 885%R3SP 'E*t?rf’ﬁép"héﬂa desc‘g‘f?t""e of the bap qade symbolsni ng
head for a | aser scanm(gg %Y Ra®i€ss supported by the body of the user;

-\,f ' (h) ‘data decoder means mounted on the harness for
decoding the data generated by the signal processing means;
(i) storage means mounted on the harness for
étoring the decoded data;
(j) rechargable battery means mounted on the harness
for supplylng power; and '
(k) an electrical cable having one end mounted on the
. . head and its other end mounted on the harness, said cable
;_,/ accommodating itself to span the distance between the harness
- | and the head as the latter is moved from one symbol to another

without requiring excessive strength by the user.

52. The field-portable laser scanning system as defined
in claim 51, wherein the body harness is a belt.

. B83. A laser scanning head for a laser scanning system
for reading bar code symbols sighted by a user, comprising:
(a) a portable, hand-held housing having wall
portions bounding an outlet port and bounding an interior
space said wall portions including an elongate upper wall
adjacent the outlet port along which sighting of the symbols

can be taken;



for readi ng bar code synbols sighted by a user, conprising: (a) a portable,
'haW ng wal | portions bounding an outlet port and bounding
rior space said wall portions including an el ongate upper wall - s
adj a ‘m ort al ong whi ch sighting of the ol s can be taken;
(b) r\m “ﬂ“\m s nounted in the interior space t he housing for
-gene }asér [ight be (c) optic neans nounted in the interiqr
space of the housi ng for optfcally nodifying and directing the | aser CLgii-ft
beam al ong a |ight path threugh the outlet port in a direction generally
parallel to the el ongate upper wall and towards a bar code symbol which is

1ocated exteriorly of the housing; (d) scanning neans nounted in the |ight
path and i n(bhelimie-lsbwcespaw ebutted louthengnieamior egpateti vely scanning the

I asegy; Lﬁeglﬂku ﬁéréé%ﬁgb@rlagé’{qu?{mﬂf or reflection therefrom (e)

se nsor means nte I'n the interror Space of the housing for detecting the |
vari abl e i ni%hsPPS‘/l%fneWﬁﬁ*PmP*@fq detihe frtanienesnasse ebdkesynbol; and for

9eneoakidyd £én @@@éé}g e&.&at iﬁé"an&' gk tisglithatiagdrofighlge detected intensity
of the reflected | rocessing means nmopunted in the interior
spadgapialeRg %&ﬁ%‘i"ﬁ éhﬁf"d%*ég%‘ 'ilﬁé RATH g@; %PEETHeAl signal to a
di gigehéefiigl mtau@nltosmgmanoﬁgmgewea{ gallhanaf taardataavaescri pti ve of the
bar coggeéys gi) %ich is located exteriorly of the housing; B
(d) scanning means mounted in the light path and

in the interior space of the hou31ng for repetitively scanning i i;;

the laser light beam across the bar code symbol for reflection ' |

therefrom; _ '
o (e) sensor means mounied in the interior space of the
housing for detecting the variable _ intensity of light reflected
from the bar code symbol, and for generating an electrical.
signal indicative of the detected intensity of the reflected
light; . o o

(f) signal processing meanS'mounted in the interior ' L N
space of the houeing for processing the electrical signal Eo
generate therefrom data descriptive of the bar code symbol and
- {g) power supply means operatively connected to, and -

supplying power for, the light source means, scanning means, . ': ' —
sensor means and signal proce851ng means, said power supply '
meang including a direct current power supply component
mounted in the interior space of the housing and energizable
by a low voltage direct current signal, and a cable connecting
the head to the system, said cable including a conductor '
for carrying the low voltage: direct current signal for
.energizing the power supply component, and being readily flexible ,
to permit user manipulation of the head with multiple freedoms

of movement. from one symbol to the next.



(g) power supply neans operatively connected LQ;_and—supplyFﬁg—pomer for,
the light source neans, scanning neans, sensor. neans and S|ﬁnal processi ng

means, said power supply neans including a cablﬁlﬁ“ﬂmuuﬂ head to t
system said cable includi ng a non-radio-freque uctor for
conducting the digitized signal to &%@ system ahd bei ng readi | y flexible
to permt user manipul ation of the ad with multiple freedons of novenent
from-eré synbol to the next. 55. ~ - The | aser scanni ng head as defi ned
inclaiml, and further conprising a power supply conmponent nmounted in the
I nterior space of the housing, and operatively connected to, and supplying
power for, the },A.ght Sour ce scéﬁung head szh% b.éééarr sé&’ﬁﬂﬂérgrsllgﬂd as

defined in claim1l, wherein the sensor neans nounted in the housing is
operative to gefrsr AeRding hararede Syeeels sightedghaia ussrs GPRRTESEP&he si gnal

processi ng nmeans rmunt ed | ahea Ipeas&mg,impﬁém 'hu@sit,@ ﬁiﬁ(‘ngsv'ia]_tlhe anal og
signal to -a digi t| %.I’I cal scannl ng head

as defined in c?"é" e ﬁé‘%g"trgﬁﬁﬁ S Pare saﬂpbr?i?rﬁ%'éﬁé’
operativel y conseiet e@IlJI pprtxonarndaciumgyamgelpome lupper whkl ladgacersour ce

nmeans, scanni ngtl_fgegga tSS%tsc?rg(l:{Fng‘Qﬁl&”g %&Qﬂ?' prtg %ggs EaANSe sai d power

supply means inc I'Ng a urren sup conponent $ounted i n
the interior sptakensdf the housi ng and energi zabl e by a-low vol tage direct

current signal, and a cabl qbqonﬂgggl%quegggqn&ﬁt;@qnsyg §HteSiakrd cabl e
i ncluding a th| n conductor for carrying t | ow vol t age |rect current

siignal for ener¥RaPnef the Wé‘?gs‘f'ﬁﬁpﬁe;?eﬁﬁ?i‘ﬁgnér&aseﬁn’dg&t beam;

now-r adi o- f requency- shi el dg@)caspti6tndans mounted in the interior
spaée of the housing for opticélly modifying and directing
the laser light beam along a light path through the'ouflet
port in a direction generally parallel to the elongate
upper wall and towards a bar code symbol which is located
exteriorly of the housing; :
(d) scanning means mounted in the light path

and in the interior space of the housing for repetitively

~— scanning the laser light beam across the bar code. symbol
for reflection therefrom; ' .
(e) sensor means mounted in the interior space
of the housing for detecting the variable-intensity of light
KV/ reflected from the bar code symbol, and for generating an

analog electrical signal indicative of the detected intensity
of the reflected light; _

(f) signal processing means mounted in the
interior space of the housing for processing the analog
electrical signal to a digitized electrical signal to generate
therefrom data descriptive of the bar code symbol; and



for conductlng the digitized signal to the system said cable being readily

ngé%%%%_%$gﬁ?gﬁzr‘U§gglnﬁglﬁﬁgahgg? of the head Mﬁth mul tiple freedons of :
LTL L UL — o

(2) 'power supply means operatively connected to, and
supplying power for; the light source meahs, scanhing means,
sensor means and'signal processing means, said powér supply
meanS'including'a cable connecting.thé héad to the system, said
cable including a non-radio-freduency-shielded cohducfor for
conducting the digitized signal to the system, and being -
readily flexible to”pefmit uéer manipulation of the head with

multiple freedoms of movement from one symbol to the next.

55. The laser scannlng head as ‘defined in claim 1, and -
further comprising a power supply component mounted in the
interior space of the housing, and operatively connected to,
and supplying power for, the light source means.

56. The laser scanning head as defined in claim 1,

wherein the sensor means mounted in the housing is operative

to generate an analog electrical signal, and wherein the

signal proceséing means mounted in the housing is operétive | _

to process the analog signal to'é digitized electrical signal. ' i‘~’

57. The laser scanniﬁg head as defined in claim 56, anhd

further comprising power supply_means‘operatively connected to,



at -

s N A0

and éupplying power for, the light source means, scanning means,
sensor means and éignal processing means, said power supply
means including a difect current power supply component mounted
in the interior space of the hdusing and energizable by a low
Qoltage direct current signal, and a cable connecting the head
to the system, said cable including a thin conductor for'carrying
the low'voltage direct current signal for energizing the power
supply component, and a nbn;radio—frequency-shielded-conductor
for conducting the digitized signal to the system, said cable
being readily flexible to permit user manipulation of the head
with multiple freedoms of movement from one symbol to the

next.
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