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Shape recognition using DRfT-based 
correlator 

Neng-Chung Hu and Kuo-Kan Yu 

The proposed approach uses two types of correlator. The first is a 
correlator using DFT to detect the positions of peak values, while 
the second is a correlator using the discrete rotational Fourier 
transform (DRFT) to display the correlated images. The purpose 
of this scheme is to recognise multiple differcnt targets 
simultaneously. 

Introduction: Correlators are among the most powerful techniques 
for locating multiple objects. Several schemes have been proposed 
[l - 31. These conventional correlators, based on DFT, cannot 
handle multiple different targets. For example, if both reference 
and input have many different objects, the DFT-based correlator 
of the reference and input will generate many peak values. It is 
difficult to recognise the images of the input objects from these 
peaks. However this problem can be easily solved if we use the 
DRFT-based correlator in our proposed approach, for the DRFT 
[4] contains both time and frequency information. 

DRFT and DRFT-bused cor.relu,rou: The DRFT is given by [4] 

Xcl [n, k ]  = 00 (n)x[n]+al (a)  .Y [k]+a2 ( U ) %  [ -n]+qj (a) X [ - k ]  
(1) 

where the rotational angle a relates to the fractional order P of 
the DFT by 

a = 1' ' (7r/2) 

ao(a) = 0.q1 + e '")  cos n 

C L ]  ( a )  = 0.5(1 - j r J " )  sinn 

~ ( a )  = 0.5i:e3" - 1) cos0 

( 2 )  

(3) 

(4) 

(4 
(6) 

and the coefficients corresponding to each component are 

= 0.5(--1 - j c j a )  sinn 
Based on this, we borrow the definition from the 1D DRFT and 
define the two-dimensional DRFT of an N x N square image as 

Xa[?L,,?l2,ki,kZ] = uo(a) . l[ /L1,rb2] + aL(cu)X[kl,k2] 
+ u z ( " ) % [ - - ? ~ ~ ,  - 7 4  + 0 , 3 ( a ) X [ - k , ,  4 2 1  

(7) 
where ;Y[k,,k,] is the two-dimemional DFT ofx[n,,nJ. Like the ID 
DRFT, the 2D DRFT contains both time and freqnency domain 
information. 

The correlation of x[nl,n,] and h[n, ,e2] is given by 

1 ,A-1 .';--I 
X [ ~ L % ,  t ~ 2 ] O h [ 7 ? l ! ~ ~ ~ ]  = - C~[X- l ,X -%]k[h -1 -n l ; k z -n2]  

k l  =o k3=0 
Y 

n , . n z = O , l , %  )...) A - 1  (8) 

The correllation value is the overlapped area of x[n, ,n2] and h[n,,n,] 
divided by N. The correlation can be implemented by the DFT 
transform domain as flk,,k2]H*[kl,lc2], where '*' denotes the coni- 
plex conjugate. Thus the DRFT-based correlator is given by 
-Tr [nI,i?z,h ,M Ha%, ,n,,k,,k,l, whcre X,[n,,n,,k,,k21 arid 
Ha[nl,n&,,k2] are the DRFT of x[nI,n,] and /z[n,,n,], respectively. 
The product is then taken by the inverse DRFT given by a"(- 
44n , ,n21  + al(-a)Xlkl,k21 + a,(-a:)x[-n,,-nJ + uka)x[-k,,-lc,l, 
yielding 64 terms. Among these 64 items, only two kinds of infor- 
mation are significant: correlation and product results. The corre- 
lation results are generated by the following terms: a,(a)n,  
(a)."*(cQ~~k,,k,]"~~~:(iii,k,], n,(-a)~,(a)a,*(a)Xkrlk,,k21"H*[kl,kZ], 
a, (-a)q ( a h  * (a)X-k, ,-k21 O H*[-k, ,-k2]. a3(-a)ao(a)a" *(a)X-k, .-kJ 
ON* [-k I ,-k2], &t~)a,  (a)u, *(a) x[n , ,vi,] 012 * [n, ,n2], a , (-a)a, @)ai * (a)x 
[n,,n,]"h"[rz,,n,], nl(+x)ul(a)ul "(a)?i[-n,,-n,]"/z*[-n,,-n,] and a3(-a)a, 
(~l)a,~(c~)zc[--n,,--n~]~lz*[--rz~,-n~~, while the product results are gener- 
ated by a,i(-a)u)ni,(a)ao*(a))x[n, ,n21h"[l~l ,n,l, 44) uZ(a)al *(a)x[n,,n,l 
/?*[nl ,nz I, ao(+x)uz(a)u,* (a)x[-n,,-n,l h* [-n,,-n,] and a , ( ~ ) ~ ~ ( a ) a , ~ *  
(w)x[-rz ,-n,]/i*[-n,,-n,]. The former generates correlation peaks, 
while the latter generates the correlated images. If the images in 
the input have exactly the same positions as the images in the ref- 
erence, the DRFT-based correlator can generate the correlation 
peaks from the correlation results. Moreover, it can display the 
correlated images owing to the product results. The displayed 
images are our targets. Because of this, we are able to obtain from 
the peak values the images corresponding to the peaks. In the pro- 
posed shape recognition scheme, wc: first use the conventional cor- 
relator to generate the peak values and their locations, and then, 
according to these locations, we shift the reference images to the 
correct positions. Finally, we use 1 he DRFT-based correlator to 
display the correlated images. 

Fig. 1 Input iinuge 

Fig. 2 Reference irnuge 

Pig. 3 Cowelution between Figc 1 urd 2 

Computer simulations and discussions: Figs. 1 and 2 are used as the 
input and reference respectively. The conventional correlator 
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generates several peaks (shown in Fig. 3), and it is difficult to dis- 
tinguish which peaks are generated by which images of the input. 
However, the peak values and their corresponding positions 
shown in Table 1 indicate only four significant peaks. To obtain 
the images corresponding to these four peaks, the DRFT-based 
correlator is applied. To  see which image in both the reference and 
the input generates the first peak, we move Fig. 2 40 pixels in the 
X-direction and 124 pixels in the Y-direction. The moved image is 
correlated with the input object by the DRFT-based correlator, 
resulting in the displayed image shown in Fig. 4a, which is the ‘A 
and B’ image in the top righthand corner of Fig. 1. By applying 
the same procedures to the second, third, and fourth peaks, we 
obtain two single Bs and one single A, shown in Fig. 4h-d. The 
conclusion of the DRFT-based correlation between Figs. 1 and 2 
is that Fig. 1 contains four patterns; ‘A and B’, two single Bs, and 
one single A 

a b 

C d 
Pig. 4 DRFT-based correlator output corresponding to dgferent peaks 

a 1st peak 
b 2nd peak 
c 3rd peak 
d 4th peak 

Table 1: Seven larger peak values of Fig. 3 

Conclusion: The DRFT contains both time and frequency infor- 
mation. Thus, the DRFT-based correlator can not only generate 
correlation peaks, but also display the corresponding correlated 
images. With this property, the DRFT-based correlator can be 
used to recognise multiple different objects. 
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Improvement of Saeednia’s self-certified key 
exchange protocols 

Tzong-Chen Wu, Yuh-Shihng Chang and Tzouh-Yi Lin 

In 1997, two self-certified key exchange protocols were proposed 
by Saeednia. It is shown that Saeednia’s self-certified key 
exchange protocols are insecure in that an adversary may 
impersonate any legitimate user in key exchange. An improvcment 
against the impersonation attack is described. 

Intvoduction: Saeednia [ 11 presented two key exchange protocols 
based on Girault’s self-certified public key system [2]. In Saeed- 
nia‘s key exchange protocols, there exists a trusted third party 
(TTP) for system setup and user registration; however, the TTP 
does not know the secret key of any user during user registration. 
Saeednia’s key exchange protocols preserve the merits inherent in 
both the identity-based system and the self-certified system, and 
hence allow a considerable reduction in communication complex- 
ity. In this Letter, we first show that Saeednia’s self-certified key 
exchange protocols are insecure. An adversary may impersonate 
any legitimate user in running these protocols. We also present an 
improvement that can withstand the impersonation attack. 

Saeednia’s key exchange protocol: In the setup of this system, the 
TTP chooses an integer n as the product of two large distinct 
primes p and q of almost the same sue, such that p = 2p‘ + 1 and 
q = 24 + 1, where p’ and q‘ are also primes, a base g # 1 of order 
I = p’q’, a large integer U < Y, and a one-way hash function$ The 
TTP makes g, U, f and n public, keeps r secret and discards p and 
q afterwards. Next, any user U, can register with the TTP by per- 
forming the following steps: 
(i) U, randomly chooses a secret key x, E Z,, computes the public 
key 
(ii) The TTP prepares a string I ,  associated with q’s  personal 
information (name, address, etc.) and computes V,’s identity ID, = 
XI,) .  
(iii) The TTP computes w, = y,”~-’ mod n as a witness and sends 
{I, ,  lV,} to U;. 
(iv) U; verifies the identity and the witness by checking that yz  = 
w/(IrJ mod n. 

Saeednia claimed that forging a valid witness w, for U, is equiv- 
alent to breaking an instance of the RSA cryptosystem [3]. Sup- 
pose that U, and want to exchange a secret key to be used for 
secure communication. They can perform the following protocols. 
These protocols are based on the well-known Diffie-Hellman key 
distribution system [4]. Note that the secret key exchanged in pro- 
tocol 1 is invariant, while it is time-variant in protocol 2. 

Protocol 1 
(I) U, sends {t, )vi} to r/: 
(ii) U, sends {I,, w,} to U, 
(iii) U; computes the secret key shared with U) as k = y f ( Y  mod n 
(iv) U, computes the secret key shared with U, as k = x~ mod n 

Protocol 2 
(i) q randomly chooses a secret integer t, E Z,, computes v, = g‘z 
niod n and sends {Z,, w,, v,} to U, 
(ii) randomly chooses a secret integer t, E Z,, computes v, = g‘i 
mod n and sends { J ,  iv,, v,} to V,  
(iii) U, computes the secret key shared with as k = wJ(l,J . v? 
mod n 
(iv) r/, computes the secret key shared with as k = w/(‘l).t, v :~  
mod n. 

= g‘i mod n and gives it to the TTP. 
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