
Testing the Odroid-C2 and LeMaker Guitar

 Face-Off
The LeMaker Guitar and Odroid-C2 are hobby computers that were 

created as competitors for the Raspberry Pi 2, but we discovered they 

can even challenge the Raspberry Pi 3. By Alexander Merz

into the Raspberry Pi price class. The same 
goes for the LeMaker Guitar [2], which em-
phasizes a hardware design that actually 
makes sense to the consumer rather than 
maxing out the ratio of Gigahertz per dollar.

New BegiNNiNgs
LeMaker is known for selling various ver-
sions of the Banana Pi. Following a compli-
cated legal battle in 2015 against the 
China-based Sinovoip Company, LeMaker 
broke away from the Banana Pi brand and 
began developing its own designs. The Le-
Maker Guitar, released at the end of 2015, 
was the first product to emerge from this 
change of circumstances. The LeMaker de-
velopment team focused on making the lit-
tle computer better than the Banana Pi on 
the software side.

The LeMaker Guitar comes with either 1 or 
2GB of RAM, depending on the version, and 
8GB of eMMC flash storage. The Actions 
S500 SoC, with an ARM Cortex-A9 quad-core 
and 1.3GHz clock rate, serves as the CPU. 
The module is plugged onto a baseboard 
(Figure 1), where the USB 2.0 ports and a 
USB 3.0 micro-B port are located. However, 
you cannot use these two types of ports si-
multaneously. The computer sends video sig-
nals via HDMI. Audio signals are sent either 
via HDMI or a jack plug.

The Guitar uses a 10/ 100 Ethernet cable or 
802.11b/ g/ n WiFi for connecting to the Inter-
net. Bluetooth and infrared technologies are 
the other options available for wireless con-
nectivity. A microSD slot supports bulk 

The Odroid series of hobby comput-
ers are known for their performance 
and the serious support they receive 
from their manufacturer, Hardker-

nel. The company is now pushing into a new 
direction with the Odroid-C2 [1]. Rather than 
building another super-SBC, Hardkernel en-
visions the C2 as a nano-computer that fits 
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memory. For the hobbyists, the Guitar comes 
with a Raspberry-Pi-compatible GPIO strip 
with 40 pins and two ADC inputs. Power is 
delivered with a jack plug; the power supply 
has to provide between 7 and 12V.

The baseboard is almost twice as large as a 
Raspberry Pi. Overall, this works to the ad-
vantage of the Guitar when it comes to use 
and operation. Even so, the size can interfere 
with some user projects. At the planning 
stage, the Guitar was originally envisioned at 
a price of $25, but the board now retails for 
more like $45.

OBstacles tO BOOtiNg
The flash memory for the LeMaker Guitar 
comes with Android pre-installed; however, I 
wanted to use Linux for my comparison 
tests; therefore, I followed the customary ap-
proach of first loading a microSD card. Le-
Maker offers a reasonable number of differ-
ent operating systems [3], and I decided to 
go with the homegrown Linux distribution 
they call LeMuntu. After inserting the SD 
card and connecting the power supply, I 
found that the Guitar booted, but the output 
consisted entirely of graphics errors.

A search for the source of this problem led 
to the LeMaker forum, where I learned that 
the bootloader on the flash memory has to 
be compatible with the operating system on 
the SD card. The version in my flash memory 
was apparently too old. Therefore, I decided 
to install LeMuntu directly on flash memory. 
A proprietary Flash tool for Windows and 
Linux helped install the system. Ten minutes 
later, I had LeMuntu working without any 
problems, and the initial hiccup turned out 
to be the only negative experience encoun-
tered during testing.

LeMaker has a 70-page manual, as well as 
a Guitar wiki, to configure and operate the 
LeMaker Guitar. These two sources describe 
how to perform tasks such as downloading 
and installing drivers for the PowerVR 
graphics processor. Additionally, they have 
directions for actually activating maximum 
CPU speed.

The WiFi feature and the onboard micro-
phone are both easy to use. For my media 
center, I loaded a microSD card with the Le-
Media distribution, which is an OpenELEC 
version for the Guitar. The distribution 
started smoothly, and I was able to control 
the Guitar remotely via HDMI CEC (Con-
sumer Electronics Control) using a TV re-
mote control device. The single drawback is 
that the on-board On/Off button does not 
function under either LeMuntu or LeMedia.

OdrOid-c2: the little 
Black BOard
The Odroid-C2 sits on a very new ARM Cor-
tex-A53 processor, which runs a 64-bit Linux 
kernel. The quad-core Odroid comes with 
2GB of RAM and an AMLogic S905 CPU. 
Otherwise, the equipment is substantially 
similar to the Raspberry Pi 2 (RPi2). The C2 
also has four USB 2.0 ports but no WiFi and 
Bluetooth components. You will, however, 
find support for Gigabit Ethernet connec-
tions. The C2 costs $40 on the Hardkernel 
website [4] and £44 or EUR50 if purchased in 
Europe. The 8GB eMMC module for Linux or 
Android costs $18 (£19, EUR24).

The C2 board (Figure 2) is comparable in 
size to the Raspberry Pi. However, the appear-
ance of the two boards is very different. The 
C2 is black in color and has a heat sink, which 
takes up a healthy one third of the front side. 
The microSD card slot looks unusual because 
it is not actually a slot. Instead, it consists of a 
small jack on the reverse side (Figure 3). This 
comes across as perhaps an overly adventure-
some feature, but it presents no problems in 
testing. The card remained securely in place. 
If desired, you can accessorize the C2 with an 
eMMC flash module.

The 40-pin GPIO bar is not fully compati-
ble with the Raspberry Pi. This lack of com-

Figure 1: The LeMaker Guitar baseboard with the module plugged in.
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of the 4.x series. The efforts needed to create 
the support should sequence directly into the 
mainline branch of the kernel, thus avoiding 
an isolated application. These plans for the 
future make it clear that the user currently 
has to use Android to have the popular 4K 
resolution, as well as video decoding with 
H.265. Although Kodi starts on the Odroid-
C2, it does not work.

the champiON
Performance tests for the Odroid-C2 and the 
LeMaker Guitar comprised the Sysbench and 
UnixBench benchmarking tools. The results 
are shown in Table 1. The performance of 
the AArch64 Linux architecture on the Cor-
tex-A53 was impressive.

The Odroid surpasses even the leading Le-
Maker HiKey with its eight cores, and it dis-
tinguishes itself as the clear winner when 
compared with the Guitar. The large heat 
sink performs well, and the processor did not 
exceed 40C (104F) during testing. The fan 
that comes with the larger Odroid-XU4 model 
is not necessary.

The LeMaker Guitar gains only a mini-
mal advantage during the CPU test with 
the Sysbench benchmark. With the Unix-
Bench benchmark, the CPU performance is 
less than that of the Raspberry Pi (Fig-
ure 4). However, the user typically won’t 
notice any difference with desktop applica-
tions, because the Guitar’s faster eMMC 
memory outperforms the Raspberry Pi’s SD 
card.

According to instructions provided in the 
manual, the user will explicitly have to 
overclock to 1.3GHz for the Guitar to reach 
the benchmark values. The computer does 
reach temperatures of up to 68C (154F) 
under this kind of heavy load. Even so, the 
Guitar continues to run smoothly. If placed 
inside a cover, this clock rate and the resul-
tant heat may lead to problems.

The LeMaker Guitar and the Odroid-C2 
are also different in terms of energy con-
sumption. The Guitar needs 670mA with 9V. 
The C2 gets by with 660mA and 5V. The dif-
ference in needs is due in part to the Guitar 
WiFi module, which eats power.

Both computers have decent Internet 
speed. During testing with iPerf, the 
Odroid-C2 reached a throughput rate of 
939Mbp s with its Gigabit connection. The 
LeMaker Guitar only achieved 79.5Mbp s 
with its Fast Ethernet connection. However, 
when using WiFi, the Guitar gets up to 
48.7Mbp s and even beats the RPi3 at 
45Mbp s.

patibility is due to the ADC inputs on the 
hardware. Power is delivered either via a 
micro-USB connection or via a distinctive 
jack plug.

Currently Hardkernel only offers Android 
operating systems and an Ubuntu variant 
for the Odroid-C2. The little computer ran 
smoothly during testing under Ubuntu. 
Nonetheless, the manufacturer takes it upon 
itself to address a series of problems, such 
as the ongoing lack of graphics support 
under Linux. Additionally, not all software 
harmonizes with the AArch64 kernel for 64-
bit processors.

Graphics support is supposed to accom-
pany the upcoming switch to a Linux kernel 

Figure 2: The small, robust Odroid-C2 is about the size of a Raspberry Pi.

Figure 3: The microSD card port on the Odroid-C2 is actually more of a jack than a slot.
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cONclusiON
On the basis of these tests, I determined 
that both the LeMaker Guitar and the 
Odroid-C2 definitely belong in the same 
league as the RPi3. If forced to choose be-
tween the two test candidates, I would go 
with the LeMaker Guitar in spite of the 
Odroid’s performance advantage, because 
the Guitar has better software support and 
documentation.

LeMaker has managed to put together a 
full package of hardware and software that 
works well, building a serious Raspberry Pi 
competitor that impresses with more than 
just its hardware. The eMMC memory is es-
pecially well appreciated; installing a LeMe-
dia distribution gives you a media center 
with the microSD card for storage. In terms 
of user-friendly features for the beginner, 
the Guitar still lacks a program like 
raspi‑config for easy modification of con-
figuration parameters. If you are familiar 
with command-line commands, on the 
other hand, you will gain a practical, all-
purpose PC in a mini format.

In contrast to the Guitar, the Odroid-C2 is 
more suitable for users looking to experi-

ment. The manufacturer is currently trying to 
advance on two fronts. The architecture is 
just beginning to become better known, and 
graphics support for the Mali GPU in the SoC 
is still missing. The C2 is primarily interest-
ing for the user who wants to step into the 
64-bit world. C2 users profit from the willing-
ness and the ability of the manufacturer to 
create relevant tools for Linux. As a result, 
sole reliance on the Linux community is no 
longer an issue.

OutlOOk
Given the existence of the Odroid-C2 and 
the test results achieved with the LeMaker 
HiKey, the question naturally arises as to 
how much reserve performance remains to 
be discovered in the Raspberry Pi 3. The 
RPi3’s new Broadcom processor is also 
based on Cortex-A53 cores. However, the 
RPi3 still has the old AArch32 architecture, 
which does not come close to using the full 
potential of the CPU instruction set. In light 
of the competition, the Raspberry Pi Foun-
dation would do well to move forward as 
quickly as possible with a 64-bit Linux sys-
tem for the Raspberry Pi.  ● ● ●

Benchmark* LeMaker Guitar Odroid-C2 Raspberry Pi 3

Sysbench (CPU, sec)   44   2   45

UnixBench (Total)   457   1,271   789

UnixBench (Dhrystone)   1,262   2,761   1,463

UnixBench (Whetstone)   485   1,029   538
* UnixBench results provided in whole numbers as iterations/sec.

TABLE 1: Benchmark Results

[1]  Odroid-C2: http://  www. 
 hardkernel.  com/  main/ 
 products/  prdt_info.  php

[2]  LeMaker Guitar:  
http://  www.  lemaker.  org/ 
 product‑guitar‑index.  html

[3]  LeMaker Guitar downloads: 
http://  www.  lemaker.  org/ 
 product‑guitar‑resource.  html

[4]  Odroid-C2: http://  www. 
 hardkernel.  com/  main/ 
 products/  prdt_info.  php?  g_
code=G145457216438
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Figure 4: The Odroid-C2 emerges from the tests as the winner. The LeMaker Guitar, on the other hand, runs 

behind the Raspberry Pi on the UnixBench tests.
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