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APPARATUS FOR AND METHOD OF 
CONVERTING SAMPLING FREQUENCY OF 

DIGITAL SIGNALS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to method and appa 
ratus for converting a Sampling frequency of digital Signals. 
More specifically, the present invention relates to an appa 
ratus for and a method of converting a Sampling frequency 
of digital Signals in which Sampling frequency of image data 
is converted, utilizing high Speed parallel processing func 
tion of a data driven processor. 
0.003 2. Description of the Background Art 
0004. In order to carry out various processings on infor 
mation Signals at a high Speed and with a high precision, the 
information Signals are generally converted into digital 
Signals for processings. Image Signals transmitting a large 
amount of information are also Subjected to Such conver 
Sion. The image Signals are essentially analog signals, and 
thus are Sampled at a certain Sampling frequency for 
conversion into digital Signals. Conversion of the Sampling 
frequency of image Signals also processes and transmits a 
large amount of information. 
0005. A conventional example of converting the sam 
pling frequency of digital signals includes an apparatus for 
converting a Sampling frequency of digital signals using a 
data driven processor disclosed, for example, in U.S. Pat. 
No. 5,327,125. In a data driven processor 4, a process 
proceeds in accordance with the rule that “when input data 
necessary for executing a certain process are all prepared, 
and resources including an arithmetic processor, necessary 
for that proceSS are allocated, the process is executed.” 
0006 A data processing apparatus including information 
processing operation of the data driven processor uses a data 
transmitting apparatus employing asynchronous handshake 
method. In Such a data transmitting apparatus, a plurality of 
data transmission paths are connected, and the data trans 
mission paths transmit/receive data transmission request 
Signals and transfer permitting Signals indicating whether 
data transfer is permitted or not, with each other, whereby 
autonomous data transfer is performed. 
0007 FIG. 3 is a block diagram showing a configuration 
of the data transmission path. Referring to FIG. 3, the data 
transmission path includes Self-synchronous type transfer 
control circuits (hereinafter referred to as C elements) 2a to 
2c, data holding circuits (pipeline registers) 3a to 3c, and 
logic circuits 3d and 3e performing operations and the like 
on outputs of the data holding circuits. C elements 2a to 2c 
include an input terminal CI receiving a transfer request 
Signal from a preceding Stage, an output terminal CO issuing 
a transfer request Signal to a Succeeding Stage, an input 
terminal RI receiving a transfer permitting Signal indicating 
permission or inhibition of transfer from the Succeeding 
Stage, an output terminal RO outputting a transfer request 
Signal to the preceding Stage, and a control Signal output 
terminal CP controlling pipeline registers 3a to 3c. 
0008 FIGS. 4A to 4E are timing charts representing the 
operation of the C elements shown in FIG. 3. When the 
terminal CI (or terminal CO) shown in FIG. 4A is at “0”, it 
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represents a State in which the data transfer request is issued 
to the preceding stage (Succeeding stage), and when it is at 
“1”, it represents the State in which data transfer request is 
not issued to the preceding stage (Succeeding Stage). When 
the terminal RI (or terminal RO) is at “0” as shown in FIG. 
4E, it represents that the Succeeding stage (preceding stage) 
is in the transfer inhibited State and when it is “1”, it means 
that the Succeeding stage (preceding stage) is in a transfer 
permitted state. When the terminal CI of a C element 
changes from “1” to “0”, that is, when data transfer is 
requested from the preceding Stage and transferred, the 
terminal RO changes from “1” to “0”, whereby further data 
transfer from the preceding Stage is inhibited. 

0009. When transfer is completed, the input to the ter 
minal CI changes from “0” to “1”, setting a state in which 
data transfer request is not issued from the preceding Stage, 
notifying that the Setting of data from the preceding Stage to 
the C element of interest has been complete. Accordingly, 
the terminal RO shown in FIG. 4B changes from “0” to “1”, 
notifying the preceding Stage that the next transfer is per 
mitted. When the input to the terminal CI attains to “1” and 
data transfer request from the preceding Stage is stopped, a 
clock pulse is output from the terminal CP shown in FIG. 
4C, data are output from pipeline registers 3a to 3c, and an 
operation is performed by logic circuits 3d and 3e. When the 
terminal CO shown in FIG. 4D changes from “1” to “0”, 
data transfer request is issued to the Succeeding Stage and the 
data is transferred to the Succeeding Stage, the input to the 
terminal RI changes from “1” to “0”, notifying that the 
Succeeding Stage has been set to the transfer inhibited State. 
In response, the output of the terminal CP is set to “0”, 
control to the pipeline register is Stopped, and thereafter, the 
terminal CO changes from “0” to “1”, to be set to the state 
in which data transfer request is not made to the Succeeding 
Stage. When the data is Stored in the pipeline register of the 
Succeeding Stage and further, output to the next logic circuit, 
terminal RI changes “0” to “1”, whereby the Succeeding 
Stage is set to the transfer permitted State. By the repetition 
of this cycle, the next data is transferred, processing Such as 
an operation is performed, and data is transferred in the 
Self-synchronous System. 

0010 FIG. 5 is a block diagram of the data driven type 
processor having the data transmission path shown in FIG. 
3. Referring to FIG. 5, the data driven processor Pe includes 
a junction unit JNC, a firing control unit FC, a processing 
unit FP, a program storing unit PS, a branching unit BRN, a 
plurality of pipeline registers 3a to 3c and C elements 2a to 
2c. The operation of the C elements 2a to 2c is as described 
above. 

0011 FIGS. 6A and 6B represent an input data packet 
and an output data packet input to and output from the data 
driven processor Pe shown in FIG. 5. 

0012. The input data packet shown in FIG. 6A and the 
output packet shown in FIG. 6B include a destination node 
number field Storing a destination node number, a generation 
number field Storing a generation number, an instruction 
code field Storing an instruction code, and a data field Storing 
data. The input image Signal is Stored in the data Storing 
field. The generation number is an identification number for 
distinguishing data groups to be processed in parallel from 
each other. The destination node number is a number for 
distinguishing input data of the same generation from each 
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other, and indicates a transfer destination of the data packet 
in the data driven type information processing apparatus. 
The instruction code is for executing an instruction Stored in 
an instruction decoder. 

0013 When the data packet shown in FIG. 6A is input to 
data driven processor Pe, the input packet is first passed 
through junction unit JNC, transmitted to firing control unit 
FC, and a data pair is formed between data packets having 
the same destination node number and the same generation 
number. More specifically, two different data packets having 
identical node number and the generation number are 
detected, and of these two having the same numbers, one 
data packet is additionally stored in the data field of the other 
packet, and the resulting data packet is output. The data 
packet Storing the data pair in the data field is transmitted to 
the operating unit FP. The operating unit FP receives the 
transmitted data packet as an input, based on the instruction 
code in the input data packet, performs a prescribed opera 
tion on the contents of the data packet, and Stores the result 
of operation in the data field of the data packet. This data 
packet is transmitted to the program Storing unit PS. 

0.014. The program storing unit PS reads, based on the 
destination node number of the transmitted data packet, the 
destination node number of the next rank and the instruction 
code of the next rank, from the program memory in the 
program Storing unit PS. The read destination node number 
and the destination code are Stored in the destination node 
number field and the instruction code field of the data 
packet, respectively. 

0.015 The data packet output from the program storing 
unit PS is transmitted to the branching unit BRN, and 
externally output or returned to the junction unit JNC based 
on the destination node number, and again, input to the data 
driven processor Pe. Such transmission is executed, con 
trolled by the above described C elements 2a to 2c. One or 
a plurality of Such data driven processors Pe are connected, 
forming the data driven type information processing appa 
ratuS. 

0016. The data packet storing an instruction to access a 
memory inside or outside the data driven type information 
processing apparatus handles the value in the generation 
number field in the packet as a memory address, for acceSS 
ing the memory. A field FE, a line LN and a pixel PX in the 
generation number field of the data packet represent the 
bank (1 field), a row and a column, respectively. 
0017 FIG. 7 is a block diagram of a sampling frequency 
converting circuit of a conventional data driven type pro 
cessor, described in U.S. Pat. No. 5,327,125. 

0.018 Referring to FIG. 7, the sampling frequency con 
Verting circuit 4 includes an input port 5, a data driven 
engine 6, a memory interface 7 and an output port 8, and an 
image memory 9 is connected to Sampling frequency con 
Verting circuit 4. An image Signal X as an input signal is 
applied to input port 5 and a data packet is generated 
therefrom and applied to data driven engine 6. The data 
packet applied to data driven engine 6 is Stored through 
memory interface 7 in image memory 9, the Sampling 
frequency converting operation is performed, and after the 
process, the data packet is again applied through interface 7 
and data driven engine 6 to output port 8. The packet applied 
to output port 8 is externally output as a data packet Y. The 
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data in the data field of the externally output data packet 
provides image Signal which has been interpolated and 
frequency-converted. 
0019 FIG. 8 shows correspondence between the image 
in the image memory, the data included in the generation 
number field of the data packet and the memory cell. 
Referring to FIG. 8, field address FD specifies a field area 
of the image memory 9. The area designated by the field 
address FD in image memory 9 may be a bank (when 1 field 
corresponds to 1 frame), or it may correspond to one field 
memory. The correspondence is appropriately determined in 
accordance with the configuration of the image memory 9. 
The line address LN specifies a row in the field. The data 
driven type processor shown in FIG. 5 executeS processing 
in accordance with a data flow program. The data flow 
program is described in a form of a directed graph consisting 
of nodes (referred to as actors) indicative of operation and 
control, and arcs extending between the nodes. 
0020 FIG. 9 shows an example of the data flow program 
(referred to as a data flow graph). Referring to FIG. 9, a 
node NDA performs an operation OP1 on data applied to 
input arcs a and b when the input nodes are prepared, and 
transmits the results of operation onto an output arc e. A 
node NDB, which has input arcs c and d, performs an 
operation OP2 on input data which are prepared on these 
arcs, and Supplies the result of operation onto an output arc 
f. A node NDC transmits the data on the input arc e onto an 
output arc g, when a Signal on the control arc f is “true'. In 
each node, the operation allocated to the node is executed 
upon preparation of data (referred to as “tokens”) on the 
input arcs. Execution of the operation is referred to as 
“firing” of node. 
0021. As a result of firing, the input data (hereinafter 
referred to as input tokens) are consumed to produce an 
output token. For example, the node NDA is fired when the 
input data arrive at the two input arcs a and b and the output 
arc e is empty. At this time, the nodes NDA and NDB can 
be fired Simultaneously if the input data arrive at the input 
arcs c and d. The node NDC must wait completion of 
operations of the nodes NDA and NDB. The node NDC can 
be fired after the completion of operations of the nodes NDA 
and NDB. 

0022. In general, a node having n inputs and in outputs 
can be achieved by combination of basic nodes each having 
two or leSS inputs and two or less outputs. The basic node 
may be an operation node performing an operation on the 
data applied to input arcs, a distribution node copying the 
input token and Sending the same to a plurality of output 
arcs, a junction node transmitting data applied to the plu 
rality of input arts to an output arc, and a control node 
controlling a path for transmitting data. 
0023 FIG. 10 shows a program example in the form of 
a data flow graph in the Sampling frequency converting 
circuit of a conventional example. Referring to FIG. 7, an 
input port 5 receives digital Signals Sampled at the Sampling 
frequency, and adds generation number and node number 
representing prescribed destination, in the order of recep 
tion, to generate input packets. The data driven engine 6 
performs an operation process in accordance with the input 
data packet and the data packet read from memory interface 
7. Memory interface 7 reads and writes from and to image 
memory 9, using the generation number in the input data 
packet as an address signal. 
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0024. The program example shown in FIG. 10 is the one 
described in U.S. Pat. No. 5,327,125 mentioned above, in 
which image data converted to the sampling frequency of 
32.4 MHZ is interpolated and converted to image data of the 
Sampling frequency of 48.6 MHz, in the image processing in 
accordance with MUSE (multiple Sub-nycuist Subsampling 
encoding). 
0.025 First, input data X1, X2, . . . time-sequentially 
applied to input port 5 shown in FIG. 7 are converted to data 
packet format, with generation number and node number 
added in the order of input. The data packets are written in 
the order of generation numbers of the data packets, to an 
image memory 9, in accordance with an instruction WR at 
node 401. In this example, writing of data packets to the 
image memory 9 is performed at every other pixel address 
positions. The reason for this is that when the 32.4 MHz 
Sampling data are converted to 48.6 MHZ Sampling data, the 
number of data increases as the interpolation data are added. 
When the data that has been subjected to sampling fre 
quency-conversion are again written to the image memory 9, 
overwriting by the interpolation data must be prevented 
before reading the originally written input data. 
0026. In parallel with the operation on node 401, an 
operation “AGN' is executed at node 402. In the operation 
“AGN' at node 402, the right data is fixed data “0”, and, 
upon application of the input data packet, the operation is 
performed on the fixed constant “0” and the input data 
packet. This operation “AGN” is an instruction by which 
copying to the data field is carried out using the generation 
number of the input data packet as data, and the data packet 
is output. Therefore, generation number is Stored in the data 
field. 

0027. The output of node 402 is applied to a node 403. 
The node 403 performs an “AND” operation on the data 
contained in the data field of the output data packet from 
node 402 with the fixed data “1”. Thereby, “1” is written into 
the data field of the data packet having the odd generation, 
and data “0” is written into the data field of the data packets 
having even generation. Thus, the image data of odd and 
even generations are separated from each other. 

0028. The data series is applied to a node 404 after the 
above Separation of the image data of odd and even gen 
erations by the node 403. In an operation “EQ” by the node 
404, if the data in the data field of the data packet is “1”, “1” 
is written therein. If not, “0” is written thereinto. 

0029 Output of node 404 is applied to a node 405. The 
node 405 is a control gate, and passes left data applied from 
the node 404 if the right data, that is, output data of node 404 
is “1”. If not, it extinguishes the data applied to its left input 
arc. Thereby, only data packet corresponding to the image 
data of odd generation appears from the node 405. 
0030 The sampling frequency is converted using only 
the image data of odd generation Sent from the node 210. 
Only the data packet corresponding to the odd generation 
image data is utilized in order to Simultaneously output three 
data, Y1, Y2 and Y3, upon receipt of one data packet, for 
example, X5. This is equivalent to the output of three 
converted image data with respect to two input image data, 
and therefore, image data can be obtained of which Sampling 
frequency is 1.5 times the Sampling frequency of arbitrary 
image data. For example, when the processing of the data 
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flow type program shown in FIG. 10 is performed on the 
image data having the Sampling frequency of 32.4 MHZ, 
image data converted to the Sampling frequency of 48.6 
MHz, that is, 1.5 times the original frequency of 32.4 MHz, 
can be obtained. 

0031. The odd generation data packet is applied to nodes 
406 and 407. Here, an example will be described in which 
the data packet Storing the generation number of image data 
X5 is applied to node 406. In the node 406, data having the 
generation number (FD, LN, Px) of (0, 0, -2), that is, the 
data Stored in image memory 9 at an address -2 from the 
pixel address of X5, is read. 
0032. As already described, the data packet are written to 
every other pixel addresses (double addresses), and there 
fore, data packet of image data X4 preceding by one 
generation is read. Thereafter, when sent to node 408, the 
data Stored at the address of (0,-6), that is, the data Stored 
in image memory 9 at an address -6 from the pixel address 
of X5 is read. Thus, data packet of image data X2 preceding 
by three generations is read from image memory 9. 
0033. At node 407, data packet of image data X5 is read 
from (0, 0, 0), that is, from image memory 9. The image data 
X5 read by node 407 is applied to node 409. Node 409 
provides an offset of -4 to the generation number, So that 
image data X3 preceding by two generations is read. There 
after, at node 410, an offset of -8 is applied to the generation 
number of image data X5 and the image memory 9 is 
accessed. Thus, image data X1 preceding by four genera 
tions than image data X5 is read. Thus, five image data X1, 
X2, X3, X4, and X5 necessary for sampling frequency 
conversion are read. 

0034. Thereafter, an operation process is executed, in 
order to execute Sampling frequency conversion with inter 
polation. The data X5 read by the operation of node 407 is 
applied to nodes 418 and 427. Node 418 multiplies image 
data X5 by a constant C.6. Node 427 performs an operation 
of multiplying the image data X5 by C4. 
0035) The data X4 read by node 406 is applied to nodes 
411,419 and 428, and multiplied by the constant C5, C3 and 
C1 at respective nodes. The data X2 read by the operation of 
node 408 is applied to nodes 412, 420 and 429, and at 
respective nodes, the constant data X2 is multiplied by 
numbers C2, C0 and C2. Further, the data X2 read by the 
operation of node 408 is also applied to nodes 413, 421 and 
430, and the data X2 is multiplied by constants C1, C3, and 
C.5, respectively. The data X1 read by the operation of node 
410 is applied to nodes 414 and 422, and at respective nodes, 
data X1 is multiplied by constants C4 and C.6. 
0036) The result of operation from node 411 and the 
result of operation from node 412 are added at node 415. The 
result of operation of node 413 and the result of operation of 
node 415 are added at node 416. The result of operation of 
node 414 and the result of operation of node 416 are added 
at node 417. Thus, data packet corresponding to image data 
Y1 is generated. Further, the result of operation of node 418 
and the result of operation of node 419 are added at node 
423. The result of operation of node 420 and the result of 
operation of node 423 are added at node 424. The result of 
operation of node 421 and the result of operation of node 
424 are added at node 425. The result of operation of node 
422 and the result of operation of node 425 are added at node 
426, whereby a data packet corresponding to image data Y2 
is generated. 
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0037. The result of operation of node 427 and the result 
of operation of node 428 are added at node 431, the result 
of operation of node 431, the result of operation of node 431 
and the result of operation of node 429 are added at node 
432, and the result of operation of node 430 and the result 
of operation of node 432 are added at node 433. Thus, a data 
packet corresponding to image data Y3 is generated. The 
Sampling frequency conversion with image Signal interpo 
lating process in the data flow from node 411 to node 433 
can be realized by the equation 434 of FIG. 10. 
0.038. In the conventional data driven type processor, 
when the Specification of the image Signal interpolating 
proceSS is to be changed, it is necessary to change various 
parameters including C1, C2, C3, C4, C5 and C.6 of the 
matrix 434-a, and when Specification of the Sampling fre 
quency conversion is to be changed, it is necessary to change 
all of the input data 434-b, output data 434-c and conversion 
parameter matrix 434-a. 
0039. As already described, the conventional apparatus 
for converting Sampling frequency of digital Signals can 
meet the Specification of the Sampling frequency conversion 
with interpolation. This is because the data driven type 
processor performs processing of input data and the data 
read from a memory outside the data driven type processor, 
in accordance with a program in the form of a data flow. 
0040. In the sampling frequency converting apparatus 
using the conventional data driven type processor, however, 
when the program Specification for performing Sampling 
frequency conversion with interpolation represented by the 
equation 434 of FIG. 10 is to be changed, timing adjustment 
is necessary, including determination of the parameter 
matrix 434-a related to the Sampling frequency, and final 
determination must be done after actual operation. There 
fore, change of the Specification is difficult. 
0041 Further, there is a physical limit in storing the 
programs in the program memory. If the apparatus for 
converting Sampling frequency of the digital signals 
described in U.S. Pat. No. 5,327,125 were to be realized by 
a conventional data driven type processor, a formidable 
amount of memory would be occupied to Store the programs. 
When processes other than Sampling frequency conversion, 
for example, gamma correction, RGB conversion and the 
like are to be additionally performed on the image data, 
problems of memory shortage and decrease in processing 
Speed resulting from the amount of programs will be expe 
rienced. 

SUMMARY OF THE INVENTION 

0042. Therefore, an object of the present invention is to 
provide a method and an apparatus for converting Sampling 
frequency of digital Signals of which specification can be 
readily changed by Simply changing clock timings, when the 
Specification of Sampling frequency conversion is to be 
changed. 

0.043 Briefly stated, the present invention provides an 
apparatus for converting Sampling frequency of digital Sig 
nals, for converting Sampling frequency of digital signals 
Sampled at a first Sampling frequency to a Second, different 
Sampling frequency, including: a first data packet generating 
circuit receiving the digital Signals Sampled at the first 
Sampling frequency, adding generation numbers and desti 
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nation node numbers representing prescribed destinations in 
the order of reception, to generate data packets, a storing 
circuit for Storing the data packets, a writing circuit writing 
the generated data packets using the generation numbers of 
the data packets as address signals to the Storing circuit; a 
Second data packet generating circuit generating a data 
packet by adding a generation number and a destination 
node number representing a prescribed destination, in the 
order of reception, in accordance with the Second Sampling 
frequency; a reading circuit reading a data packet Storing 
arbitrary neighboring digital Signals Sampled at the first 
Sampling frequency from the Storing circuit, in response to 
the generation number of the data packet generated by the 
Second data packet generating circuit; and an interpolating 
circuit dividing Sampling positions of neighboring digital 
Signals Sampled at the first Sampling frequency by the 
Second Sampling frequency, and interpolating the data of the 
divided position by the neighboring digital Signal Sampled at 
the first Sampling frequency. 
0044) Therefore, according to the present invention, a 
Sampling frequency converting apparatus having a desired 
characteristic can be implemented, simply by changing the 
timings of the clock signals input from a clockinput terminal 
driving a packet automatic generating mechanism different 
from a conventional input port, without the necessity of 
newly forming a resolution converter when Specification of 
the Sampling frequency conversion should be changed, for 
example. 
0045. In a more preferred embodiment, the writing circuit 
Stores the data Sampled by the first Sampling frequency or 
the interpolated data in the data packet generated by the 
Second data packet generating circuit, in accordance with the 
generation number, and writes the data packet in the Storing 
circuit, while the reading circuit outputs a data packet read 
in accordance with the generation number from the Storing 
circuit. 

0046. In a more preferred embodiment, in the sampling 
frequency conversion, Simply by changing the Second Sam 
pling frequency to a desired value in the Second data packet 
generating circuit, the Second Sampling frequency can be 
arbitrarily changed. 

0047. In a more preferred embodiment, a circuit for 
digitizing the arbitrary Second Sampling frequency and 
determining resolution at the time of conversion to the 
generation number is provided Separately. 
0048. According to another aspect, the present invention 
provides a method of converting Sampling frequency of 
digital Signals, for converting Sampling frequency of digital 
Signals Sampled at the first Sampling frequency to a Second, 
different Sampling frequency, including: the first Step of 
receiving digital Signals Sampled at the first Sampling fre 
quency, adding generation numbers and destination node 
numbers representing prescribed destinations in the order of 
reception, to generate data packets, the Second Step of 
Storing the data packets generated in the first Step using the 
generation numbers of the packets as address Signals; the 
third step of generating a data packet by adding a generation 
number and a destination node number representing a pre 
Scribed destination in the order of reception, in accordance 
with the Second Sampling frequency; the fourth Step of 
reading a data packet Storing arbitrary neighboring digital 
Signals Sampled at the first Sampling frequency, in accor 
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dance with the generation number of the data packet gen 
erated in the third Step, among the Stored data packets, and 
the fifth Step of dividing Sampling positions of the neigh 
boring digital Signals Sampled at the first Sampling fre 
quency by the Second Sampling frequency, and interpolating 
the data of the divided position by the neighboring digital 
Signal Sampled at the first Sampling frequency. 
0049. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0050 FIG. 1 is a schematic block diagram of the sam 
pling frequency converting circuit in accordance with an 
embodiment of the present invention. 
0051 FIG. 2 shows an example of the data flow program 
for converting resolution of an image in accordance with an 
embodiment of the present invention. 
0.052 FIG. 3 is a block diagram representing a configu 
ration of a data transmission path. 
0.053 FIGS. 4A to 4E are timing charts representing the 
operation of the C elements shown in FIG. 3. 
0.054 FIG. 5 is a block diagram of a data driven type 
processor having the data transmission path shown in FIG. 
3. 

0055 FIGS. 6A and 6B represent data packet formats. 
0056 FIG. 7 is a block diagram of a sampling frequency 
converting circuit using a conventional data driven type 
processor. 

0057 FIG. 8 represents correspondence between the 
image in the image memory, data included in the generation 
number field in the data packet and the memory cells. 
0.058 FIG. 9 shows an example of a data flow program 
of a conventional data driven type processor. 
0059 FIG. 10 shows an example of a program in the 
form of a data flow graph of a conventional Sampling 
frequency converting circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0060 FIG. 1 is a block diagram showing an example of 
the circuit for converting Sampling frequency of image data, 
using a data driven type processor in accordance with an 
embodiment of the present invention. Referring to FIG. 1, 
a Sampling frequency converting circuit 40 includes, Similar 
to the configuration shown in FIG. 7, data driven engine 6, 
memory interface 7 as writing and reading circuits, and 
output port 8. The Sampling frequency converting circuit is 
different in that a data packet generating unit 12 and an input 
control unit 13 are incorporated in input port 10, and that a 
data packet generating mechanism 11 is newly provided. 
0061 The data packet generating mechanism as the first 
data packet generating means generates a data packet for 
Storing data interpolated for performing desired frequency 
conversion, from the clock that has been input to a clock 
input terminal. Data packet generating unit 12 in input port 
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10 receives input data X, adds a generation number and a 
node number representing a prescribed destination in the 
order of reception to generate an input packet, and Serves as 
the Second data packet generating means. 

0062 Input control unit 13 as the interpolating means in 
input port 10 refers to the destination node numbers of the 
data packet Storing the image data X generated by the data 
packet generating unit 12 and the data packet Storing the 
interpolated data for performing the desired frequency con 
version generated by the data packet generating mechanism, 
and transmits a data packet to data driven engine 6. Data 
driven engine 6 is formed including one or a plurality of data 
driven processors Peas described with reference to FIG. 7. 

0063 Data driven engine 6 executes processing in accor 
dance with the destination node number included in the read 
data packet. At the time of execution of the processing, an 
operation is performed on the read data packet in accordance 
with an instruction allocated to the destination node number. 
Data driven engine 6 generates, in response to one input data 
packet, data packets of Such a number, that the ratio between 
the input data packets and data packets generated by a clock 
different from that for the input data packet is given as the 
ratio between the sampling frequency of the former and the 
Sampling frequency of the latter. Generally, data that has 
been Subjected to frequency conversion process, Such as the 
Sampling frequency conversion, is used when the data is 
requested by a component Succeeding an output port of the 
Sampling frequency converter (for example, a component 
outside the data driven type processor). Therefore, it will be 
more efficient if the clock is Sent from the data requesting 
Side (a component Succeeding the output stage of the data 
driven type processor) to the data driven type processor, in 
View of the processing Speed of the data driven type pro 
ceSSor. Therefore, it is practical to place the clock input 
terminal on the output Side. 

0064 FIG. 2 shows an example of the program in the 
form of a data flow graph, of a resolution converter imple 
mented by the data driven type processor in accordance with 
one embodiment of the present invention. Referring to FIG. 
2, input image data X1 applied time-Sequentially to input 
port 70 are converted to data packet format with destination 
node number and generation number allocated in the order 
of reception. The data packet is applied to a firing control 
unit with program Storage (one of the plurality of units based 
on the data driven type processor Pe) in data driven engine 
6. The firing control unit with program Storage writes the 
generated data packets in the order of generation numbers, 
to image memory 7 in accordance with addresses based on 
the generation numbers shown in FIG. 6, in response to an 
WR instruction at node 71. 

0065. By the clock introduced through the clock input 
terminal, the generation number and the destination node 
number are allocated to the packets in the order of input of 
the packets, by the data packet generating mechanism 11. At 
this time, the data field is empty. The packet generated by 
data packet generating mechanism 11 is Subjected to an 
operation APX at node 73. The operation APX is a 1-input, 
2-output instruction, by which a pixel PX is extracted from 
the generation number of the input data packet, and updates 
the value of the data field of the data packet by the extracted 
value. At this time point, the data of the data field of the data 
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packet generated by the data packet generating mechanism 
is written. At this time, the pixel PX is the data in the data 
field of the data packet. 
0.066 Node 77 updates the data field of the packet by a 
reminder of a division of a left data by a right data, where 
the left data is the data field of the data packet and the right 
data is the fixed data “256”. More specifically, lower 9 bits 
of the value in the data field are extracted, and the data field 
is updated by the value. 

0067. The data packet transmitted to node 74 has its data 
field updated by multiplication of the left data by the right 
data, where the left data is the value in the data field of the 
packet, that is, the pixel PX and the right data is the fixed 
data “256”. This is identical to an 8-bit left-shift of the data 
field. 

0068. As shown in FIG. 2, here, the fixed value Z of the 
right data of nodes 77 and 74 is 256 in the present descrip 
tion. The value, however, can be set arbitrarily. The value Z 
is used for digitizing the generation number (here, PX value) 
of each data packet generated in response to an arbitrary 
clock input, by approximation to a value close to the 
reciprocal number of the Z value, that is, 0, 
1/256, 2/256, ..., 255/256 and 1. Therefore, the larger the 
Z value, the higher the precision in approximation of the 
original pixel PX shown in FIG.8. When a value of 2" such 
as 128,256 or 512 is used as the value Z, multiplication or 
division can be done simply by shifting the data in the data 
field to the right or to the left and to take out the desired data. 
Thus, calculation can be simplified. 
0069. The value CST, which will be described later, 
corresponds to the ratio of frequency conversion of image 
data Yi converted to the desired digitized Sampling fre 
quency, with respect to the Sampling frequency of the input 
image data Xi, and therefore, the operation means conver 
sion to CST/Z times. By arbitrarily changing the value 
CST/Z, desired frequency conversion ratio can be obtained 
easily. 

0070. As a result of the operation of nodes 74 and 77, the 
data field of the data packet resulting from the operation of 
node 77 is updated by the decimal portion of the value in the 
data field of node 73, while the data field of the data packet 
resulting from the operation of node 74 is updated by the 
integer part of the value of the data field of node 73. An 
instruction BS at nodes 75 and 76 is a 1-input, 1-output 
instruction, in which the value of the data field is PX, which 
value is used as an address signal, and the data field is 
updated by referring to the data written in that address of 
image memory 9 which is obtained by off-setting the address 
signal. The offset value of node 75 is 0, and hence the data 
field in the packet is updated by the data Xi written to the 
image memory 9 which is the destination of reading desig 
nated by the address Signal. Thus, the data field in the data 
packet contains the data Xi. Node 76 provides an offset of 
+1 to the pixel number, and therefore, the data Xi+1 written 
in the address different by one from that read by node 75, 
and the data field of the packet is updated thereby. At this 
time, the data field of the data packet contains the data Xi+1. 
0071 Node 79 receives an output from node 75, that is, 
the data read from VS, and an output of node 77 as inputs, 
and provides the product as an output. Node 80 performs 
subtraction of the right data from the left data, where the left 
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data is the fixed data 512 (CST=512) and the right data is the 
data transmitted from node 77, and provides the result as an 
output to node 81. Node 81 receives the data read by the VS 
of node 76 and the output of node 80 as inputs, and transmits 
the resulting output to node 82. 
0072 Node 82 adds the result of operation of node 81 to 
the result of operation of node 79, and transmits the result to 
node 83. Here, the value of the data field of the data packet 
is larger than the desired value by CST times, and therefore, 
the value of the data field is processed to be 1/CST, at node 
83. In the data flow program, a right shift is performed by 
CST bits of LOG2, and the data field is updated by the 
resulting value. More specifically, where CST is 512, the 
calculation to obtain 1/512 is division by 2, and therefore, 
the value is shifted to the right by 9 bits, and the resulting 
data is extracted. 

0073. The data field in the data packet is updated by the 
result of operation, and a data packet Yi is output. The data 
packet Yi can be calculated by the equation 84 of FIG. 2, 
that is, 

0074 For example, when CD/CST is set to 0.5, it is 
possible to interpolate a central point between adjacent two 
points. Interpolation is realized by approximation by a value 
on a line connecting adjacent two points (Xi, Xi+1). AS the 
interpolation is possible by Simplest approximation, the data 
flow program can also be realized easily. By this interpola 
tion, it becomes possible to generate image data of three 
points from image data of two points by adjusting the ratio 
of CST with respect to CD, and it is possible to easily change 
the Spatial position of image memory 9 to be interpolated. 
0075 Change in the specification of resolution conver 
Sion can be addressed not by changing the data flow program 
but by changing the timing at the clock input terminal 
provided Separate from the input port, So that the image data 
after desired resolution conversion can be obtained at an 
output port of the data driven type processor. 
0076. In the data driven type processor, when data nec 
essary for operation at various nodes are prepared (ready), 
there is a firing and the operation is executed. Therefore, 
without the necessity of timing adjustment of input signals 
Such as experienced in a general digital circuit not using the 
data driven type processor, processing Such as the resolution 
conversion can be done at high Speed with high reliability. 
0077. As described above, according to an embodiment 
of the present invention, an input terminal receiving a clock 
Signal of a desired Sampling frequency as an input is 
provided Separate from an input port, a data packet gener 
ating mechanism generating a data packet in accordance 
with the clock signal is provided, and the resolution con 
version of the input image is processed by the data driven 
type processor. Therefore, at the time of change of the 
Specification of Sampling frequency conversion, for 
example, Simply by changing the timing of the clock signal 
input from the clock input terminal driving the packet 
automatic generating mechanism Separate from the conven 
tional input port, an apparatus for converting Sampling 
frequency having a desired characteristic can be realized 
easily, without the necessity of newly forming a resolution 
converter, for example. 
0078. To address the change in specification of a con 
ventional converter, it was necessary to change the data flow 
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program. By contrast, according to the embodiment of the 
present invention, what is necessary is only to change the 
timing of the clock signal. Thus, change in Specification can 
be addressed far easier and at higher Speed as compared with 
the prior art. 
0079. Further, as to the program in the form of a data flow 
for Sampling frequency conversion with interpolation nec 
essary for resolution conversion, the data flow program in 
accordance with the embodiment of the present invention 
shown in FIG. 2 is smaller than the data flow program for 
sampling conversion of the prior art shown in FIG. 10, and 
the amount of calculation is reduced by 40%. Therefore, the 
processing capability in resolution conversion can be 
improved by 2.5 times, and the amount of memory occupied 
for Storing the program necessary for the resolution conver 
sion process can be saved by 40%. 
0080. The embodiment of the present invention may be 
used in Sampling frequency converters with various inter 
polations. For example, it is effective to change the Sampling 
frequency with interpolation when image data received by a 
facsimile is to be output and printed after expansion to a 
desired paper size (A4 size to B4 size). 
0.081 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. An apparatus for converting Sampling frequency of 

digital signals, for converting Sampling frequency of digital 
Signals Sampled at a first Sampling frequency to a Second, 
different Sampling frequency, comprising: 

a first data packet generating circuit receiving the digital 
Signals Sampled at Said first Sampling frequency, and 
adding generation numbers and destination node num 
berS representing prescribed destinations in an order of 
reception, to generate data packets; 

a storing circuit Storing the data packets, 
a writing circuit for writing Said generated data packets 

using the generation numbers as address Signals, to Said 
Storing circuit; 

a Second data packet generating circuit generating a data 
packet by adding a generation number and a destination 
node number representing a prescribed destination in 
Said order of reception, in accordance with Said Second 
Sampling frequency; 

a reading circuit reading a data packet Storing arbitrary 
adjacent digital Signals Sampled at Said first Sampling 
frequency from Said Storing circuit, in accordance with 
the generation number of the data packet generated by 
Said Second data packet generating circuit, and 

an interpolating circuit dividing Sampling positions of 
Said adjacent digital Signals Sampled at Said first Sam 
pling frequency by Said Second Sampling frequency, 
and interpolating the data of the divided position by the 
adjacent digital Signal Sampled at Said first Sampling 
frequency. 
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2. The apparatus for converting Sampling frequency 
according to claim 1, wherein 

Said writing circuit Stores the data Sampled at Said first 
Sampling frequency or the data interpolated by Said 
interpolating circuit in the data packet generated by 
Said Second data packet generating circuit and writes to 
Said Storing circuit, in accordance with Said generation 
number, and 

Said reading circuit outputs the data packet read from Said 
Storing circuit in accordance with the generation num 
ber. 

3. The apparatus for converting Sampling frequency 
according to claim 1, wherein 

Said Second data packet generating circuit is capable of 
converting an arbitrary Second Sampling frequency, 
Simply by changing Said Second Sampling frequency to 
a desired value. 

4. The apparatus for converting Sampling frequency 
according to claim 2, wherein 

Said Second data packet generating circuit is capable of 
converting an arbitrary Second Sampling frequency, by 
Simply changing Said Second Sampling frequency to a 
desired value. 

5. The apparatus for converting Sampling frequency 
according to claim 3, further comprising 

a circuit determining resolution when Said arbitrary Sec 
ond Sampling frequency is digitized and changed to a 
generation number. 

6. A method of converting Sampling frequency of digital 
Signals, for converting Sampling frequency of digital signals 
Sampled at a first Sampling frequency to a Second, different 
Sampling frequency, comprising: 

the first Step of receiving digital Signals Sampled at Said 
first Sampling frequency, and adding generation num 
bers and destination node numbers representing pre 
Scribed destinations in an order of reception to generate 
a data packets, 

the Second Step of Storing the data packets generated in 
Said first Step using the generation number of the 
packets as address Signals, 

the third step of generating a data packet by adding a 
generation number and a destination node number 
representing a prescribed destination in Said order of 
reception, in accordance with Said Second Sampling 
frequency; 

the fourth Step of reading data packet Storing arbitrary 
adjacent digital Signals Sampled at Said first Sampling 
frequency, in accordance with the generation number of 
the data packet generated in Said third Step, among Said 
Stored data packets, and 

the fifth Step of dividing Sampling positions of Said 
adjacent digital Signals Sampled at Said first Sampling 
frequency by Said Second Sampling frequency, and 
interpolating the data at the divided position by the 
adjacent digital Signal Sampled at the first Sampling 
frequency. 


