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ABSTRACT

Keywords:GPS, GSM, RTK

Due to ease of operation and high positioning accuracy,
GPS has been widely used in surveying. GPS RTK uses
radio communication for real-time positioning. Due to low
signal strength and blocking of signal, the current range
of radio transmission is about 3 to 5 km. As mobile phone
becomes more and more popular, the number of GSM
base stations in Taiwan has increased significantly,
therefore widening the coverage of signal transmission.
This increase of GSM stations enables the use of GSM
for RTK radio signal transmission and hence reduces the
effects of low signal strength and signal blocking.

This study uses GSM for RTK positioning, and the
effective distance is up to 40 km. We also investigate the
relations between distance and positioning accuracy and
between distance and RTK-fixed rate. It is found that the
positioning accuracy and RTK-fixed rate decrease with
increasing distance. In conclusion, RTK with GSM
increases the range of field operation and provides an
alternative to RTK.
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M808 7057 6 6 100.0%

A 100, 0%
AF26 7765 9 9 100.0%
AF19 11063 12 9 75.10%

B GaMv1l 12989 3 3 100.0% 75./0%
G103 14610 9 6 66./7%
AR24 16033 6 6 100.0%

C AF09 17718 9 6 66./7%1.8%
GSM2 17847 34 3 97 ./1%
GSv3 21000 36 29 80./6%

D 67 . 4%
M918 25679 13 4 30./8%
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lonospheric Index 1953
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i 1 BRI P H 3 40P

PDOP
GPS | FIXED
1 09:42 5 70" 55” 8 8 23
2 09:46 15 30" 8 8 25
3 09:49 30 17 8 8 25
4 09:52 60 17 8 8 29
5 09:53 120 20" 7 7 3.6
10:42 GSM 5min FLOAT FIXED
5
14602m
13:34 GSM 5min FLOAT FIXED
5
11064m
15:18 GSM 5min FLOAT FIXED
5
25681m
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it 2 BLURIP #3724 p

PDOP
GPS | FIXED
AF19 1 10:15 5 2'30" 15" 7 6 2.8
2 10:20 5 30" 6 6 2.8
3 10:22 5 40" 6 6 2.8
4 10:25 5 18’ 6 6 2.8
11063m 5 10:28 60 15" 6 6 2.9
AF09 11:33 GSM 5min FLOAT FIXED
5
17720m
M918 13:02 GSM 5min FLOAT FIXED
5
25681m
M093 14:51 GSM 5min FLOAT FIXED
5
54km

3% 24 pipliEzw > B G GSM g RTK | £ chie
B BEd 3t 8K (4 72 5] --FIXED) ¢ 11K(F5 1 & &
~-FLOAT) 2z ¥ » #7158 11K FEd A p ‘ﬁi«?] é 2R

24 p & 1 10 B % pliE AF19 351 & 5 5 = % i e
FIXED m |1 BE i+ > (e 2 (53R 3 B BRI & 2
FIXED -
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it 3 BELRIP P47 28p

PDOP
GPS | FIXED
GSM1 1 09:30 3 130" 10 8 8 1.8
2 09:38 30 10 8 8 1.8
3 09:45 30 5’ 8 8 1.8
11063m
GSM2 1 10:30 5 1 15" 8 7 2.9
2 10:33 30 20" 8 8 2.5
3 10:37 30 10 8 7 2.6
17848m
GSM3 1 11:03 30 1 235 8 7 25
TS03 |2 11:05 30 5 8 4 -
3 11:10 30 5 8 4 -
4 11:43 30 3 8 8 2.3
21002m 5 11:45 30 407 8 8 23
6 11:47 30 1'45" 5 8 1 -

47 28 P ghRIEH T H B ERR] 0 F1H K 740 RTK
BIEPTRR R L P o BB F EH B R BES ER
P2 i B ¥ FIXED » o fAiedgte &2 FIXED » %
¥ 12 FIXED 3 » 477 4 475 1 ;% eh2 RTK P % 8k
o p ik F A TER D3 YT FIXED i
R T R B e
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it 4 BELRIPH 5T 250

PDOP
GPS | FIXED
GSM2 1 08:38 30 45 15" 8 8 25
2 08:40 30 25 8 8 25
17848m 3 08:41 30 65" 8 8 25
GSM3 1 08:58 30 90" 60" 7 7 2.7
TS03
2 09:01 30 18’ 7 7 26
21002m 3 09:02 30 19" 7 7 26
GSM3 1 09:19 30 60" 20" 8 8 22
TS03
2 09:21 30 15" 8 8 2.2
21002m 3 09:22 30 5" 8 8 23
GSM2 1 09:32 30 60" 25" 8 7 25
2 09:34 30 17" 8 7 25
17848m 3 09:35 30 12" 8 7 25
GSM2 1 09:59 30 50" 20" 8 8 2.3
2 10:01 30 15" 8 8 2.3
17848m 3 10:02 30 16" 8 8 23
GSM3 1 10:10 30 50" 18" 9 8 22
TS03
2 10:12 30 15" 8 7 3.1
21002m 3 10:13 30 16" 8 7 31
GSM3 1 10:58 30 55" 60" 7 7 21
TS03
2 11:01 30 25 7 7 2
21002m 3 11:02 30 20" 7 7 2
GSM2 1 11:13 30 50" 15" 7 7 2
11:15 30 15" 7 7 2
17848m 3 11:16 30 14" 7 7 2
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it 4 BELRIPH 5T 250

PDOP
GPS | FIXED
GSM2 1 12:01 30 45 60" 6 6 25
2 12:03 30 25" 6 6 25
17848m 3 12:04 30 17" 6 6 25
GSM3 1 12:14 30 110" 20" 8 7 21
TS03
2 12:17 30 15" 8 7 2
21002m 3 12:18 30 55" 8 7 2
GSM3 1 13:01 30 60" 5 8 2 23
TS03
2 13:08 30 5 8 2 2.3
21002m 3 13:14 30 5 8 2 2
GSM2 1 13:16 30 55" 140" 8 8 2.3
2 13:18 30 22 8 8 2.3
17848m 3 13:19 30 13" 8 8 23
GSM2 1 14:00 30 50" 15" 8 8 1.9
2 14:02 30 15" 8 8 1.9
17848m 3 14:03 30 15" 8 8 1.9
GSM3 1 14:13 30 50" 20" 9 9 1.7
TS03
2 14:15 30 107 9 9 17
21002m 3 14:16 30 14" 9 9 17
GSM3 1 15:00 30 60" 40 8 8 1.9
TS03
2 15:02 30 45" 8 8 1.9
21002m 3 15:03 30 17" 8 8 1.9
GSM2 1 15:23 30 90 25" 10 10 1.6
2 15:25 30 13’ 10 10 1.6
17848m 3 15:24 30 17" 10 10 16
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W

BB pE 5 250

PDOP
GPS | FIXED

GSM2 16:00 30 50" 20" 9 9 21
16:02 30 45 9 9 21
16:03 30 55" 9 9 21

17848m
GSM3 16:14 30 50" 50" 9 8 25
TS03 16:17 30 70" 8 8 2.5
16:19 30 55" 8 8 24

21002m

S 25p 4§40 28p >

&) 21K pF¥# FIXED ip| {5 81>

L > %7 424 & GSM2(18K) 2 GSM3(21K) Hpedt
ITERFR S RET FIXED’?uEBi‘ FLOAT?R| # & — J
Pra RSRS 28 S F 8B ERREI T T 48
4T x g GSM3(21K)EL%,E 3k ke B
2= 2l s (B g

53



‘it 5 BEURIPEH TR LP

PDOP
GPS | FIXED
M918 1 08:07 30" 50" 5 8 3
2 08:13 30" 50" 8 8 1.9
25681m 3 08:16 30" 4 8 3
4 08:20 30" 5 8 3
AF24 1 09:18 30’ 50" 20" 7 6 2.7
2 09:21 30" 20" 7 7 22
16035m 3 09:23 30° 15" 7 7 22
M808 1 10:06 30’ 50" 25" 8 8 17
2 10:10 30" 16" 8 8 18
7058m 3 10:11 30" 13’ 8 8 18
G103 1 11:41 30’ 50" 40’ 8 8 1.8
2 11:44 30" 16" 9 9 17
14612m 3 11:46 30" 16" 9 9 17
AF26 1 14:18 30’ 50" 30’ 7 7 2.2
2 14:21 30" 13’ 8 7 22
7766m 3 14:23 30° 15" 8 8 2.1
AF19 1 15:05 30’ 130" 25" 9 9 1.8
2 15:10 30" 13’ 9 9 17
11064m 3 15:11 30° 12" 9 9 17
AF09 1 15:41 30’ 65" 55" 9 8 16
2 15:44 30" 175" 9 7 17
17720m 3 15:49 30" 42 9 7 17

FLRiE GSM3(21K) B i+ 77 it FIXED e % {5 » g p p4*
E A TG B TR P L S s R EEHeEE
O~ BB S P SEEELBIR AR E R4 LB R E
1% %éijf‘u?i‘“ - B i o




it 6

BEoplp 7Y 5P

PDOP
GPS | FIXED
M918 1 08:08 30’ 50" 30’ 9 7 2
2 08:11 30" 15" 9 7 2
25681m 3 08:13 30" 15" 9 7 2
AF24 1 08:56 30’ 40’ 25" 10 7 2.1
2 09:00 30" 23" 10 7 2.3
16035m 3 09:02 30" 23’ 9 6 26
M808 1 09:45 30’ 45’ 11 8 1.7 17
2 09:49 30" 11 8 16 16
7058m 3 09:53 30" 11 8 1.7 17
G103 1 10:49 30" 45" 90" 10 8 2.2
2 10:53 30" 15" 10 8 2.1
14612m 3 10:56 30" 17’ 10 |8 2.1
AF26 1 11:37 30’ 40" o0 10 8 2.8
2 11:42 30" 15" 10 8 2.2
7766m 3 11:43 30" 17’ 10 |8 22
AF19 1 13:17 30’ 140" 17" 11 9 1.9
2 13:22 30" 15" 10 8 25
11064m 3 13:24 30" 13’ 10 |8 25
AF09 1 13:53 30’ 43’ 55" 11 9 1.9
2 13:56 30" 14" 11 9 1.9
17720m 3 13:58 30" 15" 11 9 19
GSM2 1 14:49 30’ 43" 65" 11 9 1.8
2 14:52 30" 30" 11 9 17
17848m 3 14:56 30" 180" 1 |8 17

55




4 6 BLBIpE T 5P
PDOP
GPS FIXED
GSM3 1 15:10 30" 43" 5 1 2
TS03 2 15:15 30" 40" 11 8 1.6
3 15:18 30" 5 1 4
21002m 4 15:24 30" 90" 11 9 1.6
5 15:27 30" 240" 11 9 1.7
7 PR T 1P rF s HRE S TVEE & BB
'ﬁﬁ/? |2 FATR ) S AIE R N T R R SRR
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"t a2 U
PDOP
GPS | FIXED
GSM4 1 08:40 30 50" 37 8 8 2.5
2 08:44 30 5 8 3
3 08:49 30 30" 8 8 2.1
38966m 4 08:51 30 5 8 4
5 08:57 30 5 8 1
6 09:02 30 5 8 2
PP op R R EE T ,
MERRESW O DHAEAREILT NV o

57




4 f38 =4 &

No|Pt |25 DaltTane GPSGLNfx PPD OB D s.|fniox f ;stc%gleuSI aver a
Dss| 7ok7Uw00s 8 | o] 8 18] 3] 3 [1000% |,
750045 11 | 3 | 8 | 17| 3 | 3 |1000%

3411000 8 0 7 2.3 3 3 100.0% 100\
oaF6| 77F511418 8 | o | 7 | 22| 3 | 3 [1000% 100| 0%
78137 10 | 2 | 8 | 24| 3| 3 [1000%
3410000 8 | 0| o |27] 3] o 0.DP%
dato| 11g B0 6 [ 0|6 [28] 3] 3 1000 |
7141505) 9 | o | o | 17| 3 | 3 |1000%
781317 10 | 2 | 8 | 23| 3 | 3 |1000% 80
dosv1 12dmaBoap 8 | o | 9 | 1.8 3| 3 [1000%4 100] 0%
3412000 8 | o | o 3] 0 0. D%
5Gl3| 1461pY141] 9 | o | 9 | 17| 3 | 3 [1000% 66./7 %
7801049 10 | 2 | 8 | 21| 3 | 3 |1000%
o | 16dait®8 9 [0 9 17| 3] 3 |00 |
750856 10 | 3 | 7 | 23| 3 | 3 |1000%
3m1tod 8 | 0| 1 [19] 3 0 0.D%
7aFo| 177181541 9 | o | 7 | 17| 3| 3 [1000% 66./7 %
791353 11 | 2 | 9 | 9] 3 | 3 |1000%
471 8 | o | 7 | 27| 3 | 3 |1000%
550838 8 | 0 | 8 | 25| 3 | 3 |1000%
550932 8 | 0 | 7 | 25| 3 | 3 |1000% -
5250959 8 | 0 | 8 | 23| 3 | 3 |1000%
531113 7 | o | 7 | 20| 3 | 3 |1000%
geavz 1784751200 6 | 0 | 6 | 25 | 3 | 3 |1000% 97 .7 %
5251316 8 | 0 | 8 | 23| 3 | 3 |1000%
52514000 8 | 0 | 8 | 19| 3 | 3 |1000%
53501523 10 | 0 | 10| 16| 3 | 3 |100.0%
555116000 9 | 0| 9 | 20| 3 | 3 |1000%
78149 11| 2| o 18] 4] 3 |75. /0%

58

ge

0 %

6 %

1%



4 f38 =4 &

NoPt '(3|‘;‘q ®! bhtTe MEPSGLNf i x|PPO@b S fnioxf:sfoglessafvuér a
4//28 {19 | 0 | 8 | 2.3 4 2 50./0 %
5/|DB {58 | 0 7 | 2.7 3 3 [100, 0%
5/(D®{1® | 0 8 | 2.2 3 3 [100, 0%
5/(2® {18 | 0 7 |3.13 3 [100, 0%
5/[2® {58 | 0 7 | 2.13 3 [100, 0%

9GSM3210 GBI |22 | 18 | O 7 | 2.13 3 [100, 8%.|7 %
5/(28 {08 | 0 2 | 2.8 3 0 0. D%
5/(2% {18 | 0 9 | 1.7 3 3 |[100. 0% |57.
5/(2%{0® | 0 8 | 1.9 3 3 |100, 0%
5/(2% { 1% | 0 8 | 2.5 3 3 |100, 0%
7/ 55 1101 | 2 9 | 1.6 5 3 60./0%
3/#0{0® | 0| O | 1.9 3 0 0. D%
3/(22{3® | 0 1 |12.2 3 0 0. D%

1 M9 1/82 5 679 31./3%
7/as8jo& | 0 | 8 | 1.9 4 1 25./0 %
7/®8 |08 | 2 7 | 2.0 3 3 [100, 0%
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