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1 4 (0y= 0.5, T4=0.20m)
Tab.1 Results from Different Algorithms by 4 Satellites (= 0.5, T4= 0. 20m)

X4 / cm QN M, M,
AFV " mo 1
x y h ds ARV o R Ka R Ka
6 —0.5+1.0+7.4 10.7 0.67 0.94 0.071  0.058 N 1.5 95 Y 1.5 6
9 —0.1—0.4+9.4 9.4 0.59 0.91 0.082 0.063 N 1.2 115 N 1.3 6
10 +1.0+9.3+13.116.1 0.57 0.90 0.084 0.076 N 11 117 N 1.2 6
11 —0.7 —9.0+12.9 15.7 0.58 0. 86 0.084 0.077 N 1.2 102 N 1.2 5
15 —0.1 —0.9 +5.9 6.0 0.73 0.77 0.074 0.074 N 1.1 110 N 1.2 4
25 ©¢=0.5 tp=0.05m)
Tab.2 Results from Different Algorithms by 5 Satellites (°;= 0.5, Ty="0. 05m)
Xs— / cm Qy M, M,
AFV my 1
X y h ds ARV o R Ka R Ka
6 —0.5+1.0—1.9 2.2 0.87 0.90 0.0710 1.0l Y 1.1 120 Y 6.4 8
9 —1.1+0.4—3.3 3.5 0.86 0.88 0.0820 1.19 N 1.2 124 Y 4.2 7
10 —0.2+0.0—2.5 2.5 0.84 0.90 0.0980 1.09 N 1.1 138 Y 3.6 6
11 —1.0+0.4 —2.4 2.6 0.85 0.88 0.0880 1.06 N 1.1 129 Y 4.4 5
15 —0.1+0.9—1.5 1.8 0.87 0.89 0.0740 1.0l N 1.1 145 Y 5.5 10
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Plots Show ing Performance under Different Processing Algorithm
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3
Tab.3 Qualities under Different Single Epoch Data Processing for Static Receiver

k R my AFV  Ka CPU /s
M, 86 2.1 0. 058 0. 88 106 0.18
M, 93% 4.6 0. 058 0. 87 7 0.12
M; 92% 3.0 0. 058 0.92 151 0.75
M, 100% 13.1 0. 059 0.92 5 0. 61
93%. Ms3 2(e), K 2,
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Fig. 3 Coordinate Change of Every Epoch Observation

4 s
Tab. 3 Qualities under Different Single Epoch Data Processing for Moving Receiver

k R mo AFV Ka CPU /s
M, 4% 3.0 0.011 0. 82 363 0. 49
M, 78% 9.2 0. 028 0.91 16 0. 09
M 37% 4.1 0. 020 0.993 521 1.20
My 100% 45.8 0.029  0.989 10 0.65
2 . M2 , P0=0.5, do=10. 10m. M4 s
, s Pp=0.5, do=0. 05m.
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Fig.4 Coordinate Change of Every Epoch Observation
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Fig.5 Horizontal Deformation Chart of Every Epoch
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A Reliable GPS Single Epoch Processing Algorithm with Known
Deformation Interval Constraints

. 1 . 1 . 1
XIONG Yongliangw HUANG Dingfa ZHANG Xianzhou
(1 Department of Suwveying and Mapping, Southwest Jiaotong University, 111 Ethuan Road, Chengdu, China 610031)

Abstract: With the constructing of large buildings such as tall buildings, large bridges, TV towers,
et the deformation monitoring for these buildings is becoming more and more important. Tradi-
tional surveying methods are difficult in the safety monitoring of buildings continuously and auto-
matically . GPS is an efficient tool for deformation monitoring . The mode of surveying for deforma-
tion may be static, fast static; kinematic or real-time kinematic (RTK). The processing methods
for these modes of operation can be categorized as ambiguity resolution approach. They have one

common, important constraint: they are multi-epoch algorithms. For many engineering sites, w here
the signal may be interrupted and cycle slips occur quite frequently, the above methods have diffi-
culty in resolution of ambiguity . Then the research attention has been focused on single epoch pro-
cessing techniques, w hich are independent on cycle slips. This algorithm is based on the AFM (am -
biguity function method). AFM has the advantage of insensitivity to integers therefore no ambi-
guity resolution is required.

Traditional single epoch processing algorithm has such problems as less chances for success,
bad reliability and separibility, etc. The less success chances results from low accuracy of trial posi-
tions, less redundancy of observable, low signal to noisy ratio (SN R) and multi-path effects. A fier
analy zing the problems of current GPS single epoch processing algorithms, the paper presents a re-
liable GPS single algorithm with height difference constraints or horizontal position constraints for
deformation monitoring. When the main deformation is in horizontal direction (such as tall build-
ings, TV towers, and tall chimneys), the height difference constraints can be used for the search of
the optimal position. With the addition of the height difference constrains, the search box become a
much more flat one. When the main deformation is in vertical direction (such as long-span sus-
pense bridges, cable-stayed bridges), the horizontal position constraints can be used for the search
of optimal position. With the addition of horizontal constrains, the research box become very slen-
der. Therefore with the involvement of the proposed constraints, the number of candidates is re-
duced sharply and the optimal position, which can not be found by traditional algorithm, now can
be correctly solved. When the GDOP is not good, the paper uses 5 satellites to compute the trial
positions to advance the accuracy of candidates. The proposed algorithm is effective in building
sites, w here satellite signals are often interrupted and the number of satellites is not ideal as well as
the signals are often contaminated by multi-path. Three examples have showen that the proposed
algorithm has high successful rate, good reliability and good separibility. Test results also show the
proposed algorithm is suitable for both double and single frequency receivers. Three tests show
that one epoch of data with 6 to 7 satellites at the mask angle of 15" is sufficient to achieve the ac-
curacy less than 1 cm in horizontal position and less than 2 cm in height with 100 % success rate.
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