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(57) ABSTRACT 

Improved apparatus for a radio communication network 
having a multiplicity of mobile transceiver units selectively 
in communication with a plurality of base transceiver units 
which communicate with one or two host computers for 
storage and manipulation of data collected by bar code 
scanners or other collection means associated with the 
mobile transceiver units. The radio network is adaptive in 
that in order to compensate for the wide range of operating 
conditions a set of variable network parameters are 
exchanged between transceivers in the network. These 
parameters de?ne optimized communication on the network 
under current network conditions. Examples of such param 
eters include: the length and frequency of the spreading code 
in direct-sequence spread spectrum communications; the 
hop frame length, coding, and interleaving in frequency 
hopping spread spectrum communications; the method of 
source encoding used; and the data packet siZe in a network 
using data segmentation. The invention is preferably to be 
applicable as an upgrade of an existing data capture system 
wherein a large number of hand-held transceiver units 
operate over an extensive area to gather data in various 
places, requiring the use of multiple base stations. In a 
variety of such installations such as warehouse facilities, 
distribution centers, and retail establishments, it may be 
advantageous to utilize not only multiple bases capable of 
communication with a single host, but with multiple hosts as 
well. 
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RADIO FREQUENCY COMMUNICATION 
NETWORK HAVING ADAPTIVE 
COMMUNICATION PARAMETERS 

INCORPORATION BY REFERENCE 

[0001] The following patent applications are incorporated 
in their entirety by reference: 

[0002] 1. abandoned application of Charles D. Gollnick, et 
al., US. Ser. No. 07/857,603 ?led Mar. 30, 1992 (Attorney 
Docket Nos. DN37834XA; 92 P 327); 

[0003] 2. pending US. patent application of Meier, et al., 
Ser. No. , ?led Oct. 30, 1992 (Attorney Docket Nos. 
DN37882YA; 92 P 758); 

[0004] 3. abandoned application of Ronald L. Mahany, 
U.S. Ser. No. 07/485,313 ?led Feb. 26, 1990 (Attorney 
Docket Nos. DN36500Y; 91P349); 

[0005] 4. pending application of Steven E. Koenck, et al., 
US. Ser. No. 07/305,302 ?led Jan. 31, 1989 (Attorney 
Docket Nos. DN36649; 91 P 422); 

[0006] 5. application of Ronald L. Mahany, et al., US. Ser. 
No. 07/389,727 ?led Aug. 4, 1989 (Attorney Docket Nos. 
DN36500X; 91P258), noW issued as US. Pat. No. 5,070, 
536 on Dec. 3, 1991; 

[0007] 6. application of Marvin L. Sojka, U.S. Ser. No. 
07/292,810 ?led Jan. 3, 1989 (Attorney Docket Nos. 
DN36625X; 91P420), noW issued as US. Pat. No. 4,924, 
462 on May 8, 1990; and 

[0008] 7. European Published Patent Application EPO 
353759 published Feb. 7, 1990. 

AUTHORIZATION PURSUANT To 37 C.F.R. 
1.71 (01) AND (e) 

[0009] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserve all copyright 
rights Whatsoever. 

BACKGROUND OF THE INVENTION 

[0010] The present invention in a preferred implementa 
tion relates to improvements in radio data communication 
netWorks Wherein a number of mobile transceiver units are 
to transmit data to a number of base stations under a Wide 
range of operating conditions. To compensate for the Wide 
range of operating conditions, adaptability has been pro 
vided using an exchange of parameters that de?ne the nature 
of the netWork communication. The invention is preferably 
to be applicable as an upgrade of an existing data capture 
system Wherein a number of hand-held transceiver units of 
an earlier design are already in the ?eld representing a 
substantial economic investment in comparison to the cost 
of base stations, accessories and components. In installations 
spread over an extensive area, a large number of mobile 
portable transceiver units may be employed to gather data in 
various places and multiple base stations may be required. In 
a variety of such installations such as Warehouse facilities, 
distribution centers, and retail establishments, it may be 
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advantageous to utiliZe not only multiple bases capable of 
communication With a single host, but With multiple hosts as 
Well. 

[0011] An early RF data collection system is shoWn in 
Marvin L. Sojka, US. Pat. No. 4,924,462 assigned to the 
assignee of the present application. This patent illustrates (in 
the sixth ?gure) a NORAND® RC2250 NetWork Controller 
Which supports one base transceiver for communication With 
multiple mobile portable transceivers. The exemplary prior 
art device is capable of communicating With a host computer 
through an RS232C interface at up to 19,200 baud in 
asynchronous mode. In order for an optional RS422 inter 
face to be substituted for an RS232C interface, the unit must 
be opened and substitute circuitry components installed 
Within it. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides an improved data 
communication system Which maintains RF communication 
links betWeen one or more host computers and one or more 

base transceiver units, each of Which may be communicative 
With many mobile portable transceiver units being moved 
about a Warehouse complex for the collection of data. 
Speci?cally, the invention provides a data communication 
system for collecting and communicating data in the form of 
RF signals Which has a plurality of RF transceivers that store 
and modify at least one variable operating parameter. From 
the stored parameter(s), each of transceivers control the 
operation of transmission and reception. The transceivers 
also evaluate the effect of the stored parameter based by 
analyZing each transmission received, and determine 
Whether to make changes in the stored parameter. If changes 
are needed, the transceivers, modify and store the modi?ed 
operating parameter and begin operation based thereon. 

[0013] The operating parameters involve: 1) the siZe of 
data segments to be transmitted; 2) the length or frequency 
of the spreading code used for direct-sequence spread spec 
trum communication; 3) the hopping rate, coding, and 
interleaving for frequency-hopping spread spectrum com 
munication; and 4) the type of RF source encoding used. 

[0014] In addition, the RF transceivers used in the data 
communication netWork of the present invention use sys 
tem-default values to reset the operating parameters if a 
series of failed communication exchanges occurs, so that 
communication can be re-established. 

[0015] It is therefore an object of the invention to provide 
an adaptive radio communication system Which permits the 
interconnection of one or tWo host computer devices to a 
multiplicity of base transceiver units Which may include 
both prior art existing installed units and neW generation 
units capable of spread spectrum radio transmission. 

[0016] It is a further object of the invention to provide an 
adaptive RP data communication system Which optimiZes 
communication based on a set of operating parameters. 

[0017] It is a further object of the invention to provide an 
adaptive RF data communication system Which maintains 
communication based on a set of operating parameters for 
optimiZing communication, Wherein the operating param 
eters involve: 1) the siZe of data segments to be transmitted; 
2) the length or frequency of the spreading code used for 
direct-sequence spread spectrum communication; 3) the 
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hopping rate, coding, and interleaving for frequency-hop 
ping spread spectrum communication; and 4) the type of RF 
source encoding to be used. 

[0018] It is a further object of the invention to provide a 
radio communication system netWork controller Which via a 
communication exchange optimiZes a set of operating 
parameters, yet returns the parameters to their previous or 
system-default values upon failed communication. 

[0019] These and other objects of the invention Will be 
apparent from examination of the detailed description Which 
folloWs. 

DESCRIPTION OF THE DRAWING FIGURES 

[0020] FIG. 1 is a block diagram of the prior art data 
communication system. 

[0021] 
[0022] FIG. 3 is a schematic representation of an exem 
plary radio communication system utiliZing the invention. 

[0023] FIG. 4 is a diagrammatic illustration of the control 
circuitry elements of the invention. 

[0024] 
[0025] FIG. 6 is a diagrammatic illustration of the appli 
cation speci?c integrated circuit of the invention. 

[0026] FIG. 7 is a block diagram shoWing an exemplary 
implementation of intelligent network and router transceiver 
units such as the netWork transceiver units of FIG. 3. 

FIG. 2 is a perspective vieW of the invention. 

FIG. 5 is a rear elevation vieW of the invention. 

[0027] FIG. 8 is a diagram of an RP system utiliZing a 
netWork controller according to FIGS. 2-6, With one of its 
netWork ports con?gured for communication With a second 
host, and another of its ports coupled With a multiplicity of 
RF transceivers via an adapter unit. 

[0028] FIG. 9 is a diagram illustrating the use of tWo 
netWork controllers according to FIGS. 2-6, con?gured for 
dual host computers each, and having their relatively high 
data rate extended distance netWork ports coupled With a 
multiplicity of intelligent netWork and router transceiver 
units implemented according to FIG. 7. 

[0029] FIG. 10 is a diagram similar to FIG. 9 but shoWing 
the part of coupled netWork controllers interfaced to a 
common relatively high data rate system having multiple 
hosts (e.g.) a local area netWork of the Ethernet type or 
equivalent e.g. ?ber optic type. 

[0030] FIG. 11 is a diagram similar to FIG. 10 but 
indicating the netWork controllers being coupled to respec 
tive different high data rate multiple host systems (e.g., 
token ring type local area netWorks or other individual 
netWorks e.g., ?ber optic loop netWorks of the collision 
sense multiple-access type). 

[0031] FIG. 12 is a vieW similar to FIG. 9 but intended to 
diagrammatically indicate a distribution of netWork and 
router transceivers and other elements of an on-line RF data 
collection system over an extensive area of a facility eg of 
one of the types previously mentioned. 

[0032] FIG. 13 shoWs an intelligent controller and radio 
base unit Which uni?es controller and radio components 
such as shoWn in FIG. 7 into a single housing of the siZe 
represented in FIGS. 2 and 5. 
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[0033] FIG. 14 shoWs a diagrammatic illustration of the 
signal processing for tWo of four pairs of communication 
ports of the multiple base adapter of the RF data collection 
system illustrated in FIG. 8. 

[0034] FIG. 15 is a diagram of parts of an RF data 
collection system utiliZing a netWork controller according to 
FIGS. 2-6 and a multiple base adapter according to FIG. 14, 
With eight base transceiver units coupled to the multiple base 
adapter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] FIG. 1 shoWs an existing radio frequency data 
transmission system 10 Wherein a base station transceiver 
means 11 has a number of mobile transceiver units such as 
12A, 12B, . . . , 12N in radio communication thereWith. 

[0036] By Way of example, the base station may be 
comprised of a radio base unit 14 such as the model RB3021 
of Norand Corporation, Cedar Rapids, IoWa, Which forms 
part of a product family knoWn as the RT3210 system. In this 
case, the radio base 14 may receive data from the respective 
mobile RF terminals, eg of type RT3210, and transmit the 
received data via a netWork controller and a communications 
link 16 (eg utiliZing an RS-232 format) to a host computer 
17. 

[0037] The data capture terminals 12A, 12B, . . . , 12N 

may each be provided With a keyboard such as 18, a display 
as at 19, and a bar code scanning capability, e.g., via an 
instant bar code reader such as shoWn in US. Pat. No. 
4,766,300 issued Aug. 23, 1988, and knoWn commercially 
as the 20/20 High Performance Bar Code Reader of Norand 
Corporation. 
[0038] FIG. 2 provides a perspective vieW of the inven 
tion 40 in the preferred embodiment case 20. Front panel 22 
is provided With display 24 and select key 26, up key 28 and 
doWn key 30. PoWer indicator 32 comprises a loW poWer 
green light emitting diode Which is energiZed When poWer is 
supplied to the invention 10. Error condition indicator 34 is 
a yelloW LED Which is softWare controlled to be energiZed 
if the invention 10 is in error condition. 

[0039] FIG. 3 discloses a diagrammatic illustration of a 
radio communication system in accordance With the present 
invention. Invention netWork controller 40 is coupled to host 
computer 42 such that data may be interchanged betWeen the 
devices over host communications link 44, Which may be 
either in an RS232C format or selectively in an RS422 
format. The host communication link 44 couples to control 
ler 40 at host port 46. 

[0040] First communication port 48 of controller 40 pro 
vides means for coupling of netWork 50 to controller 40. 
NetWork 50 comprises a number of base RF transceiver 
units 52A, 52B and 53B, each of Which may be selectively 
employed in the radio frequency communication of data 
from mobile transceiver units. It is to be understood that 
base transceiver units 52 are designed and equipped to be 
operable in the exchange of data With netWork controller 40 
over netWork link 56 such that each base transceiver unit 
52A, 52B, or 53C may independently exchange data With 
netWork controller 40 through ?rst communication port 48. 
When ?rst communication port 48 is intended for operation 
With a netWork such as netWork 50 of base transceiver units 
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52A, 52B and 53C, for example, network controller 40 is 
selectively operated to provide an RS485 interface at ?rst 
communication port 48. First communication port 48 may 
be alternately selected to operate as an RS232C interface, as 
an RS422 interface, as a proprietary NORAND® Radio One 
Node Network interface or as a high speed V.35 interface. 
The selection of interface to be provided at ?rst communi 
cation port 48 is front panel controlled, that is, the user may 
operate front panel keys 28, 30 and 26 (See FIG. 2) to direct 
the proper interface to be provided at ?rst communication 
port 48. 

[0041] Base transceiver units 52A, 52B, and 52C are 
coupled to netWork link 56 by serial means, rather than 
parallel means, and each may be caused to transmit or to 
receive independently from the others While additionally 
being communicative With netWork controller 40 in a ran 
domly chosen fashion. 

[0042] It is further to be understood that interface trans 
lation is provided Within controller 40 such that data com 
municated at ?rst communication port 48 may be directed to 
host 42 at port 46 via properly chosen interface means as is 
required by the host 42 With Which communication is 
intended. 

[0043] Like ?rst communication port 48, second commu 
nication port 57 may be internally sWitched among interface 
choices of these types: RS232C, RS422, V.35, RS485 and 
proprietary NORAND® Radio One Node NetWork inter 
face. In the illustrated arrangement of FIG. 3, for example, 
second communication port 57 is coupled over third link 53 
to previously installed base transceiver 54, Which heretofore 
had been used in a prior art system as is illustrated in FIG. 
1. Because of limitations of base transceiver 54, it must 
communicate via RS232C interface format and therefore, 
second communication port 57 must be selected to operate 
in RS232C interface mode. HoWever, When second commu 
nication port 57 is desired to communicate With a netWork 
via RS485 interface, front panel keys 26, 28 and 30 may be 
manipulated by the user to provide the RS485 interface 
availability at second communication port 57. LikeWise, 
second communication port 57 may be selected to operate as 
an RS422 interface, as a V.25 interface, or as the proprietary 
NORAND® Radio One Node NetWork interface. 

[0044] Diagnostic port 55 provides a fourth communica 
tion pathWay for netWork controller 40, providing an asyn 
chronous port operable at 300 to 19,200 baud as an RS232C 
interface. When desirable, diagnostic port 55 may be 
coupled by diagnostic link 58 to diagnostic device 60 for 
purposes of error diagnosis of controller 40 by diagnostic 
device 60, or for reprogramming of memory devices Within 
controller 40 When desired. It is contemplated that diagnos 
tic device 60 comprises a 16 or 32 bit microprocessor 
commonly knoWn as a personal computer or “PC”. The 
mode of coupling betWeen diagnostic device 60 and netWork 
controller 40 may be direct or through remote means by use 
of a modem. 

[0045] Referring noW to FIG. 4, a central processing unit 
70 is provided With at least four data communication ports, 
illustrated at numerals 71, 72, 73, and 74. First data com 
munication port 71 may be selectively coupled to RS232 
interface member 76 or V.35 interface member 78. The 
choice of Whether RS232 interface member 76 or V.35 
interface member 78 is chosen is dependent upon the 

Apr. 28, 2005 

operating characteristics presented by the host computer, 
such as host computer 42 of FIG. 3, With Which netWork 
controller 40 Will communicate. The choice of Whether ?rst 
communication port 71 is coupled to interface member 76 or 
to interface member 78 depends on the front panel selection 
made by the user by keys 26, 28, and 30 shoWn in FIG. 2. 

[0046] Second communication port 72 may be selectively 
coupled to RS232 member 80 or to RS485 interface member 
82 or to RS422 interface member 84 or to NORAND® 
Radio One Node NetWork proprietary interface member 86. 
By use of front panel keys 26, 28, and 30 of FIG. 2, the user 
may select second communication port 72 to be coupled to 
any one of interface members 80, 82, 84, and 86. 

[0047] Third communication port 73 is identical to second 
communication port 72 in functionality, being selectively 
couplable to RS232 interface member 88, to RS485 inter 
face member 90, to RS422 interface member 92 or to 
NORAND® Radio One Node NetWork proprietary interface 
member 94. 

[0048] In the preferred embodiment of the invention 40, 
central processing unit 70 of FIG. 4 comprises a MotorolaTM 
68302 integrated chip cooperative With an application spe 
ci?c integrated circuit. Central processing unit 70 employs 
novel features alloWing the bidirectional use of a data 
communicative line of the MotorolaTM 68302 chip and a 
single clock signal line to eliminate the need for coder 
decoder members to be associated With the MotorolaTM 
68302 chip While alloWing the use of only one pair of signal 
Wires to be coupled to the RS485 interfaces 82 and 90 of 
FIG. 4. 

[0049] Fourth communication port 74 of central process 
ing unit is coupled to asynchronous RS232 interface mem 
ber 97 to be available for interconnection of a diagnostic 
device thereWith. 

[0050] Also coupled to central processing unit 70 are 
display member 24 and keyboard member 31 With Which 
keys 26, 28, and 30 of front panel 22 (FIG. 2) are interactive. 

[0051] Memory elements including EPROM element 96, 
DRAM unit 98, FLASH memory unit 100 and EEPROM 
element 102 are intercoupled With each other and With 
central processing unit 70. 

[0052] PoWer supply member 104 is selectively attachable 
to invention netWork controller 40. In order to avoid the 
necessity of different models of netWork controller 40 
depending on the local electrical poWer utility’s operating 
characteristics, poWer supply 104 is provided in optional 
models depending on the country in Which it is to be used, 
poWer supply 104 being capable of providing satisfactory 
output poWer to netWork controller 40 regardless of the 
voltage or frequency of the input source provided to poWer 
supply 104. 

[0053] The application speci?c integrated circuit (ASIC) 
used in the invention netWork controller 40 is disclosed in 
FIG. 6 and is identi?ed by the is numeral 120. ASIC 120 
comprises a central processor unit interface 122 member 
Which is coupled to the central processor unit bus by CPU 
bus link 124 Which eXtends from ASIC 120. Also coupled to 
the CPU bus link 124 is dynamic random access memory 
(DRAM) timing element 126, Which provides netWork con 
troller 40 With timing signals for the DRAM member 98 
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illustrated in FIG. 4 When memory refresh of the DRAM 98 
is indicated. DRAM timing element 126 is also coupled 
exteriorly to the ASIC 120 to DRAM member 98 by DRAM 
link 127. 

[0054] Central processing unit interface 122 is coupled to 
asynchronous signal processing element 128 by signal path 
130. Asynchronous signal processing element 128 com 
prises a baud rate generator cooperative With a universal 
asynchronous receiver-transmitter. 

[0055] Also coupled to central processing unit interface 
122 is netWork clock and control member 132 Which com 
prises a programmable netWork clock generator Which can 
be selectively programmed to generate an optional clock 
speed for a netWork to be coupled through RS485 interfaces 
82 and 90 seen in FIG. 4. Network clock and control 
member 132 also provides detection means for detections of 
failure conditions on a linked netWork and provides control 
signals to system components in response thereto, including 
interrupt signals to programmable interrupt coordinator cir 
cuitry included in central processing interface 122. NetWork 
clock and controller member 132 provides data encoding by 
the FMO standard, then the encoded data may be operated 
upon by RS485 interfaces 82 and 84 and transmitted and 
received by single tWisted pair means to multiple serially 
netWorked base transceiver units exempli?ed by base trans 
ceiver unit 52A, 52B, and 52C illustrated in FIG. 3. 

[0056] Keyboard controller element 134 is coupled to 
central processing unit interface and provides a link exterior 
to ASIC 120 to keyboard 31 (See FIG. 3). 

[0057] FLASH memory/EEPROM logic control member 
136 is coupled to central processing unit interface 122 and 
comprises control functions for FLASH memory element 
100 and EEPROM memory element 102 of FIG. 3. 

[0058] Central processing unit interface 122 is also 
coupled by line 138 to latches exterior to ASIC 120. 

[0059] It is to be understood that the base transceiver units 
52A, 52B, and 52C illustrated in FIG. 3 are communicative 
With mobile transceiver units by electromagnetic radio 
means. The mobile transceiver units may be associated With 
bar code scanning devices such as the NORAND® 20/20 
High Performance Bar Code Reader Whereby the scanning 
devices scan an object having a bar code associated there 
With and collect information stored in the bar code, Which 
information is then transmitted through the mobile trans 
ceiver units to base transceiver units such as base transceiver 
units 52A, 52B, and 52C or base transceiver unit 54 of FIG. 
3. The bar code data received by said base transceiver units 
is then transmitted in the example of FIG. 3, over netWork 
50 by base transceiver units 52A, 52B, or 52C, or over link 
53 by base transceiver unit 54, to netWork controller 40 
Which performs the routing and delivery of the data to the 
stationary data processor, or processors, such as shoWn for 
example, by host 42 of FIG. 3. 

DESCRIPTION OF FIGS. 7 THROUGH 11 

[0060] FIG. 7 shoWs a block diagram of a particularly 
preferred intelligent base transceiver unit knoWn as the 
RB4000. It Will be observed that the components correspond 
With components of the netWork controller of FIG. 4, and 
similar reference numerals (preceded by 7-) have been 
applied in FIG. 7. Thus, the signi?cance of components 
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7-70 through 7-73, 7-76, 7-82, 7-96, 7-98, 7-100 and 7-104 
Will be apparent from the preceding description With respect 
to FIGS. 4 and 6, for example. I/O bus 700 may be coupled 
With a spread spectrum transmission (SST) or ultra high 
frequency (UHF) transceiver 701 Which may correspond is 
With any of the transceivers of units 52A, 52B, 52C or 54 
previously referred to. The netWork controller 70 could have 
a similar RF transceiver coupled With its data port 72 or 73 
and controlled via input/output bus 400, eg for direct RF 
coupling With router transceivers such as 901, 901, FIG. 9. 

[0061] Referring to FIG. 8, a netWork controller 40 is 
shoWn With port 71 con?gured for interface With a host port 
type SNA V. 35 56K/64K bits per second. 

[0062] Port 72 is shoWn as con?gured for communication 
With a personal computer of the PS/2 type operating asyn 
chronously at 384K bits per second. Port 74 is coupled With 
a modem 8-60 providing for remote diagnostics and repro 
gramming of the netWork controller 40. 

[0063] Port 73 of netWork controller 40 is shoWn as being 
connected With an adapter component 801 knoWn as the 
MBA3000. A speci?cation for the MBA3000 if found in 
Appendix A folloWing this detailed description. In the oper 
ating mode indicated in FIG. 8, the adapter 801 serves to 
couple controller 40 sequentially With four radio base trans 
ceiver units such as indicated at 811 through 814. Compo 
nent 811 is a commercially available radio base knoWn as the 
RB3021 Which utiliZes features of Sojka US. Pat. No. 
4,924,462 and of Mahany US. Pat. No. 4,910,794 both 
assigned to the present assignee, and the disclosures of 
Which are hereby incorporated herein by reference in their 
entirety. Base station 811 may communicate With a multi 
plicity of hand-held RF data terminals such as indicated at 
821. Details concerning base transceiver units 812 and 813, 
814 are found in the attached Appendices B and C, respec 
tively. Base 814 is indicated as being coupled With the 
adaptor 801 via RF broadband modems 831 and 832. Base 
units 813 and 814 may communicate With a variety of 
mobile transceiver units such as those indicated at 833 and 
834 Which are particularly described in Appendices D and E. 

[0064] FIG. 9 shoWs tWo netWork controllers 40A and 
40B each With its host ports con?gured as With the controller 
40 of FIG. 8. In this example, the second ports 72 of the 
controllers 40A and 40B are con?gured for communication 
a relatively high data rate relatively along a distance netWork 
channel 56 Which may have the characteristics of the serial 
channel 56 of FIG. 3, for example, an RS485 channel 
operating at 384 kilobits per second (384K bps). NetWork 
base transceivers 52A, 52B and 52C may correspond With 
the correspondingly numbered transceiver units of FIG. 3, 
for example, and the netWork may have additional netWork 
transceivers such as 52D. Furthermore, the netWork trans 
ceivers may have RF coupling With router transceiver units 
such as indicated at 901, 902 and 903. Router transceiver 
unit 902 is illustrated as a RB4000 intelligent transceiver 
such as represented in FIG. 7 and having its input/output bus 
700 coupled With a peripheral. 

[0065] FIG. 10 is entirely similar to FIG. 9, for example, 
except that ports 72 of the controllers 40A and 40B are 
coupled With separate serial type high data rate netWork 
channels, and ports 73 of the respective netWork controllers 
are coupled to a very high speed netWork eg in the several 



US 2005/0089084 A1 

megabits per second range such as an Ethernet local area 
network 1000. Suitable interfaces are indicated at 1001 and 
1002. 

[0066] FIG. 11 is entirely similar to FIG. 9 except that the 
ports 73 of the network controllers 40A and 40B are coupled 
With respective local area ring type netWorks Which may be 
separate from each other and each have tWo or more hosts 
such as represented in FIG. 9 associated With the respective 
ring netWorks such as token rings 1100A and 1100B. Suit 
able interface means are indicated at 1101 and 1102. 

DESCRIPTION OF FIG. 12 

[0067] FIG. 12 shoWs, for example, tWo netWork control 
lers 40A and 40B, each With tWo host computer units such 
as 42-1A. Host 42-2A is shoWn With a printer or other 
peripheral P1 Which may generate bar codes, for example, 
for replacement of damaged bar codes or the like. Another 
printer P2 is shoWn associated With base 52C, again for 
example, for producing bar code labels Where those are 
needed in the vicinity of a base station. In a large Warehouse, 
relatively large distances may be involved for a Worker to 
return to a printer such as P1 to obtain a neW bar code label. 
Thus, it may be very advantageous to provide a printer P2 
at the base station 52C Which may be relatively close to a 
processing location Which requires printed labels, eg a 
processing location in the vicinity of hand-held terminal 
12-2 in FIG. 12. A base 52F may have a peripheral P3 
associated thereWith such as a large screen display, a printer 
or the like Which may supplement the capabilities of a 
hand-held terminal, for example printing out neW bar code 
labels at a convenient location, or providing a full screen 
display, rather than the more limited screen display area of 
the hand-held terminal 12-2. 

[0068] If, for example, a base radio 52D Which might be 
located at the ceiling level of a Warehouse became inopera 
tive at a time When quali?ed repair personnel Were not 
immediately available, With the present system it Would be 
feasible to provide a substitute base radio or base radios, for 
example, as indicated at 52D1 located at table level or the 
like. 

[0069] With the present system, the base radio stations do 
not necessarily forWard data communications received from 
a given terminal to a particular host. For example, hand-held 
terminal 12-2 may request a path to printer P2, and such a 
path may be created via base stations 52D1 and 52C. Station 
52C upon receipt of the message form terminal 12-2 Would 
not transmit the message to a host but Would, for example, 
produce the desired bar code label by means of printer P2. 
Further, terminal 12-2 may have provision for digitiZing a 
voice message Which might, for example, be addressed to 
terminal 12-1. The system as illustrated Would be operable 
to automatically establish a suitable path for example, via 
stations 52D1, 52C, 52B, 52E and 12-1 for the transmission 
of this voice message in digital form. Successive segments 
of such a voice message Would be stored, for example, by 
the terminal 12-1, and When the complete message Was 
assembled, the segments Would be synthesiZed into a con 
tinuous voice message for the user of terminal 12-1 eg by 
means of a speaker 1201 also useful for sending tone signals 
indicating valid bar code read, etc. 

[0070] In accordance With the present invention, a hard 
Ware system such as illustrated in FIG. 12 may be physically 
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laid out and then upon suitable command to one of the 
netWork controllers such as 42-2B, the entire system Would 
be progressively automatically self-con?gured for ef?cient 
operation. For example, controller 40B could successively 
try its communications options With its output ports such as 
71-73, determining for example, that host processors Were 
coupled With ports 71 and 72, one operating on a 38.4 kilobit 
per second asynchronous basis and the other presenting a 
SNAport for the V35 protocol at 64 kilobits per second. For 
example, on host, 42-1B might be a main frame computer, 
While the other host 42-2B might be a PS/2 type computer 
system. The controller 40B having thus automatically con 
?gured itself so as to be compatible With the devices 
connected to ports 71 and 72, could proceed to transmit via 
port 73 a suitable inquiry message to the netWork channel 
56. Although a polling protocol is preferred, each of the base 
stations could operate, for example, on a carrier-sense mul 
tiple-access (CSMA) basis or using a busy tone protocol to 
respond to the inquiry message from the controller 40B, 
until each of the successive bases on the netWork had 
responded and identi?ed itself. Each base, for example, 
Would have a respective unique address identi?cation Which 
it could transmit in response to the inquiry message so as to 
establish its presence on the netWork. 

[0071] The controller 40B could then transmit auto con 
?gure commands to the successive bases in turn, instructing 
the bases to determine What peripherals and router bases 
such as 52D1, 52E and 52F Were Within the range of such 
base, and to report back to the controller. For example, bases 
such as 52C and 52F could determine the nature of periph 
erals P2 and P3 associated thereWith so as to be able to 
respond to an inquiry form a terminal such as 12-2 to advise 
the terminal that a bar code printer, for example, Was Within 
direct RF range. 

[0072] In the case of a breakdoWn of a component of the 
system such as 52D, it Would merely be necessary to place 
a router device such as 52D1 at a convenient location and 
activate the unit, Whereupon the unit could send out its oWn 
broadcast inquiry Which, for example, could be ansWered by 
the base stations 52C and 52F, station 52C in turn, advising 
a relevant host or hosts of the activation of a substitute router 
station. Thus, the system is conveniently re-self-con?gured 
Without the necessity for a technician familiar With the 
particular con?guration procedure. As another example, 
Where the base stations are operating utiliZing spread spec 
trum transmission, the introduction of barriers (such as a 
neW stack of inventory goods) to such transmission betWeen 
a given base such as 52A and various terminals, could result 
in the base 52A contacting router 52E, for example, With a 
request to become active With respect to the blocked termi 
nals. 

[0073] A more detailed example of auto-con?guration of 
the netWork can be found in pending US. patent application 
of Meier, et al., Ser. No. , (Attorney Docket Nos. 
DN37882YA; 92 P 758) ?led Oct. 30, 1992, Which is 
incorporated herein by reference. 

DESCRIPTION OF FIG. 13 

[0074] FIG. 13 shoWs an intelligent integrated controller 
and radio base unit 1300 Which is integrated into a single 
housing or case 1301 corresponding to the case or housing 
20 of FIG. 2. the housing 1301 may be provided With an 
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external antenna as diagrammatically indicated at 1302 With 
suitable RF coupling to the radio circuitry indicated at 1303. 
Components 13-70 through 13-74, 13-76, 13-78, 13-96, 
13-97, 13-98, 13-100, and 13-102 may correspond With the 
correspondingly numbered components described With ref 
erence to FIG. 4. 

SUPPLEMENTARY DISCUSSION 

[0075] In accordance With the present disclosure, a net 
Work controller, or integrated netWork controller and radio 
unit is coupled to one or more host computers via a standard 
interface such as commonly encountered in practice (e.g. 
RS232, V. 35, Ethernet, token ring, FDDI, and so on). In this 
Way, no specialiZed interface or adapter is required for the 
host. 

[0076] Since the preferred netWork controller can connect 
to tWo hosts, if one host is detected to have failed, or in the 
event of a system crash, loss of communication link, or the 
like, the netWork controller can automatically sWitch to the 
second host. The second host may be a truly redundant 
system, or may be a simpler computer of the PC type (a 
so-called personal computer) that can simply store transac 
tions until the main host is restored. As another eXample, a 
single host may have a second port coupled to a second port 
of the controller especially if a communication link failure 
may be a problem. For eXample, tWo ports of the netWork 
controller may be coupled by separate modems With sepa 
rate phone lines, leading to separate ports of a single 
mainframe computer, for eXample an IBM3090. In a fully 
redundant system, tWo ports of a netWork controller may be 
connected respectively to tWo mainframe computers such as 
the IBM3090. 

[0077] The disclosed netWork controller can also connect 
one radio netWork to tWo hosts using RS232 or V.35 ports or 
to many hosts using a local area netWork such as Ethernet, 
token ring, or FDDI. A number of the disclosed netWork 
controllers (for eXample, up to thirty-tWo) can be connected 
together to interface many hosts to a single radio netWork. 
The hand-held portable terminals in such a netWork can then 
talk to any of the hosts they choose. 

[0078] For eXample Where one port of the disclosed net 
Work controller is coupled via its RS232 interface to a 
mainframe computer such as the IBM3090, another of its 
ports may be coupled via an FDDI netWork With a super 
computer eg the Cray X-MP. Then mobile and/or portable 
terminals can access either the main frame or the super 
computer, or in general, any of the hosts that are connected 
to the netWork controller. 

[0079] As indicated in FIG. 9, four hosts can be on one 
netWork. Referring to FIGS. 10 and 11, a multiplicity of 
hosts may be coupled With each local area netWork so as to 
be in communication With one or more of the disclosed 
netWork controllers. Furthermore, a single disclosed net 
Work controller can control tWo radio netWorks such as the 
one indicated at 50 in FIG. 3. Where each netWork such as 
50 is limited to thirty-tWo devices, the number of devices is 
doubled With the use of tWo radio netWorks. TWo such radio 
netWorks may also be utiliZed for the sake of redundancy, 
With a provision for automatic sWitch-over from one radio 
netWork to the second if a problem develops on the ?rst. TWo 
radio netWorks may also facilitate the use of different radio 
technologies in one installation. 
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[0080] The various multi-drop local area netWorks 
referred to herein, for eXample at 7-82 in FIG. 7 and as 
represented at 56, 56A, 56B, FIGS. 9 through 12, and at 
13-82 in FIG. 13 may comprise HDLC based local area 
netWorks operating at up to 2.5 megabits per second and 
using biphase space encoding (FMO) for clock recovery 
from data. 

[0081] The components 86 and 94, FIG. 4, and compo 
nent 13-11, FIG. 13, provides a loW-cost base radio interface 
using three pairs of tWisted conductors. One pair provides a 
bidirectional RS485 data line. Another pair is used for the 
clock and has an RS422 electrical con?guration, and is one 
directional from the radio to the controller. The third tWisted 
pair is also RS422 and is used to communicate from the 
controller to the radio transceiver to effect mode selection. 

[0082] Since it is advantageous to operate the netWork and 
router RF transceiver units so as to be compatible With 
eXisting mobile data collection terminals such as shoWn in 
AppendiX D1 et seq., a preferred mode of operation is based 
on the RTC protocol as disclosed in the aforementioned 
incorporated Mahany and Sojka patents and the folloWing 
applications: 

[0083] (1) US. Ser. No. 07/389,727 ?led Aug. 4, 1989 
(Attorney Docket Nos. 36500X; 91 P 258), noW issued as 
US. Pat. No. 5,070,536 on Dec. 3, 1991. 

[0084] (2) European Published Patent Application EPO 
353759 published Feb. 7, 1990. 

[0085] (3) US. Ser. No. 07/485,313 ?led Feb. 26, 1990 
(Attorney Docket Nos. 36500Y; 91 P 349). 

[0086] The disclosures of applications (1), (2) and (3) are 
hereby incorporated herein by reference in their entirety. 

[0087] An aspect of the invention resides in the provision 
of a netWork controller having port means selectively con 
?gurable for coupling in ?rst mode With netWork RF trans 
ceiver units at a relatively high data rate such as 100 kilobits 
per second or higher, and for coupling in a second mode With 
netWork transceiver units at a relatively loW data rate such 
as about tWenty kilobits per second. Preferably a single port 
means such as 2, 3, or 5, 6, FIG. 5, can be softWare 
con?gured to interface selectively in the ?rst mode or in the 
second mode. It is presently less expensive to use multiple 
connectors per port rather than a single 37-pin connector for 
eXample. 
[0088] Where a netWork controller such as 40 operates 
tWo high data rate netWorks, for eXample, one netWork of RF 
base transceivers could operate With the RTC protocol, and 
the second netWork could operate according to a different 
protocol such as that disclosed in pending application Ser. 
No. 07/660,618 ?led on or about Feb. 25, 1991 (Attorney 
Docket No. 37734), in its entirety. It Will be apparent that 
many modi?cations and variations may be effected Without 
departing from the scope of the teachings and concept of the 
present disclosure. 

DESCRIPTION OF FIGS. 14 AND 15 

[0089] FIG. 14 is a block diagram of the circuitry for one 
pair of communication ports 1401 and 1403 of adapter 801 
(FIG. 8) for use in coupling to base transceiver units. Three 
additional pairs of communication parts for coupling to siX 
additional base transceiver units are provided in the pre 
















