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Abstract

When a USB digital camera is used for PC video-conference applications, motion picture data
need to be transferred to the PC through the USB port. Due to the mismatch between the data rates
of the USB and the motion picture, data compression should be performed before the transmission
from the USB. While many motion picture compression algorithms require large intermediate
memory space, the JPEG algorithm does not need to store an entire frame for the compression.
Instead, a relatively small buffer is required at the input of the JPEG compression engine to resolve
the inconsistency between the orders of the inputted data and the consumed data. Data reordering
can be easily implemented using a double buffering scheme, which still requires a constderable size
of memory. In this paper, a novel memory management scheme is proposed to avoid the double
buffering. The proposed memory architecture requires a small amount of memory and a simple
address generation scheme, resulting in overall cost reduction.
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gl 1. odubxdel USB 72k block diagram
Fig. 1. Block diagram for a typical USB camera.
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Fig. 2. Block diagram for a USB camera with
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Yo Uo Y, Vo Y Uy Ys Vi
Yy Uz Ys Va Ys Us Y7 V3
Ys U, Yo Vy Yio Us Yu Vs
Yz Us Yi3 Vs Yiq U, Yis V7
(a) Writing data
Yo Yeso  Yisso Yioco Yaseo  Yazoo  Yageo  Yaaso
Y, Yea1 Yiser  Yiear  Yaset  Yaoor  Yasnn  Yaum
Y15 Yess  Yizes  Yioas  Yaszs Yazs  Yasss  Yaaos
UO UBZO U640 U960 UIZHU UISOU U[QZU UZZQU
U, Usez Ussr User  Uizer Uisor  Unozr Uszewr
Vo Vazo  Vewo  Veeo  Vieso Vieoo Vieo  Voeao
V7 Vazr Vesr Veer  Viesr  Vieor  Vier  Vaaur
Y16 Yes6  Yizose  Yiose  Yzsze  Ysaie  Yasse  Yasss
(b) Reading data
J7 4. JPEG ¥32ES HE dolee 22719 ¢
Fig. 4. Writing and reading data for the JPEG

algorithm.
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0 1 2 3 4 1277
1280 1281 1282 1283 1284 2559
2560 2561 2562 2563 2564 3839
8960 8961 8962 8963 8964 10239

(@tlolel & & bufferollA]e] dio|e]e] 22718] ¢4
The order of writing to the buffer

0 128 8 136 16 10232
1 129 9 137 17 10233
6 134 14 142 22 10238
7 135 15 143 23 10239

(b)ElelE & ¢ bufferell A 2] dleleld] ¢17]9] <A
The order of reading from the buffer
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Fig. 5. Writing and reading data for the double

buffering memory structure.
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of 1] 2] 3] o 1] 2
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ol 1] 2| 3l ol 1] 2
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UV memory (8 * 8 * 80 * 8it) (n = 1)

11 2] 3]10]1)2]3
21 3]10]1]2]3]60
3ol 112]3]0]1
ol 1] 2]310]1}2
1123 3]0]1]2]3
21 3]011f2]3]0
3]0l 1]2]310]1
o] 11 2] 310|112

38 6. JPEG 943 v 3x dlmele] TA=
Fig. 6. 3-dimensional memory architecture for a
JPEG input buffer.
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Fig. 7. Address generator for the proposed memory
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Table 1. Comparison of the proposed, the double
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memory structures.

ol®e| 87
4:2:2 format 4:2:0 format
Double buffering | 20,480 Bytes 40,960 Bytes
Aok why 10,240 Bytes 20,480 Bytes
o] 2xql HAx| | 8960 Bytes 19,200 Bytes
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Appendix

o] Aol B} FAEQ] oE S| 34 A
A Aok VGA =g ARdchy A8
£ of, 283 YUVZ} 4229 A$-2] wiznele 748
2o} ApAE] vepE b 2l HA =2jFl b
Relo] AL oS 2 B 7R

i (=0.7), j (=0.7), k(=0.79)2] 3z wimels} 274
n(=0,1) 3= FE2F 7R}

pno] 0ol Y5 no] 1ol UVE £k
j* 80+ ki 7k 2}l 640 3k F shbE ehdck

pix 2ol vepdch

b= 522 2w FRkE g el ok Zich

» ol 8 2heleiet 9} j7) wiwch
=3t EejAQl vlme)e] AL gt 2

pa7ie] dlolElE FAlel ¢S 5 Al 3] S 4
7Ne] 2560 byte?] Hlze]® FAH 18 69 <Al
80 byted] mlEe] BFo] o EAQl wixe]d] s
Herhs ReiEch

pEld F41 ), k n& G +j+n %49 EF
A uuele] FALAk*R+nx16+j*2+i/4 9|
AFdc} & kD F428 74T $F 2 LSB(least
significant bit)& F-A13}.
o] 7W3-& pseudo code® vjep A th&a} ol

L
[

#define counter(count,sizejinccarry) ¥

count = count + inc; ¥

carry = (count >= size); W
count = count %6 max;
writeOperation(int dataln®™)
{
staticinti = 0;  /*i= 0.7 */
staticint j =0, /*j =07 %/
static int k = 0;  /* k = 0.79 %/

static int iteration = 0; /* iteration = 0.1 %/
int c; /* carry of counters */

write ToMemory(dataln, i, j, k, iteration);
counter(k, 80, 1, c);

counter(j, 8, ¢, ¢);

counter(i, & ¢, ¢);

A7t JPEG §1F HH o}7)E A

(100)

e

counter{iteration, 2, c, c);
}

writeToMemory(int dataln®, int i, int j, int k int
iteration)
{

int n;
int address;
for (n = 0; n < 2 n++) {
address = (iteration == 0) ? (knjil2D) : (kneij(2D);
mem[( + j + n) % 4)address] = dataln[n};
}

/0 Y, 1 UV«

}

readOperation(int dataOut')

{

inti=1 /% 1 = 0.7, read operation starts from
the second row */

intjj =0 /*jj=04%
intm=0/*m=0.15 %/

intn=0 /0 Y, 1 UV«

int iteration = 0; /* iteration = 0,1 #/

int ¢ /* carry of counters */

k= (== 0 ? (0[20Im[3:0]) : (o[2:0):m[2:0}:m[3]);
readFromMemory(dataOut, i, jj, k, 1, iteration);
counter(jj, 8, 4, ¢;

counter(m, 16, ¢, ¢);

counter(n, 2, ¢, ¢

counter(o, 5, ¢, ¢);

counter(i, 8 ¢, c);

counter(iteration, 2, ¢, ¢);

}

readFromMemory(int dataOut™, int i, int jj, int k, int
n, int iteration)
{
int j, m;
for m =0, m < 4 m++) {
It m
address = (iteration == 0) 7 (knji®) : (ki)
dataQutlm] = mem[G + j + n) % 4]laddress];
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