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DISCLAIMER 
 The authors of this presentation are employees of 

the California Department of Transportation. 
 

 The contents of this presentation reflect the views 

of the authors who are responsible for the facts and 

the accuracy of the data herein. 
 

 The contents presented here do not necessarily 

reflect the official views or policies of the State of 

California and / or the California Department of 

Transportation. 
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Today we will be talking about:  

 

Brief History of Two Way Radio in Caltrans 

Basic Operation of a Two Way Radio 

 Voting Scan Systems in Caltrans 

Caltrans Maintenance Operations 

Typical Voting Scan System Design Process 

Operation hands-on with portable radios 

Demonstration (Optional) 
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Brief history of voice Communications in Caltrans: 

 Caltrans has used two way radios since its beginnings. 

 Caltrans developed what is now the Public Safety Microwave 

System in California- Largest Public Microwave System in the 

world at the time. 

 Caltrans operated voice radio systems in the Low Band 47 MHz 

frequencies till the 1980s when it started implementing the new 

800MHz system. 

 The systems were designed to meet the unique requirements of 

each District.  Caltrans has 12 Districts: There are 12 unique two 

way Radio Systems in Caltrans independent from each other. 

 Currently there are conventional Low Band Systems, 

Conventional 800 MHz Systems,  800MHz Trunked Systems, & 

now 800MHz Voting Scan Conventional Systems. 

 

 

 

 

 
(5 minutes) 
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Basic two–way radio operation 
 Mode of Operation  

Voice Communications in Rural Areas 
Voting Scan 

5 



Antenna

Zone/District Selector

16 position rotary

ON/OFF, VOLUME CONTROL

Push-to Talk

LED READOUT

SOFT KEYS

NUMBER PAD

BACK LIGHT

Push-to Talk

BACK LIGHT

MIC

User Equipment 

Zone/District Selector

16 position rotary 

ON/OFF, VOLUME CONTROLCHANNEL CONTROL

DIRECT BUTTON

PHONE

ON/OFF BUTTON

PUSH-TO -TALK
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 Simplex  Low Band System, Tx = Rx :  

Pros: 

 

o It projects a large area of coverage from a single 

site: line of site not needed 

o Simplicity of operation – one or 2 channels per 

district 

o Inexpensive. Simple low tech solution 

o Interfacing with CHP is possible because they use 

the same band 
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Low Band System - Simplex - Tx = Rx :  
Cons: 

It does not work as a repeater (half duplex) 

It is limited to a Car-to-Car  or Car-to-Dispatch Operation 

Radio Traffic Congestion 

Transmissions need to be relayed from dispatchers 

Skip – or the ability of the transmission wave to bounce off 

the ionosphere, it makes it prone to interference 

Portables are unreliable: Sometimes they are not able to 

reach the Base Station 

Mayor manufacturers do not make mobiles or portables : 

Phased out Technology 

Not APCO 25 Compliant 

Interference with other Caltrans Equipment 

RF Radiation Exposure.  
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800 MHz Conventional - Half-Duplex –: Tx&Rx  

Pros: 
Repeater systems: Information does not need to be relayed via a 

dispatcher 

• Multi-frequency of operation, up to 159 different channel 

combinations 

•It is not prone to skip - interference  

•Multiple Manufacturers  

•Portable Radios are as reliable as Mobile Radios 

•New technologies are developed for this band 

•APCO 25 Compliant 

Cons: 

•It requires line-of-sight - limits area of coverage requiring more sites 

to cover the same area as low-band 

•Increased difficulty of operation 

•Increased Cost 

•Difficult to implement in rugged terrain  

•Attenuated by foliage and snow significantly  
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Voting Scan on 800 MHz 
Conventional 800 MHz deployment stopped in the late 1980s, 

leaving D1, D2, D5 & D10 on the antiquated Low-band System. 

Reason not to implement 800 MHz in these Districts  

 

•Ruggedness  of the terrain 

• Many more Radio sites will need to be developed to cover 

the road 

•Usefulness of such a complex system was not clear. 

•Funding was a mayor road block  

 

In 1998 ORC started a research project to analyze the  800 MHz 

systems to find a viable solution for implementing them in areas 

not previously considered viable. 
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What is Voting scan? 

 

•Is a conventional Two Way Radio system consisting  of 

multiple radio sites which cover a large area.  

 

•All the sites are associated with one radio channel. 

 

•All sites are received in the same frequency. They get 

VOTED at a central location.  The best receive signal is then 

repeated to all locations in different or alternative frequencies 

to deal with coverage overlapping. 

 

•The user radio VOTES again the best repeated signal and 

receive the message. 
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New Radio System design Criteria: 

 

District Requirements: 

•Design should follow Maintenance Operational Procedures 

•One Channel per Maintenance Crew area of operation (Cost Center) 

•Cover 90% of  each Cost Center 

•Easy to operate like the low band – One Channel per Cost Center 

•Channels should be accessible from adjacent maintenance stations 

 

Technical Requirements: 

•800 MHz conventional 

•Design for Mobile receiver 

•Receiver sensitivity to -100 dBm  
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DISPATCH

DO

SEIAD NEWELL SHASTA
REDDING

NORTH
RED BLUFF

TRINITY

CENTER

SUSANVILLE

EAST
PLATINA HAYFORK CHESTER MINERAL PULGA

GRASS

LAKE
YREKA GIBSON

REDDING

EAST
BURNEY

SUSANVILLE

WEST
BECKWORTH WEAVERVILLE QUINCY

ALTURASADIN

HAT CREEK

District 2 System 
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District 1

DISPATCH

IDLEWILD
WILLOW

CREEK
EUREKA BRIDGEVILLE WILLITS UKIAH

CLEARLAKE

OAKS

FORT

BRAG
LAKEPORT BOONVILLE

CRESCENT

CITY
ORLEANS FORTUNA GARBERVILLE LEGGET

MANCHESTER

District 1 System 
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Challenges designing a Cost Center Radio System 

 

1. Ruggedness of terrain: they can not be covered 

entirely from one high level Radio Site. 

2. Power or Telco are assumed not to be accessible 

or reliable in remote areas. 

3. Filling in coverage gaps in canyon areas, (highly 

prone to accidents) where there are no com sites 

available.  

4. Agreements with third party site owners may not 

be attainable. 

5. Simplicity of operation 

6. Environmental impact 
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Solutions to the challenges 

 

1. Ruggedness :Repeaters can work together-linked to 

cover wide area (Voting Scan) 

2. Power and Telco : 

• Low power consumption equipment: use of 

Solar, wind generators and fuel Cells 

• Use of FCC license 450 MHz wireless links 

3.  Coverage gaps – Use of Road site Repeaters 

(voting Scan). 

4. Agreements with third party providers – Provide 

multiple alternatives to the solution. 

5. Simplicity of Operation - Voting Scan works like 

Low –Band : One channel per Cost Center 

6. Environmental : No construction in sensitive areas. 
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Cost Center Design and Implementation  Process: 

 

1. Search For Potential sites in the state database and FCC 

database 

2. Computer simulated Coverage  

3. Perform actual Survey with Equipment and GPS aid 

coverage logging system ( we use SIT logger) 

4. Look for potential Road Side Repeaters to fill in coverage 

holes and perform a survey from that point. 

5. System Design  

6. Agreement Process 

7. Installation  

8. Implementation 
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Computer 

Simulated 

Coverage 

Map for 

Sugarloaf Mt. 
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Collected 

Survey 

Data 

from 

Sugarloaf 
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Cost Center – Redding North 

 

Collected Survey Data 
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System Design 
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Voter Equipment  
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Zone/District Selector

16 position rotary 

ON/OFF, VOLUME CONTROLCHANNEL CONTROL

DIRECT BUTTON

PHONE

ON/OFF BUTTON

PUSH-TO -TALK
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Voter Interconnect Diagram 
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Road Side Repeater Equipment 

Rack Mounted Radios:800 & 450   

800 MHz Power Amplifier 

Breaker Panel 

Batteries 
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Road Side 

Repeater 

Cabinets 

Wind Gen. 

Panel Antennas 800 MHz 

Panel Antennas 450 MHz 

Solar Panels 

35’ Pole 
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Any Questions so far? 
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Another Example: 

 

Pilot project : Hwy 199  
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System Schematics 
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Voter Site Equipment 
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Road Side Repeater and 

Camp 6 Voter Site 
Radio System in Hwy 199 

Voice Communications in Rural Areas 
Voting Scan 

39 



Road Side Repeater Pole with power generation options 
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Road Side Repeaters 
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Road Side Repeaters 
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Road Side Repeaters 
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Operational Program 

Hands-on Demonstration  

A number of portable radios will be available for people to look at and operate.  
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ZONE DESCRIPTION 

1 District 1 - Channel Allocations 

2 District 2 - Channel Allocations 

3 District 3 – Channel Allocations 

4 Tactical Frequencies – Interoperability safety 

Channels 

5 State Wide Frequencies: A, BR1, BR2, C (1-

6) 

6 State Wide Frequencies: D, ER1,ER2, F (1-6) 

7 State Wide Frequencies: G, H, I (1-6) 

8 State Wide Frequencies: J (1-6), O1, 

P2,Q1,Q4,R1R1,R3R1, 

9 OASIS trailers 

10 Scan lists  - Technician use only 

11-16 Not assigned 

Table 1 ZONE ALLOCATION FOR RADIO PROGRAM   

DISTRICT 1 & 2  
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Discussion 
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Thank you 
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