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ABSTRACT
We implement and real-time demonstrate for the first time
ROCH; a decentralized cognitive algorithm that maximizes
secondary network throughput while at the same time satis-
fies quality-of-service (QoS) requirements for co-existing pri-
mary and secondary users through joint Routing and cOde-
waveform CHannelization. ROCH performance is evaluated
on a 7-node software-defined radio testbed by using the
open-source radio framework, GNU Radio, and Universal
Software Radio Peripherals (USRP-N210s). The implemen-
tation of ROCH is facilitated by the architectural abstrac-
tions of the RcUBe radio framework, that provides real-time
reconfigurability at the PHY, MAC, and network layers of
the protocol stack.

1. ROCH: DISTRIBUTED JOINT ROUTING
& ALL-SPECTRUM CHANNELIZATION

ROCH [1, 2, 3] is a novel cross-layer cognitive algorithm
that achieves throughput maximization in a cognitive sec-
ondary multi-hop network by jointly and dynamically opti-
mizing the code-waveform, transmit power, and routes for
each secondary link. Dynamic code-waveform and trans-
mit power allocation maximizes the pre-detection secondary
signal-to-interference-plus-noise ratio (SINR) without requir-
ing a-priori knowledge of the transmission characteristics of
the primary users [3]. This is achieved by designing wave-
forms that span the whole continuum of available/device-
accessible spectrum, while satisfying peak power for the sec-
ondary users and an interference temperature constraint for
the primary users [1, 2, 3]. At the same time, ROCH dynam-
ically allocates routes based on the network traffic dynamics
and the achievable data rates on different secondary links.

2. RcUBe FRAMEWORK
The implementation of ROCH in GNU Radio is facilitated

by the RcUBe framework [4]. RcUBe provides abstractions
and building blocks necessary to prototype complex cross-
layer protocols based on a high level, abstract representation
of the software radio platform. RcUBe is based on the idea of
decomposing communication protocols into primitive build-
ing blocks. Its design is modular, in the sense that a layered
protocol stack is preserved. Particularly, RcUBe divides the

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full cita-
tion on the first page. Copyrights for third-party components of this work must be
honored. For all other uses, contact the Owner/Author(s). Copyright is held by the
owner/author(s).
S3’15, September 11, 2015, Paris, France.
ACM ISBN 978-1-4503-3701-4/15/09.
DOI: http://dx.doi.org/10.1145/2801694.2802148.

Tx Rx 
Tx Rx 

Tx Rx 

Tx 
Rx 

Data Plane
 Network Layer
    Link Layer
    PHY Layer

Control Plane
actions

set_timer()
send_data()...

events
 timer_end

  data_sent...

Routing Execution
         Engine

  MAC Execution
         Engine

Register Plane

Decision Plane

 System & Environmental
            Variables

. . .SINR, Carrier Frequency, 
      MAC LUT
        Library 

   Routing LUT
        Library 

Decision Engine

if SINR >
< threshold {

        Algorithm #1

change modulation}

Sensitivity List #1
 SINR 

threshold . . . 
(updated by the user)

RF Front-end/USRP
Design Controller

     Sensitivity List #2         Algorithm #2
...

...

TX power, RX gain

ROCH in RcUBe 

Data Plane
 Network Layer
    Link Layer
    PHY Layer

Control Plane
actions

set_timer()
send_data()...

events
 timer_end

  data_sent...

Routing Execution
         Engine

  MAC Execution
         Engine

Register Plane

Decision Plane

 System & Environmental
            Variables

. . .SINR, Carrier Frequency, 
      MAC LUT
        Library 

   Routing LUT
        Library 

Decision Engine

if SINR >
< threshold {

        Algorithm #1

change modulation}

Sensitivity List #1
 SINR 

threshold . . . 
(updated by the user)

RF Front-end/USRP
Design Controller

     Sensitivity List #2         Algorithm #2
...

...

TX power, RX gain

ROCH in RcUBe 

0 20 40 60 80 100 1200

1000

2000

3000

4000

5000

6000

7000

Time [s]

Ba
ck

log
ge

d Q
ue

ue
 S

ize
 [b

yte
s]

 

 

0 20 40 60 80 100 120
Time [s]

SI
NR

 [d
B]

 

 

S
GigE

R1

G
ig

E

R2G
ig

E

D

GigE

0 20 40 60 80 100 1200

1000

2000

3000

4000

5000

6000

7000

Time [s]

Ba
ck

log
ge

d Q
ue

ue
 Si

ze
 [b

yte
s]

 

 

0 20 40 60 80 100 120
Time [s]

SI
NR

 [d
B]

 

 

PRx

PTx
GigE

0 10 20 30 40 50 60
Time [s]

Th
ro

ug
hp

ut
 [k

b/
s]

 

 

TR
GigE

Rx 

S

R

R

D

1

2

Primary users

Secondary users

Figure 1: Network-level experimental demonstration of
ROCH in a software-defined radio testbed with decen-
tralized control.

architecture of a network node into four distinct, but in-
teracting “planes”, i.e. decision, control, data, and register
planes, each in charge of coordinating a different group of
functionalities.

3. EXPERIMENTAL NETWORK SETUP
Figure 1 depicts the testbed setup. ROCH capabilities

are demonstrated through multiple graphical user interfaces
(GUIs) at the relay (R1, R2), destination (D), and trace
recorder (TR) nodes. Particularly, GUIs at both secondary
relay nodes illustrate real-time SINR and queueing informa-
tion, while the laptop-PC, that controls the secondary des-
tination and primary receiver (PRx) nodes, compares the
instantaneous throughput between the primary link (PTx–
PRx) and the secondary two-hop network. Finally, the trace
recorder node provides an illustration of the secondary rout-
ing connections by overhearing the control packets exchanged
between the secondary nodes.
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