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2. Ar tificial Code Obser vations
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3. Ar tificial Phase Obser vations
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3.1 Transf ormation of DD Ambiguities to
Quasi ZD Ambiguities
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3.2 Preprocessing
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3.2.1 Stochastic Ionosphere Parameters

Î S�S�"�%�� 7 �("s��U�� 7 ��������) �  � %8� �+*f* "�){S�"
 ��� !�:"	3j�(U����"
� � � É ��� * ���("
 ; "
 !���� !� � � É ; � D U �+* U � % 7 ��% * � � #�� 7#61 �  � "
 �"�%�S�U����(�m)f" 7 ���=�(U���%8��" * U � %'� ��*}* "
)fS�"	< ��� !�u"	3l��U��Ë� É ; ����S����e%8�� !�(%}�(U��V�(��% �+7 � � �aS � ���"	3���U��2)f" 7 ��� �  �dD U ��* U � % 7 ���l��" � )����$� � ��� 7 �I"	3%8U�"
���8<������()DC.� * �(� � � � "� �% �  z��U���� É ; � � % �  � �(U��
\�� � 7}7�7}� )�# ��� � � � � �e%���U��e%8�a%'�(" * U � %8� �+*_� "� �"�%�S�U������S � � � )f�������0% ��5 , ��E %0� *��  u#.� * "
)fS����(� 7 "
 u�(U�� 7�7�$� / ����� � ��U����:#!1 �  � �$16F �  � ��U�� �GF Ü � � æ � $ � �  �<� � � * "�)�# �  � � � "
 }"
�&#61m% � )����$� �  ���"���%8��1 �  � �$16F �  ���U���"
� �$���  � � *�� ��� � ���(% � � �  7 � $ 7�� ��� * �(�$1 ��5�* U � ��� A�Ù�Ù
Ù��W�d��U��w) �
�  7��]h ���(�� * �I� � ��% �  �  ��*�* ��� ��* 1
���
�  _"	3 � S�S��(" �6� ) � �(����1 � 3 �
* ��"
��"	3�r D U��� * U�"!"!% �  ���U���� � �8�����^)f�W�(U�" 7 � x �$� ������B_%�U�" D %y�(U���%8��" * U � %'� ��*
* "�){S�"
 ��� !�E"	34��U��X� É ;z�  w�(U��X� �_Ê É 5  ��W� D "
� Y ��&% D �}���(1|��" �C/ " �+7 3Z"���) �  �V�  !1|� �  �� � � * "
){<# �  � � � "� � � F * "
 !� �	�  �%I"� ���1`Ú	r��  IH "
3X��U�� � "
 �"	<%8S�U���� ��* % ���  � �+� D �E��%8���(U��=� � �������j){����U�" 7 3Z"
�k%8"�� / <
�  � É t � � Ù!�®��,- m"
� 7 ���=��"l��%��:��U�� 5 , �<E % �  É t � � Ù��

>



D � * "
 / ���8�E�(U���) 3Z�("
) 7�7 �("2F 7 ��� / �����=� �!�	�  ��� %3Z"�����U�� � )�# ��� � � � � �e%  %���� 5 � * � � "
 }>��$AC�^�(U � % * "� / ����<% � "
 7 ��S.�� 7 %k"
 l� D " � %�%���)fS�� � "
 .%�Ö � AC�y��U�� * U�" ��* �"
3k"� �� ë �����ä�ì î���� 3Z"��:� ��* U�# � %8��� �  �� � "�� � %8��)f) � � � "� * "
 7�� � � "� Õ"
 � ��� 5 , ��E %u"� Õ� ��* UÕ# � %���� �  ��e� {�  7
� B
�2��U�� * U�" ��* �["	3X�(U�� /C� �$����%w"	3 ë ãî���� 3Z"
� � S � ��<� ��* ��� � �s����3Z���(�� * ��%8� � � � "� ��i��U��n%8� * "
 7`� %(%8��){S�<� � "� *�� ��%���% �|* � � %(%2,l# �+� % D U �+* U � %I �"
� * � � � �+*�� �#����  )f"
�(� � )fS�"
��� �  �� E� %(%8��)fS�� � "� � Ae� 7 "!�e%l �"
�
*�� ��%�� ��* � � %�%f,�,a# ��� %{%8����)f) �  � 3Z�("
) �(U�� � )a# � <
� � � �'1m�����() � ãä D U �+* U � %_��%(%8�� !� �+� � �  7�� ���$" D %&3Z"��� % � �����$� � ���W<-%�S.� *W�$\.*s� "� �"�%�S�U������ �  !������S�"
� � � � "� � %8���
5 � * � � "� 2>�� >���Ae�W�4��U � %j%8����S2"	3¦�(U�� �  � ��16% � %�S��(" /!�+7 �e%
t � � % � F 7u5 , ��E % D U �+* U *��  �#.� � S�S�� � � 7��  É t � � Ù��®�,?� � % � ){S�"
��� �  !�}��"z �"	�(�n��U � �}��U��e%8�u�(���()f% * "
 �<� �	�  g"
 ���1v�(U�� 7��]h ���(�� !� �+� � � "� �"�%�S�U������ D U �+* U � )a<S�� � ��%j��U � � � %8��S � � � �(� * ��" *0Y ��%8� � ) � � � "
 l3Z"�� � � �  7
�%$ �
��/ �e%ES�%���� 7 " * ��" *0Y S � � � ){�������(% D U �+* U � �(�: �"
�"� ���1o# �+� %�� 7 #61`�(U�� * � � %(%m, �  7Í* � � %�%m,�,s# ��� %8�e%
*�� ��%�� 7 #!1f�(U�� � )�# �$� � � �'1{�(���()f%�#���� � ��%�"X#61 � "
 �"
<%�S�U���� �+* # ��� %8�e%�� Ê � / ������U����$�e%�%=��U � % 7 "6��%& �"	� �Nh � * ��(U��{S � � � )f�W�(���=�e%'� � ) � � � "
 � � � �$���q��U����(��) �	�  �  �
� "
 �"�%�S�U���� �+* � h � * � *��  n#.� � #�%8"���#�� 7 #61[��U�� * ��" *0YS � � � )f�W�(���0% �  7 %8U�" D %_��S �  u�(U��l��U�� 7��]h ���(�� * ��%"
3 � éaê äZì JLK æméaê äZì JNM ���(��%�S�� � éaê ãJ K æséaê ãJ M � � � � � ���
��B
@
@�Ae�®� x ��� ���(�}>b%8U�" D % � �$� � � ���e% �+7 � � ��%{3Z�("
) �
* �$" *0Y ��%8� � ) � � � "
 VS���" * ��%(% � Ù!�_3Z"��a"� �� 7�� 1 �  v��U��� �_Ê É 5  ���� D "�� Y ��=S�S��$1 �  �Ë5 , �<E % �  7 ��� �  .%'3Z"���)f� 7g� )�# ��� � � � � �e%%8����)f) �  � 3Z�("
) É t � �O �q�$� �
7 %:��" � � ���e% �+7 � � ��% �  �(U��I"�� 7 ����"
3Erd)f) D U ��* U � �(�l3Z�����l3Z�("
) �  61u����<) �
�  �  � %�16%8����) � � �+* %�� Î  ���1Í��U��gS���" * ��%(% �  � "	3
� � ' ßA@ � $ % � )����$� �  ���"���%��$1 � % 7 ��% * � � #�� 7ü�  ü��U��� � %8�E%8� * � � "
 D "���� 7 �$" D ���k��U��q�(��% �+7 � � �+%�%8� �$� U!����1{#61
�  � S�S���" ��� ) � ���f3 ��* ��"���"
3 � B t � � �(� * ��"�%��l�("[��U��� �  7 "
)ÕS�U � %���){� � %����(��)f�� !�� �" � %������ / ����� x ��� ���(��r%�U�" D %4�(U�� � )fS ��* �^"
3.�(U�� 7��$h ������ !� � S�S��(" ��* U���% 7�� %'<
* ��%(%8� 7I�  s��U � %=%�� * � � "� w"� I�(U��:�(��%����]� �  �f��*�* ��� ��* 1��

3.3 Ar tificial Obser vations

�o��� �  .%'3Z"���) � � � "� 2� t � ��/N� ���� !����" É t � � >�� � ����" D %^�("
7 � \  �� � �8� �]\.*���� � *�� ��� � ���kS�U � %��&"�#�%���� /C� � � "
 �% �  I3Z���$�
�  � ��" � 1��(" É t � � r!�j���e%8S�� É t � � 9
�W� Ê "	�(���(U � �E%�� * U

-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

0 500 1000 1500 2000 2500 3000

[m
],

[30s]

L1 (SIP)

���Ø���QPSRAT4=~°�¸'§�ª¬¼C·N©0±¬§y«0¿�¯e§�¸'·C¼C«&¶8±¬«�¶!6:¸'§�¨�ª?/=©(¨�ª¬«®�«®�¼N©'¹²
:
:�ª¬&¨�ÂC¸y¹W¸8©0°4²®³®³®³eÄ

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

60 80 100 120 140

[m
],

[5s]

L1 (L4 introd.)
L3

L1 (SIP introd.)
L1 & L2

���]����UWV�XX¥�«0¿�¯C§�¸'·C¼e«k¶'±¬«�¶!6E¸'§�¨�ª?/=©(¨�ª¬«®Eª¬�©�§�ÂC«®°�¨�ª¬W¨�¸'°+=
30©0±6«®q¼N©'¹�:
:kª¬�¨�ÂC¸�¹W¸8©0°j´�:
:
:eÄ�À�Âe¸�¶?ÂC«®§�¸':©0¯e¯C°�«W©0¶?Â_¿$«®°°�¸�©0±¬ª?Y'ª¬CÁ�©%Z[V�Vmª¬§]\ R�Tkµ~¥7^`_wª¬�¨�°�«�¼!Ä Ã!a¬Ä

7 � \  �� 7 "
#�%���� /N� � � "� �% *��  {"
 ��$1:#��E� /N� ��� � ��� 7 "
 7�7�$� / ����#!1wS.���83Z"���) �  �l� # � %���� �  ��X%8"��$��� � "
 DE� �(U �  61
�  7 ��S��� 7 �� !�X��" / ���q��� * � �$/ ���e�a�=" D � / ���&3Z"
� *�� �(� � ���S�U � %8��"
#�%���� /N� � � "� �%�%�S�� *W�+� � � �8���� !� � "
 {U � %���"q#��k3Z"
<
* ��%(%�� 7 "
 s��U��_�(���()l% ë ãû �  7 é å ãû ì íZî(ï-ð D U �+* UmU �C/ ���"s#.� Y  �" D  [S��(� *�� %�����1s3Z"
�q� ��* U[��S�" * U � �q��U�� * "	<"
� 7��  � �(��%  û cb û D U����(�q��U�� �q�=� %8U�"
��� 7 #��:�(� � �$<
� F�� 7 �4,?� � %� �"	�^%�� Ï *W� �� !� �  a�(U�� *�� %8��"
3 � "
 �"!%8S�U���� ��*
7 ��� � 12�(" ��7 "
S�� /C� �$����%E3Z�("
) � %8� �  7�� � 7 )f" 7 ��� � %%8) � �$��% *�� ��� �  7 U ��� Ub3Z�(� t ���� * 1(C�� * ��� � � � "
 .% � ��� �"	� *�� S������(� 7 � 56� ) � � � ���(��) � � Y % � �(� /N� � �+7 3Z"
�����("	<S."!%8S�U���� ��* S � ��U 7 ��� � 1��

3.3.1 Ionosphere Interpolation Model
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3.3.2 Troposphere Interpolation Model
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3.4 Evaluating Vir tual Phase Obser vations
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3.4.1 Baseline Solutions
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