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ABSTRACT

In order to build an Time Sensitive Network(TSN) based on unmanned aircraft such as drones, clock
synchronization between nodes must be very precise. To do this, it is necessary to minimize the error that
occurs when each unmanned aircraft synchronizes the clock of the flight controller using the time information
received from the GPS module. This paper proposes a method to synchronize the clock of the flight controller
directly connected to the GPS module without changing the general hardware configuration of the unmanned
aircraft. The flight controller receives a message containing time information from the GPS module more than
5 times per second and updates the clock of the RTOS, but the clock synchronization error between
controllers is very large, with an average of 21.64ms. To minimize the synchronization error and S/W delay,
we match various parameters of the GPS module and flight controller, improve the firmware source code
running on the controller, and change the default settings of the RTOS. This can reduce the clock

synchronization error between flight controllers by up to 84.1%.
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Fig. 1. Clock sync error between flight controllers
without any improvement
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Table 1. Specification of the drone’s H/W and S/W
Component Description

Drone Model DIJI F550

. Pixhawk1
Flight Controller(MCU) (Cortex M4, STM32F427)
Firmware(version) PX4(1.9.0)
GPS Module Here+(U-blox M8P)

2.1 mz2ioly M3

2.1.1 GPS =& njajo|g Mx
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Table 2. UBX-CFG-TP5 parameter setting

Classification Name Value
1000000(us)
100000(us)

freqPeriod

Parameters -
pulseLenRatio

active

isFreq

isLength

Flags
lockGnssFreq

alignToTow

el ==

polarity

18:30:14.000000000 18:30:15.000000000

Pulse
Signal
Time

GPS
Message
(5Hz)

a8l 2. "~ A5 A F GPSs WA A
Fig. 2. Sending GPS Message After Pulse Signal
Generation
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(When booting the flight controller)

Execute files : /etc/init.d/rc.serial & re.serial_port “gps start —d (port) —b (baudrate)”

Targe, arg[]
px4_module.h /
start_command_base()

(argument parsing)
(create GPS class instance)

gps.cpp / new GPS() ‘
lGPS *gps

i argc, argv[]. instance

‘ gps.cpp / task_spawn() | ‘

GPS(class) / run() |
i arge, argv[]

‘ px4_module.h / run_trampoline() |

i arge, argv[]

‘ gps.cpp / instantiate()

T2l 3. GPS =zfeln] x| Al A
Fig. 3. The process of initiating the GPS driver
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3J5}o] GPS<} Mavlink E2fe|HE 217 A3iA|ZIc
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25 task7} 3 SR ARSI ARl o=
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Instance instance) 35 Edf QIAIZ A= o] &
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| GPS(class) / run() ‘ —-| GPSDriverUBX(class) / receive()
T port ] buf[ 150}, size, timeout

gps_helper.h / read()

termios.h / open() ‘ ‘

| Jinstance, GPs::caliback GPSCallbackType::
readDeviceData

(create GPSDriverUBX class instance)

‘ GPS(class) / callback()
| GPSHelper * helper

T bul 1501, size, timeout

GPSDriverUBX(class) / configure()

1

GPSDriverUBX(class) /
configureDevicePreV27()

32 4. Gps =& 27| A4 4 GPS HlAA] 4l AA
Fig. 4. The process for initial setup and GPS message
reception
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(After parsing GPS message)

gps_helper.h / setClock()

GPSCallbackType::
setClock

GPS / callback()

lclockid_t, timespec

px4 time.h / px4 clock settime()

lclockidit, timespec

time.h / clock_settime()

lclockidit, timespec

clock settime.c / clock settime()

32| 5. RTOS A7t #415} 344
Fig. 5. The process of updating RTOS clock
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_l:

o
o
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1
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A7l ¥ elaspsed times AXFEh=H ARSEE=
uint32_t E}}19] g system_timer W GHE 14 ST
71t} 1 ticke] ZF4 CONFIG_ USEC_PER_TICK
el w=l oE2A AHeEe Hx AR
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= A& & 5 Sk

> 2 rlo

]

N

=

3
Table 3. Number of interrupts per second due to
changing 1 tick interval setting

1 Tick interval
50 200 500 1000

Interrupts per

20,000 5,000 2,000 1,000
Second
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o} ot QIHYHER FEEHE ASE 4 5 stk
SYSTICK SIE3E= A28l IHFES] 3 FH=
A Azl gse el o8] Ae]=]a System Handler
Priority Register (SHPR)ll %419 gke] Aok
I8l dub QJEJRELE Interrupt  Service
Routines(ISR)ell  oJs Az|=m A+ 3>
Interrupt Priority Register(IPR)ell A=) o=l
2 72 SYSTICK ¢lE|#Ee] $-415=9]7} SHPR 1, 2,
3 % SHPR3°| AR == Z& HolFr) w3t 11 6
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Exception number IRQ number Offset Vector
16+n n IRQn
0x0040+4n
0x004C
18 2 IRQ2
0x0048
17 1 IRQ1
0x0044
16 0 IRQO
0x0040
15 -1 Systick
0x003C
14 -2 PendSV
0x0038
13 Reserved
12 Reserved for Debug
11 -5 SVCall
0x002C
10
9
Reserved
8
7
6 -10 Usage fault
0x0018
5 11 Bus fault
4 12 (eadEs M t fault
- emory management fau
0x0010 A4 o
3 -13 Hard fault
0x000C
2 -14 NMI
0x0008
1 Reset
0x0004
Initial SP value
0x0000

a2 6. <lEFE WE HolE{10]
Fig. 6. Interrupt vector table[10]

31 | 24123 i 1615 i i i 0

PRI_15 PRI_14 Reserved

Table 4-23 SHPRS3 register bit assignments

Bits Name Function

[31:24] PRI_15  Priority of system handler 15, SysTick exception

[23:16] PRI_14 Priority of system handler 14, PendSV

[so] - Reserved

1% 7. SHPR39| bit ¥ Fx{10]
Fig. 7. The bit assignments of SHPR3[10]
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v o] u SYSTICK <IEIHES] 4159 =3k 0x80
o2 MAE) J2|eg B =oflx SYSTICK <!
HES $AEE gt =4 A8k 1 tickS
o8- sl S71A717] $18) up_prioritize_irq() &
5 A3l #HXx Y8 A] up_prioritize_irq(15,
0x00)¢} #o] s FEI I3 7o Jehd
SHPR32] PRI_15 ZE=eo| 0x00 Zteo] dd=c)h =
SYSTICK <IE|FHES] $A4E9= A4 7Fset Wel
QtollA 71 =A AFsF 24

. 85 ot

3.1 &H =S o|Stt HAEHE 75

B =eld AA] ol AS]E Pixhawk 19
H/W 544} General Purpose Input/Output (GPIO)
Fou} parallel ZEE 2|95} 937] wjiol] F Al
35 EAA AL S5 Ak SAE ¢ gk
I P2 mavlink Z2EF 3 PING WAAE &4
slo] =2 7} A7t )3} 2A1E A gl e
=5 75 ol SlEl lus vk HiE 2w
228 APl PX4 HelolE Ao BlaEy)
9] A AL 23 8ol viehd nje} )k =
oA Al =2 o83l ofefiel e HApw
s 7k ok

3.1.1 AlRF 3718 @A Y U A =

T
=l
2

Ral

(2) LEHA AdE]= HiaE T2 F
o] ~H=E At 7t ~deEE d4E

th 34 AEF A7be] =g e 2~E=
= 71422 mavlink L2 EZ2] PING 4]
215 A3} o] w), PING WAA|dlE &
Sroll AAE e AA ] A7F AR 71

(3) PX4 HYolE PING HIAAS AlskAb=}
RTOS®] & A7k} PING w|A|A] el A7)
o] ol A7k ARE wdel| AAghcl,

@ HzE Z2ole apde] Asxl ARt
PING WAAE 53 F, vl~E £38 w4

A% Agehn 22aRe FRih

a8 8. =& 7 A7t §718 23 3AE Sl HaEN =
Fig. 8. Test-bed for clock sync error measurement
between drones
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(5) PX4 % 3"011‘ Eﬂ/\E Z_E ]A]X]%_/F_ 5 ]'1_
njde]] = =3

3.2 M5 g Zf

T e vjE A EEE o ® A sRAcH
A-g3te] A7F F715 22445 A’ A ol
49} 7). GPS ®E3 vls) ZIEE o] FejrlE
UX| 7|5 PX4 Bl Z=5 R A7t &
42] ‘STEP 1’¢l| sll%=1 600% 3t A7k 5713} &
e SAE A Wt 6.38msE 7| EF e gt
A A7E gz 83 A3 a9 94 d%
v w7E AL Yot 5715 A epdc) w3t
RTOS A& WAs 1 ticke] A7HHAS vhefst
Al /Hx-lz‘;}—/ YSTICK QB EL] 9415212 34}
A1) A$7}F F 42 ‘STEP II°ol] sw=Ich 1 tick A
WAL 50usE AA LS o H A7 5713 oxf
7} 7]_74 _‘C} 3.44ms % 7-2—];&1 E(ﬂa}- Na’-l 7=1J,].__
73 103} zre] a#j=E yehlch 1 tick A177E4
S 50usE A 74 el EE 200) ] Wol
A s Qe L] 9415907 =4 W@
7] witel] B AEEHA ticks SV }
I o2 STEP 1, 25 EF 43S of H]EB

2 7k AIZE 5718 L2k HY 84.1% z.}i*lfg
Ak

ko oafo

- m[m nﬁ 22 mi":

E 4. w3 7AEEY 7k A7 F718 23
Table 4. Clock sync error between flight controllers

Default | STEP I STEP [I
1 Tick
interval 1000 1000 500 200 50
(us)
Mean error
21.64 6.38 5.37 6.15 3.44
(ms)

time difference (ms)
[

8 K 8
—

&

2

o

i wrw“ i

! h
0 100 200 300 400 500 600
seconds

T2 9. STEP 1 A4 A v AEE 7+ A7t 73
S A}

Fig. 9. Clock sync error between flight controllers after
applying STEP 1
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time difference (ms)

Ml \-i‘ Rk I I AN

! AT i DL R
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0 1 E‘ID 200 300 4 E‘iD 5:‘30 600

seconds

023 10. STEP 2 A4 A w3 AEZY 7+ Azt $7]3)
22K1 tick A|ZHFA= 50 us)

Fig. 10. Clock sync error between flight controllers after
applying STEP 2(1 tick interval=50)
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