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Cellular ExpertTM is a wireless telecommunications networks planning, optimization and 
documentation software, available to the telecommunications industry since 1995. Used in nearly 
30 countries, the software is distinctive for its precision, multi-technology, intuitive usage and 
advanced GIS platform. Cellular Expert allows users to plan, optimize network and analyze 
information efficiently, to lower operational costs, increase profitability, and improve the quality 
of customer support services. 
 
HNIT-BALTIC GEOINFOSERVISAS (HB-GIS) UAB is a developer of Cellular Expert. The 
company, having many years of practical experience in the telecommunications field, offers 
easily integrated, expandable and reliable solutions which respond to evolving technological 
requirements and fulfils customers’  needs. 
 
Cellular Expert tool can be used by:  

�  Mobile network operators 
�  Telecoms 
�  Internet providers 
�  Military communications 
�  Emergency services  
�  Private networks  
�  Consultancy services providers  
�  Anyone who needs computerized analysis and reporting tools for radio network planning 

 
Cellular Expert is more than just a networks planning tool. The software is developed on the 
world’s leading GIS – Geographical Information System platform - ArcGIS™, which has been 
developed by the industry leader ESRI Inc.  
 
GIS technology enables Cellular Expert users to integrate location-based data into analysis and 
management processes in network planning and operations, marketing and sales, customer care, 
data management, and many other planning and problem solving tasks. Due to the data access, 
complex data transformation and import/export capabilities specialists may easily integrate 
location based data from multiple sources, organizations and formats for streamlining everyday 
business tasks. 
 
Cellular Expert software is dedicated to a technology range of up to 40 GHz. 
The software supports the following networks: 

�  Mobile networks (GSM, DCS, PCS, NMT, CDMA2000) 
�  Broadband wireless access networks (LMDS, MMDS, WiMAX, WLL) 
�  Wireless transmission networks 
�  Military and rescue networks (TETRA) 
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Cellular Expert requires ArcGIS ArcView or ArcEditor with Spatial Analyst software from 
ESRI. 3D Analyst is optional. 
 
System architecture and functionality of Cellular Expert are described below. 

ArcGIS

Spatial Analyst

3D Analyst
(Optional)

CELLULAR EXPERT

Database Raster
files

CE Radio Links

CE Profile
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3.1. Standalone Configuration 

 
 

 
In case Cellular Expert is working as stand alone 
workstation, all information about radio network objects 
are stored in personal geodatabase (* .mdb format). 
Cellular Expert requires only basic objects and their 
attributes. Additional objects and attributes can be easily 
added to Radio Network database structure. 
 
Network coverage predictions, best server, interference 
and other raster data are stored in ESRI GRID format 
locally on disc.  
 
 
Geographical data can be stored locally on disc, on 
network server or ESRI ArcSDETM database. 
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3.2. Multi-User Configuration 

 
 
In case Cellular Expert is working as multi-user 
based on ArcSDE, all information about radio 
network objects are stored in ArcSDE tables. 
Cellular Expert requires only basic objects and 
their attributes. Additional objects and attributes 
can be easily added to Radio Network database 
structure. 
Geographic data can be stored locally or on 
ArcSDE. 
Field strength predictions can be calculated 
locally and stored on file server or ArcSDE 
database. 
Full multi-user functionality of Cellular Expert 
can be accessed using Cellular Expert on 
ArcEditor. 
 
Cellular Expert supports database versioning. In addition to main database several versions (e.g. 
planned Q1, alternative Q1,…) can be created. Depending on task complexity, network size 
several workflows can be applied: 

3.2.1. Direct Editing 
The simplest workflow for multi-user access on a geodatabase if for many 
users directly edit the main network database. 
Each person opens the main network database for editing, a temporary 
version is created. Whenever the editor saves the work or ends the edit 
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session, then that temporary version is automatically reconciled with and posted to the main 
database. 
If there are conflicts, you must resolve them with the conflict resolution dialog before you can 
successfully save your edits. If no conflicts are detected, the edits are directly posted to the 
default version. 
This workflow is most appropriate where the units of work are fairly modest in scale and where 
no design alternatives have been explored or historical snapshots made. 

3.2.2. Two-Level Tree 
Many organizations employ a more structured process that 
tracks discrete work units of construction or maintenance. 
These work units typically span a time interval of days, 
weeks, or months and represent tasks such as adding new 
phone service. 
When a work order or project is initiated, a version is 
created. One or several people work on this version until the design or construction is complete. 
At that point, reconciliation or posting are done to merge the work order features into the main 
database, and then the work order version can be removed. 
 

3.2.3. Multilevel Tree 
Some organizations’  projects have a higher level of 
structure and can be subdivided into functional or 
geographic parts. 
For larger projects with departments and teams, a 
multilevel version tree is an effective way to organize 
work flow. The teams that are working on each aspect 
of the project have their own version, with which they 
can maintain a private view of their designs and then 
post the designs when constructed. 

3.2.4. Cyclical 
Many projects go through a prescribed or regulated 
set of stages that require engineering, administra-
tive, or legal approval before proceeding to the next 
stage. 
A version represents each stage of this process. A 
cyclical workflow can capture the design at each 
stage, and when the last stage is reached and 
finished, the design can be posted directly to the 
default version, which represents the nominal state 
of the database. 

3.2.5. Extended History 
For some projects, it is desirable to preserve a 
version that reflects a historic state of a project. 
You can define a historic version on a project 
version, and when the project version is posted to 
its parent version, the historic version remains as a 
snapshot in time. 
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3.2.6. Cellular Expert Multi-User Functionality Support Using Different 
ESRI Platform Licensing 

 
 Cellular Expert 

on ArcEditor 
Cellular Expert 

on ArcView 
View main network database 
 �  �  

View geographic data from 
server �  �  

Calculate predictions, best 
server, traffic distribution, etc. �  �  

Post calculation to server �  � 1
 

Create local copy of network 
database �  �  

Direct multi-user editing of 
network database �  �  
Create, edit, post network 
database versions �  �  

View network database 
versions �  �  
1 – Cellular Expert on ArcView can post network data and prediction raster using ESRI tools for 
data loading to ArcSDE. 
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4.1. Data Management 

4.1.1. Network Data Management 
Various tools for management of base station radio and transmission equipment installation and 
connectivity data are implemented through Cellular Expert. The data can be viewed and 
analyzed using map view, tabular representation, graphs and reports. The Object Inspector tool 
allows previewing and editing network objects such as sites, sectors and constructions structured 
in hierarchical order. The objects can be manipulated with the help of a mouse pointer to perform 
moving, copying and creating templates. 
 
Customer’s equipment information can be import and exported using standard GIS tools and 
RBDMS. Data can be exchanged with other legacy systems via ODBC. 
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4.1.2. Radio Equipment Data Management 
Editing and previewing of the radio equipment data is accomplished using the dialog-based 
Equipment Manager. It handles the following categories of radio system equipment: antenna 
patterns, digital radio channels, frequency plans, radio models, feeders and passive components. 
 

 
 
 

4.1.3. Radio Link Design 
Point-to-point and point-to-multipoint radio links can be created between transmitting and 
receiving sites. Radio Links Manager enables the creation of one-way or duplex radio links, 
adjusting transmitter-receiver parameters, and the selecting of diversity and protection 
configurations. Reflective and back-to-back antenna repeaters can be created and placed on the 
map. 
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4.1.4. Nominal Cell Planning 
Nominal cell planning can be performed using pre-defined cell size based on the desired 
reliability level, overlap, subscriber penetration and atmospheric conditions. 
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4.2. Path Profiling and Visibility Analysis 
 
Profiling and link power budget calculation functions are available for point-to-point analysis. 
Fresnel zones, Earth curvature and obstacles on the path are displayed in the path profile. The 
location and the height of the obstacles can be edited, automatically updating the radio link 
budget calculation worksheet.  
 
Single knife-edge, Deygout, Spherical Earth and Average methods can be selected for diffraction 
calculation. 
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The Dynamic Path Profiling tool provides the capability to quickly display path profile and its 
main characteristics. 
 
Various visibility tools allow creating line-of-sight visibility coverage taking into account real or 
effective Earth radius, transmitter, receiver and obstacle heights. Clearance and Fresnel zones 
visibility can also be calculated. 
 
Multi-path and reflection analysis enables the estimation of influence of different propagation 
conditions on radio path performance. 
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4.3. Network Coverage Prediction 
 
Cellular Expert has advanced field strength prediction algorithms for modeling of microwave 
point-to-point, point-to-multipoint, fixed and mobile radio systems. Prediction calculations are 
based on ITU-R, ETSI and COST 231 standards and recommendations and are applicable for 
frequencies about 150 MHz - 40 GHz, distances up to about 100 - 150 km,  
  
Comprehensive Walfish-Ikegami algorithm with detailed buildings data (1, 2 or 5 meters raster) 
could be used for Microcells and Picocells planning in dense urban environment. 
 
Inside building coverage prediction by using specified: floor penetration, external, and internal 
walls penetration, which could be assigned for each building or calculated the same for same 
types of buildings. 
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4.3.1. Hata type models 

 
 
Hata Type Models based on Okumura - Hata equitation for frequencies of about 150 MHz - 2 
GHz and distances up to 100 km. Standard, Macro or 9999 Model coefficients can be defined in 
Hata equitation. 
One or dual slope algorithm can be applied for line of sight areas. 
Average height for each type of clutter can be assigned and taken into account.  
Loss offset and penetration rasters allow defining the unique loss parameters for each clutter 
type, and to model the floor, external, and internal walls penetration. 

4.3.2. Line-of-site type models 
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Line-Of-Sight Type Models based on ITU-R P.452 algorithm is used for Point-to-point and 
Point-to-multipoint planning at frequencies up to about 40 GHz, distances up to about 100 - 150 
km. 
Additional loss for impact of rain, polarization discrimination, antenna pointing, carrier to noise 
plus interference ratio (C/N + I), modulation type is accounted in the prediction. 

4.3.3. Walfish – Ikegami model 

 
Walfish-Ikegami Model for planning of 3’ rd Generation, UMTS Radio Systems. Implemented 
prediction algorithms for Outdoor to Indoor, Pedestrian and Vehicular Test Environments. 

4.4. Prediction Tuning 
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All predictions tuning workflow tools (from advanced processing-filtering the measurements 
data to computer assisted graphical tools for determination of the best-fit parameters for 
prediction models) are available. 
 

4.5. Drive-Tests Analysis 
 

 
 

Import of drive test data from TEMS (Ericsoft) software or from any other tools, which have 
ASCII export capabilities. Drive test data can be overlaid on the top of prediction results and 
analyzed using advanced ArcView visualization capabilities. 
Drive test post-processing: data points filtering by distance, frequency, etc, creating statistic 
layers for drive-test analysis. 
Evaluation of prediction accuracy. 
Visualization of Drive-test point connection to serving cell. 
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4.6. Best Servers Calculation 

 
 

Calculation of the best server, number of servers, ten best servers and field strength of each of 
them can be identified in each location on the map. 
 

4.7. Radio Link Performance Analysis 

4.7.1. Power Budget Analysis 
 
Radio link budget analysis includes detailed profile calculations and power budget prediction at 
the receivers�s side.  
The path profile contain information about free space loss, path clearance, sub-path diffraction, 
atmospheric attenuation and diffraction loss (average, single knife-edge, Deygout).  
Power budget analysis describe a received signal level, total gains and loss, thermal and 
composite fade margins, and resulting bit error ratio (BER).  
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4.7.2. Performance Prediction 
 
Quality and availability performance of a radio link is assessed according to ITU 
reccomendations G.821 and G.826. Error performance parameters are defined in terms of bit and 
block errors parameters ESR (Errored Second Ratio), SESR (Severely Errored Second Ratio), 
BBER (Background Block Error Ratio) and UATR (unavailable time ratio). 
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4.7.3. Interference Analysis 
Interference analysis represents prediction of unwanted interference between radio links. It 
includes interference level estimation, net filter discrimination loss, C/I objectives for co- and 
adjacent-channel interference and fade margin loss assessment. Path profile analysis of 
interference links provides detail information about propagation loss of unwanted emissions. 
Scattering analysis calculates mutual interference between intersecting radio paths due to terrain 
scattering. Intermodulation analysis is used to find spurious frequencies arising on the same site 
due to nonlinear radio components. 
 

 

4.7.4. Radio Link Systems 

Individual radio links can be combined into radio networks. Network configurations include 
point-to-point (radio relay lines) as well as point-to-multipoint systems such as LMDS (Local 
Multipoint Distribution Service), MMDS (Multi-channel Multipoint Distribution Service) and 
WLL (Wireless Local Loop). 
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4.8. Frequency Planning 
 

 
 
Cellular Expert has capabilities quickly to check C/I interference between two selected Sectors, 
without preliminary channel assignment. Channel assignment for the Sector, calculation of C/I 
matrix and C/I, C/A rasters. 
 
C/I and C/A rasters of total and interference for each channel can be created. Support of Cell 
splitting calculations. Field strength and Sector/Cell name of Carrier and Interferer can be 
identified in each location on the map.  
 
Convenient Site copy tools for channels re-use. Cellular Expert does not perform automatic 
frequency planning. Interference matrix created by Cellular Expert is in Planet (MSI) format and 
might be easy imported to Planet or any other software for automatic frequency planning. 
 
Automatic labeling of Sites and Sectors. Attributes of Sites, Sectors, assigned Carriers and their 
display rules can be defined by the user. After automatic labeling, each separate label can be 
moved manually to avoid overlapping of the text. 
 
Interference raster can be analyzed together with Coverage, Population, and Traffic data using 
advanced Statistics, Map Calculator and Map Query functions. 
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4.9. Traffic Planning and Analysis 

 
 
Traffic raster (values in Erlangs) is created by reclassifying clutter (land use) data, any statistical 
data in vector or raster format, or by spreading actual traffic data obtained from the operating 
system. 
 
Live data from switch can imported in text file or dBase table and automatically linked to 
particular cells. Live traffic data spreading can be done using weighted raster of clutters, the Best 
Server raster and live traffic data. 
 
Using Traffic raster and current or planned raster of Best Server, traffic load for each 
Sector/Cell/Site can be estimated. 
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4.10. Statistical GIS Analysis 

 
 

Unlimited number of separate coverage, interference, and traffic rasters can be created, 
combined and/or analyzed together. Flexible, user defined comparison of rasters, statistical 
queries. 
Advanced Statistics, Map Calculator and Map Query functions of Spatial Analyst for 
demographic data analysis, traffic estimation, demand calculation. 

4.11. 3D Analysis and Visualization 
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Beside comprehensive capabilities of 3D Analyst, Cellular Expert provides additional 3D 
analysis, which includes: 

�  Generation of 3D antenna field strength calculated using Free Space or Hata algorithms 
�  Fast 3D visualization of antenna field strength for optimization of antenna orientation 
�  Selecting antenna using Antenna editor search and display capabilities.  
�  Saving 3D antenna pattern data into Shape file. 

4.12. Reporting 
To help you create the reports you need, Cellular Expert has integrated with industry-leading 
Seagate Crystal Reports. Cellular Expert provides two methods for creating reports: 

�  Using the ArcMap built-in reporting tool  
�  Using Seagate�s Crystal Reports™ 8 (included in ArcView/ArcEditor installation) 

Using the ArcMap built-in reporting tool, you can create reports that are stored directly with 
your map. Once created, you can add the report to your map layout and print it out.  
ArcMap also integrates with Seagate’s Crystal Reports 8. Crystal Reports lets you quickly create 
presentation-quality reports to include with your map or distribute to others. The Report 
Designer provides a graphical interface for controlling the look of your report. 

4.13. CDMA Network Planning 

4.13.1. Network Dimensioning 
CDMA Network Dimensioning Calculator is used for quick estimation of BS capacity and 
coverage requirements. It allows evaluation of cell loading and range according to the traffic 
demand profile. The calculations are based on the power budget for downlink (forward) and 
uplink (reverse) links. As a result the required network equipment configuration for predefined 
traffic can be obtained. 
 

 

4.13.2. Coverage Prediction 
Coverage planning is accomplished for a mobile user distributed according to users distribution 
grid. Traffic demand grid is used to specify average traffic profile with different traffic mix 
types, e.g. data, interactive and voice. Predictions results for field strength, best servers, pilot 
Ec/Io, pilot delta, cell loading, throughput and number of users per cell can be visualized on the 
map. 
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4.13.3. PN offset planning 
 

For CDMA2000 networks, PN offset planning and analysis features are implemented. It enables 
cell cluster generation for the PILOT_INC = 4, pilot assignments preview of the network and 
pilot signal set analysis at a given position. 
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Network data 
management 

Site management: 
- Add 
- Edit 
- Move 
- Copy 
- Delete 
- Site re-use patterns for nominal planning 
- Feeder, combiners, etc. losses  

Sector and antenna management 
- Add 
- Edit 
- Copy 
- Delete 
- Create/Edit Antenna Pattern 
- Vertical antenna pattern every 1º 
- Horizontal antenna pattern every 1º 
- 3D patterns 
- Import Antennas 

Links Management 
- Add 
- Remove 
- Attach profile document to radio link 

Other data 
- Component, Feeders tables 
- Ability to link data from other legacy systems 

Network coverage prediction 
Hata Basic algorithm: Okumura - Hata equitation 

Type: Point-to-multipoint 
Frequency: ~ 150 MHz - 2 GHz 
Distance: up to 100 km 
Hata Model Parameters:  

- Standard (ETR 364, COST 231 and ITU-R P.529-2),  
- Macro Model 
- 9999 Model (Ericsson) 

Effective Antenna Height methods:  
- Absolute 
- Profile 
- Average 
- Relative 
- Slope 

Diffraction:  
- Single knife-edge (ITU-R P.526-5) 
- Deygout (ITU-R P.526-5) 
- Spherical Earth (ITU-R P.526-5) 
- Average (ITU-R P.530-7) 

Line of sight Basic algorithm: ITU-R P.452-8 
Type: Point-to-point and Point-to-multipoint 
Frequency: about 700 MHz - 40 GHz 
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Distance: up to 100 - 150 km 
Percentage of Time: 0.001 to 50. 
Specific attenuation: ITU-R P.676-3 using input from ITU-R P.837-1, 
ITU-R P.838 and ITU-R P.839-1. 
Diffraction: Deygout method of ITU-R P.526-5 
Rain Attenuation: ITU-R P.530-7 

Walfish-Ikegami Basic algorithm: COST 231 Model (ETR 364, COST 231 Final 
Report) 
Type: Point-to-area (multipoint) 
Frequency: about 800 MHz - 2 GHz 
Distance: up to 5 km 

Best servers 
calculation 

Up to 10 best servers coverage 
Up to10 best servers field strength coverage 
Number of servers coverage 

Frequency planning Nominal channel groups creation for nominal planning 
Quick interference checking between two sectors 
Labeling tool for frequency visualization 
Co-channel(C/I) interference: 

- Separate C/I raster for each channel 
- Total C/I raster for all channels 
- Separate and combined C/I raster for hopping and non-

hopping cells 
- Carrier and interferer ID raster 

Adjacent channel (C/A) interference: 
- Separate C/A raster for each channel 
- Total C/A raster for all channels 
- Carrier and interferer id raster 

Dr ive-tests analysis Import format: Ericsson TEMSTM fmt files 
Drive-test post-processing: 

- Statistical analysis 
- Filtering 
- Averaging 

Prediction tuning Evaluation of prediction accuracy 
Hata model 

- 9999 model parameters adjustment 
- Macro model parameters adjustment 
- Clutter loss offset determination for each type of clutter 

Line of sight model 
- One slope model tuning 
- Dual slope model tuning 

Traffic Analysis Traffic spreading by best server coverage 
Traffic spreading using clutter weights  

3D Analysis 3D antenna pattern visualization 
Hata or Free Space algorithms for field strength calculation 
Ability to optimize Antenna parameters (tilt, orientation, etc) 

Radio link analysis 
Point-to-point analysis Path Loss: ITU-R P.525-2 

1st Fresnel zone ellipsoid: ITU-R P.526-5 
Path clearance: ITU-R P.530-7 
Specific attenuation: ITU-R P.676-3 using input from ITU-R P.837-1, 
ITU-R P.838 and ITU-R P.839-1. 
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Rain Attenuation: ITU-R P.530-7 
Diffraction:  

- Single knife-edge (ITU-R P.526-5) 
- Deygout (ITU-R P.526-5) 
- Spherical Earth (ITU-R P.526-5) 
- Average (ITU-R P.530-7) 

Radio equipment data 
management 

Parabolic and sector antenna editors: 
- Tabular radiation pattern representation with inplace editing 
- Graphical radiation pattern representation in linear and logarithmic 
scales 
Modulation performance editor 
- Tabular and graphical representations of the BER v.s. fade margin 
dependencies 
- Approximation by formula 
- Defined curves for BPSK, QPSK, DQPSK, FSK-M, QAM-M 
modulations 
Carriers list editor 
- Frequency plans for simplex and duplex channels 
- Tabular and graphical representations 
Spectrum mask editor 
- Spectrum density mask editing 
- Automatic mask generation for predefined bandwidth 
- Tabular and graphical representations 

Radio link 
management 

Creating 
Editing 
Deleting 
Visualization 

Radio link budget 
analysis 

Path profile analysis  
- Free space loss 
- Clearance  
- Sub-path diffraction  
- Atmospheric attenuation 
- Diffraction (average, single knife-edge, Deygout) Power budget 
- Received signal level 
- Thermal fade margin 
- Composite fade margin 
- BER 

Radio link 
per formance analysis 

ITU-G.821 recommendation targets  
- Parameters: ESR, SESR, unavailable time ratio 
- Local grade portion (ITU-R F.697); 
- Medium grade portion (ITU-R F.696); 
- High grade portion (ITU-R F.557). 
 
ITU-G.826 recommendation targets  
- Parameters: ESR, SESR, BBER 
- National portion (ITU-R F.1189): 
   Access network 
   Short haul network 
   Long haul network 
- International portion (ITU-R F.1092): 
   Terminating countries 
   Intermediate countries 
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Inter ference analysis Interference level prediction 
Net filter discrimination 
C/I protection ratios for co- and adjacent-channels 
Fade margin loss objectives 

Radio link systems Point-to-point systems 
- radio relay lines 
 
Point-to-multipoint systems  
- LMDS  
- MMDS 
- WLL 
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Minimum Requirements 
  
Platform – PC Intel 
Operating System - Windows 2000 (or) Windows XP (Home Edition and Professional) 
256MB RAM minimum 
Processor PIII  - 450 MHz 
True color monitor with a minimum of 16MB video card  
9 GB HDD 
CD-ROM  
17”-19”  color Display TCO99 
10/100 Ethernet 
Keyboard, mouse 
Paging File (Swap Space) at a minimum of 300MB 
 
Recommended Requirements 
Same as above except for item(s) identified below: 
Memory - 512MB RAM  (or higher) 
Processor PIV  - 1000 MHz (or higher) 
  
Other  Recommendations 
Fast Disk (e.g., SCSI) 
OpenGL card for use of ArcGIS 3D Analyst 
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HNIT-BALTIC GeoInfoServisas, UAB 
S. Konarskio 28a 
03127 Vilnius 
Lithuania 
Phone: + 370 5 2150575 
Fax: + 370 5 2150576 
E-mail:cellexp@hnit-baltic.lt 
www.cellular-expert.com 
 


