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RPV : A tool for real- tlme parallel video
image processing

Yoshio Hamada, Daisaku Arita, Rin-ichiro Taniguchi

Department of Intelligent Systems, Kyushu University

A real-time distributed image processing system requires mechanisms of data transfer, synchroniza-
tion and error recovery. However, it is difficult for a programmer to describe these mechanisms. To solve
this problem, we are developing a programming tool RPV for real-time image processing on a PC-cluster.
Using RPV, a programmer indicates only data flow between PCs and image processing algonthms on
each PC. In this paper, we outline specmcatlons of RPV and show sample programs on using RPV..
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void RPV _ Invoke(
RPV._Connection* connect, .
struct RPV_FSM sync_mode,
int frame_num,
void* (*pre_func)(void*),
void* pre_func_arg,

void* user.func_arg,
void* (*post_func){void*),
void* post_func.arg

void* (*user_func)(RPV Input*, RPV_Output®,
RPV_Asynch*, void*),
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// post func D5

3: %% RPV_Invoke

class RPV _Input{
void*** data_ptr;
int input.PC.num;
int* input-PC;
int frame.num;
int* frame.no;
int* data.size;
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(a) 7 7 A RPV_Input

class RPV_Output{
void** data_ptr;
int output_PCnum;
int* output_PC;
int* data_size;

BAZADEAL Y
Bk PC D%
HHED PCES
WHF -7 DY A4 X

(by 7 7 A RPV_Output

4: B3 RPV_Invoke D5 |3 (—ER)

R ERBT BT T, EREEEGRLET ) -
TavERERTAIENTE S,

4.1 B PC THHYE&QLEFNI) XA
MDicik

& ) — ¥ PC T, Z—¥HE0d Lo E{RLIEH
BT 57D H% RPV Invoke iV 5,
DEE% RPV _Invoke DT, A D PC 2 H R4
FRELNTL BT —%, TRBEEICL o, &R
DPCHEDT 4 —FNy 7R EOFERMPT -5 2
APF—r e LTa—FRENEL, 21— FEE?
TR, BTSN MEERE RO PCANERET
%, BAREGICIE, B20 & 9 ICB% RPV Invoke D
MET, E—BIHOT -5 7 a—fFHRP L, T =5
BSE R EOWE LTV, ATLEBEH prefunc %
EFT B, FOH, &THPC Tprefunc VT L
o ERFERL, AL YNV=TICAD, AL VIV—
FHCIE. FIHE S FERIC X AMIEBIAS F T VR
BE LT, FIBEDOPCHLOLDANT —F LRED
PCAHHTHT— 3 DEERBIDORA V5 5]
e LT, 2 user func DET L, KD
PC AR T — 7 R EETH, Lol E
BOES, CDOAALVIV—THTORET, LHEE
NhEDLT — DM ENGE, =T —LEPH

BICERT SR, B OLENE RS, frame num
TV—LGOF - ERET L, AL V=T
BT, BRI post_func ¥ EfT, £ TDHPC
OMBHHET LzZ L 2R L. RPV 24 D0LHE
RETT 5, 2O RPV Invoke DA% X 312
N

F7-. #2580 syncmode T, FHIMEREIZH
THBIREIT) . COMWEKICL Y, REENLE
DLG—PELBEOLT —RBOEE, N TH
oLy, TT B TRET — 5 OREEER
L= a BT — 7 8IRT 5, ZORMERED
BRI L D, WL LRI % B IR
THIENTED (3AHER).

2 —FEHE, AHT — 2 B8 (RPV Input).
7 — & 158 (RPV _Output), FEEIIT — 5 15
(RPV _Asynch), L—HEHNDFH (user_func_arg)
OWODB| HEFOBBE LTERSIND (H4).
oL —FEBEATIE, ¥~ OEZFELEMICO

CWTEETALENL (, BEEGEANEL, £

NEMEL ., BREPHDTHHEEGRLELFE TR
RThbo, £DH, BEGLEE ) Z & 2HEH
TR, BHILA-FREET 0TI IS
T&%,



class RPV_Connection{
int myPC_no;
char* keyword;
int input_PC.num;
int* input_PC;
int* input_data_size;
int input_frame num;
int output PC_num;
int* output.PC;
int* output.data_size;
int asynch PC_num;
int* asynch_PC;
int* asynch._data_size;
int asynch._data.num;
int connect-PC_num;
int* connect_PC;
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Numeral values are data size of data flow

6: TN AT A

#PCno keyword 1.PC isize

0 smooth ¢ 640*480*3

1 smooth ¢ 640%480*3

2 smooth ¢ 640%480*3

3 calc2D 0 640*480*3

4 cale2D 1 640*480*3

5 calc2D 2 640%480%*3

6 calc3D 3,4,5  4%2%12,4*2%12,4%2%12
7 display 6 4*3*12

B 7:

inum
1
1
1
1
1
1
1

1

0.PC o.size a.PC asize

3 640%480*3 - - -
4 640%480*3 - - -
5 640*480*3 - - -
6 4%2%12 6 4*%3*%12 1
6 4%2%12 6 4*%3*12 1
6 4%2*12 6 4*%3*12 1
7,3,4,5  4*3*12,< <, < - - -
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#include <stdio.h>

#include <rpv.h>

int main(void)

{

FILE *£fp;

fp = fopen('connect.cnt", "r');
RPV_Connection* connect = RPV_Init(fp);
fclose(fp);

struct RPV_FSM miss_FSH;
miss_FSM.FSM = RPV_DATA _MISSING;

if (strcmp(connect->keyword, "smooth") == 0) {
RPY_Invoke(connect, miss_FSM, O, NULL, NULL, &Smooth, NULL, NULL, NULL);

} :
else if (strcmp(connect->keyword, '"calc2D") == 0) {
ReadBackgroundArg read_background_arg(BACKGROUND_FILE_NAME);
RPV_Invoke{connect, miss_FSM, O,
&ReadBackground, &read_background arg, &
Calculate2D, &read_ background arg.background,
NULL, NULL);
}

else if (strcmp(comnect->keyword, "cale3D") == 0) {
ReadCalibrationArg read_calibration_arg(CALIBRATION FILE_NAME);
RPV_Invoke(connect, miss_FSM, O,
&ReadCalibration, &read_calibration_arg,
&Calculate3D, &read_calibration_arg.calibration_data,
NULL, NULL);
}
else if (strcmp(connect->keyword, 'display") == 0) {
RPV_Invoke(connect, miss_FSM, O, NULL, NULL, &Display, NULL, NULL, NULL);
¥

return O;
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1 #include <fstream.h>

2 #include <rpv.h>

3v

4 struct ReadBackgroundArg {

5 char* filename;

6 RPV_RGB24<IMAGE_WIDTH,IMAGE_HEIGHT> background;

7 ReadBackgroundArg(const char* s);

8 1;

9

10 void* ReadBackground(void* a)

11 {
12 ReadBackgroundidrg* arg = (ReadBackgroundArg*)a;
13

14 ifstream fs(arg->filename);

15 arg->background.Read(£fs);

16 fs.close();

17

18 return NULL;

19 '}
20
21 void* Calculate2D(const RPV_Input* id, RPV_Output* od, const RPV_Asynch* ad, void* a)
22 {
23 const RPV_RGB24<IMAGE_WIDTH,IMAGE_HEIGHT>* i_data
24 = (const RPV_RGB24<IMAGE_WIDTH,IMAGE_HEIGHT>*)id->data_ptr [0] [0];
25 Positions2D<MARKER_NUM>* o_data
26 = (Positions2D<MARKER_NUM>*)od->data_ptr [0];
27 const Positions3D<MARKER_NUM>x a_data
28 = (const Positions3D<MARKER_NUM>*)ad->data_ptr[0][0];
29 const RPV_RGB24<IMAGE_WIDTH,IMAGE_HEIGHT>* background
30 = (RPV_RGB24<IMAGE_WIDTH,IMAGE_HEIGHT>*)a;
31
32 RPV_RGB24<IMAGE_WIDTH, IMAGE_HEIGHT>* sub_data
33 = Subtraction(i_data, background);
34

35 // Searching for markers from the subtracted image
36 // using previous 3D positions of markers

37 // for robustness against occlusion.

38 SearchMarker(sub_data, a_data, o_data);

39

40 return NULL;

41 }

42
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