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Templates: syntax & rules (name resolution, lookup, etc)
Function objects

STL binders & adaptors

Boost.lambda
Traits

Last lecture:
Concept checking & concept covering
Example: Boost, gcc, ConceptC++
Modern Design
Policy-based design
Design patterns example: Singleton
Typelists
Compile time polymorphism (CRTP)
In-class non-member functions (Barton-Nackman trick)

Notes on const correctness

Available Image Libraries

Image Libraries & Generic Programming
An introduction to Adobe’s GIL

Future of C++

Few notes on the exam

@“

The const modifiers have a shallow behavior on member pointers
and references.

A typical solution is to hide the member, and constify it for the
user if the object is const. E.g.:

class Image{
const float* getRow(unsigned int i) const
{ return imageData_ + rowsize_*i; }
float* getRow(unsigned int i)
{ return imageData_ + rowsize_*i; }
private:
unsigned int width_;
unsigned int rowsize_;
unsigned int height_;
float* imageData_;
bool subimg_;

Unfortunately, sometimes this simple solution does not work.
consider our named constructor for subimage creation:

const Image Image::CreateSublmage(const Image& master,
unsigned int xoffsek; unsigned int yoffset,
unsigned int xsize, unsigned int ysize){

Image img;
img.width_ = xsize;
img.rowsize_ = master.ro

img.height_ = ysize;
img.imageData_ = master.getRow(yoffset)+xoffset;

float* const float*

img.subimg_ = true;
return img;

One, yet a bit complicated, solution is to wrap member pointers into
member classes.

Another solution is to copy the non-const pointer to the new image,
consequently allow the creation of non-const subimages from a const
Image. E.g.:

const Image Image::CreateSublmage(const Image& master,
unsigned int xoffset, unsigned int yoffset,
unsigned int xsize, unsigned int ysize){

Image img;
img.width_ = xsize;
img.rowsize_ = master.rowsize_;

img.height_ = ysize;
img. imageData_ =
master.imageData_ + master.rowsize_ * yoffset + xoffset;
img.subimg_ = true;
return img;




Color spaces:

red, green, and blue

red, green, blue, and alpha

cyan, magenta, yellow, and key (black)
Order of channels (e.g. RGB vs. BGR)
Depth of each channel (8, 16, 32, etc. bits, signed, unsigned)
Row alignment (aligned to word boundaries, no alignment)
Structure:

interleaved: RGBRGBRGB

non-interleaved (planar): RRRGGGBBB

Channel layout

.

Example: 3x6 image R|G|B|R|G|B|R|G|B
channel layout: RGB R|G|B|R|G|B|R|G|B
_a“tgnledd R|c|B[R|[G|B|R|G|B
Interieave

. R|G|B|R|G|B|R|G|B
2nd pixel on the 3™ row

is marked blue G|B|R|G|B|R|G|B

Image libraries can usually |[R|G|B|R|G|B|R|G|B

work only with a subset of these representation,
sometimes allow to work with different structures,
image structures are typically fixed at compile time,
many times provide access to raw data,
very hard to mix different libraries.

Important concept: subimages, image views

ITK is in principle developed for medical imaging.

built on VNL (part of VXL package).

Very well documented.

Lazy evaluation (with data processing pipelines) of filters.
Many basic algorithms implemented.

1/0 supports.

Visualization support (VTK, Qt support).

Generic programming support, (e.g., image templated over pixel type, and
image dimensions)

Memory management by smart pointers.

1D navigation on images

Hard to work with images of different color layout.
http://www.itk.org (open source)

Similar to ITK
run-time image dimensions
VXL consist of
VIL (image library): 170, etc.
VNL (fast mathematics library): matrices, etc.
VGL (geomety): curves, objects, etc
VSL (streaming 1/0), VBL (basic templates), VUL (utilities)
weaknesses are similar to ITK
reasonable set of algorithms are implemented
pretty big, but very powerful, sometimes tricky to compile
http://vxl.sourceforge.net

Clmg is a simple “suits for all” image type templatized on the
pixel.
Small, 1 header file (5 classes).
Targeted people not specifically computer scientists, i.e., no
need to understand template meta-programming, while they still
can profit from a little genericity.
Algorithms:

very basic transformations

drawing routines
STL-like interface, but hard mix with real STL code.
http://cimg.sourceforge.net




Intel development, now it is open source

Many computer vision algorithms are implemented: object,
recognition, tracking, camera calibration, 3D reconstruction.

Compatible with IPP (Intel Performance Primitives)
Itis a C library

No genericity at all. No iterators, no views.

There is ROI (one per image) support.
http://sourceforge.net/projects/opencvlibrary/

Generic Programming is used in many places. Image is
templatized on pixels, STL compatible iterator support, support
for several image views.

Support for 2D iterators.

Basic image processing algorithms (STL-like implementatinon).
Lacks of planar (non-interleaved) image support.
http://kogs-www.informatik.uni-hamburg.de/~koethe/vigra/

Generic Programming
Image dimension is a part of the image type (template).
makes the library more general (can work with more than just 2D or 3D
images)
makes the genericity more compicated (code is harder to read).
Image is templatized on storage type
Extension with new algorithms are done by extensive use of
templates, but they are hidden by macros.
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Good peer reviews

Part of Adobe Source Libraries

Part of Boost
Primary aim is to provide a generic image representation.
Templatized on channel layout (with semantic match of channels)
Support for planar and interleaved images.
Extensive view support (subimage view, color convert view,
channel view, etc)

Views can be defined on existing raw data.

2D image iterators, locators

No basic algorithms (yet).

Very basic 170 support (jpeg, png, tiff).

Support for run-time image structures (dynamic images).
http://opensource.adobe.com/gil/

http://opensource.adobe.com/gil/
http://opensource.adobe.com/gil/html/giltutorial.html
http://opensource.adobe.com/gil/documentation.html

How to use GIL?
Simple example (the “non-generic way”):

#include <boost/gil/gil_all.hpp>

using namespace boost:

void x_gradient(const gray8c_view_t& src, const gray8s_view t& dst){

for(int y=0; y<src.helght(
for(int x=1; x<src.widthQ); ++x)

dst(x.y) = ( src(xtl.y) - src(x=1.y) ) / 2;

3
void ComputeXGradientGray8(int width, int height,
const unsigned char* src_ int src_rowbytes,
signed char* dst_pix, int dst_rowbytes){

gray8c_view_t src = interleaved_view(width, ht,
(const gray8c_pi t*)src_pix, src_rowbytes);

gray8s_view_t dst = interleaved_view(width, height,
(gray8s_pixel_t*)dst_pix, dst_rowbytes);

x_gradient(src, dst);




with Iterators (pointers)

void x_gradient(const grayBc_view_t& src, const gray8s view t& dst){
for(int y=0; y<src.hei hto, ++y)
for(int x=1; x<src.widthQ): +x)
dst(x,y) = ( srcQcL,y) - src(x— W)/ 2

l

void x_gradient(const grayBc_view_t& src, const gray8s view t& dst){
for(Int y=0; y<src.helghtQ; +y){
x_itel

= src_row_begin(y);
t = dst.row_begin(y);

r(int x=: src.widthQ; ++x)
dst_It[x] = ( src_It[x+1] - sro_It[x-11 ) / 2;

»n

an inefficient, but possible way of computing the y gradient:

void y_gradient(const gray8c_view_t& src, const gray8s view t& dst){
x_gradlent(rotated90cew_vlew(src), rotatedsOccw_view(dst));

rotated90ccw_view() creates a light-weight view on the image (or view).
remember: views do not own the pixels
in this case at every pixel access the is a coordinate transformation (rotate 90
degree) and then a pixel access.

Implementation of y_gradient (similarily to x_gradient would look):

void y_gradient(const gray8c_view_t& src, const gray8s view t& dst){
for(Int x=0; x<src.wldthQ: +hO{
gray8c_view_t: terator src_it = src.col_begin();
= dst.col_begInC);

for(int y=1; y<si )
dst_Ity] = ( src_It[y+1] - src_lt[y-11 ) 7/ 2;

void y_gradient(const grayBc_view_t& src, const gray8s_view_t& dst){
for(int x=0; x<src.widthQ; +H0{ ]

gray8c_view_t::y_iterator src. = src_col_begin(x):
gray8s_vi y_iterator dst. = dst.col_begin(x); ——
for(int y=: src.heightQ: |||

+y)
dst_it[y] = ( src_it[y+1] - src_it[y-1] ) 7 2;
3 7 t t L itertorswithanoftset | ']

(like pointers)

The above computation is still can be improved by row-wise computation
(instead of column-wise). Remember: For cache hits we should process the
images row-wise. Here is the modified code:
void y_gradient(const grayBc_view_t& src, const gray8s_view_t& dst){
for(int y=0; y«rc helghtQ; +y){
X, = src.row_begin(y-1); [

‘terator srcl_i
= src.row_begin(y+1);

= = dst.row_begin(y); =
x<src. widthQ; +9O{ ifﬁ
((*sre2_it) - (*srel_it) /7 2; =

. +isrez_It;

iterators just dereferenced ‘ ‘
} and incremented (as usual)

nt(const gray8c_view_t& src, const gray8s view t& dst){
gray8c_\ xy_locator src_loc = src.xy_at(0,1);

for(int y=0; y<src.heightQ: +y){

rator dst_it = dst.row_begin(y);

'dth()- ++ x)

++sre_loc.x(); // increments the x_iterator within the locator, now it is a raw pointer inclement

src_loc += point2<std: :ptrdiff_t>(-src.width().1): // moving the locator in 2D

Locators are 2D iterators. They have two iterators, a horizontal (locator.x()) and a
vertical (locator.y())

They can be dereferenced,

operator()(x,y) returns with a pixel relative to the locator current position, where
X,y is an offset. (like views, but with offset). Notice, that each access by offset requires
some computation (multiplication, addition).

Each 1D iterator, or with the operator+=(point2) the position of the locator can be
modifier, incremented.

void y_gmdlent(const grayBc_view_t& src, const gray8s_view_t& dst){
gray8c_vi locator src_lloc = src.xy_at(0.
typedef urayec
Iocatlon h 3 ahove

n_t location_t;

X_| rator dst_it = dst.row_begin(y);
x<src.widthQ); +x)
= (src_loc[above] - src_loc[below]) 7 2;

++dSt_it;
++src_loc.xQ;

src_loc += polnt2<std::ptrdIff_t>(-src.widthQ,1);

Locator offsets are fixed and can therefore be cached. Now this pre-
computed offset can be used as a normal pointer-like offset (note the [],
instead of ()). Here, it is a raw pointer oparation.

void x_gradient(const gray8c_view_t& src, const gray8s view t& dst){
for(int y=0; y<src.| helghtQ; ++y){

src.row_begin(y);
dst.row_begin(y);

for(int x=1; x<src.widthQ; +x)
dst_It[x] = ( src_It[x+1] - src_It[x-1] ) / 2;

» _ I

S_VIEW, D_VIEW>
void x_gradient(const S_VIEW& src, const D_VIEW& dst){
fon_requires<imageVi S VIEW> >0
functlon |t=|4u|| i _VIEw> >0:
_1 1_requires: il Concept checking

typename color_space_type<S_VIEW>:
typename color_space_type<D_VIEW>: : type >> 0:

for(int y=0; y<src.heightQ; +y){

for(Int x=1; x<src.wldthO-1; +)
for(int c=0; c<num_channels<S_VIEW>:value; ++c) } Additional loop

dst_It[x][c] = ( sre_ItDx+1][c] - sre_ItDx-11[cD 7 2i]  ; the channels




template <typename S_VIEW, typename D_VIEW>
void x_gradient(const S_VIEW& src, const D_VIEW& dst){

function_requi res<imageViewConcept<s_VIEW> >();

function_requires<MutablelmageViewConcept<D_VIEW> >Q;

function_requires<ColorSpacesCompatibleConcepts<
typename color_space_type<S_VIEW>
typename color_space_type<D_VIEW>::

9
g
g9

for(int y=0; y<src.height(); ++y){
typename S_VIEW::x_iterator src_it
typename D_VIEW erator dst_
for(int x=1; x<src_width()-1; ++x)
statlc_transform(src_It[x+1].src_It[x-1]. dst_It[x]. (_1-_2)/constant(2)):

src.row_begin(y):
dst.row_begin(y):

static_transform is the channel equivalent of std: : transform, and
additionally
the loop on channels is unrolled (because number of channels know at compile time),
the channels are matched semantically.

void ComputexGradientSrayB(int width,

gray8s._\

. src_rowbytes);
bgri6s.
. dst_rowbytes);

x_gradient(src, dst);

1
Voiid ComputexXGradientPlanarRGB16_RGB32(int width. int height,
const unslgned short* src_r,
const unsigned short* src_g,
const. unsighed short= sro b, ptrdiff_t src_rostytes. signed fnt* dst_pix,

prrdife
rgbl6c_j anar, ew,( sre = planar_rgb view (uidth, height,
. . b, src_rowbytes);
rgh32s_view_t dst = interleaved vlew(wl i, her

ght,
(rabszs pixel £4)dst_pix, dst_ronbytes):

x_gradient(src, dst);
1
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Constructing images on raw data (or visa-versa), e.g.:
interleaved_view
planar_rgb_view, planar_rgba_view, planar_cmyk_view

View transformations
color_converted_view (Color converted view of another view)
flipped_up_down_view (view of a view flipped up-to-down)
flipped_left_right_view (view of a view flipped left-to-right )
transposed_view (view of a view transposed)
rotated90cw_view, rotated90ccw_view, rotated180_view (rotated view of a view)
subimage_view (view of an axis-aligned rectangular area within a view)
subsampled_view (stepping over a number of channels in X and number of rows in Y
nth_channel_view (single-channel, i.e, grayscale view of the N-th channel of a view)
kth_channel_view (same as nth_channel_view, but the channel index is a template argument)

Int nalnO{
using namespace boost
{

grays_lImage_t Img; // create an image
pg_read_and_convert_image("test.png". img): // #include <boost/g|\/ex!enslun/m/png io.hpp>
gray32f_image_t convolved(img.dimensionsQ); // create another image, same siz

harris(const_view(ing). 1.4. 1.0. 0.05. view(convolved)); // We implement thist

gray8_image_t vconvolved(img.dimensions()); /7 Create an image for visualization
i i i i ”

‘template<typename S_VIEW, Typename D.
void harris(const S_VIEW& src, double sugmal doublle signab, double alpha, const D_VIEWE dst){

usling namespace boost: :gll:

const size_t kws = 7;

kernel_id<Float> ksmooth(iws, kws/2);

kernel_ld<float> kderiv(iws,kws/2): In
gmaD)

iviD(kderiv,signaD);

N
ef p _t<num_
typedef image<comp_pixel. t.}a!% image_t;

image_t tnp(src.dimensionsQ): . [GIL numeric extension

inage_t dx2(src.dinensionsQ): sinclude <boost/gil/extension/nume
Inage_t dy2(src.dinenslonsQ)): | include <boost/gil/extension/numer
iimage_t dxy(src.dimensionsQ);

ialize kernels

initkernelGaussianDer

) VIEW>::value> > > comp_pixel_t;

/

/kernel hpp>
/convolve hpp>

saAieAlsp sIndwod

convolve_rows<typenare Image_t: :value_type>(src,kderlv,view(mmp));
convolve_cols<typename image_t: :value_typ :_viiew(tmp) . ksmooth.vi D:
convolve_cols<typename image_t: :value_type>(src,| kusn .vm-(mp)).
convolve_rows<typenane image_t: :value_type i >:

(dxy)):

png_write_view( out- fon.png"”. 4/ GIL 1/0 extension
3
L 77/ same, but compute the harris image on a colored image (channel by channel)
i t img;
3
3
kernel_1d<float> kinteg(5.3,
initKernelGaussianiD(kinteg,
i Kinteg, view(m)): | 4 5
Tew(tmp) , klnteq' view(@x)); 23
. view(tmp)); s<
_view(tmp), kl"“-eﬂ' view(dy2)); =8
Integ, view(tn)): | 3'5
view(y)): | £ 5
ew(e
orator dst, 1€ = det. ron_begin(H:
x<dx2.widthQ: +5) {
for(int c=0; c<nun_channels<D_VIEW>: :value; +o){
float trace = harli[x][c]l+har22[x][c];
dst_it[xI[c] = harli[x][c] * har22[x][c] - ( har12[x][c] * har12[x][c] )
alpha * trace*trace;
3
3
3
b




‘template<typename Kernel1D>
void_initKernelGaussianiD(Kernel1Dg kernel, doublle signa) { // Gaussian smoathing

3

Vvt sum = std::accunulate(kernel .beginQ. kernel.endQ. vtQ);

std: s transform(kernell.beginQ., kernel.end(, kemell.begin(), _1/constant(sum));
3

template <typename SrcView, typename DstView>
void multiply(const SrcViewk srcl, const SrcView& src2, const DstViewd dst)
using nanmespace boosi

‘typenane SrcVis
‘typenane SrcVi
typenane DstV
for (Int x=0; x<s
for(int ¢=0; c<num_channels<Sroview>::value; ++c){
dst_it[x][c] = srcl_itIx][c] * sre2_it[x][c];

template<typename S_VIEW, typename D_VIEW>
vold harrls(const S_VIEW& src, double sigmal, double signad, double alpha, const D_VIEWs dst){

using namespace boost:

_1d_1 T, kws> ksmooth(ws/2) :
kernel_1d_{ xaocﬂoat lws> kderiv(kws/2);
mab): /7 Notice: this still works (however it could be optimized)

In| Hgr
InitkernelGausslan I\n.D(kderlv.slgnaD):

) VIEWS: :

lue> > > comp_pixel_t;

f the kernel size known at compile time, the convolution
can be further optimized.

Performance measures for the harris function only:
kernels with variable width (resizable kernels): avg 3.61 ms
kernels with variable width (resizable kernels): avg 2.83 ms
(Intel DualCore 1.66, Image 400x282, grayscale image.)

One of the main advantage of GIL is that it can be interfaced with

almost any other image processing library.

#Include <boost/mpl/vector.hpp>
include <boost/gil/extension/io/jpeg_dynami

typedef mp

0.hpp>

:vector<gray8_image_t, grayl6_image_t, rgb8_image_t, rgbl6_i
my_img_types:

any_image<my_img_types> runtime_image;
Jpeg_read_image("input.jpg™, runtime_image);

gray8s_image_t gradient(runti
/_cv_routine(const_view(run
Jpeg_write_view("x_gradient.jpg"”.
collor_c converted, I_view<gray8_pixel_t>(const_view(gradient))):

image.dimensionsQ);
ime_image), view(gradient));

SrcViews, DstView>
void my_cv_routine(const any_image_view<SrcViews>& src, const DstView& dst) {
apply_operatlon(src, x_gradlent obj<DstView>(dst));

any_image<TL> can hold any image of type T, where T in typelist TL

the apply_operation will call a function object with the concrete instance
of a run-time specified type from a set of types

thishallow to decide at run-time, that which image type we which to work
wit

General utilities
Reference wrappers
Smart pointers in <memory> (shared_ptr, weak_ptr)
Function objects <functional>
Metaprogramming and type traits <type_traits>
Numerical facilities
Random number generation <random>
Mathematical special functions <cmath>
Containers
tuples
fixed size arrays
unordered associative containers
Regular expressions
C compatibility

TR1 implementations already exist. It can also be found in boost (boost:trl):
Reference Wrappers, Smart Pointers, result_of, Function Object Binders, Polymorphlc funcuon
wrappers, Type Traits, Random Number Generators and Distributions, Tuples Fixed
Array, Hash Function Ob]ects Regular Expressions, and Complex Number Addlllonal
Algorithms.




Several pending proposals (TR2)
Concept checking (see earlier lecture)
Small language improvements, e.g.
vector<vector<T > > - vector<vector<T>>
delegating constructors
extern templates: suppress implicit template instantiation in a
compilation unit. (®>improve compilation speed)
constexpr (solves the problem with dynamic initialization, see earlier
lecture)
template aliases, basically templatized typedefs
e.g., : template<class T> using Vec = std::vector<T, MyAllocator<T> >;
rvalue references for perfect forwarding: void forward(T&& t)
etc.
According to 1SO rules, C++09 should be finalized by the end of
2007. The new standard is very close...

Try to read the standard
Go for newsgroups (comp.lang.c++.moderated)
Look into libraries:
Boost
BGL (graph library)
MPL (for metaprograming)
GIL (for image processing)
etc
The mentioned image libraries
Blitz, uBlas for matrix manipulation
etc...

Date: 24.07.2006
Time: <individually sent by email>
Place: B107

Content:
Explain source code
Might need to write a few lines of source code
Questions about the lecture content

Structure:
15-20 minutes preparation: you will have some questions + the some
source code, and you will have time to think about it
30 minutes: oral exam




