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Low-Cost MADOCA Receiver System
Dinesh Manandhar
Center for Spatial Information Science, The University of Tokyo
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MADOCA is an acronym for Multi-GNSS Advanced : at the receiver and hence a dual fre-
Demonstration tool for Orbit and Clock Analysis. QZSS sat- | ' quency GNSS receiver is required.
ellites broadcast MADOCA signal for high-accuracy posmon - i MADOCA also provides signal bias
computation in L6E band. MADOCA contains precise esti- -correctlon data. In future, correction
mation of satellite orbit and satellite clock data for GPS, idata for Galileo will also be available. |
QZSS and GLONASS. These data help to remove errors due IMADOCA can provide an accuracy of
to satellite orbit and clock during position computation. How- 'up to 10cm. It does not require data
ever, ionosphere and troposphere corrections have to be done : from a near-by base-station as in RTK.
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Fig.1: Receiver System for MADOCA Signal Processing (Left) GNSS/MADOCA Receiver (Right) GNSS only Receiver
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MADOCA correction data are processed using PPP (Precise; Figure 3 shows MADOCA receiver systems for MAD-
Point Positioning) based algorithm for high-accuracy. Since: WIN, MAD-PI and MADROID. In the case of MADROID,
ionosphere and troposphere errors are estimated by the Kal- i MADOCA correction data are provided through online ser-
man filter after the start of positioning, the precise positioning vice provider. This will be upgraded to receive MADOCA
requires "initial convergence time" to give high-accuracy so-1 4ata directly from QZSS satellite.
lu'Fion of 20cm or better. This convergence time is about 20! Three software products “MAD-WIN”, “MAD-PI” and
minutes. : « i) : :

Figure 1 shows receiver system necessary for MADOCA'! h/l}/,{kl?)]?\%]?l?is eg)er g\(;j‘:i}ga?sdlogheg/[ :]r)e_PlIlS;e(i gasi%?r?yéi

lsllsgelzlall\/]f;(ggsglggéi gIIflalG (I:\;ISISQ/I 32823 (ﬁigzi?rﬂg}r]stgn%slss: device and MADROID for Android device. The software is
satellites. If only GNSS receiver is available, MADOCA cor- 0ased on GPAS-LIB and RTKLIB which are customized for

rection data are received by connecting to an online service: RaspberryPi and Android OS. We recommend either MAD-PI

provider. In this case, MADOCA can be used even in places: 0 MADROID for low-cost system. MAD-PI is useful for

where QZSS satellites are not visible. MADOCA compatible i remote un-attended data logging.

GNSS receivers are commercially available from several! Figure 4 shows screen capture of MAD-WIN and MAD-PI

GNSS receiver manufacturers. ' software. The user can select either to use GNSS/MADOCA
In order to promote QZSS and MADOCA technology | receiver directly connected to a PC or RapsberryPi device or

abroad, we have developed low-cost MADOCA receiver sys- connect to an online NTRIP caster to connect to a remote re-

tem by integrating commercially available low-cost GNSS| ceiver or to get MADOCA correction data. The figure

receivers as shown in Figure 2. The size of the receiver sys- (middle) also shows the position accuracy of MADOCA
tem is about 6cm x 6cm X 2cm with antenna connector andi PPP fter 20-mi b . .
micro-USB port. An external GNSS antenna with L1/L2/L61 output atter 20-minute observation time.

signal capability is required. !
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Figure 3: Receiver Systems for (Left) MAD-WIN (Center) MAD-PI and (Right) MADROID

Table 1: Low-Cost MADOCA Receiver Systems

MAD-WIN MAD-o MADROID

Platform / OS Windows Raspberty 38 or Android Device

Default : u-blox F9P Default: u-blox FP
GNSS Receiver Other: Dual- u-blox F9P Other: Dual-frequency

frequency Receiver Receiver
GNSS ~Receiver  Data | py gpp RTCM3 UBX UBX
Format
MADOCA Receiver U-blox D9 only U-blox D9 only (MADQCA Online Cor-

rection Data only)
MADOCA Correction
Data Format (from Sat- UBX only UBX only NA
ellite)
Online Service Online Service Online Service
MADOCA  Correction GPAS (RTCM3) GPAS (RTCM3) GPAS (RTCM3)
Data Format (Online) UTokyo UTokyo UTokyo
(Test level UBX) (Test level UBX) (Test level UBX)
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Figure 4: Screen Capture of MAD-WIN and MAD-PI

Figure 5 shows screen capture of MA-
DROID software. A GNSS receiver can be
connected to Android device directly by us- [
ing an OTG cable. The receiver need to out-
put GNSS raw data in UBX or SBF format.
MADCOA correction data is received by [
accessing service provider’s server. oor: 14

We are promoting joint research and pilot
projects based on MADOCA by proving y <
hardware and software under the Universi- g Vo s
ty’s Material Transfer Agreement (MTA) ;
contract. Necessary online trainings, semi- -
nars and workshops are being conducted as
well. Recently, these devices are being used
for Sea-Level rise monitoring, Tsunami wave

detection, MADOCA performance monitor- ' ' . _

ing in several Asian countries. Interested uni- I I II I o

versities and organizations may contact us at . CIE T SToP ROVER
o H N kel
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Report on CSNC 2021
Shanghai Astronomical Observatory, Dr. Yize Zhang

The 12th China Satellite Navigation Conferencei As the main part of the conference, 9
(CSNC2021) was held from May 26-28 in Nanchang, Jiangxi ; 2ademic and 12 industrial sessions were [

Province, China, B8 5 5 : R #E theld parallelly during the following two

tand half days. This year, approximate 500

Due to the status of COVID-19, the CSNC2020 was post-; papers were submitted to the conference,

poned to November in 2020. This year, with the better control ; and more than 100 invited and paper aca-

of epidemic situation in China, the CSNC was smoothly held demic presentations were given in the ses-

online and offline simultaneously. sions involved in GNSS orbits and clocks,

The general events of CSNC2021 includes summit forum, | GNSS augmentation, signal processing,

academic presentation, high-end forum, exposition, and sci- timing and frequency, GNSS application,
ence popularization. More than 5000 (officially) representa-; autonomous navigation and so on. As usual, a joint panel of
tives attended the events. ' ’

. .1 CSNC-ION was also held. For the industrial session, topics
On the opening ceremony, welcome speeches were given :

f . h ron BDS standardization, intellectual property, education,
from the chairman of CSNC, the chief designer of BDS, the  manned space flight, new infrastructure are discussed.

secretary of JiangXi Province. During the ceremony, the spe-: For the promotion and better application of BDS, the open

cial award of CSNC, namely “The BDS Award”, was given to: service performance standard (version 3.0) of BDS was re-

Dr. Tan Shusen, a fellow of Chinese Academy of Engineering, | ) : .

and Dr. Han Shaowei, dean of Wuhan Navigation and LBS leased (http://www.beidou.gov.cn)), service .Of BDS RNSS,
R h Institute. Oth ds includi d i i RSMC, PPP, SAR, and GAS are further clarified. The China
i esearcd nsttute. ler. avtv.ar S 1ne ul Ing aca deany’ appPlCa- gatellite Navigation Exhibition (CSNE) was also held during
ton, and SCIeNce popularization were aso awarded. i the conference. New products and solutions from companies,

Following the opening ceremony, the department in charge i universities, and institutes were released and displayed in

of each GNSS system reported their recent activities and fu-: ~q\p

ture plans. Keynote speeches were given by experts from aca- | . .
demia and industry. Development and outlook for future posi- | The CSNC2022 will be held in Beijing next year.

tioning technics were discussed from the aspects of indoor| E&: FBERXEMES, 2017465 ~2021F15, HR
and outdoor positioning, integrative PNT, GNSS+AL R RPIERBEEISHER RIARIFEE,
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Sample Proposed or Existing Constellations
Proposed | Number | Altitude | Satellite
Constella | of (km) Mass
tion Satellites (kg)
Starlink
SpaceX-V 7500 340 300
band
SpaceX 30,000 330-600 300
30000
OneWeb 700 1200 150
Theia 112 800 3000
Kuiper 3200 600 150
Planet Labs 150 500 5
Swarm 450 585 0.3
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