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(63) Continuation of application No 09/985,057’ ?led on cycle time of the state machine is adjusted to produce the 
NOV_ 1 2001_ data at a rate that prevents the smearing process. Thus, 

incorporated With the present invention, the possibility of 
Publication Classi?cation memory buifer full is reduced leading to the reduction in the 

time Wasting on start-stop processes and therefore the over 
(51) Int, Cl, all scanning speed is increased Without requiring the 

H04N 1/00 (200601) increase in siZe of a memory buifer. 
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METHOD AND SYSTEM FOR INCREASING 
SCANNING SPEED 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a method 
and a system for increasing scanning speed, and more 
particularly to a method and a system for increasing scan 
ning speed by adjusting a cycle time of a state machine to 
change the data generated rate corresponding to the trans 
mission rate of the transit interface. 

[0003] 2. Description of the Prior Art 

[0004] Scanners are Widely applied for the ability of 
generating digital representation of the information com 
prised by an original. The digital representation typically 
processed on a host device such as computer, and through an 
I/O cable data is transmitted from the scanner to the com 
puter. The data transmission rate from the scanner to the host 
device is depended on the communication protocol used 
betWeen the scanner and the ho st device. Ideally, digital data 
transferred to the host device is produced at the same rate 
that the host device can accept it. Therefore, no memory 
buffer is required for accumulating data that is Waiting for 
transfer. HoWever, the digital data is usually produced at a 
rate quite different from the data reception rate of the host 
device. If the transmission rate is higher than the data 
generated rate of the scanner, the scanner can run in full 
speed With no possible loss of data. HoWever, the data 
generated rate of a scanner is usually faster than the trans 
mission rate of the host computer. Therefore, When the 
transmission rate is loWer than the data generated rate, issues 
related to the e?iciency of the scanning operation often arise 
in the scanning operation. 

[0005] Besides optical resolution, the scanning speed is 
another essential functional criteria of scanners. The scan 
ning speed is the time that the scanner sends back scanned 
image to the host device after the scanning Work is started. 
If the transmission rate is sloWer, the image data Will be 
accumulated in a memory buffer, and the memory bulfer 
may ?nally get full after only a portion of the original is 
scanned. In order to prevent the loss of the image data, the 
scanning operation is halted When the memory buffer is full 
and, then resumed When the memory buffer is empty or 
available for storing more data again. In other Words, When 
the memory buffer is full, a scanning module driven by a 
motor is stopped and moved backWard for a predetermined 
number of steps, due to the ?rst feW step motions of the 
scanning module being usually quite shaky and unstable that 
is caused by mechanical vibrations resulting in affecting the 
quality of the output in that period. Then, the scanning 
module is forWarded from there When the data accumulated 
in the memory buffer is transmitted to the host device. The 
processes of stopping and restarting the scan are alterna 
tively performed till the scanning operation is completed. 
This method of preventing the loss of image data is useful, 
but it may cause the scanning of an original to take a long 
time because the scanning is stopped and restarted repeat 
edly. 

[0006] The procedure of moving the scanning module 
backward and forWard or, in other Words, the procedure of 
stopping and restarting the scanning module is so called a 
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smearing or start-stop process. This procedure might help to 
solve the problem of unstable scanning module or memory 
bulfer full but it takes time to move the scanning module 
backWard and forWard, Which may reduce the overall scan 
ning speed of the scanner. Besides the start-stop process, in 
order to overcome the problems associated With data transfer 
from the scanner to the computer due to the varying trans 
mission rate of the computer, lots of methods have been 
proposed. The increase in siZe of the memory buffer is one 
of the methods. The scanning of the original is thereby not 
affected by the varying capability of the computer to receive 
data. Enlarging memory buffer is quite straight forWard and 
easy but With some draWbacks, that is, it also increases cost 
and complicates the manufacture of a scanner. Moreover, it 
may not really solve the problem When a high-resolution 
scan is performed, Which can generate a huge amount of 
image data Within a very short period of time, and it is not 
feasible to simply increase the memory buffer siZe to alle 
viate the problem. 

[0007] A scanner With fast scanning speed can shorten the 
time While scanning of an original, speed up and increase 
Work ef?ciency. Thus, it is imperative to develop a method 
and a system Which reduces the possibility of memory bulfer 
being full leading to the reduction of the time Wasting on 
start-stop processes and thereby promoting the scanning 
speed Without requiring the increase in siZe of a memory 
bulfer. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a method and 
a system for increasing the scanning speed. The key aspect 
of the present invention is by adjusting the cycle time of a 
state machine to change the data generated rate correspond 
ing to the transmission rate of the transit interface. There 
fore, in response to the transmission rate of the transit 
interface, the cycle time of the state machine is adjusted to 
produce the data at a rate that prevents the smearing process. 
Thus, incorporated With the present invention, the possibility 
of memory bulfer full is reduced leading to the reduction in 
the time Wasting on start-stop processes and therefore the 
overall scanning speed is increased Without requiring the 
increase in siZe of a memory bulfer. 

[0009] It is another object of this invention that a method 
and a system for avoiding a start-stop process of the scan 
ning mechanism are provided. 

[0010] It is a further object of this invention that a method 
and a system for changing the data generated rate by use of 
adjusting the cycle time of a state machine corresponding to 
the transit interface are provided. 

[0011] It is another further object of this invention that a 
method and a system for increasing scanning speed Without 
requiring the increase in siZe of a memory bulfer are 
provided. 

[0012] In accordance With the present invention, a method 
is provided for optimiZing the scanning speed of a scanning 
system by adjusting a cycle time of a state machine in 
response to a transit interface. The method comprises steps 
of determining a transmission rate of the transit interface, 
scanning an original to generate an image data, and adjusting 
a cycle time of the image data to change a data generated rate 
responsive to the transmission rate of the transit interface. 
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The data generated rate can be any rate that reduces the data 
accumulation. The step of adjusting the cycle time of the 
image data comprises selecting a corresponding cycle time 
from a plurality of predetermined values according to the 
transmission rate. The method further comprises communi 
cating the image data from the scanning system to a host 
device through the transit interface. 

[0013] In another embodiment, a method of optimiZing 
scanning speed comprises steps of determining a transmis 
sion rate of a transit interface, comparing the transmission 
rate With a predetermined value to obtain a result, scanning 
an original to generate an image data, and adjusting a cycle 
time of the image data to change a data generated rate 
according to the result. When the transmission rate is faster 
than the predetermined value, the cycle time of the image 
data is decreased to increase the data generated rate. When 
the transmission rate is loWer than the predetermined value, 
the cycle time is increased to reduce the data generated rate. 
The method further comprises communicating the image 
data from the scanning system to a host device through the 
transit interface. 

[0014] In a third embodiment, a scanning system With 
adjustable data generated rate comprises a plurality of transit 
interfaces for data communicating betWeen the scanning 
system and a host device, a state machine generator for 
generating a plurality of corresponding cycle times respon 
sive to the transit interfaces, and a scanning module for 
scanning an original to generate the data at a rate controlled 
by the corresponding cycle times. The transit interface can 
be USBl.l, USB2.0, IEEE1394, EPP, and SCSI and not 
limited to those. When a transit interface With different 
transmission rates such as USB (USBl.l, USB2.0) and 
IEEEl394 (1394a, 1394b) series, the state machine genera 
tor generates the corresponding cycle times according to the 
transmission rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed description, When taken 
in conjunction With the accompanying draWings, Wherein: 

[0016] FIG. 1 is a schematic block diagram of a scanning 
system in accordance With the present invention; 

[0017] FIG. 2A to 2B is a schematic illustration of increas 
ing and decreasing the clock count in one cycle in accor 
dance With the present invention, respectively. 

[0018] FIG. 3A is a How diagram ofa scanning method in 
accordance With one embodiment of the present invention, 
and 

[0019] FIG. 3B is a How diagram ofa scanning method in 
accordance With another embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] Some sample embodiments of the invention Will 
noW be described in greater detail. Nevertheless, it should be 
noted that the present invention can be practiced in a Wide 
range of other embodiments besides those explicitly 
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described, and the scope of the present invention is expressly 
not limited except as speci?ed in the accompanying claims. 

[0021] A state machine is a logical hardWare representa 
tion of a How chart in Which the transitions from one state 
to the succeeding state is de?ned to complete a task in a 
cycle time. For example, it is Widely knoWn in the prior art 
that the digital data produced by a scanner is usually 
generated at a ?xed rate due to the implement of a state 
machine With a ?xed cycle time, such as 10 clocks in a cycle. 
Therefore, the ?xed data generated rate does not serve to 
optimiZe the scanning speed in response to the difference in 
transmission rate of a variety of transit interfaces. In other 
Words, When the image data is generated at a rate faster than 
the transmission rate of a transit interface, or When a huge 
amount of the image data is generated Within a very short 
time causing a memory bulfer full, the start-stop process is 
unavoidable such that the time Wasting on the start-stop 
process is also inevitable. In the prior arts, When the cycle 
time is too short incorporated With sloWer transmission rate, 
more start-stop processes are likely to occur resulting in the 
delay of the scanning speed. On the other hand, When the 
cycle time is too long, the overall scanning speed is delayed 
due to the increased idle time of the transit interface With a 
faster transmission rate. Therefore, the optimiZation of the 
scanning speed is out of question. In vieW of the drawbacks 
depicted in the prior art, the present invention provides a 
method and a system for adjusting the cycle time of the state 
machine corresponding to the transit interface to generate 
the image data at a rate for avoiding the start-stop processes 
and optimiZing the scanning speed. 

[0022] One aspect of the present invention is that due to 
the difference in transmission rate, the data is generated at a 
rate corresponding to the transmission rate of the transit 
interface to reduce the possibility of start-stop processes, 
that is, to prevent a memory bulfer full. Other aspect of the 
present invention is the approach of balancing of the cycle 
time of the state machine and the data generated rate, thus, 
the data generated rate is changed by means of adjusting the 
cycle time of the state machine to optimiZe the overall 
scanning speed. 

[0023] Referring to FIG. 1, in one embodiment, a sche 
matic block diagram of a scanning system 100 is shoWn. The 
scanning system 100 comprises a scanning module 110, a 
state machine generator 120, and a plurality of transit 
interfaces 130 such as transit interfaces 130a, 130b, and 
1300. The scanning module 110 including a detector 140, an 
analog to digital converter (ADC) 150, an image processor 
160, and a data memory buffer 170, is for scanning an 
original to generate and image data. The transit interface 130 
is for the data communication from a data generator to a host 
device, in the embodiment, transferring the image data from 
the scanning system 100 to a computer. The transit interface 
can be any commercial products With any communication 
protocols and transmission rates such as USBl.l, USB2.0, 
IEEEl394, EPP, and SCSI and not limited to those. The state 
machine generator 120 is a logical hardWare representation 
of a How chart, Which generates corresponding cycle times 
to change a data generated rate according to the transit 
interfaces. The adjustment of the cycle time makes changes 
the data generated rate to prevent the memory buffer 170 
full. In short, the state machine generator 120 has corre 
sponding cycle times according to the transit interface or the 
transmission rate of the transit interface. Therefore, the 
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scanning system 110 generates the image data and under the 
control of the corresponding cycle time to change the data 
generated rate due to the change of the cycle time of the 
image. 

[0024] Additionally, the cycle time of the state machine 
can be determined by selecting from a plurality of built-in 
cycle times of the state machine according to the transmis 
sion rate. In other Words, every transit interface has a 
corresponding cycle time of the state machine built in the 
scanning system. When the transit interface is determined, 
the scanning module 110 is controlled by the corresponding 
cycle time of the state machine to generate the image data. 
For example, if the transit interface has a sloWer transmis 
sion rate such as USBl .l, the cycle time of the state machine 
is increased, that is a cycle time of 10 clocks in one cycle can 
be increased to a cycle time With 12 clocks in one cycle as 
shoWn in FIG. 2A. On the other hand, When the transit 
interface With a faster transmission rate such as IEEE1394, 
the cycle time of the state machine is decreased, that is a 
cycle time of 10 clocks in one cycle can be reduced to a 
cycle time With 8 clocks in one cycle to reduce the idle time, 
as shoWn in FIG. 2B. Thus, the possibility of the memory 
buffer full is reduced and the start-stop process is diminished 
resulting in the optimization of the scanning speed. 

[0025] In accordance With the present invention, a method 
for adjusting a cycle time of a state machine according to the 
transit interface is also provided, Which increases the scan 
ning speed. Referring to FIG. 3A, a How chart of imple 
menting the present invention by the scanning system is 
illustrated. The method starts from step 210, the transit 
interface used in the scanning process is determined such as 
the transit interface 13011 is implemented. It is noted that 
When the transit interface is determined, the transmission 
rate can also be determined. For example the transit interface 
can be a USB 2.0 With a transmission rate of 480 Mbit/ sec 

or running at a rate of 12 Mbit/sec, or a USBl.l With a 
transmission rate of 12 Mbit/sec. The transmission rate of 
the transit interface can be determined by a signal sent to the 
scanning system in the process of initializing the scanning 
system or by a ?rmware prior to starting a scanning opera 
tion. 

[0026] In the step of 220, an original is scanned to 
generate an image data. In the step of 230, by changing state 
machine cycle time, a cycle time of the image data is 
adjusted to change a data generated rate according to the 
transit interface. That is, the scanning module scans the 
original to generate the image data and under the control of 
the cycle time of the state machine the data generated rate is 
changed to prevent the memory buffer full. The cycle time 
of the state machine can be determined by changing the 
clock count in one cycle responsive to the transmission rate 
of the transit interface. For example, the USB transit inter 
face can have three transmission rates, high-speed of 480 
Mbit/sec, full-speed of 12 Mbit/sec, and loW-speed Which is 
seldom used for data transfer. The cycle time (or the clock 
count in one cycle) of the state machine is determined When 
the transmission rate is determined. If the transit interface 
has a high transmission rate such as IEEE 1394, EPP, and 
SCSI, the data is generated at the shortest cycle time to 
complete a task required to reduce the idle time due to the 
transmission rate is greatly faster than the data generated 
rate in the present technology. When the transit interface has 
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a loW transmission rate such as USBl .l, the data generated 
rate is operated at a longer cycle time to prevent the memory 
bulfer full. 

[0027] Additionally, FIG. 3B shoWs a How diagram of 
increasing the scanning speed in accordance With another 
embodiment. The method starts from the same step of 210, 
the transit interface used in the scanning process is deter 
mined such as the transit interface 13011 is implemented. In 
the step of 240, by comparing the transmission rate of the 
transit interface With a predetermined transmission rate, a 
result is obtained. Then, an original is scanned to generate an 
image data in the step of 250. According to the result 
obtained in 240, the determination of adjusting a cycle of a 
state machine is made to adjust the cycle time of the image 
data to change a data generated rate in the step 260. In more 
details, When the transmission rate of the transit interface is 
faster than the predetermined transmission rate, the cycle 
time of the state machine is decreased to increase the data 
generated rate. On the other hand, if the transmission rate of 
the transit interface is loWer than the predetermined trans 
mission rate, the cycle time of the state machine is increased 
to reduce the data generated rate. 

[0028] For example, in accordance With the present inven 
tion, in the scanning procedure, the transmission rate of a 
transit interface 130 such as USBl.l is ?rst determined. 
When an optical detector 140 such as charge coupled device 
(COD) generates analog image data in the scanning of the 
original, the analog to digital converter (ADC) 150 is for 
converting the analog image data to digital data. Then, the 
image processor 160 of the scanning module 110 generates 
the image data under the control of a corresponding cycle 
time to change a data generated rate. The corresponding 
cycle time can be selected from a plurality of built-in cycle 
times according to the transmission rate of the transit 
interface. Therefore, the approach of balancing the trans 
mission rate and the data generated rate leads to the change 
of the data generated rate preventing the memory buffer 170 
full resulting in the reduction in the time Wasting on the 
start-stop process. Thus, the scanning speed is increased 
Without the requirement of increasing the memory buffer. 

[0029] Although speci?c embodiments have been illus 
trated and described, it Will be obvious to those skilled in the 
art that various modi?cations may be made Without depart 
ing from What is intended to be limited solely by the 
appended claims. 

1-18. (canceled) 
19. Amethod for optimiZing scanning speed of a scanning 

system, comprising: 

scanning an original to generate image data at a data 
generating rate; and 

adjusting a cycle time of the image data to change the 
data-generating rate responsive to a transmission rate of 
a selected one of a plurality of transit interfaces. 

20. The method according to claim 19, further comprising 
communicating the image data from the scanning system to 
a host device through the selected transit interface. 

21. The method according to claim 19, further comprising 
determining a plurality of transmission rates of the plurality 
of transit interfaces. 
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22. The method according to claim 21, wherein determin 
ing transmission rates comprises determining the transmis 
sion rates by ?rmware. 

23. The method according to claim 19, Wherein the transit 
interfaces comprise at least one of a USBl .1-based interface, 
a USB2.0-based interface, an lEEE-1394-based interface, an 
EPP-based interface, a SCSI-based interface, and a combi 
nation thereof. 

24. The method according to claim 19, Wherein the 
data-generated rate comprises a rate reducing accumulation 
of the data. 

25. The method according to claim 19, Wherein adjusting 
the cycle time of the image data comprises adjusting a clock 
count comprised in one cycle according to the transmission 
rate. 

26. The method according to claim 19, Wherein adjusting 
the cycle time of the image data comprises selecting a cycle 
time from a plurality of predetermined cycle times. 

27. Amethod of controlling scanning speed of a scanning 
system, comprising: 

scanning an original to generate image data at a data 
generating rate; and 

adjusting a cycle time of the image data to change the 
data-generating rate based at least in part upon a result 
of a comparison betWeen a predetermined value and a 
transmission rate of a selected one of a plurality of 
transit interfaces. 

28. The method according to claim 27, further comprising 
communicating the image data from the scanning system to 
a host device through the transit interfaces. 

29. The method according to claim 27, further comprising 
determining a plurality of transmission rates of the plurality 
of transit interfaces. 

30. The method according to claim 29, Wherein determin 
ing the transmission rates comprises determining the trans 
mission rates by ?rmware. 

31. The method according to claim 29, Wherein the transit 
interfaces include at least one of a USB1.1-based interface, 
a USB2.0-based interface, an lEEE-1394-based interface, an 
EPP-based interface, a SCSI-based interface and a combi 
nation thereof. 

32. The method according to claim 27, Wherein adjusting 
the cycle time of the image data comprises decreasing the 
cycle time of the image data to increase the data-generated 
rate When the transmission rate is greater than the predeter 
mined value. 
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33. The method according to claim 27, Wherein adjusting 
the cycle time of the image data comprises increasing the 
cycle time of the image data to reduce the data-generated 
rate When the transmission rate is less than the predeter 
mined value. 

34. The method according to claim 27, Wherein adjusting 
the cycle time of the image data comprises adjusting a clock 
count comprised in one cycle. 

35. A scanning system, comprising: 

a plurality of transit interface means for communicating 
data betWeen the scanning system and a host device; 

a state-machine generator means responsive to the transit 
interface means for generating at least one cycle time of 
a state machine; and 

a scanning-module means for scanning an original for 
generating the data at an adjustable rate controlled at 
least in part by the cycle time of the state machine. 

36. The system according to claim 35, Wherein at least one 
transit interface comprises one of a USB1.1-based interface, 
a USB2.0-based interface, an lEEE-1394-based interface, an 
EPP-based interface and a combination thereof. 

37. The system according to claim 35, Wherein the transit 
interfaces comprise a plurality of transmission rates, and 

Wherein the state-machine means further generates the 
cycle time based at least in part upon a selected 
transmission rate. 

38. The system according to claim 37, Wherein the 
selected transit interface comprises one of a USB-based 
interface, an lEEE-1394-based interface and a combination 
thereof. 

39. A scanning system, comprising: 

a scanning-rate cycle generator capable of generating an 
adjustable scanning-rate cycle time based on a transit 
rate of a selected transit interface of a plurality of transit 
interfaces; and 

a scanning-module capable of scanning an original for 
generating image data based at least in part on the 
adjustable scanning-rate cycle time. 

40. The system according to claim 39, Wherein at least one 
transit interface comprises one of a USB1.1-based interface, 
a USB2.0-based interface, an lEEE-1394-based interface, an 
EPP-based interface and a combination thereof. 


