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DETERMINING PROCESSING TIMES AT 
STATIONS IN AN ASSEMBLY SYSTEM 

TECHNICAL FIELD 

[0001] This description generally relates to processing 
data, and more particularly to determining processing times 
at stations in an assembly system. 

BACKGROUND 

[0002] A large assembly system may be used to progres 
sively assemble products or other articles of manufacture. 
The assembly system may include tens or hundreds of 
assembly stations at Which various components or subas 
semblies are combined to create the products. Machines or 
human personnel at each assembly station may be respon 
sible for a small portion of the completed product. For 
example, assembly personnel at one assembly station may 
add a single component to in-process products; an auto 
mated machine or assembly robot may add another compo 
nent to in-process products at another assembly station. 
More concretely, an automobile may be assembled from 
thousands of components at hundreds of different assembly 
stations. In particular, assembly personnel at some assembly 
stations may add small parts, such as screWs, bolts or Wiring 
harnesses to the interior of an in-process automobile; assem 
bly robots at other assembly stations may add large com 
ponents or subassemblies, such as engines, transmissions, 
quarter-panels or Windshields. 

[0003] An assembly system may include various computer 
controls, systems and software to control aspects of the 
assembly process. For example, in an automobile assembly 
system, a central computer system may control various 
robots that install Windshields at a particular assembly 
station. The central computer system may also store certain 
data related to the assembly process. For example, the 
computer system may temporarily store data related to a 
speci?c automobile during the assembly of that speci?c 
automobile; the computer system may archive other data 
related to all automobiles, such as certain safety-related data. 
The CIMPLICITY TrackerTM System by GE FANUC of 
Charlottesville, Va., is one example softWare package that an 
automobile manufacturer may employ to control portions of 
an automobile assembly system and to archive various data 
associated With the automobile assembly system. 

SUMMARY 

[0004] An assembly system may have a plurality of 
assembly stations that process one or more articles of 
manufacture. The assembly stations may be arranged in 
regions, and certain information may be captured in a 
database for each article relative to the various assembly 
regions. To minimize the siZe of the database, detailed 
information for each article may be captured at the region 
level rather than at the assembly station level. Nevertheless, 
information for individual articles relative to individual 
assembly stations may be determined using the system and 
techniques described herein. 

[0005] In some implementations, an assembly system may 
assemble articles of manufacture at a plurality of assembly 
regions and may log a time at Which each article of manu 
facture enters or exits an assembly region. Each assembly 
region may include a plurality of sequential assembly sta 
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tions, and each assembly station may be con?gured to 
process an article of manufacture. A method of determining 
When a speci?c article of manufacture Was processed by a 
speci?c assembly station may include receiving input in the 
assembly system identifying a speci?c article of manufac 
ture; receiving additional input identifying one of the plu 
rality of sequential assembly stations; determining an o?fset 
of the identi?ed sequential assembly station relative to a ?rst 
assembly station or to a last assembly station Within a region 
that comprises the identi?ed sequential assembly station; 
and determining a time at Which a second sequentially 
processed article of manufacture entered or exited the 
region. The identi?ed speci?c article of manufacture and the 
second sequentially processed article of manufacture may 
have been separated in the assembly system by a number of 
articles of manufacture corresponding to the offset. 

[0006] In some implementations, the number of articles of 
manufacture that corresponds to the o?fset may be equal to 
the o?fset adjusted by a ?xed number. Processing the article 
of manufacture may include adding a component to the 
article of manufacture. Logging the time at Which each 
article of manufacture enters or exits an assembly region 
may include logging the time in a database. Logging the 
time may include logging the time at Which each article of 
manufacture enters an assembly region. The database may 
be included in a automobile assembly tracking system. 
Determining the time at Which the second sequentially 
processed article of manufacture entered or exited the region 
may include retrieving a logged time entry from the data 
base. Retrieving the logged time entry may include execut 
ing a structured query language (SQL) statement to retrieve 
the logged entry. 

[0007] In some implementations, the method may further 
include determining a second time at Which a third sequen 
tially processed article of manufacture entered or exited the 
region; the third sequentially processed article of manufac 
ture may have been processed adjacent to the second 
sequentially processed article of manufacture. The method 
may further include determining a time at Which the iden 
ti?ed speci?c article of manufacture Was processed by the 
identi?ed assembly station based on a difference betWeen 
the determined time and the determined second time. The 
method may further include correlating another assembly 
parameter With the identi?ed speci?c article of manufacture 
and the identi?ed sequential assembly station. Correlating 
another assembly parameter With the identi?ed speci?c 
article of manufacture may include correlating one or more 
speci?c assembly personnel With the identi?ed speci?c 
article of manufacture and the identi?ed sequential assembly 
station based on the determined time. Correlating one or 
more speci?c assembly personnel may include identifying 
one or more speci?c assembly personnel assigned to the 
identi?ed sequential assembly station at the determined 
time. 

[0008] In some implementations, determining the time at 
Which the second sequentially processed article of manu 
facture entered or exited the region may include determining 
Whether another article of manufacture has been physically 
removed midstream from the assembly system. The method 
may further include adjusting the o?fset When another article 
of manufacture has been physically removed midstream 
from the assembly system. 
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[0009] The general and speci?c aspects may be imple 
mented using a system, a process, or a computer program, or 
any combination of systems, processes, and computer pro 
grams. The details of one or more implementations are set 
forth in the accompanying draWings and the description 
beloW. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] FIG. 1 is a conceptual block diagram ofan example 
assembly system. 

[0011] FIG. 2 illustrates a speci?c example application of 
the assembly system that is shoWn in FIG. 1. 

[0012] FIG. 3 is an example control and data acquisition 
subsystem that may be included in an assembly system. 

[0013] FIGS. 4A-4D illustrate example data that may be 
stored by a computer subsystem that may be included in an 
assembly system. 

[0014] FIG. 5 is a How diagram of an example process of 
determining an assembly time in an assembly system. 

[0015] FIG. 6 is a schematic diagram of an example 
computing system. 

[0016] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION 

[0017] FIG. 1 is a conceptual block diagram of an assem 
bly system having a plurality of assembly stations that 
process Widgets. For purposes of this description, the term 
“Widget” is used to indicate that the described systems and 
techniques are not limited to a particular product, article of 
manufacture or type of assembly process. The assembly 
stations are arranged in regions, or groups of assembly 
stations. For example, one region may include ?ve assembly 
stations that each perform similar operations on the Widgets; 
another region may include tWenty different assembly sta 
tions that perform another series of similar operations on the 
Widgets. Certain information may be captured in a database 
for each Widget relative to the various assembly regions. In 
other Words, to minimiZe the siZe of the database, detailed 
information for each Widget relative to each assembly sta 
tion may not be captured. Nevertheless, the information for 
individual Widgets relative to individual assembly stations 
may be determined using the system and techniques 
described herein. 

[0018] The assembly system 100 includes a number of 
assembly regions 103A, 103B and 103C. Each assembly 
region may include a plurality of sequential assembly sta 
tions (e.g., assembly stations 0027-0030 and 0053-0056). 
Widgets move from region to region and from assembly 
station to assembly station Within each region as they are 
assembled, and each assembly station may process Widgets 
in some manner. Processing Widgets may include, for 
example, adding a component to the Widget at an assembly 
station, removing a temporary component (e.g., production 
Waste) from the Widget at the assembly station, inspecting 
the Widget at the assembly station, or performing some other 
type of handling or processing operation at the assembly 
station. The processing at each assembly station may be 
performed by automated machines, such as assembly robots, 
or by human personnel. 
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[0019] Some regions may be used to temporarily store or 
buffer Widgets before or after a region having one or more 
assembly stations. For example, the region 103A buffers 
Widgets for region 103B. If a preceding region processes 
Widgets faster than region 103B, extra Widgets can be stored, 
or buffered, by the region 103A. Similarly, if the region 
103B begins processing Widgets faster than preceding 
regions, the region 103B may draW Widgets from the buffer 
region 103A until the Widgets in the buffer region are 
exhausted. 

[0020] Within regions having sequential assembly sta 
tions, the Widgets proceed from one assembly station to the 
next in sequence, and the Widgets in the assembly region 
generally “pitch” or move together. For example, a Widget 
moves into assembly station 0027 from region 103A at 
generally the same time that the Widget currently in assem 
bly station 0027 moves to assembly station 0028. 

[0021] In some implementations, times at Which a Widget 
enters or exits a region may be logged in a database. Details 
of an example database system for logging information 
associated With the assembly system are described With 
reference to FIG. 3 beloW. To reduce the siZe of the database, 
times at Which speci?c Widgets enter or exit a speci?c 
assembly station may not be logged. Nevertheless, it may be 
advantageous to later determine a precise time at Which a 
speci?c Widget Was processed by a speci?c assembly sta 
tion. For example, such a determination may be advanta 
geous for purposes of training personnel assigned to speci?c 
assembly stations or for issues related to Widget recalls. 

[0022] FIG. 2 illustrates a speci?c example application of 
the assembly system 100 that is shoWn in FIG. 1. In 
particular, FIG. 2 illustrates portions of an automobile 
assembly system 200. The automobile assembly system 200 
includes various assembly regions 203A, 203B and 203C, 
and various assembly stations. For example, region 203A is 
a buffer region that supplies region 203B With partially 
assembled automobiles; region 203B includes four assembly 
stations, labeled 0027, 0028, 0029 and 0030. 

[0023] At each of the four assembly stations 0027-0030, 
additional components are added to the partially assembled 
automobiles. In particular, a rear quarter panel 210 is added 
at station 0027; mounting bolts 213 for seats and a door 
frame sticker 216 (e.g., a sticker related to a child lock safety 
feature) are added in station 0028; a console 219 is added in 
station 0029; and a driver-side airbag 222 may be added in 
station 0030. The various components may be added by 
either automated machines (e.g., robots), human personnel, 
or some combination of the tWo. For example, a robot 225A 
may install a quarter panel 210 at assembly station 0027; 
assembly employees I and II may install the seat mounting 
bolts 213 and door frame sticker 216 at assembly station 
0028; both a robot 225B and an assembly employee III may 
be involved in installing the console 219 at assembly station 
0029; and assembly employees IV and V may install a 
driver-side airbag 222 at assembly station 0030. 

[0024] Region 203C includes four additional assembly 
stations, labeled 0053, 0054, 0055 and 0056, at Which 
additional components may be added to partially assembled 
automobiles. For example, a front quarter panel 230 is added 
at assembly station 0053; seats 233 are added assembly 
station 0054; headlights 236 and taillights 239 are added at 
assembly station 0055; and doors 242 are added at assembly 
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station 0056. Each of these components may be added by 
automated machines (e.g., robots), human personnel, or 
some combination of automated machines and human per 
sonnel. 

[0025] Within the assembly system 200, processing at any 
given assembly station generally a?cects future processing 
actions at other assembly stations or is necessary to meet a 
safety or regulatory requirement. For example, installation 
of the mounting bolts 213 for the seats 233 in assembly 
station 0028 a?cects Whether seats 233 can be properly 
installed in assembly station 0054. Installation of the door 
sticker 216 may be necessary for the ?nished automobile to 
be compliant With a regulatory requirement. Installation of 
the airbag 222 in assembly station 0030 may affect the 
overall safety of the ?nished automobile. 

[0026] Because of the interrelated nature of each assembly 
station, the possibility to determine With some precision the 
time at Which a speci?c automobile is processed by a 
speci?c assembly station may be advantageous. For 
example, if it is determined at assembly station 0054 that the 
seats 233 cannot be installed in vehicle CABD because of 
incorrectly installed mounting bolts 213, it may be advan 
tageous to determine When vehicle CABD Was processed at 
assembly station 0028 to identify personnel that may require 
additional training, or to identify a lot of components that 
may have been defective and may have impacted other 
automobiles. Similarly, if it is later discovered that a par 
ticular lot of driver-side airbags 222 are defective, it may be 
necessary to determine When speci?c automobiles Were 
processed by assembly station 0030 at Which the airbags 
Were installed to determine Which automobiles received the 
defective airbags. 

[0027] As mentioned above, times at Which speci?c auto 
mobiles are processed at speci?c assembly stations in an 
assembly system may not be logged. In some implementa 
tions, such as in an automobile assembly system, these times 
may not be logged in order to conserve space in a database. 
In an automobile assembly system, individual automobiles 
may be processed at hundreds of stations as they are 
assembled. Moreover, regulations may require automobile 
manufacturers to store certain data about each automobile 
that is manufactured. For example, an automobile manufac 
turer may be required to store safety related data (e.g., data 
about airbag type and model, seatbelt model information, 
information about antilock brake systems, etc.) for indi 
vidual automobiles for a period of seven or more years after 
the automobile is manufactured. In light of this complexity 
in the assembly process and in light of possible data reten 
tion requirements, it may not be feasible to store processing 
time stamps for each Widget at each assembly station in an 
assembly system. Nevertheless, there are circumstances in 
Which this information is useful. Accordingly, a process of 
determining precise processing times for each automobile in 
an automobile assembly system, or more generally, for each 
Widget at each assembly station in an assembly system may 
be advantageous. 

[0028] FIG. 3 illustrates an example control and data 
acquisition subsystem 300 that may be included in an 
assembly system, such as the assembly system 200 shoWn in 
FIG. 2. The subsystem 300 includes conveyor devices 204A 
and 204B that move Widgets through the assembly system; 
automated assembly machines 225A and 225B (e. g., assem 
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bly robots) that perform various functions on the Widgets as 
they move through the assembly system (e.g., add compo 
nents, remove temporary components, inspect the Widgets or 
components of the Widgets); and other process and control 
or data-capturing devices 310, such as devices that time 
stamp Widgets as they move into or exit from a region. The 
conveyor devices 204A and 204B, automated assembly 
machines 225A and 225B, and process control/data acqui 
sition devices 310 are coupled to each other and to a central 
computer system 312 via a netWork 315. 

[0029] In some implementations, the central computer 
system 312 may provide overall control of the assembly 
system 200 and of the assembly processes performed by 
each assembly station. In addition, the central computer 
system 312 may track Which Widgets (e.g., automobiles) are 
at Which assembly stations, and various assembly options 
required by each WIdgBIiWhICh may vary Widget by Wid 
get. For example, referring to the region 203B shoWn in FIG. 
3, Widget 318A may require processing by each of the 
assembly stations 0027, 0028, 0029 and 0030, Whereas, 
because of con?guration options, Widget 318B may only 
require processing by assembly stations 0028 and 0029. In 
the short term, the central computer system 312 may control 
individual assembly stations to implement such con?gura 
tion options. For example, once the Widget 318A enters the 
region 203B, as detected by the control device 310, the 
central computer system 312 may access a con?guration ?le 
for that Widget 318A, then doWnload appropriate control 
information to various assembly machines or personnel 
instruction devices Within the region. For longer term 
archiving purposes, the central computer system 312 may 
store certain data for each Widget, including, in some 
implementations, a precise time at Which particular Widgets 
(e.g. Widget 318A) enter or exit particular regions (e.g., 
region 203B). This archival data may be stored in a database 
system 322 that is coupled to the central computer system 
312. 

[0030] In some implementations, the database system 322 
may include an interface that processes structured query 
language (SQL) statements to store, modify or retrieve data 
(referred to generally here as a “SQL database”). Data may 
be stored in such a SQL database in various tables. The 
database system may be part of an overall assembly tracking 
and control softWare package. One example of such a 
package is a CIMPLICITY TrackerTM system available from 
GE FANUC of Charlottesville, Va. 

[0031] An automated assembly machine, such as the auto 
mated assembly machine 225B, may have a local control/ 
data acquisition device 328 (e.g., a PLC (programmable 
logic controller)) through Which the automated assembly 
machine 225B connects to the netWork 315. In addition, the 
automated assembly machine 225B may have a local ter 
minal 325C from Which an operator of a corresponding 
assembly station may monitor or locally override central 
control. Other terminals (e.g., terminals 325A and 325B) 
may be provided in central monitoring locations for use by 
supervisors or assembly plant managers to monitor or con 
trol various aspect of the assembly process. Certain data 
entered from the various terminals 325A, 325B or 325C, or 
data collected by data-capturing services such as device 310, 
may be stored by the central computer system 312 (e.g., in 
the database system 322). 
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[0032] FIG. 4A illustrates example data that may be stored 
by the central computer system 312 for each Widget. In 
particular, FIG. 4A illustrates example time-stamp data for 
speci?c automobiles shoWn in FIG. 2 that entered or exited 
region 203B. For example, as shoWn, the automobile CABE 
entered the region 203B (in particular, the ?rst assembly 
station 0027 in the region 203B) at 8:10:36 and exited the 
region 203B (in particular the last assembly station 0030 in 
the region 203B) at 8:57:13. FIG. 4B illustrates intermediate 
processing times at assembly stations 0027, 0028, 0029 and 
0030 Within the region 203B. The data in FIG. 4B may not 
be stored, but rather may be determined according to, for 
example, the algorithms and processes that are described 
With reference to FIG. 5, beloW. 

[0033] FIG. 4C illustrates example data that tracks assem 
bly personnel Who are assigned to speci?c assembly stations 
at speci?c times. In some implementations, this data may be 
stored in a human resources table, for example, that tracks 
time Worked by various employees. This data may be used 
to correlate speci?c assembly employees With speci?c 
assembly stations at speci?c times. For example, given an 
assembly station (e.g., assembly station 0029) and a time 
(e.g., 8:49:11), a correlation may be made betWeen the 
station and time and responsible employee (e.g., assembly 
employee III, Who Worked at station 0029 from 8:01:38 to 
10:05:18ia time period that includes 8:49:11). 

[0034] FIG. 4D illustrates example data that correlates 
speci?c Widget components With speci?c Widgets and pro 
vides status of an installation process of a speci?c Widget 
component in a speci?c Widget. For example, the data shoWs 
that console 3456 Was installed in automobile ABC], and 
further shoWs that the initial installation status Was “OK.” It 
may be important to verify proper installation of certain 
components, such as components that directly affect the 
overall safety of the assembled vehicle. Moreover, in order 
to correct latent defects in particular components (e.g., 
components that also directly affect the overall safety of the 
assembled vehicle), it may be necessary to be able to later 
determine Which components Were installed in Which Wid 
get. For example, in order to address a later-discovered 
defect in a particular lot of vehicle consoles, it may be 
necessary to be able to determine the vehicles in Which the 
defective consoles Were installed. Such determination may 
be possible from the data in the above-described tables and 
from the techniques described beloW. 

[0035] FIG. 5 is a How diagram ofan example process 500 
that may be used to determine When a speci?c Widget Was 
processed by a speci?c assembly station Within an assembly 
system. The process 500 may be implemented at least in 
part, by softWare running on a computer system Within the 
assembly system, such as, for example, the central computer 
system 312 that is shoWn in FIG. 3. 

[0036] The process 500 includes receiving (501) input 
identifying a speci?c Widget. For example, With reference to 
FIGS. 2, 3 and 4A, softWare running on the central computer 
system 312 may receive input from a user of the terminal 
325A identifying a speci?c Widget, such as, for example, the 
automobile CABE. The process 500 includes receiving 
(504) additional input identifying one of the plurality of 
assembly stations. For example, the softWare running on the 
central computer system 312 may receive additional input 
from the user of the terminal 325A identifying the assembly 
station 0029. 
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[0037] The process 500 includes determining (507) a ?rst 
offset of the identi?ed assembly station relative to either a 
?rst assembly station or a last assembly station Within a 
corresponding region. For example, the process 500 may 
determine (507) that the assembly station 0029 has an offset 
of three relative to the ?rst assembly station 0027 in the 
corresponding region 203B. That is, assembly station 0029 
is the third sequential assembly station in the region 203B. 

[0038] The process 500 includes determining (510) a time 
at Which a second sequentially processed Widget entered or 
exited the region, Where the identi?ed speci?c Widget and 
the second sequentially processed Widget Were separated in 
the assembly system by a number of Widgets corresponding 
to the ?rst offset. Determining (510) the time may include 
?rst identifying the second sequentially processed Widget; in 
particular, determining (510) may include determining a 
value of the number of Widgets corresponding to the ?rst 
offset. In some implementations, this number is equal to the 
offset itself. In some implementations, the number is equal 
to the number of Widgets betWeen the ?rst Widget and the 
second sequentially processed WIdgBIiWhICh may be the 
offset minus some ?xed number, such as tWo (one for the 
?rst Widget itself, one for the second sequentially processed 
Widget). For example, the process 500 may identify the 
automobile CABC as being separated from the automobile 
CABE by a number of automobiles corresponding to the ?rst 
offset (three, minus tWo, as described above). After identi 
fying the second automobile (e.g., automobile CABC), the 
process may include actually determining (510) a time at 
Which a second sequentially processed Widget entered or 
exited the region. The process 500 may determine, for 
example, from the data shoWn in FIG. 4A, that automobile 
CABC entered the region 203B at 8:49:11. Because of the 
generally sequential processing of automobiles Within the 
assembly system, the process 500 may accordingly deter 
mine that the identi?ed automobile CABE entered the 
identi?ed assembly station 0029 at 8:49:11. 

[0039] In some cases, even though the Widgets are gen 
erally processed sequentially, there may be circumstances in 
Which Widgets are physically removed midstream from the 
assembly system, or from a particular region in the assembly 
system. Any changes to the sequence of Widgets in the 
assembly system may be logged, and the process 500 may 
include determining Whether any such changes have been 
logged and adjusting accordingly. TWo examples are pro 
vided With reference to the automobile assembly system 
200. 

[0040] In a ?rst example, an automobile (e. g., CABC) may 
be physically removed from a station in the assembly system 
200 (e.g., With a fork truck). HoWever, the removed auto 
mobile may be associated With a corresponding “carrier” 
that remains in the region of the assembly system 200 from 
Which the automobile Was removed. The carrier itself may 
be tracked rather than a corresponding automobile, and the 
carrier may not be removed before reaching a subsequent 
bulfer region, leaving a “gap” in the sequence of automo 
biles until that sequence reaches the buffer region. An 
appropriate database table may be modi?ed to re?ect that the 
carrier is no longer associated With a particular automobile 
(e.g., by setting an automobile identi?er attribute of the 
carrier to null), but the carrier itself may still be tracked as 
it enters or exits the region. In a subsequent non-buffer 
region, after the carrier has been removed, the sequence of 



US 2007/0265723 A1 

automobiles may be different than the sequence entering the 
region from Which the automobile Was removed, but this 
neW sequence may be normally tracked in the subsequent 
region. Hence, in this ?rst example, no adjustments may be 
necessary in order for the process 500 to determine When a 
speci?c Widget Was processed at a speci?c assembly station. 

[0041] In a second example, an automobile (e.g., CABC) 
may be physically removed from a station in a particular 
region of the assembly system (e.g., again With a fork truck). 
In this second example, no carrier may remain in the region; 
moreover, the resulting “gap” may be closed. In particular, 
automobiles in the current region in front of the removed 
automobile may be held back, While automobiles in the 
current region that are behind the removed automobile may 
move forWard until the gap is closed. (Note that this example 
is one in Which an exception may apply to the process by 
Which automobiles Within a region generally pitch or move 
together.) To describe this example differently With refer 
ence to FIG. 2: automobiles CABF, CABE, CABD and 
CABC may progress into region 203C as shoWn; automobile 
CABC may be removed; and automobiles CABF, CABE and 
CABD may be held back While automobile CABB (not 
shoWn) is moved into the region 203C. In this example, 
automobiles CABF, CABE and CABD Will have spent 
additional time at stations 0056, 0055 and 0054, respec 
tively. To accurately account for this in determining, for 
example, a processing time for automobile CABE at station 
0055, the process 500 may determine the time at Which the 
automobile CABE enters station 0055 in the manner 
described above; but to determine the time at Which the 
automobile exits station 0055, the process 500 may include 
increasing the offset by one (since one automobile Was 
removed from the assembly system) and using the increased 
offset to identify another automobile entering the region. 
This change in o?fset may cause the process 500 to deter 
mine an exit time of the automobile CABE from the station 
0055 based on an entrance time of an automobile CABA (not 
shoWn) to the region 203C, rather than based on an entrance 
time of the automobile CABB (also not shoWn). 

[0042] To determine Whether the above-described adjust 
ment to the offset may be necessary, the process 500 may 
include running a query against data stored by the central 
computer system 312. In particular, When an automobile is 
removed from an assembly region and the corresponding 
gap is closed, the removal may be logged in a table in some 
manner (e.g., as an “Item Deleted” event). The process 500 
may include querying any such table for changes to the 
sequence of automobiles betWeen a speci?c automobile for 
Which a processing time is to be determined and preceding 
or subsequent automobiles Whose entrance or exit times to 
or from the region are to be used in the determination. If a 
change to the sequence is identi?ed, an offset used in any 
time determination may be appropriately adjusted. In some 
similar scenarios, an automobile may be moved from one 
location in the assembly system to another, and this move 
may be tracked in a different manner than described above. 
For example, the move may be logged as a different kind of 
event (e.g., as an “Item Moved” event or “Exit Move” 

event). In such similar scenarios, the process 500 may 
include querying other appropriate table(s) to identify rel 
evant changes to the sequence of automobiles. 

[0043] Based on the determination (510) of a time at 
Which a second sequentially processed Widget entered or 

Nov. 15, 2007 

exited the region, additional correlations are possible. For 
example, referring back to the example above involving 
automobile CABE and assembly station 0029, additional 
data may be queried to determine speci?c personnel Who 
Were responsible for assembly operations at assembly sta 
tion 0029 at 8:49:11. In particular, data in the table shoWn in 
FIG. 4C may be queried for this information (e.g., to 
determine that personnel III Was assigned to station 0029 at 
this time). Or, additional data may be queried to determine 
speci?c components that Were installed in speci?c time 
frames or on speci?c Widgets. 

[0044] FIG. 6 is a schematic diagram of an example 
computer device 600. The device 600 may be used in the 
process 500 described above. The computer device 600 may 
be included in any or all of the central computer system 312; 
the local control/data acquisition device 328; the terminals 
325A, 325B or 325C; or in other devices in the control and 
data acquisition subsystem 300 or in the overall assembly 
system 200. 

[0045] The device 600 includes a processor 610, a 
memory 620, a storage device 630, and an input/output 
device 640. Each ofthe components 610, 620, 630, and 640 
are interconnected using a system bus 650. The processor 
610 is capable of processing instructions for execution 
Within the device 600. In some implementations, the pro 
cessor 610 is a single-threaded processor. In other imple 
mentations, the processor 610 is a multi-threaded processor. 
The processor 610 may also be capable of processing 
instructions stored in the memory 620 or on the storage 
device 630 to display graphical information for a user 
interface on the input/output device 640. 

[0046] The memory 620 stores information Within the 
device 600. In some implementations, the memory 620 is a 
computer-readable medium. In some implementations, the 
memory 620 is a volatile memory unit. In other implemen 
tations, the memory 620 is a non-volatile memory unit. 

[0047] The storage device 630 is capable of providing 
mass storage for the device 600. In some implementations, 
the storage device 630 is a computer-readable medium. In 
various different implementations, the storage device 630 
may be a ?oppy disk device, a hard disk device, an optical 
disk device, or a tape device. 

[0048] The input/output device 640 provides input/output 
operations for the system 600. In some implementations, the 
input/output device 640 includes a keyboard and/ or pointing 
device. In other implementations, the input/output device 
640 includes a display unit for displaying graphical user 
interfaces. 

[0049] The features described can be implemented in 
digital electronic circuitry, or in computer hardWare, ?rm 
Ware, softWare, or in combinations of them. Apparatus can 
be implemented in a computer program product tangibly 
embodied in an information carrier, e.g., in a machine 
readable storage device or in a propagated signal, for execu 
tion by a programmable processor; and process steps can be 
performed by a programmable processor executing a pro 
gram of instructions to perform functions of the described 
implementations by operating on input data and generating 
output. The described features can be implemented advan 
tageously in one or more computer programs that are 
executable on a programmable system including at least one 
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programmable processor coupled to receive data and 
instructions from, and to transmit data and instructions to, a 
data storage system, at least one input device, and at least 
one output device. A computer program is a set of instruc 
tions that can be used, directly or indirectly, in a computer 
to perform a certain activity or bring about a certain result. 
A computer program can be Written in any form of pro 
gramming language, including compiled or interpreted lan 
guages, and it can be deployed in any form, including as a 
stand-alone program or as a module, component, subroutine, 
or other unit suitable for use in a computing environment. 

[0050] Suitable processors for the execution of a program 
of instructions include, by Way of example, both general and 
special purpose microprocessors, and the sole processor or 
one of multiple processors of any kind of computer. Gen 
erally, a processor Will receive instructions and data from a 
read-only memory or a random access memory or both. The 
essential elements of a computer are a processor for execut 
ing instructions and one or more memories for storing 
instructions and data. Generally, a computer Will also 
include, or be operatively coupled to communicate With, one 
or more mass storage devices for storing data ?les; such 
devices include magnetic disks, such as internal hard disks 
and removable disks; magneto-optical disks; and optical 
disks. Storage devices suitable for tangibly embodying 
computer program instructions and data include all forms of 
non-volatile memory, including by Way of example semi 
conductor memory devices, such as EPROM, EEPROM, 
and ?ash memory devices; magnetic disks such as internal 
hard disks and removable disks; magneto-optical disks; and 
CD-ROM and DVD-ROM disks. The processor and the 
memory can be supplemented by, or incorporated in, ASICs 
(application-speci?c integrated circuits). 
[0051] To provide for interaction With a user, the features 
can be implemented on a computer having a display device 
such as a CRT (cathode ray tube) or LCD (liquid crystal 
display) monitor for displaying information to the user and 
a keyboard or keypad and a pointing device such as a mouse 
or a trackball by Which the user can provide input to the 
computer. 

[0052] The features can be implemented in a computer 
system that includes a back-end component, such as a data 
server, or that includes a middleWare component, such as an 
application server or an Internet server, or that includes a 
front-end component, such as a client computer having a 
graphical user interface or an Internet broWser, or any 
combination of them. The components of the system can be 
connected by any form or medium of digital data commu 
nication such as a communication netWork. Examples of 
communication netWorks include, e.g., a LAN, a WAN, and 
the computers and netWorks forming the Internet. 

[0053] The computer system can include clients and serv 
ers. A client and server are generally remote from each other 
and typically interact through a netWork, such as the 
described one. The relationship of client and server arises by 
virtue of computer programs running on the respective 
computers and having a client-server relationship to each 
other. 

[0054] Although a feW implementations have been 
described in detail above, other modi?cations are possible. 
The logic ?oWs depicted in the ?gures do not require the 
particular order shoWn, or sequential order, to achieve 

Nov. 15, 2007 

desirable results. Also, other steps may be provided, or steps 
may be eliminated, from the described ?oWs, and other 
components may be added to, or removed from, the 
described systems. Accordingly, other implementations are 
Within the scope of the folloWing claims: 

What is claimed is: 
1. A method of determining When a speci?c article of 

manufacture Was processed by a speci?c assembly station, 
the method comprising: 

receiving input in an assembly system that assembles 
articles of manufacture at a plurality of assembly 
regions and logs a time at Which each article of manu 
facture enters or exits an assembly region, each assem 
bly region comprising a plurality of sequential assem 
bly stations, each assembly station being con?gured to 
process an article of manufacture, the received input 
identifying a speci?c article of manufacture; 

receiving additional input identifying one of the plurality 
of sequential assembly stations; 

determining an offset of the identi?ed sequential assembly 
station relative to a ?rst assembly station or to a last 
assembly station Within a region that comprises the 
identi?ed sequential assembly station; and 

determining a time at Which a second sequentially pro 
cessed article of manufacture entered or exited the 
region, Wherein the identi?ed speci?c article of manu 
facture and the second sequentially processed article of 
manufacture Were separated in the assembly system by 
a number of articles of manufacture that corresponds to 
the offset. 

2. The method of claim 1, Wherein the number of articles 
of manufacture that corresponds to the offset is equal to the 
offset adjusted by a ?xed number. 

3. The method of claim 1, Wherein processing the article 
of manufacture comprises adding a component to the article 
of manufacture. 

4. The method of claim 1, Wherein logging the time at 
Which each article of manufacture enters or exits an assem 
bly region comprises logging the time in a database. 

5. The method of claim 4, Wherein the database is 
included in a automobile assembly tracking system. 

6. The method of claim 4, Wherein determining the time 
at Which the second sequentially processed article of manu 
facture entered or exited the region comprises retrieving a 
logged time entry from the database. 

7. The method of claim 6, Wherein retrieving the logged 
time entry comprises executing a structured query language 
(SQL) statement to retrieve the logged entry. 

8. The method of claim 1, Wherein logging the time 
comprises logging the time at Which each article of manu 
facture enters an assembly region. 

9. The method of claim 1, further comprising determining 
a second time at Which a third sequentially processed article 
of manufacture entered or exited the region, Wherein the 
third sequentially processed article of manufacture Was 
processed adjacent to the second sequentially processed 
article of manufacture. 

10. The method of claim 9, further comprising determin 
ing a duration of time for Which the identi?ed speci?c article 
of manufacture Was processed at the identi?ed assembly 
station based on a difference betWeen the determined time 
and the determined second time. 
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11. The method of claim 1, further comprising correlating 
another assembly parameter With the identi?ed speci?c 
article of manufacture and the identi?ed sequential assembly 
station. 

12. The method of claim 11, Wherein correlating another 
assembly parameter With the identi?ed speci?c article of 
manufacture comprises correlating one or more speci?c 
assembly personnel With the identi?ed speci?c article of 
manufacture and the identi?ed sequential assembly station 
based on the determined time. 

13. The method of claim 12, Wherein correlating one or 
more speci?c assembly personnel comprises identifying one 
or more speci?c assembly personnel assigned to the identi 
?ed sequential assembly station at the determined time. 

14. The method of claim 1, Wherein determining the time 
at Which the second sequentially processed article of manu 
facture entered or exited the region comprises determining 
Whether another article of manufacture has been physically 
removed midstream from the assembly system. 

15. The method of claim 14, further comprising adjusting 
the offset When another article of manufacture has been 
physically removed midstream from the assembly system. 

16. A computer program product tangibly embodied in an 
information carrier, the computer program product compris 
ing instructions that, When executed, cause a data processing 
apparatus to perform operations comprising: 

receiving input in an assembly system that assembles 
products in a plurality of assembly regions and logs a 
time at Which each product enters or exits an assembly 
region, each assembly region comprising a plurality of 
sequential assembly stations, each assembly station 
being con?gured to process a product, the received 
input identifying a speci?c product; 

receiving additional input identifying one of the plurality 
of sequential assembly stations; 

determining an offset of the identi?ed sequential assembly 
station relative to a ?rst assembly station or to a last 
assembly station Within a region that comprises the 
identi?ed sequential assembly station; and 

determining a time at Which a second sequentially pro 
cessed product entered or exited the region, Wherein the 
identi?ed speci?c product and the second sequentially 
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processed product Were separated in the assembly 
system by a number of products that corresponds to the 
offset. 

17. The computer program product of claim 16, Wherein 
the operations further comprise determining a second time at 
Which a third sequentially processed product entered or 
exited the region, Wherein the third sequentially processed 
product Was processed immediately adjacent to the second 
sequentially processed product. 

18. The computer program product of claim 17, Wherein 
the operations further comprise determining a time at Which 
the identi?ed speci?c product Was processed by the identi 
?ed assembly station based on a difference betWeen the 
determined time and the determined second time. 

19. The computer program product of claim 16, Wherein 
the operations further comprise correlating another assem 
bly parameter With the identi?ed speci?c product and the 
identi?ed sequential assembly station. 

20. A method of determining When a speci?c automobile 
Was processed by a speci?c assembly station, the method 
comprising: 

receiving input in an automobile assembly system that 
assembles automobiles at a plurality of assembly 
regions and logs a time at Which each automobile enters 
or exits an assembly region in an assembly database, 
each assembly region comprising a plurality of sequen 
tial assembly stations, each assembly station being 
con?gured to process automobiles, the received input 
identifying a speci?c automobile; 

receiving additional input identifying one of the plurality 
of sequential assembly stations; 

determining an offset of the identi?ed sequential assembly 
station relative to a ?rst assembly station or to a last 
assembly station Within a region that comprises the 
identi?ed sequential assembly station; and 

determining a time at Which a second sequentially pro 
cessed automobile entered or exited the region, Wherein 
the identi?ed speci?c automobile and the second 
sequentially processed automobile Were separated in 
the assembly system by a number of automobiles that 
corresponds to the offset. 

* * * * * 


