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efj_c_pWj_ed�fheXb[ci(� Kkffei[Z�j^Wj�j^[� \Y'j �̂ ie'

bkj_ed�e\�fheXb[c�"/#�_i�eXjW_d[Z(�L^ki&�j^[�\Y�% �+'j �̂

iebkj_ed�_i�][d[hWj[Z�Xo

5 T"'�6 �c_d� AA�< �$ �FT7 T�$ �5 � qqq

5� "$#
% �9� qq�5 �t�B� qqq

WdZ

FT"'�6 �c_d� qq�E �' �F 7 T�$ �5 T"'� qqq�_0�e "1#

WdZ

7 T"'�/ �c_d
7 0 �*

< �$ F T"'7 �$ �5T"'� qqq
"2#

9bj[hdWj[bo�iebl_d]� "0#&� "1#� WdZ�"2#&� j^[� beYWb�efj_'

cWb� iebkj_ed� e\�fheXb[c� "/#� YWd� X[� WY _̂[l[Z(�O[�

YWd�][j�j^[�iebkj_ed�e\�fheXb[ci�"0#&� "1#�WdZ�"2#�Xo

6 � ' � � F I S
R S � +�% �9�BRS "3#

'T"'� " �'*ZZ �8@� Z^�8@
c �<T�$ �5 T 7TC R.S�

cFT7 T7 TC RS� x
"#"#

,,*!+�" � ,,*� -'*&�%*�.�#*  ))
')� ')� -'*&'*$ * ()

"++#

9YYehZ_d]�je�"3#&� "+*#�WdZ�"++#&�m[�YWd�ikccW'

h_p[�j^[�if[Y_\_Y�Z[jW_bi�_d�9b]eh_j^c�+(

'=9@C;E:>� #� O[_]^j[Z�Fed'd[]Wj_l[�EWjh_n� >WY'

jeh_pWj_ed�"OFE>#

/7BF;C7%� F�d�AV`Z#�7 �N�AZ`W�WdZ�5 �[�AV`W#�
< �d�AV`W#� R\NZ�

)?DFC7%� E#�7 �

+4� 9�WdZ�B�Xo�".#
8@C�T�/ �"�je� R \NZ�6@

z� z� ' � < O R $ � F T7 T5 \) +�6
+%9r_V`

a\ ZT" ' �V �AA ZT�""E�w�5�  7 �  R S �
^ Z R S � ^^R S � �F T7 T7 TC R S
7 T" ' � / � Z Z T � �FTC � < Tf5 T  S S �

R S � ! S� "F TCF T7 T R S
7?6�8@C
E�/ �F7

AAA(� = P H = J AE = F L �J =KM DLK

L^[�h[Yel[ho�WdZ�j^[�Ybkij[h_d]�f[h\ehcWdY[i�Wh[�

[nfbeh[Z�ed�jme�\WY[�ZWjWi[ji�"_([(�GJD�WdZ�Q9D=#�

WdZ�YecfWh[Z�_j�m_j^�;WkY^oFE>�S+*T&�JFE>�S1T&�

EW^FE>� S0T� WdZ�FE>� S+T&�O[�fhefei[�jme�\WY[�

ZWjWi[ji�"_([(�GJD�WdZ�Q9D=#�WdZ�KWbj�WdZ�H[ff[h�

de_i[� je� lWb_ZWj[� j^[� [\\[Yj_l[d[ii� e\� j^[� WXel['�

c[dj_ed[Z�FE>�c[j^eZi(

KWbj�WdZ�H[ff[h�de_i[�YedjWc_dWj[i�W�\[m�f_n[bi�

e\�[WY �̂_cW][�je�X[�*�eh�,//(�O[�fhefei[�\ekh�b[l[b�

f[hY[djW][�e\�KWbj�WdZ�H[ff[h�de_i[�\hec�Y�6+*!�

je�,/!�m_j^�j^[�ij[f�i_p[�/!�je�Yehhkfj�[WY �̂_cW][(�

Le�lWb_ZWj[� j^[�[\\[Yj_l[d[ii�e\�Wbb�FE>�c[j^eZi&�

m[�kj_b_p[�H[Wa�K_]dWb'je'Fe_i[�JWj_e�"HKFJ#�WdZ�

9YYkhWYo�"9;#�WdZ�FehcWb_p[Z�EkjkWb�Ad\ehcWj_ed�

"FEA#� S+1T� je� j[ij� j^[� h[Yel[ho� [\\[Yj� WdZ� j^[�

Ybkij[h_d]�f[h\ehcWdY[(

1%� ER[]JURbJ\RXW�XO�ANLX^NZNM�6JLN[

Kkffei_d]�9� 6 � +**� WdZ� R \NZ�/ � ,**&� j^[�h[Yel'
[h[Z�\WY[i�WY _̂[l[Z�Xo�Z_\\[h[dj�FE>�c[j^eZi�Wh[�

fh[i[dj[Z�_d�>_]kh[�+�WdZ�,(�Le�lWb_ZWj[�m^[j^[h�Wbb�

FE>�c[j^eZi� WY _̂[l[� iWj_i\WYjeho� \WY[� h[Yel[ho&�

m[� b_ij� HKFJK� WY _̂[l[Z� Xo� Z_\\[h[d� FE>� Wb]e'

h_j^ci� _d�LWXb[� A�WdZ�AA(� >hec�j^[i[�YecfWh_iedi&�

m[�YWd�eXi[hl[

s� O^[d�Y�6+*!&�Wbb�FE>�c[j^eZi�WY _̂[l[�\WY[�

h[Yel[ho� \hec� KWbj� WdZ� H[ff[h� de_i[(� 9i� Y�
lWh_[i&� j^[�HKFJi�Z[dej[� j^Wj�FE>�WY _̂[l[i�

j^[� mehi[� h[Yel[ho� [\\[Yji� j^Wd� ej^[h� FE>�

c[j^eZi(�OFE>�WdZ�;Wkj^oFE>�YWd�WY _̂[l[�

\WY[�h[Yel[ho(�9Xel[�Wbb&�FE>�YWddej�^WdZb[�

KWbj�WdZ�H[ff[h�de_i[(�OFE>�WdZ�;Wkj^oF'

E>�YWd�^WdZb[�KWbj�WdZ�H[ff[h�de_i[(

v� OFE>�eXjW_di�j^[� _̂]^[ij�HKFJi�j^Wd�ej^[h�

FE>� c[j^eZi(� 9bj^ek]^� JFE>� WdZ� ;Wk'

j^oFE>�WY _̂[l[� iWj_i\WYjeho�f[h\ehcWdY[i� _d�

j^[�X[]_dd_d]&�j^[o�f[h\ehc�mehi[�Wi�Y�lWh_[i(�
Aj�_i�eXl_eki�j^Wj�OFE>�WY _̂[l[i�j^[�icWbb[ij�

eX`[Yj_l[�lWbk[�j^Wd�ej^[h�FE>�c[j^eZi(

2%� 3U][\NZRWP�?NZOXZVJWLN[

>_]kh[�-� fh[i[dji� j^[�Ybkij[h_d]�h[ikbji�ed�GJD�

Yehhkfj[Z�Xo� KWbj�WdZ�H[ff[h�de_i[(� 9YYehZ_d]� je�

j^[�Ybkij[h_d]�h[ikbji&�m[�YedYbkZ[�j^Wj

,3*

Authorized licensed use limited to: Univ of the District of Columbia. Downloaded on February 01,2021 at 00:53:16 UTC from IEEE Xplore.  Restrictions apply. 



"Y#�Y �6,*!� "Z#�Y �6,/!

>_](� +4� J[Yel[h[Z� \WY[i� \hec�GJD�m_j^� KWbj� WdZ�

H[ff[h� de_i[(� >eh� [WY �̂ _cW][&� j^[� _cW][i� _d� j^[�

\_hij�hem�_i� iWcfb[�_cW][i�m_j^�Z_\\[h[dj�Yehhkfj[Z�

f[hY[djW][i&� WdZ� j^[� _cW][i� _d� j^[� bWij� \_l[� hemi�

Wh[�j^[�h[Yel[h[Z�\WY[i�Xo�OFE>&�FE>&�EW^FE>&�

JFE>�WdZ�;WkY^oFE>(

L9:D=�A4�HKFJi�ed�GJD�m_j^�KWbj�WdZ�H[ff[h(

H LG +* +/ ,* ,/

OFE> ,/(,2 ,/(+1 ,/(*/ ,.(23

FE> ,*(2- +3(.. +2(-2 +1(//

EW^FE> ,,(2, ,+(02 ,*(13 +3(32

JFE> ,-(.1 ,,(-, ,+(+0 ,*(*.

;WkY^oFE> ,-(10 ,-(2 ,-(3- ,.(*3

L9:D=�AA4�HKFJi�ed�Q9D=�m_j^�KWbj�WdZ�H[ff[h(

+* +/ ,* ,/

OFE> ,*(,2 ,*(-2 ,*(+1 +3(3,

FE> +1(2, +0(.+ +/(-+ +.(/*

EW^FE> +1(1- +0(-. +/(-+ +.(-2

JFE> ,*(,0 +3(+3 +2(+1 +0(30

;WkY^oFE> +2(01 +2(0/ +2(0, +2(-*

s� OFE>�WdZ�;Wkj^oFE>�YWd�WY _̂[l[�j^[�X[jj[h�

Ybkij[h_d]� 9;i� WdZ� FEAi� j^Wd� ej^[h� FE>�

c[j^eZi&� m^_Y^� _dZ_YWj[i� j^[o� YWd� b[Whd� Wd�

[\\[Yj_l[� ikXifWY[� m^[d� GJD� _i� Yehhkfj[Z�

ekjb_[hi(

s� O^[d�Y�_i�icWbb[h&�;Wkj^oFE>�WY _̂[l[i�iWj_i'

\WYjeho�Ybkij[h_d]�h[ikbji(�@em[l[h&�;Wkj^oF'

"Y#�Y�6,*!� "Z#�Y �6,/!

>_](� ,4�J[Yel[h[Z�\WY[i� \hec�Q9D=�m_j^�KWbj�WdZ�

H[ff[h� de_i[(� >eh� [WY �̂ _cW][&� j^[� _cW][i� _d� j^[�

\_hij�hem�_i�iWcfb[�_cW][i�m_j^�Z_\\[h[dj�Yehhkfj[Z�

f[hY[djW][i&� WdZ� j^[� _cW][i� _d� j^[� bWij� \_l[� hemi�

Wh[�j^[�h[Yel[h[Z�\WY[i�Xo�OFE>&�FE>&�EW^FE>&�

JFE>�WdZ�;WkY^oFE>(

E>�WY _̂[l[i�feeh�f[h\ehcWdY[i�Wi�Y�lWh_[i(
s� OFE>�^Wi�j^[�X[jj[h�Ybkij[h_d]�f[h\ehcWdY[i�

Wi� Y� lWh_[i(� Ad� j^[� ej^[h� mehZ&� OFE>� YWd�

dej�edbo�h[cel[�ekjb_[hi� _d� j^[� ikXifWY[&�Xkj�

Wbie�b[Whd�X[jj[h�fh[i[djWj_edi�j^Wd�ej^[h�FE>�

c[j^eZi(

AN(� ; G F ; DM K AG F �9 F < �>M L M J = �O G J C

Ad� j _̂i� fWf[h&� m[� fhefei[Z� W� m[_] ĵ[Z� FE>�
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