
A manufacturer of ARM computers 
can find it difficult to garner head-
lines because not much difference 
can be found among the numer-

ous implementations being produced. Low 
pricing and a minimalist form are considered 
the crowns of achievement and are more 
highly contested. However, the hobbyist is 
glad for each additional option, because 
small differences can affect the outcome of 
individual projects.

In this article, I introduce two devices 
from the NanoPi series by Friendly ARM [1]. 
This Chinese hardware manufacturer offers 
additional accessories, such as displays and 
sensors, in addition to systems on a chip 
(SoCs). I focus here on the NanoPi NEO 
and the NanoPi 2 Fire. The NEO is very 
small and minimalist; the Fire is not much 
bigger, but better equipped and with a 
smaller price tag than that of a standard 
Raspberry Pi (Rasp Pi).

Figure 1 shows, from left to right, a size 
comparison among the NanoPi NEO, Pi Zero, 
NanoPi 2 Fire, and a regular Rasp Pi. Table 1 
shows a selection of the most important fea-
tures of each device. Le
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Testing the NanoPi NEO and the NanoPi 2 Fire

Raspberry 
Quartet

The number of ARM-based small computers 

is growing on a daily basis. FriendlyARM 

introduced the NanoPi NEO, a computer 

that is even smaller than the Pi Zero 

and just as inexpensive. We take a 

look at the NEO and its brother, 

the NanoPi 2 Fire.  
By Bernhard Bablok
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NaNoPi NEo
The Allwinner H3 chip is the centerpiece of 
the NanoPi NEO. The quad-core processor 
tends to overheat with heavier loads, but 
anyone who crunches numbers with an SoC 
has selected the wrong platform anyway. The 
lack of mainstream support for the platform 
is a more critical issue, especially for the 
Mali-400 graphics chip; however, it is not rel-
evant for the NEO. The storage features can 
also become a bottleneck. The NEO comes in 
256MB and 512MB versions, but 256MB is 
too small for a quad-core.

Just like the Pi Zero, the NanoPi does not 
come with the GPIO strip soldered on. The Pi 
Zero does support the entire 40-pin Rasp Pi 
strip. The NEO on the other hand has 24 pins 
and is less compatible. The interfaces make 
for more important differences. The NEO 

does without an HDMI output, but offers a 
fast Ethernet connection and a standard USB 
port. Hobbyists can speak with two addi-
tional USB ports via a pin strip, which has 
corresponding solder points. When it comes 
to debugging, a UART connection accommo-
dates a serial console.

All in all, the NanoPi NEO appears to be 
predestined for smaller server tasks for the 
time being. Although it has lots of computing 
power, I/ O performance is limited. The Pi 
Zero is not a good choice for these purposes 
because if you retrofit the missing Ethernet 
port with USB, you lose your only USB con-
nection, which, by the way, only works with 
an OTG cable. Additionally, the Pi Zero 
quickly bumps up against its power limits 
with a passive hub. It does not simultane-
ously support Ethernet and bulk storage. 

Figure 1: A direct size comparison (from left to right) of the NanoPi NEO, Pi Zero, NanoPi 2 Fire, and a standard Raspberry Pi.

Board Processor Cores
Frequency 
(GHz) Graphics RAM Network USB Others

NanoPi NEO Allwinner H3 
(Cortex-A7, ARMv7) 

4 1.2 — 256 
and 
512MB

100Mbps 
Ethernet

USB 2.0 
(two via the 
pin strip)

UART available, 24 
GPIOs; can solder 
additional connections

NanoPi 2 Fire Samsung SP54418 
(Cortex-A9, ARMv7)

4 1.4 HDMI, LCD 1GB 1000Mbps 
Ethernet

USB 2.0 40 GPIOs Pi compatible, 
two hardware buttons, 
camera connection

Raspberry Pi 
Zero

Broadcom BCM2835 
(ARM11, ARMv6) 

1 1 Mini-HDMI, 
composite 
can be 
soldered

512MB — Micro-USB 
OTG

40 GPIOs can be 
soldered, camera 
connection

Raspberry Pi 3 Broadcom BCM2837 
(Cortex-A53, 
ARMv8)

4 1.2 HDMI, LCD, 
composite

1GB 100Mbps 
Ethernet, 
WiFi, 
Bluetooth

4x USB 2.0 GPIOs available, 
camera connection

TABLE 1: Hardware Features
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SoftwarE
As is often the case with hardware manufac-
turers, FriendlyARM provides only limited 
software support. Unlike Banana Pi and Or-
ange Pi, however, there is some support. For 
example, you can download a complete 
cross-compile toolchain for building a kernel, 
as well as firmware, making integration – in 
some distributions, at least – easier.

Two Linux distributions run on the NanoPi 
NEO. These are the “official” Friendly ARM 
distributions based on Ubuntu Core and a 
community version from Armbian [4]. After 
all, the demands placed by a purely headless 
system on an operating system are minimal. 
The customary applications work with both 
operating systems, which are based on 
Debian.

BSD friends will find a corresponding 
image as the third version for the NEO. In ad-
dition to Debian and Android, various com-
munity distributions, such as Ubuntu MATE 
and Kali Linux, run on the NanoPi 2 Fire. 
The Debian distro from FriendlyARM ap-
pears to be less than generous. For instance, 
in spite of support for HDMI, the interface 
cannot be used for sound output.

Almost all of the Rasp Pi alternatives 
have a run-capable operating system rooted 
in Debian that contains nearly unlimited 
software. This is also the case for the Nano-
Pis, which usually suffice for special proj-
ects. If you are looking for long-term sup-
port, you will have to resort to hunting for 
that information yourself. Armbian offers a 
glimpse of hope in this regard from its ac-
tive community, which supports a wide 
range of computers, thus ensuring further 
development.

Installing Armbian works just as easily as 
it does with Raspbian. The image is put on 
the SD card with Win32DiskImager or dd. It 
is a bit more difficult to modify Armbian on 
the command line. A detailed description of 
the procedure is provided on the Friendly-
ARM wiki. With the NanoPi NEO, you will 
have to use SSH because of the missing 
HDMI output.

UP aNd rUNNiNg
CPU performance for current small comput-
ers is no longer a topic of discussion. Four 
high-clocked cores offer more computing 
power than is generally required. Therefore, I 
will omit the corresponding benchmarks 
here. Basically, it is almost impossible to ac-
cess all of the available power. Even the RPi3 
cannot perform extensive compiling tasks 
because of inadequate storage. However, it is 

Significantly, WiFi connectivity and the key-
board are not a problem. The NEO costs 
$7.99 (EUR12.90) making it nominally more 
expensive than the Pi Zero. Once all of the 
adapters (e.g., mini-HDMI and OTG cables) 
are purchased, the price for the Pi Zero is 
about the same.

NaNoPi 2 firE
The NanoPi 2 Fire comes better equipped 
than the NEO, but even so, it is minimalist 
compared with the Rasp Pi. This austerity 
is also reflected in the low $22.99 (EUR30) 
price. Unlike the NanoPi NEO, the Fire of-
fers a Rasp Pi-compatible GPIO strip and 
connections for camera and display, both 
HDMI and LCD. Additionally, it shines with 
its gigabit Ethernet connection in the form 
of a Realtek chip. The Fire has just a single 
USB port. Two hardware buttons, sorely 
missing on the Rasp Pi, complete the 
equipment.

The NanoPi 2 Fire CPU uses an S5P4418 
Samsung chip. According to the data sheet, 
the chip supports all of the customary mul-
timedia formats with hardware acceleration, 
although H.265 is missing. Otherwise, the 
quad-core processor can wind up to 
1.4GHz. The board also has 1GB of RAM, 
which is just as much working memory as 
the core of a Raspberry Pi 3 (RPi3).

ElEgaNt HomE
Very nice, and inexpensive, cases are avail-
able for both the NanoPi NEO and the 
NanoPi 2 Fire (Figure 2). If you want a 
color that is not offered online, you can ei-
ther 3D print a case or have one printed to 
order. Print files for the NanoPi NEO [2] 
and the NanoPi 2 Fire [3] are found on 
Thingiverse. Unlike the standard case for 
the Rasp Pi, which tends to have heat is-
sues, the NanoPi cases are made to ensure 
adequate ventilation.

Figure 2: You can purchase different colored cases for the NanoPi NEO and the NanoPi 2 Fire or 

3D print one of you own.
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often more important for server applications 
to simply have the cores ready for processing 
requests.

The I/ O performance is far more important 
as a criteria for headless systems than CPU 
performance. Because data rarely originates 
in main memory, I/ O performance is espe-
cially relevant to interaction between the net-
work and hard drive, which connects to both 
of the NanoPis through a USB 2.0 port. Be-
cause the NanoPi NEO only has a 100Mbps 
Ethernet connection, the throughput is in the 
range of 10 to 12MBps at best. This is also 
the case for a Rasp Pi. Ethernet constrains 
the throughput on both computers. On the 
other hand, the NanoPi 2 Fire, with its Giga-
bit Ethernet, has a theoretical limit of around 
35MBps over USB.

Various data intensive applications such as 
socat, scp, and rsync served as candidates in 
the test scenario. I omitted a test using iperf. 
As is all too often the case, the theoretical 
claims of transfer performance do not con-
form to reality. SCP and Rsync, on the other 
hand, require a lot from the CPUs because of 
the encryption that occurs during transfer 
and reveal whether dips in transfer perfor-
mance occur, as with the Banana Pis. The 
tests also show whether the USB jacks pro-
vide sufficient power for a level of consump-
tion that goes beyond the specification.

PErformaNcE
Table 2 summarizes the performance re-
sults, including numbers for a current RPi3 
and Banana Pi BPI-R1 for purposes of com-
parison. A SATA SSD was mounted on the 
existing jack of the Banana Pi, whereas the 
other two computers used an M.2 SSD in 
the USB 3.0 housing for bulk storage. The Pi 
Zero was intentionally not included in the 
testing because it lacks the necessary inter-
faces. I could have retrofitted these had I 
chosen to do so. However, the computers I 
did select for my server scenario test play in 
a much different league. The Pi Zero simply 
can’t measure up.

Under ideal circumstances, the write per-
formance over USB 2.0, which I measured 
with dd by circumventing the cache, uses all 
of the NEO USB interface. This is a very good 
result. The NanoPi 2 Fire turns out to be sig-
nificantly weaker in this regard. As pre-
dicted, the SATA interface on the Banana Pi 
delivers the best results.

The picture looks different, depending on 
the particular case, when data is sent over 
the Internet. Generally, it would be fair to say 
that the network interface on both the 
NanoPi NEO and the RPi3 constrict the data 
rate. The NanoPi 2 Fire offers much better 
performance in this regard, but it still lags far 
behind a throughput rate that can genuinely 
be measured in gigabits. However, the rsync 
example also shows that it is necessary to 
look at the actual results for each case.

As expected, the power supply for the 2.5-
inch hard disks is usually sufficient. The only 
thing that overwhelmed the NanoPis was an 
old Transcend disk. The root of this problem 
lies with the disk, which also won’t start up 
on a Rasp Pi.

Power consumption for the NanoPi sys-
tems was not anything out of the ordinary. 
Unlike Rasp Pis, the NanoPis do use less 
power once they are shut down. This is a 
long-time and well-known Rasp Pi weakness. 
Even though the Pi Zero was explicitly con-
structed as a low-power system, you can use 
a few tricks to persuade a NanoPi to reduce 
energy consumption to the same level by 
switching off the GPU and CPUs and reducing 
the clock frequency for the system. Because 
this occurs in userspace, it is possible to adapt 
the NEO to the load dynamically. The Arm-
bian community is working steadily on this 
topic and offers relevant information and in-
structions on their website.

coNclUSioN
The NanoPi NEO shows itself to be a good al-
ternative to the Pi Zero. Unlike the Pi Zero, 
the NEO can be used for many server applica-
tions without additional adapters, cables, and 

 Performance (MBps)

Test NanoPi NEO NanoPi 2 Fire Raspberry Pi 3 Banana Pi BPI-R1

dd oflag=direct bs=1M 34.7 23.8 28.9 40,3

dd oflag=direct,sync bs=1M 25.4 20.4 24.0 25.1

socat 10.9 29.1 10.8 18.1

scp   9.4 18.9   9.7   9.0

rsync ‑az 11.4 14.0 13.3 12.1

*Also see the “Test Explanations” box.

TABLE 2: Test Results*

FriendlyARM NanoPi

23

FEATURES

ISSUE 20 RASPBERRY PI GEEK



application would be a small access point, 
which would merely involve plugging in a 
USB WiFi adapter and installing software ac-
cording to the instructions.

The NanoPi 2 Fire, on the other hand, can 
only be recommended under the right condi-
tions. The Gigabit Ethernet provides a sub-
stantial advantage, but the throughput rate is 
too limited for an authentic network attached 
storage solution. Last but not least, the price 
and performance differentials between the 
Fire and the RPi3 are not great enough for 
the typical hobbyist. The large Raspberry 
community makes things easier.

The NanoPi series comprises many more 
models than the two single-board comput-
ers discussed here. There is a small com-
puter with features to fit all budgets and re-
quirements. Just after the article deadline, 
for example, the NanoPi NEO Air became 
available, which is something to be hopeful 
about. It has a WiFi chip as a replacement 
for the Ethernet port, but remains as small 
in size as the current NEO.  ● ● ●

components, although it is still difficult to 
draw a direct comparison with the smallest 
Rasp Pi. The interfaces between the two types 
of computers are too different from one an-
other and, therefore, the areas of application. 

Many instructions that 
come with the RPi3 can 

even be used on the 
NEO, such as a 

backup machine 
introduced in a 

previous arti-
cle [5]. An-

other exam-
ple of a 

possible 

[1]  FriendlyARM: http://  www.  friendlyarm.  com

[2]  3D print file for the NanoPi NEO case:  
http://  www.  thingiverse.  com/  thing:1698298

[3]  3D print file for the NanoPi 2 Fire case: 
http://  www.  thingiverse.  com/  thing:1587553

[4]  Armbian for the NanoPi NEO:  
http://  www.  armbian.  com/  nanopi‑neo/

[5]  “Backing Up with Rasp Pi” by Bernhard 
Bablok, Raspberry Pi Geek, issue 19, 2016, 
pg. 50, http://  www.  raspberry‑pi‑geek.  com/ 
 Archive/  2016/  19/  Using‑the‑Raspberry‑Pi‑ as‑ 
a‑backup‑server
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THE AUTHOR

The pure write tests with dd copy zeros from /dev/zero to a file on the USB disk. The parameter 
direct gets around the buffer memory; sync waits for confirmation from the disk after each data 
block is written. The operating system buffers at numerous points in real life, so the perceived write 
performance constantly looks better.

The network throughput was measured first with socat, a network copying program without a 
protocol overhead, such as FTP. For this test, a server runs on the test device, and data is sent to 
a file from the other end:

### Server (Test Device)

$ socat TCP‑LISTEN:2222 /<Path/to/file>

### Sender

$ time socat TCP:<target host>:2222 /<Path/to/file>

SCP on the other hand involves a direct copy command with client-side encryption and then 
decryption on the server. The small computers took on the role of server.

For each of the Rsync tests, the client copied to the SoCs a mail archive of approximately 1.2GB 
that had more than 10,000 files. Thanks to compression (parameter ‑z), the RPi3 transfer rate 
appeared to be even higher than the data rate actually achieved by the fast Ethernet interface.

TEST EXPLANATIONS
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