The appendix lists several MATLAB codes written for the current project. A.1 gives the main codes of computing the number of adatoms within a defined area. A.2-A.3 is involved scripts including picking up individual adatoms and correcting image drift. 
A.1. Computation the number of adatoms within a defined area

% main codes

% Wei ZHOU

% 2014.03.25

% inputs, varies for different datasets
imagenum = 26;    % number of images from one image sequence                    

imagepath = 'D:/0 degree/01/';    % the directory of the original dataset, in the 

                            % format of xx.dat        
imagesize =512;    % the total number of pixel of one image     
 

rect1 = [7 7 498 498];        % the definition of selected areas in pixel
rect2 = [70 250 300 80];      % [XMIN YMIN WIGTH HEIGHT]                                            

rect3 = [70 150 350 100];     % XMIN, YMIN are the starting pixel
rect4 = [70 150 300 180]; 

rect5 = [350 320 100 150]; 

%% step 1：Read all raw data; pick out adatoms in each image 
image3d = zeros(imagesize,imagesize,imagenum);

imagelsn3d = zeros(imagesize,imagesize,imagenum);

for i=1:1:imagenum 
   numstr = sprintf('%d',i);

   filename = strcat(numstr,'.dat');

   fullname = strcat(imagepath,filename);

   Fid = fopen( fullname ,'r');

   [image,count] = fread(Fid,[512,512],'int32');

   fclose(Fid);

   image3d(:,:,i) = image;                    %the initial picture(3d)

   [imagelsn,atmx,atmy,atomposition] = pickupatom(fullname);  
               % pick out the atoms

   eval(['atompositionf' num2str(i) ' = atomposition;']);   %define the atomposition

   imagelsn3d(:,:,i) = imagelsn;                  %the pick-up atom image(3d)
end

%% step 2： correct the image drift
ofs3d2 = [];
for i2=2:1:imagenum

    ofs2 = offset3(image3d(:,:,1),image3d(:,:,i2));           

ofs3d2 = [ofs3d2;ofs2];
end

ofs3d2final=[[0 0];ofs3d2];

%% step 3：define the target area and apply the image offset
selectarea = [rect1;rect2;rect3;rect4;rect5]; 

[m,n]= size(selectarea);

area3d=zeros(m,4,imagenum); 

offsetarea3d=zeros(m,4,imagenum); 

midof=[];

area3df=zeros(m,4,imagenum);

for i=1:1:imagenum

   area3d(:,:,i)= selectarea;       %the original selected areas (3d)

   midof= [ofs3d2final(i,:) 0 0];

   for j=1:1:m

      offsetarea3d(j,:,i)=midof;        %create the image offset

   end

end
area3df=area3d + offsetarea3d;        %correct the image offset 

%% step 4:  count the atoms in the target areas create the histogram

acount3d = zeros(imagenum,m); 

atompositionfcell={} ;

for i=1:1:imagenum

  atompositionfcell{i}=strcat('atompositionf',num2str(i));

  acount = atomcount(imagelsn3d(:,:,i), eval(atompositionfcell{i}),area3df(:,:,i));
  acount3d(i,:) = acount; 

end

figure;bar(acount3d')

A.2. Picking up individual adatoms
function [imgf,atmx,atmy,atomposition]=pickupatom(varargin)

% PICKUPATOM sets to pick up individual Au adatoms from a HAADF image. 

% INPUT

%  file    input image

%  expf   expansion factor to remove the effect of Au nanoparticles
%        default value: 50
%  fimax  max intensity from a input image(depend on experimental images)

%
% OUTPUT

%  imgf    image after smoothing processing 

%  atmx,atmy     pixel position of one adatom
%  atomposition   pixel position of adatoms found by the codes, kx2 matrix

%
% Wei ZHOU

% 2014.04.16

%% default inputs
expf = 50;

fimax = 5500; 

%%step 1: check inputs 

msg = nargchk(0,4,nargin);                 

if ~isempty(msg), 

    disp('error! up to FOUR inputs!!!!')

    return, end

if nargin == 0

[fname, filepath] = uigetfile('E:\Matlab addins\*.dat','Please choose the files');

    filename = strcat(filepath, fname);

elseif nargin == 1

    if ~isnumeric(varargin{nargin})  

        filename = varargin{nargin};

    else

        [fname, filepath] = uigetfile('E:\Matlab addins\*.dat','Please choose the files'); 

        filename = strcat(filepath, fname);

        expf = varargin{nargin};

    end

end

%% step 2: read the raw data
  Fid = fopen( filename ,'r');

     [image1,count] = fread(Fid,[512,512],'int32');

  fclose(Fid);

%% step 3: count each pixel intensity and apply Gaussian fit for the low-intensity part of the histogram 
x=sort(image1(:));

d=diff([x;max(x)+1]);

count = diff(find([1;d]));

yww =[x(find(d)) count];           

a=yww(:,1);

b=yww(:,2);
LEN=round(length(a)/18);          

x=a(1:LEN);

y=b(1:LEN);
f1=inline('G(1).*exp(-((x-G(2))./G(3)).^2)','G','x'); 

G=lsqcurvefit(f1,[332 910.5 330.6],x,y); 

GAUSS=G(1).*exp(-((x-G(2))./G(3)).^2); 

% gaussian fit, the initial value achieved from the CFTOOLS results
GAUSS1=0.01;                               
BC=find(GAUSS1-0.0005 < GAUSS & GAUSS < GAUSS1);    

BAmin =round(mean(BC));                      

fimin=x(BAmin);                            %define the minimum value
sortintensity =sort(image1(:));                 %sort all pixel intensities
%% step 4:  smooth the image
image1s =smoothts(image1,'g',10,0.1);

image2=[];

image2=image1s;

image1s(image1s>fimax)=2*fimax;

image1s(image1s<fimin)=fimin;   
          % define the signal window of pixel intensity to select adatoms 

%% step 5:  normalization 

image1sn =(image1s-min(min(image1s)))/(max(max(image1s))-min(min(image1s))); 
image1snbw =im2bw(image1sn);     % Convert into IM2bm

imageclose =bwmorph(image1snbw,'close');                    

g = imfill(imageclose,'holes');     % filling the holes

a1=ones(expf);    % expansion size (control the area of the selected nanoparticles )

a2=imdilate(g,a1);     % expansion treatment
[i, j]=find(a2==1);

m = length(i);

for k=1:1:length(i)

    image1s(i(k),j(k))=fimin;     % cover the high intensity

end
image1sn =(image1s-min(min(image1s)))/(max(max(image1s))-min(min(image1s)));

image1sn(image1sn>0)=1;

e=logical(image1sn);

[imgf,m] = bwlabeln(e,8) ;                                                    

%% step 6: label of adatoms
atomposition = [];

atmx = [];

atmy = [];

for k=1:1:m

  [spoty,spotx]=find(imgf==k);

if spotx~=1&spotx~=512&spoty~=1&spoty~=512;

     spotcx=round(mean(spotx));

     spotcy=round(mean(spoty));

     plot(spotcx,spotcy,'wo')                  %pick up adatoms
   hold on;     

     atmx = [atmx;spotcx];

     atmy = [atmy;spotcy];

   end
end
atomposition = [atmx atmy];

close all

A.3 Correcting the image drift
function ofs = offset3(image1,image2)
% INPUT

%  image1   image 1, the reference image
%  image2   image 2

%  expf     the expansion factor for the selection of Au nanoparticles

%  filmax    max intensity, depending on the experimental raw data 

%  selectNUM    referenced particle number

%

% OUTPUT

% offset3    offsets of image2 with respect to image1 

% Wei ZHOU

% 2014.04.16

%% default inputs
filmax = 7000; 

expf1 = 10;

selectNUM = 4;

image1(image1>filmax)=1;image2(image2>filmax)=1;

image1(image1>1)=0;image2(image2>1)=0;

image1sle=logical(image1);image2sle=logical(image2);

imageclose1 =bwmorph(image1sle,'close'); 
imageclose2 =bwmorph(image2sle,'close'); 
image1scf= imfill(imageclose1,'holes'); 
image2scf=imfill(imageclose2,'holes');                                     a1=ones(expf1);    
a2=ones(expf1);              % expansion size 

image1scfe=imdilate(image1scf,a1); 
image2scfe=imdilate(image2scf,a1);

[imgf1,m1] = bwlabeln(image1scfe,8);
[imgf2,m2] = bwlabeln(image2scfe,8);

imagenormal(:,:,1) = imgf1;
imagenormal(:,:,2) = imgf2;

for i= 1:1:2 

[x,y]=find(imagenormal(:,:,i)== selectNUM);

x0 = round((min(x)+max(x))/2);

y0 = round((min(y)+max(y))/2);

axes=[y0 x0];

axesdo(:,i) = axes;

end

ofs3d2 = [];

ofs2=axesdo(:,2)-axesdo(:,1);

ofs = ofs2';

A.4. Counting adatoms

function acount = atomcount(imgf,atomposition,selectarea)

% INPUT

%  imgf             input image

%  atomposition      pixel position of adatoms found by pickupatom, kx2 matrix

%  selectarea        target regions for counting atoms, 

                   % [XMIN YMIN WIGTH HEIGHT] 
% OUTPUT

%  acount        number of adatoms found in target regions 

% Wei ZHOU

% 2014.04.16

%% inputs 

[numb,m] = size(selectarea);

if m~=4

  error('please check the inputs:')

end

[anum,xy] = size(atomposition);

if xy~=2

   error('please check the input: atompositions!!!')

end 

%% step 2 label the position of the adatoms and count their number
acount = [];

areamx = [];

areamy = [];

for i=1:1:numb

  rect = selectarea(i,:);              

  activearea = imcrop(imgf,rect);      %cropping the target area 

  count=0;

  for k1=1:1:anum

     [px,py]=find(activearea == k1);         

       if ~isempty(px)

         rmpx=round(mean(px));              

         rmpy=round(mean(py));

         count=count+1;                                

         areamx = [areamx;rmpx];                   

         areamy = [areamy;rmpy];

       end

  end

  acount=[acount;count]; 

end

