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(1) YUV(YCBCR)§#Eisy RGB - YUV420,YUV422 & YUV444 i8Ry RGB
(2) RGB raster data &i=- - {f{i™'| Win API StretchDIBits

(3) RGB raster data #fiff - %5 BMP

(4) YUV iE5% RGB & =" % 2V BMP fifi 1 7]

OEAT

JE YUV raster data Bi=- 7 #7581 B> ALpiiElsy RGB B & _F Header P2 Win32 API =% H[JFSKE YUV raster data
] e I FIF F1 1]

B e o

1.YUV(YCBCR)#i% RGH|

UL ) o AR YOV 02 AT O BIIEE YUVA20 ~ YUVA22 - YUV44
(1) Yuv444 : %ﬁj vertical subsampling » horizontal subsampling > Y:U:V = 4:4:4
Y u \%

Y1 | Y2 ul | u2 V1 | V2

Y3 | Y4 us | u4d V3 | V4

(2) YUV422 : F| horizontal subsampling - 12| vertical subsampling » Y:U:V = 4:2:2
Y u \Y

Y1 | Y2 Ul V1

Y3 | Y4 u2 V2

Y1 Y2 HHUL® VL1 Y3 R Y4HE[ U2 K V2

(3) YUVA420 : | vertical subsampling # | horizontal subsampling » Y:U:V = 4:1:1
Y U V

Y1 | Y2

ul V1
Y3 | Y4

Y1~Y4 5] UL ® V1
IErif YUV subsampling [0 i - B @] YUV S RGB OB 7 - i~ 4% Video [|1 - YUV #li55 RGB fiut:

=2 .
ES

R 1.16438 0 1.59603 Y -16
G |=11.16438 -0.39176 -0.81297 |U —-128
B 1.16438 2.01723 O V -128
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Y~ U R Vvffie 0~255 V] - AiEigi i > H [HE 0 fy A 255 0 £y Fé[’ﬁi R~ G * Bpvffi# 7 0~255 V[# » f’

e L CoAled
IF R/G/B is greater than 255 THEN
R/G/B := 255
IF R/G/B is less than 0 THEN
R/G/B:=0

P Epa s 55 R > (LG 8 - 7§ & Hao Pan %< computer vision, multimedia * signal processing
f H[ﬁ*ﬁ[l?ﬁ/rﬁ Fast conversion 9% » #|H| [ Clip table ;| $XV | Fpu{fge=" » FUsf@asn > g - f[E*?ﬁJrf‘, :

(1) fif% 7:-384 ~ -1 V[H] » fifith O
(2) Mi% 7 0 ~ 255 I/ fH] ];gjt@’_ﬁj\j: A
(3) fiT% 7t 256 ~ 639 /[ - fifit% 255

PR g > Y s pur ”’Fk’HI%%‘éj’l"Fquﬂs .
f£-YUV i85y RGB f IJFTH“, S H mwg’!@ﬂw (I AR O B (0 £ GRS > BYSEHao Pan fu ik }5{11 %!‘gl\f
[[il#%= 65536 » ] 2’\16( #2 16bit) > 7‘3" AT,

R 1 76309 O 104597 || Y -16

G|=———76309 -25675 -53279||U -128
65536

B 76309 132201 O vV -128

SRR R 1 Clip table, i) -
7 ] YUV Subsampllng i JTF‘““ZB,‘EE‘/ RGB * Clip table fi J#L%Z%E o R T I AT SRR PR 1S %EE

FifH « g Clip table ® YUV to RGB i Conversion table
static long int crv_tab[256];
static long int cbu_tab[256];
static long int cgu_tab[256];
static long int cgv_tab[256];
static long int tab_76309[256];
static unsigned char clp[1024];

void InitConvtTbl()

{
long int crv,cbu,cgu,cgv;
inti,ind;

crv =104597; cbu = 132201,
cgu = 25675; cgv =53279;

for (i=0;i<256; i++) {
crv_tabl[i] = (i-128) * crv;
cbu_tabli] = (i-128) * cbu;
cgu_tabli] = (i-128) * cgu;
cgv_tabl[i] = (i-128) * cgv;
tab_76309[i] = 76309*(i-16);
}

for (i=0; i<384; i++)
clp[i] =0;
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ind=384;

for (i=0;i<256; i++)
clp[ind++]=i;

ind=640;

for (i=0;i<384;i++)
clp[ind++]=255;

E
fE YUV420 75 RGB
// Input : YUV raster data,YY...YYY,UU...UUU,VV...VVV
// Output: RGB buffer,R,G,B,R,G,B,...,R,G,B
// Parameter :
// src : pointer to YUV raster data
// dst_ori : pointer to RGB buffer
// width : image width
// height : image height
void YUV420toRGB(unsigned char *src, unsigned char *dst_ori,
int width,int height)
{
unsigned char *srcO0;
unsigned char *srcl;
unsigned char *src2;
intyl,y2,u,v;
unsigned char *py1,*py2;

intij, cl, c2, c3, c4;
unsignhed char *d1, *d2, *d3;

//Initialization

srcO=src;

srcl=src+width*height;
src2=src+width*height+width*height/4;

pyl=srcO;
py2=pyl+width;
dl=dst _ori;
d2=d1+3*width;
for (j = 0; j < height; j += 2) {
for (i = 0; i <width;i+=2) {

u = *srcl++;
V = *src2++;

cl =crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

//up-left

yl =tab_76309[*pyl++];

*d1++ = clp[384+((yl + c1)>>16)];
*d1++ = clp[384+((yl - c2 - c3)>>16)];
*d1++ = clp[384+((yl + c4)>>16)];
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//down-left

y2 =tab_76309[*py2++];

*d2++ = clp[384+((y2 + c1)>>16)];
*d2++ = clp[384+((y2 - c2 - c3)>>16)];
*d2++ = clp[384+((y2 + c4)>>16)];

//up-right

yl =tab_76309[*pyl++];

*d1++ = clp[384+((yl + c1)>>16)];
*d1++ = clp[384+((yl - c2 - c3)>>16)];
*d1++ = clp[384+((yl + c4)>>16)];

//down-right
y2 =tab_76309[*py2++];
*d2++ = clp[384+((y2 + c1)>>16)];
*d2++ = clp[384+((y2 - c2 - c3)>>16)];
*d2++ = clp[384+((y2 + c4)>>16)];

}

dl += 3*width;

d2 += 3*width;

pyl+=  width;

py2+=  width;

fH YUV422 7% RGB

// Input : YUV raster,YY...YYY,UU...UUU,VV...VVV
// Output: RGB buffer, R,G,B,R,G,B,...,R,G,B

// Parameter :

// src : pointer to YUV raster data

// dst_ori : pointer to RGB buffer

// width : image width

// height : image height

void YUV422toRGB(unsigned char *src, unsigned char *dst_ori, int width, int height)
{

unsigned char *srcO0;
unsigned char *srcl;
unsigned char *src2;
unsigned char *dst;
unsigned char *pyl,*py2;
unsigned char *d1, *d2, *d3;
intyl,u,v;

intij, cl, c2, c3, c4;

//\nitialization

srcO=src;

srcl=src+width*height;
src2=src+width*height+width*height/2;

dst=dst_ori;
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for (j =0;j < height;j+=1){
for (i=0; i <width; i+=2) {

u = *srcl++;
V = *src2++;

cl =crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

yl =tab_76309[*srcO++];

*dst++ = clp[384+((yl + c1)>>16)];
*dst++ = clp[384+((yl - c2 - c3)>>16)];
*dst++ = clp[384+((y1l + c4)>>16)];

yl =tab_76309[*srcO++];

*dst++ = clp[384+((yl + c1)>>16)];
*dst++ = clp[384+((yl - c2 - c3)>>16)];
*dst++ = clp[384+((yl + c4)>>16)];

iH YUV444 7% RGB

// Input : YUV raster,YY...YYY,UU...UUU,VV...VVV
// Output: RGB buffer, R,G,B,R,G,B,...,R,G,B

// Parameter :

// src : pointer to YUV raster data

// dst_ori : pointer to RGB buffer

// width : image width

// height : image height
void YUV444toRGB(unsigned char *src, unsigned char *dst_ori, int width, int height)
{

unsigned char *srcO0;

unsigned char *srcl;

unsigned char *src2;

unsigned char *dst;

intyl,u,v;

intij, cl, c2, c3, c4;

//Initialization

srcO=src;
srcl=src+width*height;
src2=src+width*height*2;

dst=dst_ori;

for (j = 0; j < height; j += 1) {
for (i=0; i <width;i++){

U = *srcl++,
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V = *Src2++;

cl = crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

yl =tab_76309[*srcO++];

*dst++ = clp[384+((yl + c1)>>16)];
*dst++ = clp[384+((yl - c2 - c3)>>16)];
*dst++ = clp[384+((yl + c4)>>16)];
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[2.RGB raster data &
Eiﬁfj £] RGB raster datavfé,li/[l] F Fl'ﬂ» S pd 9 ‘iri}i‘ﬂ m F'[M%“ e oY (Information) ﬁfﬁé“' HYRY (e
A =|J?ﬁ’EII(W|dth) . FJ,J(helght) AS§HE|fiz(Compression type) ] (Size of Image) ~ .57 - Jﬂwlw[afg‘r
7L TP (Header) ;- #[/*'| Window Programming < %CRIEF- iUE (% 7 Window Bitmaps &y {fi#s iy i

(1) raster data [t FFV”*JEH& Blue - Green - Red(BGR)

(2) raster data fFix E}#ﬁlﬁfﬂgh‘ﬁpl?é(g}ﬁ@ﬁgﬁﬂ%"@ﬁﬂ » Brl') raster data fuat— [ o iy fipis - )

[left to right,bottom to top]

FIE PR FY

BITMAPINFOHEADER bm;

bm.biSize = sizeof(BITMAPINFOHEADER);
bm.biWidth = FrameWidth;
bm.biHeight = FrameHeight;
bm.biPlanes = 1;

bm.biBitCount = 24;

bm.biCompression = Bl_RGB;
bm.biSizelmage = 3 * FrameWidth * FrameHeight;
bm.biXPelsPerMeter = 0;
bm.biYPelsPerMeter = 0O;

bm.biClrUsed = 0;

bm.biClrimportant = 0;

BITMAPINFOHEADER 1% DIB header » ¢ [/l StretchDIBits AP| o1 ™[] » i']'[% %% MSDN [[1- i ##5 [ DIBs
and Their Use ] [0 g1 > [ @EFIIOmY] =7 SRR - 1) Lﬂgpu StretchDIBlts SRIEE

StretchDIBits(hdc,0,0,FrameWidth,FrameHeight,
0,0,FrameWidth,FrameHeight,
(LPVOID)RGB,
&bm,
DIB_RGB_COLORS,
SRCCOPY);
Note : RGB }-L{#7+ RGB raster data [V buffer - data [Vfi#-fi B~ G ~R» 2 £} Kﬁﬁkﬁ{ruﬁﬂﬁ{
peplpuzgy [ DIBs and Their Use ] # J PSR *fﬁz%ﬂ MSDN Hlﬁ:‘J‘StretCthBltS F”}FIL
¥ ¥] YUV raster data Eﬁ E,I%EWL—FE bitmaps raster data ¥ » LF‘AEﬁEIc'SfJ J HEHAYZ [ YUV to RGB 7 0 R
Emjm

// Input : YUV raster,YY...YYY,UU...UUU,VV...VVV

// Output: RGB buffer, B,G,R,B,G,R...,B,R,G, [left to right,bottom to top]
// Parameter :

// src : pointer to YUV raster data

// dst_ori : pointer to RGB buffer

// width : image width
// height : image height
void YUV420toRGB(unsigned char *src, unsigned char *dst_ori, int width,int height)
{
unsigned char *srcO;
unsigned char *srcl;
unsigned char *src2;
intyl,y2,u,v;
unsigned char *py1,*py2;
intij, cl, c2, c3, c4;
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unsigned char *d1, *d2;

//\nitialization

srcO=src;

srcl=src+width*height;
src2=src+width*height+width*height/4;

pyl=srcO;

py2=pyl+width;

d1=dst_ori + width*height*3 - width*3 ;
d2=d1 - 3*width;

for (j = 0; j < height; j +=2) {
for (i=0; i <width; i+=2) {

u = *srcl++;
V = *src2++;

cl = crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

//up-left

yl =tab_76309[*pyl++];

*d1++ = clp[384+((yl + c4)>>16)]; // Blue
*d1++ = clp[384+((yl - c2 - c3)>>16)]; // Green
*d1++ = clp[384+((yl + c1)>>16)]; // Red
//down-left

y2 =tab_76309[*py2++];

*d2++ = clp[384+((y2 + c4)>>16)]; // Blue
*d2++ = clp[384+((y2 - c2 - c3)>>16)]; // Green
*d2++ = clp[384+((y2 + c1)>>16)]; // Red
//up-right
yl =tab_76309[*pyl++];

*d1++ = clp[384+((yl + c4)>>16)]; // Blue
*d1++ = clp[384+((yl - c2 - c3)>>16)]; // Green
*d1++ = clp[384+((yl + c1)>>16)]; // Red

//down-right
y2 =tab_76309[*py2++];

*d2++ = clp[384+((y2 + c4)>>16)]; // Blue
*d2++ = clp[384+((y2 - c2 - ¢3)>>16)]; // Green
*d2++ = clp[384+((y2 + c1)>>16)]; // Red

}

dl -= 9*width;

d2 -= 9*width;

pyl+=  width;

py2+=  width;

}

// Input : YUV raster,YY...YYY,UU...UUU,VV...VVV

// Output: RGB buffer, B,G,R,B,G,R...,B,R,G, [left to right,bottom to top]
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// Parameter :

// src : pointer to YUV raster data

// dst_ori : pointer to RGB buffer

// width : image width

// height : image height
void YUV422toRGB(unsigned char *src, unsigned char *dst_ori, int width, int height)

{

}

unsigned char *srcO0;
unsigned char *srcl;
unsigned char *src2;
unsigned char *dst;

intyl,u,v;

intij, cl, c2, c3, c4;

//nitialization

srcO=src;

srcl=src+width*height;
src2=src+width*height+width*height/2;

dst= dst_ori+ width*height*3 - width*3;

for (j=0;j < height;j+=1){
for (i=0;i<width;i+=2) {

u = *srcl++;
V = *Src2++;

cl = crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

yl =tab_76309[*srcO++];

*dst++ = clp[384+((yl + c4)>>16)];
*dst++ = clp[384+((yl - c2 - c3)>>16)];
*dst++ = clp[384+((yl + c1)>>16)];

yl =tab_76309[*srcO++];

*dst++ = clp[384+((yl + c4)>>16)];
*dst++ = clp[384+((yl - c2 - c3)>>16)];
*dst++ = clp[384+((yl + c1)>>16)];

}
dst -= width*6;

// Input : YUV raster,YY...YYY,UU...UUU,VV...VVV
// Output: RGB buffer, B,G,R,B,G,R...,B,R,G, [left to right,bottom to top]

// Parameter :

// src : pointer to YUV raster data

// dst_ori : pointer to RGB buffer

2004/9/27
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// width : image width

// height : image height

void YUV444toRGB(unsigned char *src,
unsigned char *dst_ori,
int width, int height)

unsigned char *srcO0;
unsigned char *srcl;
unsigned char *src2;
unsigned char *dst;

intyl,u,v;

intij, cl, c2, c3, c4;

//\nitialization

srcO=src;
srcl=src+width*height;
src2=src+width*height*2;

dst=dst_ori+ width*height*3 - width*3;

for (j=0;j < height;j+=1){
for (i=0;i <width; i++){

u = *srcl++;
V = *Src2++;

cl = crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

yl =tab_76309[*srcO++];
*dst++ = clp[384+((yl + c4)>>16)];
*dst++ = clp[384+((yl - c2 - c3)>>16)];
*dst++ = clp[384+((yl + c1)>>16)];

}
dst -= width * 6;

2004/9/27
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3.RGB raster data v ff]
E,I}{ﬁj’ RGB raster data ¥ 5%.BMP fufifi% F]EI PEFFiERLE S 2E BMP ﬁ’yiﬂlfwﬁ?‘ | J‘)‘ifjéﬁﬁ~ B g'[ :
[ DaubNET File Formats Collection BMP: http://www.daubnet.com/formats/BMP.html#RasterData ]
BMP frﬁi’%t’frﬁ?“ P RIS
(LHeader
(2)InfoHeader
(3)Color Table if BitCount<=8

(4)Raster Data
— J¥4:3E > BitCount 4% 8 » I'| 256 &< 143 » BitCount £} 24 o I'[AHZ4 4 ( (BT raster data £5.BMP #

BITMAPFILEHEADER bmheader;
BITMAPINFOHEADER bm;

bm.biSize = sizeof(BITMAPINFOHEADER);
bm.biwidth = FrameWidth;
bm.biHeight = FrameHeight;
bm.biPlanes = 1;

bm.biBitCount = 24;

bm.biCompression = Bl_RGB;
bm.biSizelmage = 3 * FrameWidth * FrameHeight;
bm.biXPelsPerMeter = 0;
bm.biYPelsPerMeter = 0;

bm.biClrUsed = 0;

bm.biClrimportant = 0;

bmheader.bfType = 0x4D42; // 0x42 ="B" 0x4d ="M"

bmheader.bfSize = (DWORD) (sizeof(BITMAPFILEHEADER) + sizeof(BITMAPINFOHEADER) +
bm.biSizelmage );

bmheader.bfReservedl = 0;

bmheader.bfReserved?2 = 0;

bmheader.bfOffBits = (DWORD) (sizeof(BITMAPFILEHEADER) + sizeof(BITMAPINFOHEADER) );

fwrite(&bmheader,1,sizeof (BITMAPFILEHEADER),target _file);
fwrite(&bm,1,sizeof(BITMAPINFOHEADER),target_file);
fwrite(RGB_raster_data,l1,FrameHeight*FrameWidth*3,target file);

Y GLAASRRI T - IRl iR L el fi MSDN f 12 BEfT -
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4.YUV §BiI5Y RGB & &' &% 2V BMP {8/ (7]
ﬁﬁi" fili% YUV420.yuv ;L1 QCIF sequences[http://trace.eas.asu.edu/yuv/qcif. htmliJsif1 {14 carphone
sequences > 157 [l Frame i sequence - QCIF Elffg‘f?@ 176 > ﬁ,’fﬁ 144 -

#include <stdio.h>

#include <windows.h>

#define WIDTH 176

#define HEIGHT 144

long int crv_tab[256];
long int cbu_tab[256];
long int cgu_tab[256];
long int cgv_tab[256];
long int tab_76309[256];
unsigned char clp[1024];

void InitConvtTbl();
void YUV420toRGB(unsigned char *src,unsigned char *dst_ori,int width,int height);

int main()

{
FILE *source,*target;
unsigned char *YUV,*RGB;
BITMAPFILEHEADER bmheader;
BITMAPINFOHEADER bm;

source = fopen("YUV420.yuv","rb");

if (source == NULL )

{
printf("Source file opens failure’\n");
return O;

}

target = fopen(‘carphone.bmp","wb");
if (target == NULL )
{
printf("Target file opens failure\n");
return O;

}

YUV = (unsigned char *)malloc( sizeof(unsigned char) * WIDTH * HEIGHT *3 / 2);
RGB = (unsigned char *)malloc( sizeof(unsigned char) * WIDTH * HEIGHT * 3 );

memset( YUV, 0, sizeof(unsigned char) * WIDTH * HEIGHT * 3/ 2);
memset( RGB , 0, sizeof(unsigned char) * WIDTH * HEIGHT * 3 );

fread( YUV, 1, WIDTH * HEIGHT * 3/ 2, source );

InitConvtTbl();
YUV420toRGB( YUV, RGB , WIDTH , HEIGHT);

bm.biSize = sizeof(BITMAPINFOHEADER);
bm.biwidth = WIDTH;

bm.biHeight = HEIGHT;

bm.biPlanes = 1;

bm.biBitCount = 24;

bm.biCompression = Bl_RGB;
bm.biSizelmage = 3 * WIDTH * HEIGHT;
bm.biXPelsPerMeter = 0;
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bm.biYPelsPerMeter = O;
bm.biClrUsed = 0;
bm.biClrimportant = 0;

bmheader.bfType = 0x4D42; // 0x42 ="B" Ox4d ="M"
bmheader.bfSize = (DWORD) (sizeof(BITMAPFILEHEADER) + sizeof(BITMAPINFOHEADER) +
bm.biSizeimage );
bmheader.bfReservedl = 0;
bmheader.bfReserved2 = 0;
bmheader.bfOffBits = (DWORD) (sizeof(BITMAPFILEHEADER) + sizeof(BITMAPINFOHEADER) );

fwrite(&bmheader,sizeof(unsigned char),sizeof(BITMAPFILEHEADER),target);
fwrite(&bm;,sizeof(unsigned char),sizeof(BITMAPINFOHEADER),target);
fwrite(RGB,sizeof(unsigned char), WIDTH*HEIGHT*3,target);

free(RGB);
free(YUV);
RGB = NULL;
YUV = NULL;
fclose(source);
fclose(target);
return O;

void InitConvtTbl()

{
long int crv,cbu,cgu,cgv;
inti,ind;

crv =104597; cbu = 132201; /* fra matrise i global.h */
cgu = 25675; cgv =53279;

for (i=0;i<256; i++) {
crv_tabl[i] = (-128) * crv;
cbu_tabli] = (i-128) * cbu;
cgu_tabli] = (i-128) * cgu;
cgv_tabl[i] = (i-128) * cgv;
tab_76309[i] = 76309*(i-16);
}

for (i=0; i<384; i++)
clp[i] =0;

ind=384;

for (i=0;i<256; i++)
clp[ind++]=i;

ind=640;

for (i=0;i<384;i++)
clp[ind++]=255;

}

void YUV420toRGB(unsigned char *src,unsigned char *dst_ori,int width,int height)
{

unsigned char *srcO;

unsigned char *srcl;

unsigned char *src2;

intyl,y2,u,v;

unsigned char *pyl,*py2;
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intij, cl, c2, c3, c4;
unsigned char *d1, *d2;

//nitialization

srcO=src;

srcl=src+width*height;
src2=src+width*height+width*height/4;

pyl=srcO;

py2=pyl+width;
d1=dst_ori + width*height*3 - width*3 ;
d2=d1 - 3*width;

for (j = 0; j < height; j +=2) {

2004/9/27

for (i=0; i <width; i+=2) {

u = *srcl++;
V = *src2++;

cl = crv_tab|v];

c2 = cgu_tablu];
c3 = cgv_tab|v];
c4 = cbu_tabl[u];

//up-left

yl =tab_76309[*pyl++];
*d1++ = clp[384+((yl + c4)>>16)];
*d1++ = clp[384+((yl - c2 - c3)>>16)];
*d1++ = clp[384+((yl + c1)>>16)];

//down-left

y2 =tab_76309[*py2++];

*d2++ = clp[384+((y2 + c4)>>16)];
*d2++ = clp[384+((y2 - c2 - c3)>>16)];
*d2++ = clp[384+((y2 + c1)>>16)];

//up-right

yl =tab_76309[*pyl++];

*d1++ = clp[384+((yl + c4)>>16)];
*d1++ = clp[384+((yl - c2 - c3)>>16)];
*d1++ = clp[384+((yl + c1)>>16)];

//down-right

y2 =tab_76309[*py2++];

*d2++ = clp[384+((y2 + c4)>>16)];
*d2++ = clp[384+((y2 - c2 - c3)>>16)];
*d2++ = clp[384+((y2 + c1)>>16)];

dl -= 9*width;
d2 -= 9*width;
pyl+=  width;
py2+=  width;

// Blue
// Green
// Red

// Blue
// Green
// Red

// Blue
// Green
// Red

// Blue
// Green
// Red
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1. Hao Pan’s Homepage
http://mri.beckman.uiuc.edu/pan/
2. DaubNET File Formats Collection BMP
http://www.daubnet.com/formats/BMP.html#RasterData
3. BMP FILE
http://home.kimo.com.tw/abc9250/BMP_FILE.htm
4, DIBs and Their Use
http://support.microsoft.com/default.aspx?scid=kb;en-us;81498
5. MSDN
http://www.msdn.com

2004/9/27 Image && Program Article written by James



