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(57) ABSTRACT

Improved apparatus for a radio communication system hav-
ing a multiplicity of mobile transceiver units selectively in
communication with a plurality of base transceiver units
which, in turn, communicate with one or more host comput-
ers for storage and manipulation of data collected by bar code
scanners or other collection means associated with the mobile
transceiver units. A network controller and an adapter which
has a simulcast and sequential mode provide selective inter-
face between host computers and base transceivers. A scheme
for routing data through the communication system is also
disclosed wherein the intermediate base stations are orga-
nized into an optimal spanning-tree network to control the
routing of data to and from the RF terminals and the host
computer efficiently and dynamically. Additionally, redun-
dant network and communication protocol is disclosed
wherein the network utilizes a polling communication proto-
col which, under heavy loaded conditions, requires that a
roaming terminal wishing to initiate communication must
first determine that the channel is truly clear by listing for an
entire interpoll gap time. In a further embodiment, a criterion
used by the roaming terminals for attaching to a given base
station reduces conflicts in the overlapping RF regions of
adjacent base stations.

203 Claims, 26 Drawing Sheets



U.S. Patent May 19, 2009 Sheet 1 of 26 US 7,536,167 B2

19 — 12A
18 I

lllllll

llllllll

lllll

Portable Radio
Terminals

14 — Radio Base

15— Multiplexor

16~ 2
v
Host — 17

Computer

Fig. 1

(Prior Art)



U.S. Patent May 19, 2009 Sheet 2 of 26 US 7,536,167 B2

Network L— 40
Controller
j—l
Ll-:18 57 55 Diagnostic
Host & ' Reprogpadmming
]
44 46 58 System
a2 56— | C
50
52A— 53 :
I 54 —
52B —1
I
52C—
Fig. 3




U.S. Patent

May 19, 2009

/70

V.35 Device

87 N
RS232

Device

74

400—

Port 1

Port 4

Bus -

Port 2

Sheet 3 of 26

US 7,536,167 B2

l RF Base
With RS232

Network
Processing
Unit

Port 3

11O

Keyboard

FLASH

MEMORY

/102

EEPROM

Fig. 4

| Interface

RF Bases
With RS§485
Interfaces

82

RF Bases
With RS422
Interfaces

RF Base
With Low Cost
Interface

RF Base
With RS232

Interface

RF Bases
With RS485

Interfaces

/90

RF Bases

With RS422
Interfaces

/92

RF Base

With Low Cost
Interface

/94




US 7,536,167 B2

Sheet 4 of 26

May 19, 2009

U.S. Patent

0z b14
ALLLe 591
18910 liod
sare ) Se” ALiLe ove’ o F o Seole
ao3 d4y
e18” g0t 691~ ot o A
G bi
N,/ ©/ V/

—0F




US 7,536,167 B2

Sheet 5 of 26

May 19, 2009

U.S. Patent

961
......................................... .
C |
| I
" 6 "
_ uunl Wvya !
I |
i oz~ !
_ |
| |
BTN i
| |
| |
_ 01607 WO¥d33 _
I P puy Aowa yse|4 “
| ogl |
| |
! |
“ 19)|00u00 "
! pieogAe) asepsU| NdD |
! Vs pa| Nd —a
| VEL i
| i
| |01JU0D puy %901D !
m | HomseN on s8r-s !
| zel i
| |
4 : N "
m UOd (euag ‘ONASY —— zzl |
|
 gz1] i
A i

sng NdD



U.S. Patent May 19, 2009 Sheet 6 of 26 US 7,536,167 B2

7-76~ 7-71 770 o 782
RS232 Port 1 Port 2 7-72 IRtS rlf185
Device nieriace

Devices
RF Base
Intelligent
Controller
e 701
Port 4 7-73
Bus - /0 Port 3 _
Base Radio
4 Transceiver
_ SST or UHF
700 /7-96
EPROM
Vs 7-100
FLASH
MEMORY
s 7-104
Ve 7-98
DRAM POWER

Fig. 7



US 7,536,167 B2

Sheet 7 of 26

May 19, 2009

U.S. Patent

Qb1
Sd8 Mv9/98
SEA
VNS

¢/Sd

ONASY
Mb'8¢ ¢l

sonsoubeiq ajoway

L.
wapopy
-9/
09-8 Y op
l€8 N
Wapon Wwapon | 108
pueg peoig pueg peoig

m zes \\

aol
(11

.
v
A
0

4%



US 7,536,167 B2

Sheet 8 of 26

May 19, 2009

U.S. Patent

6 014

aweyuley awenurey
MP9 GE-A NP9 GE-A

solsoubeiq
asjoway

WapoW

09-8-7

sonsoubelq
ajoway

VoV

uoyelg | MP8E
19juLd T~ 95 K\\\\\

Sdd Ay8e

Wapony

09-8 -~

106

\?ﬂ@




US 7,536,167 B2

Sheet 9 of 26

May 19, 2009

U.S. Patent

0l b1

0001 ~N ENIEE|

¢/Sd

solsoubeiq
ajoway wo%muocmm_o
way

Wapow o

09-8~
09-8~
uonejs | Av'8E
3y
106

SdaP8e




11 Bi-

US 7,536,167 B2

Sheet 10 of 26

May 19, 2009

U.S. Patent

solysoubeiq

ajoway

Wwapoy

zoLL”

09-8”

uonelg
Iayuud

AY'8E

0d-

g0011 VvOOoLl

Sdg Mp8e

VvZs

soljsoubelq

ajoway

wapop

09-8-




Sheet 11 of 26 US 7,536,167 B2

U.S. Patent May 19, 2009

42-28B
Network
Controller

5

g
72

OB

42-1B
|J

&

96

42-2A
Network
Controller

&Y

1201

42-1A
|j

N
2E

B

5
=)
=

40A



U.S. Patent May 19, 2009 Sheet 12 of 26 US 7,536,167 B2

1300—
’_ ——————————————————————————————————————————— -
_ t
| 13-76~_ 13-71 13-70 13-72 13-82
T Rs T ! - RS485 :
] 582-32 F-- Port 1 Port 2 ; Interface |
L L : Devices !
! 13-78 | ,
| ~N o
1| V.35 Device RF Base || LowCost 1
- Intelligent =7 Interface 1
: Controller | _Device 1] .
| 13-97 13-74 13-73 1311 it
I [IE)
| '
RS232 Lot
I . Pot4 U/ e !
|| Device Bus/I-0  Port3 !
11302
e bbb ! Base Radio | !
: Transceiver :
i
l .
§ EPROM !
1301-7 1 |
L ___l
: \5\13-96 \1303
|
|
: |_.13-98
} DRAM T/:/
|
|
| I
] 1
' i
|
i |
t.~13-100
: FLASH |1
' MEMORY !
|
1 |
|
: | 13-102 _13-104
| %e
|
I |
! EEPROM ; POWER
! |
| 1
1 |
1 |

- o —— o — . ———— -



US 7,536,167 B2

Sheet 13 of 26

May 19, 2009

U.S. Patent

JASUL]
¢cr S

e e e e — o - -

movv/

a1

N;._‘\

JASUI]
Zcy SH

o:l.\

Fovr/

vl

IAsul|
2ec Sy

movr\

L

IAsuI|
[ANARYS

1
|
! oovL
|

ls|jjo5uo0)

ov\




U.S. Patent May 19, 2009 Sheet 14 of 26 US 7,536,167 B2
MBA3000 Multiple Base Adapter
/1 502
Warehouse 1 Warehouse 2
L —1501
1515
Base 1A (|
(RB3000) 1521
Base 3A
— (RB2212)
/4 Base 4A
Base 2A
— (RB3000) (RB2212)
= 15617
MBA3000 ] |
Multiple Base 801
Adapter oo 000 000 8D 29
RC2250 =0 i
Network \40
Controller
1503 1504
2 Warehouse 3 Warehouse 4 L
1516 1512
= B 1B
B 3B ase
(Rggg12) _|(RB3000)
Base 4B V4 1514
= (RB2212) Base 2B =
(RB3000)
1518 =

Fig. 15




US 7,536,167 B2

Sheet 15 of 26

May 19, 2009

U.S. Patent

glizad

m:Nn_mW

~
~

~

9l 614

v:Nn_w_W

-~

AR A )]
] °

NFNH_MW

901z w

ooledo w

0602 8702 9r0z
abpug ebpug |~ A N o6pug
4 ! /
2s0¢ 0iizdy N\ 80124Y N\ \ \\
L | /
N / ’
So / /
ebpug abpug obpug  |--"
zv0z
¥0iz4d 201244
Remajeq aseg
vzoz - 0zoz ] zzoz” _
otoz _
102
Jaindwon
0102




U.S. Patent May 19, 2009 Sheet 16 of 26 US 7,536,167 B2

2100
Wait For Data V
To Send j

/2102

Assemble Frame

< / 2106
Wait Random
Time
2104 X
Media YES I
Activity?
No Acknowlegment Done

Wait x Time
Transmit Frame LFor Acknowlege

/2108 ( 2110

Frame

Fig. 17



US 7,536,167 B2

Sheet 17 of 26

May 19, 2009

U.S. Patent

gl b1




US 7,536,167 B2

Sheet 18 of 26

May 19, 2009

U.S. Patent

v8l b4




US 7,536,167 B2

Sheet 19 of 26

May 19, 2009

U.S. Patent

61 014
d||3 ol|3 ao3 d eleq df|d (9)
ie1e”  Neeie eeie”  Siee ezie”  zzied sze”d  ezied Nizie
o ao3 d ao3 d ejleg d ejleg df|¥ (p)
sie”  se’d  sued ened e/ soied  zoie” soed  eored  “roke
o) ao3 dl = =« &« [M ejeq d| = « = [M|]¥ ()
660c” 160¢”  g60c” ceoe”’ 1607  6g0e” 180¢”  \ggoe
690¢
0 ao3 d eleq d eleq di|¥ (q)
egoe” 180e” 6067 12087 sr0e” €08’  1s0ed l——F—
190€
o) ao3 d ejeq d ejeq di| ¥ (e)
sooc” e90e” 190¢” esoe”  s60e” sgsoe”  esoe”  “1go€



US 7,536,167 B2

Sheet 20 of 26

May 19, 2009

U.S. Patent

AR
LTze Gzze €22¢
| I
GLZg | €12E R L _ --q oy !
| 1
i _ | L “
I My T T -
| i | | Neoze
|_ | I “
— e — — IIII — e w— o wd _
! JSOH
6zze . 1-:_ |||||
] I !
! ! “ N oze
] ! !
I I !
! I t
_ 602¢E | L0Zg ! 502¢



U.S. Patent

May 19, 2009

Sheet 21 of 26

Controller Device

US 7,536,167 B2

3309 — 3311
L\ TAP | TAP ¢ Terminal 3307
NIP Node
Root — 3305
Bridge NIP
Node NRF
Base Station
Termi 3315
erminal
3321 —~—ode _—3319
3325~ Tap e Y3323
3329 —'nP NP 3327
Bridge
Node
Terminal Terminal
Fig. 22
SNA Host TCP Host
I l
Controller Controller
0 Terminal

O Base Station

Fig. 23



U.S. Patent May 19, 2009 Sheet 22 of 26 US 7,536,167 B2

SNA Host TCP Host
I ]
—3403
3401 —
—3404
3405
3411
3415
3419
3423
3407
3409 3413
3417 3491

[0 Terminal Node
O Bridge Node

Fig. 24

SNA Host TCP Host

34251 E

0 Terminal Node
O Bridge Node



U.S. Patent

May 19, 2009 Sheet 23 of 26 US 7,536,167 B2
3511 T 3509
3503\\>| I l—/—/,3501

- Warehouse
3513 —_ 3507
3515\\ |_1-3505
3521 3517
3523
Loading Dock |:|//
Fig. 26

\
\ -
A 4
/ S o
/
\
\
i
>/
~ - ,/" i~ 7/ =
7 \\‘/ S~/
¢ {
/N I'y
I\ iy
I ) \
\ L -
1 I~
| FARLS
\, i
( /
/ 41
> o s N “ 1




US 7,536,167 B2

Sheet 24 of 26

May 19, 2009

U.S. Patent

8¢ b1
«— 2wl £ 2, 1k
_ —t HO
" | 510€
_ ' w, uQ-Xy |eulwta]
\( _ \ _ r0SY UO-XL Buiweoy
! _ _ -
momvk_ | _ f(moﬁ
I _ !
| _ | 3O
_ _ _ _ _ 9l0¢€
Nomv.\ . m _ oomv‘\ UQ-xy |eulwia)
\ ; _ UO-XJ. Buiweoy
10GY _ _ |
D | 0 L10€E
{
_ _ _ 0LSY HO |euiwisg
_ _ | Buiweoy
. uQ-xy
ned N Y |
V7 | e
S 00F m LLGY
|
ozZs0b~  82S0F  wzsob |
vS0r €S0v ‘..JL.. ...... .._-.ﬁ- Bovm 120€E
, \ Y el --- --- N sm=== X uoley
. /\/7\ AN I ; CoN. s , ommm
GgLo¢ 2soy .onow vy0y  €v0V POy  LPOb Ul X1
lod abessa\ 1104 0v0p

R4



U.S. Patent May 19, 2009 Sheet 25 of 26 US 7,536,167 B2

Set terminal radio power
ON timer for 10 seconds.
(Radio is now ON.)

[ [
P

Transmission from

host received which
is addressed to

terminal ?

Yes

Has terminal Yes

scanned a
barcode ?

\ 4

Has user of
terminal initiated
a transmission ? *

Yes

* The user of the terminal
initiates a transmission by
pressing the 'ENTER’ or,
depending on the specific
software version, any of the
function keys. Pressing
these keys causes the
terminal to power up the
radio and send any data
entered by the user.

Decrement Timer

No

Yes

Fig.29



U.S. Patent

May 19, 2009 Sheet 26 of 26

I

Set terminal radio power
OFF timer to 5 seconds.
(Radio is now OFF))

I,

No

Y

Has terminal
scanned a
barcode ?

Has user of
terminal initiated
a transmission ? *

Decrement Timer

Yes

Set terminal radio ON
timer for 1 second.

(Radio is now ON.)

Fig.30

US 7,536,167 B2

Yes

Yes






