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Wide-Area, Sub-Decimeter Positioning for AvbRr&e
The use of a precise wide-area positioningetéahaiduorne trajectory solutions for LiDpRpsomedes
both relative and absolute accuracies sinut tetived from using a local GNSS reference stati

Oscar L. Colombo, Shane Brunker, Glenn Jonesy\Valkesen, and Chris Rizos

ranging (LIDAR) surveys are*&,"6&)"=")& (/& (<"*+$(,*)&#*<*7$)$+?DEF)® the present epoch, and accurate
among the most advanced(6$,'&&"I$7$)$+?2&/(1&6"+1"1&#(,-$+$(,kégults must be obtained right away,

means of producing high-resolution, aé;-&<I$(1$+?&!"%<(,%"&*<<)$#*+$(,%A&ith no chance for a second try.
curate surface elevation models used fo& "& +"%+%& -"%#!1$7"-& 1"1"& 6"1"& (Differential processing makes it pog
many applications in surveying and civi$z"-&* -&#(,-4#+"-&7?&+1"&:;F&'(=8  sible to resolve the carrier-phase
engineering. "#$%"& "()(#+$(,& *,-&",5",+J%&L*-&*,-& |(<"+?&M**"8  ambiguities using well-understood
(1" +*+$(& (& (""" #$,'0& (/& +1"&",+& 34+1(1$+7D& $,& #())*7(1*+$(,& 6$mighods.
L$23R&S,%+!45" +& 65+1&*&# (573, *HA(&U, $="1%$+7& (/& :"6&;(4+1& F*)"%D&&; Bnique It is common practice in
(/&(,87(*-&9:;;&*,-&$,"1+$*)& %", % (1%4&4,"&NPPQA&HOR;,"+8:; F&#(,%$%+aD&rit& LIDAR surveys to use GN$S
*+&+1"&+$5"%&61",&+1"&5"*%A4!"5", HBBIEDL!$+$,' D& (/&S T&Y%+*+$(,%&* bRTPRIPBSINGE the instrument precisely,
5*-"& <I(=$-"%& +1"& >"?& +(& 1$'18 @B J& 28=3$-"& %+*+"6$-"& 9:;;& <(%$+&h{Bto assist an inertial navigation sysfem
")'=*+$(, &< (-4H#+ %A $,'& $,/*%+14#+41"& *#(%%& ;;F& 6${MSRL0 obtain the orientation of the

B "& 4%4*)& <I*#+$#"& -"<)(?%& I"["€)H &&WP &Y% +*+$(,%&$,&(<"1*+$(,A aircraft in space, as both position apd
9:;C9:;;& )*-& "#'$="1%& $,& +1"& *I"*& orientation are needed to interpret the
61""&+1"&*$1#1*/+&6$))& 7"& &?$, D&¥ERiIGEBWide-Area Positioning data properlyrIGURE illustrates the
+*$,& *& <I"#$%"& +1*"#+(17& 7?& % 1v8T86B a technique for long-baselimelationship between the sensors used for
)$,"&-$ER"I" +$%)&9:;;: & +"#1, $ @& BR&Bferential, off-line positioning, able toairborne LIDAR surveys. The aircraft uses
#(4)-&5",&$,%+%))$,'&*,-&(<"1*+$,'&!"8eliver centimeter precision for ®xed re-GNSS antenna combined with an INS|to
#'$="1%8&*+&5*,?8&%$+"%&-4!$,'&*& &SI 5SUMEB sub-decimeter precision fgpeoreference its trajectory. The bore-s|ght
%$(,&$/&+1"&*"*&%4!="?"-&$%&*&) M&@(H&eceivers. This choice was dicalibration process aligns the individyal

F'& 1*="& +1$"-& *& -$ER."I",+& *<<!I(*&1&Rby three considerations: sensor orientations and standardizes|the
4%$,'& *%& """ #"& "#"$="1%& +1(%0i&I% f8tended application was the range measurements. However, if the
%<*1%"&,"+6(>&(/&H(,+$,4(4%)?&0<""g8olocation of the data of an airbornsurvey is to achieve the now-expected
$,'&R"M" #'&;+*+$(,%&.HOR;0&$,&:"6&canning LIDAR sensor to be used ihigh level of vertical accurabyl b
;(A+1&F*)"%&>,(6,&*%&HOR;,"+8:;FD& the generation of high-accuracy digicentimeters, 1 sigma), then the positior} of
*-&*& 6$-"8*"*& -$ER"I" +$*)& 9 ;& +"#18al elevation models (DEM). the GNSS/INS-derived aircraft trajectofy
S@4"& /(& (7+*$,$,'& +1"& *$1#!*/+& +i*[GfB line processing, where all the  for each laser swath must be determiped
+(1?7& 6$+1& %A478-"#$5"+"1& *##41*#?& GN&S data collected during the with a relative precision in the order pf
6$+1&7*%")3$,"&)",'+1%&(/&%"="1*)&14 iRt are available for processing just a few centimeters. This is achieyed
>$)(5"+"1%RBNO& 5*?& 7"& #(5<**7)"&$afd (as in this case) there is no needia differential GNSS post-processing of
<I"#$%P(,&* -&* #HH A #2&+(&+1"&%0 1 (I +FotUti@nediate results, is intrinsically the kinematic airborne data together with
)$,"&5"+1(-D& 74+& 6$+1(4+& +1"& #(Yohdote&eliable than real-time processstatic observations collected on precisely

n irborne light detection and )('$%+$#*)&#(5<)$#*+ %, $A& B",%& 4<89, where the data are available only
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BE
surveyed ground reference stations. The GNS&gasiti then 2
blended with high-frequency measurements takendnppard =~ —----- S
INS to produce the final trajectory and referetergations. Mircraft Trajectory =

"HE%&" H" +&™ ,-.%.,/+" +. ] %+!.0"-#" $HSHL 20(")"
30"#&!.+43 #'1-(")-5""(+-,1"6788*"9-+&":.1$()"%'-;" #")'4
<10)"(,."+&"-(+'()") ™ &+"<,+&" " +&™ - %. F=">("+&-#"9,(
-+ <31+ SHM6788"),+,",( LO#-#" +' %0 &EQFH, .
& < Yo-#" () 2B+ -1 &H.9,.) H"-2<12' (R (" +4
9,.'="@ "#-2<1-%-+0" /" +&'#" +' Y& (-?$'#" -#" <\##-FP" 3"
-("#&.+A3#1-(")-5" (+-, LIS+ (& V& -.%., [+ Laser vswath patern
J%'-"0"(01C,.30"(+9LAY % - #1&,; " 28% & +&™MH, 2
#O#+'2,+-90"". L#"B)$" +I"#S%&" +&-(#" #" K& PL-yH#" iy
UL (#2-4-1(7)'1, 08 () #) M (C + &, %, (951D
(,.10"#!"D"9&'("+&"-."13#".; +-1(#",.")-5"" (%) "3+9"("
+&2="@#", L#1"2, A'#"-+"<I##-31"+I" '#11;"2$-%A L0 FY0" 9-)'10"$#")"-("."21+"#' (#-(:=
+&"%0%1",23-:$-+-"#"-("+&"13#".;) " %,..- " <&HR"2I#+"  Software.P"$#) " +&">(+./.12'+.-%" ., (#1!%,+-1("B> C"
<%-#"+0<"1/"6788"),+,*" ;" %12-(:"I("V/"'+&"2, -("134  9-)'4,."<lH-+-1(-(:"#1/+9,.")";'11<) " 30" (" $HN"+&™
#4200 LTH# +H"I3+,-(-(" )" HSL+H#="FS. + & 2L R IH#-31 "+ (:43,#' 1- (", - %. [+ ] Yo+ O #ILS+-1(#", () AH A<+ 1("
CHHS%&" HSLHEO-+& #-(11'41.'2$ (%0 . U <& . -%" (" +&™M >68IQ" - (+.(+-1(, 1" (%M., 2" #12" SOR  8('+4
)1,0"-#" (" + &M HOHH2,+-%" "5 Yo+#" +&,+" Yo, (18" %0, (4 T8P"H#+ +-I(#H"HI"+&"-."),+,"%!1$1) " 3" $#') " Yo! (H+#O(- (" +&'
%'1")"1$+= )-8 (+-,1"9-)'4, . " #IL$+-(#="@#" #+,+-(#"9".".-:-(,110"
>("9-)'4,." "#I1S+-I(#*"+ &%, (%' 11, +-1(#",."Wk2<L'+" -;'("-("+&" 6'1%'(+.-%" T,+$2" /" D$#+.,1-," BETDUVE
(1$:&" "= (L +& " #O#+2,+-%") ,+," LA )"+ " &, " 3H& <SS <IHH'IBH)"+&"<.'%-#"®(,1"6W8" | BI2HS+)"
3"-(%13))"-("+&" 1. 2" ))-+-1( 1"B(A(19("<,.,2 "+ A -(" L, ()")-#+.-35+)"30"+&"">68=
+&"MI3H . ("2, -1 (HE"D LA -+ (%' HE QOIS (+ L 1 1) &%, [+ [ Y%+ - H#1%,1%$1 4§79 9-)'4
+&"M-I(H<&'.-%")'1,0#"$#-(:")$,14/.2$'(%0"), +&*%0&"2",(#" ,.","2'+&!)*"9".'"1-)"2,-(10" (" +&" ?$,1-+0"1/"+&" X-TDR"
$#-("21."E<'(#-;"6788".'%"-;" #", ()", (+'((;#=" TMY" '#S1+#"13+,-(')" 9-+&" +&!#" +. | Yo+ .- #=" BI" 3#")"
R'#1L;-(:"+&"%,..-" 4<& #", 23-:$-+-"#"#"(""LI(H+.,-:&+4 %!122'.%-,1" #1/+9,." +I" I'(. +" #&!.+43 #'1-(" )-B'(+-,1"
1.9,)'L" ##3.)="@" "#+,(),.)"9,0"/")", 1-(:"9-+&"+&™,24  #A$+-I(#" 9-+&".'%"-; #")'<1I0)" (. +&" -(+'(0))" ,-.%.,/+"
3B+ H - (%1) " +&2" HUB(AIH (" HEUIBH(T T &HAS & - #"%1221(" <., Yo +-%0" - (" + &-HHR O ()"
8, +-1#", ()" )SHH +&'2", 1("9-+&" +&M +H& " S(AB(HG"  %0!2<,.)"+&'2"9-+&"+&™M9-)'4,." "#I1$+-I(#"'B+& QY I$+"
F&-HHH L)L) A (& 231 $AHOF-E- (1 3PS+ H-2-1, &L +A3 # - (M LS+ (KT B+ &+ &
BL"'#11;-(:C" +&#" , 23-:$-+-"#" +1" +&"-." 21+ QAR 9-)'4,."#1/+9,.C=
BASH (12, H %I OH I 2- (B <R (1% %, 4
H#1(*"9&'("+&™,- %0, [+"-#"O-+&-("1'H" + &, ("AWA#ILI2 " Airborne Tests
LB %' L0 %-#1%L. . Yo+ I(# L+ &-I(H<&'.-%"  This study has used data from two airborne LiDARYSRI
)'1,0",.",;,-1,31' 0" 1+&". 9-#" #119'." +'%&(-?$'#&,+"."?$-."" conducted by the NSW Land and Property Management A
+H(#H " 2-($+H#"2,0"3"SH)=">+"-H#" LA (%' #H, W Y%+" # thority (LPMA) in June 2009. The ®rst took plae tthe
9'11" #'<If##-31"#$% & "+&-(:#" #'+&" ($+., 1" ABHE®"/"  township of Glen Innes, and the second was adidreadi-
+&"6788".,)-I"#-: (,1#*" +&" 21 2'(+" 1"+ & AR E") °"#+,+-I(#" bration “ight near the city of Bathurst."3!+&"X-TDR"#$.4]
VB H<D " H Yo+ (-YH &M HIL-)", 4 & +-) 2PHE(2,+-%, 1" 'O +&™11119-(:"),+,"9".", % ?$-.")G
2018 0 -("+&" % # M+ &M+ I<IH<&' %) TRF-2,+-("  n Aircraft trajectory, raw dual-frequency GPS (1 Hz) an
+&"LL-("H&M%). Yo+ I(#12,) S (1, (),.) .28, # IMU data (200 Hz).
J(U))-+H1GLS(AC9(< % = n LiIDAR (raw return data for each laser pulse).
O;."+&"0', . #" 11"+&'#")-K'%$1+-'#"&,;"3"($,110")',1+" n GPS reference station data from local receivers and mul-
9-+&"21.""5"%+-;'10%"21.""K'%-'(+10*"21.".'1310",()*"/.12" tiple CORSnet-NSW sites.
+&"SH LA < (+- O L HR <, - (/$110="0 0:(; 1<) 1" Glen Innes Test@ -#"I<".,+-1(,1" X-TDR" #$.;'0" '#+,34
+&™M.'< ) L 2-( - (< (2 #S &Y L-H&) 6TTZ # &M 11%, 1" (Y H A +-1(M9-+ & THS. 0"
#119"+'%+!(-%")'/1.2,+-1(#"1/"+&" M, .+ &L#" %. P9 1%$4,. . =" SORE(+478P"),+," 9'." %I11'%+")" /I." +&" +'H##2"
1,4+"<'%-#10"+&"L.3-+"I/"M,. +&AI3#".;-(:"#H#1E&'#"), 04*'6788".' %', . #"-("[,11-(,"B[DXXC*"6.,/+!("B6F 7C*'1.,"
JHUCLL0UNITOY A HE, )0 <L H##67889-)' 4, "+ %&4 BTPRDC*',()"P,::,"P,:;,"BP66DC="FIGURE"#&!9#"+&"
(-?$'#",0"+&"%!.."#<I()-("#/+9,."®()"2,(0", << 1-%,+-1(#")-#+.-3F+-1("/"+&" ' (%" #+,+-1(#",()"+&""&+". $(#=
-("#%-' (%™ C-("-C* 0" G0, 3 %!12-(:" Bathurst Test,+&$.#+"D-.<L.+"-#"XWYDL#"X-TDR"%,1-3.,4

FIGURE Airborne LiDAR reference frame.
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The °IT° Software

Runs under Windows, Unix, Linux, and FreeBSD.

Source code compatible with most Fortran compilers .
Follows the IERS 2003 conventions.

Available mainly for collaborative research purposes, with a
Free Software Foundation General Public License.

Type of solutions:

Recursive, post-processing (Kalman filter + smoothing).
Kinematic and static.

Stop-and-go for rapid mobile surveys with pre-surveyed way-
points.

Differential, precise point positioning, mixed mod e (precise
differential + point positioning).

Data corrected for: Earth tide, neutral atmosphere radio signal

delays, carrier phase windup, and so on.

Estimated parameters:

Receiver position in the IGS05 reference frame, with the
WGSB84 reference ellipsoid, earth spin-rate, light speed, GM
constant.

Biases in ionosphere-free carrier-phase linear conbination
(3floated® ambiguities).

Neutral zenith delay correction error.

elevation surfaces. In terms of the horizontabagaequired
for LIDAR surveys, initial tests showed that fferelices be-
tween the horizontal positions of various trajesteas neg-
ligible; therefore, only the vertical componenterasdered
in this analysis.

G'$ I,'# L.-$ (1 B&+&H/&YS ;& 8&&H#S LIEARS (' '$ OLB&

A'AS &S "HI&%S,%1#0S +!" %S/ A "HYR B>
+&.&+&H#&$%0! &%T7$88&$22:1&($.",+$ -2&%$".$H#':-%!%

n

Comparison of trajectories D directly compare the
locally computed trajectory (assumed to be truth) with
each wide-area derived trajectory.

Relative LIDAR point comparison B compare the pos
tions for a sample of LIDAR ground points derived frg
the locally computed trajectory with those derived fro
each wide-area derived trajectory.

DEM comparison b difference the raster surfaces
derived from the locally computed trajectory and a wi
area derived trajectory to find the effect over a LIiDAR
run.

n Broadcast orbit errors (allows precise differential near-real
time solutions).

n Integer ambiguity resolution available in differential mode,
with short baselines up to 20 kilometers (in minute s), and
baselines of unlimited length (in tens of minutes ® or just
minutes, with a precise ionosphere correction).

Absolute LIDAR ground control comparison B com-
pare the LIDAR derived surface from various trajecto

site only). This also involves vertically shifting the res
ing surface so that its offset relative to the one used 4
control is zero, thus removing the effect of using diffe
reference frames for the GNSS trajectories and the ¢
I'#$%! &SH(P) %S+ +!",%$ ++-%$".$//,+' &SOBIHL"1# %3$  trol surface.
45R67$H#&'+$ )&$+,#8'-$".$ )&$9" ),+% $'+2)&HF-H1%$
&% ';:19%)&($<=>>$+&.&+&#1&S% ' "#3$COR>HESBEAHEF([ rajectory Comparison
[":&) &($."+$ )&$ &% $.+"A$+&/&I*&+%$HARIDHERBT The comparison between the locally determinedaehd
"$BE99OD7$<+". "#$B<FG=D7$=&8/'% :&$B=H@CD7%$vte+Bea derived trajectory was made alongitherajec-
B=@R4D7$#($@'00'$@'00'$B @<<4DBRER) "8%$+&.&6Py for each “ight. The importance of this sepih the as-
&H&?% ' 1"#B(1% +;, "HSH(S'B%/)&A' I/$".$08$5#%3%$ sumption that all LiDAR data are directly positidram the
trajectory and so any systematic effect in thetdrgj should
Effect on LIDAR Data be re ected on the ground. For each test sleetily derived
Rather than simply comparing aircraft trajecttiissstudy solution is assumed to be 2ruth® with the verdi¢terence
aimed to determine what effect the use of wid&&lI8& computed against wide-area solutions for eachnatiorbof
positioning has on the actual LIDAR point dataagsdciated reference stations usedgLE )L

FIGURE Bathurst test of June 16, 2009, showing the distri bu-
tion of reference stations with baseline lengths an d the survey

FIGURE @len Innes survey of June 9, 2009, showing the
distribution of reference stations with baseline le ngths and the
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survey area with (numbered) flight runs. area with (numbered) flight runs.
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Glen Innes ‘ Bathurst Calibration
GND1 (the local solution) AIR2 (the local solution)
BALL/GFTN BALL
WGGA/NWRA BALL/GFTN

DBBO/WGGA/NEWC
WGGA
WGGA/GLBN/NEWC

TABLE GNSS reference station combinations used in each
test area.

FIGURE Trajectory elevation differences for entire Glen Innes
flight.

FIGURE VH#S$! 96"8& '&(%b)*+, *#-.+()1# #0 *#-C)/+%)#! #0 HORI/&%2:1< (&0&(&/*& 1%-+%)#1% (84
%S $)182+(&+ 1&()'&1 Y%(+H&*%H()&! 341)/5 BERL; +/1 +5+)/1% %"8& #*+, = 1&()'&1 Y%(+/&*YoH(= AR (RRPH

Mapping | SURVEY

FIGURE Brajectory elevation differences for entire Bathur st
calibration flight

+/1 <887 +/1 :<R7; (&1.&*%)'&,=> +5+)1% %"& #*4.82
0'&1 %(+&*%#(= 341)/5 8:2@>A B% *+/ C& H&/ %"&Vo
+H)(H(+0% +%6%+)/&1 )%! 1%+C,& #.&(+%6)5 HPEPHLLE; %"
1&()'&1 %(+&*Y%H()&! +(& 5&I&(+,,= $)%") DEE/H0) %ol &
4, = 18()'&1 W A%)HIA
Bathurst TesE& 6+%"4(1% %&1% 1)G&(! 0(#- %"& 8,8/ BI/&!
%8&1% )/ %"+%b CHY%" %"& 14(+96)# #0 %"& 555k ) %"
&+ (4] +(& 5 @*+%,= "H&(URE BHS! %"& '&(%)*4,
4 #181% #0 ®'& $)18&2+(&+ 1&()'&1 Yo(+HE UBFOBE @,

telemati{):gATE

9 h Allu"# C$!f%&%!c% ' Exhibi i$!, 17-18 N$v%mb%& 2010, A #'1 ", USA

@A: B3!@ C3D>!:E D3FC:G:FD: C3G @A: D3BB:GDHIJ @:J:BI@:AHRBI: HD@ HFE>!@GL

1"# $S M%&'(# R#)%*+,# M-.-g#/#.0 [-+k#0
#0 0% g+%1 2+%/ 3 ['(('%. *.'0)QY#+4' # &5 E
6779 0% 8 /'(('%. *.'0) . y#+4'# &5 EQY 67:6; B#
<tHH<-+H= 2%+ #X<(%)'4# #x<-.)'%.; S## 5%* -0 0"#
67:7 )'%1> C I"#$i%c&" ("A%%E&Ci)*+%

Fleet ICT Poised for Growth : Prepare Multifunctional,

Upgradeable Solutions to Meet Requirements and Driv

"B (V™ (+,-1.

OB+ I( on industry growth, emerging

markets, private equity and M&A activity and more to enseir

your business is set to succeed

"11 02" the lactors driving !"eet to guarantee your
business a share o! the growing market

TLIE$I3t
“405*!1))  the momentum o! hybrid & e"ectric vehic"e
interest to ma$imi%e your '()

“3+11$#20*0/15)

‘() and compe" market buy#in
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speak out on the cost vs* benelit batt"e
to ensure your so"utions provide dai"y re"evance, ma$imi%

e ROI
P — e I" #$%&" '( #&)
v 200+1"#$%& "()*$, P
L e
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GNSS Reference Ste{tion \ M-Iax. Average GNSS Reference Staﬂtion \ M-Iax. Average
BALL/GFTN East | -0.008 0.029 0/011  0.00{BALL East -0.013 -0.005 -0/009  0.0p2
(average 200 km baseffgel "™ 027 o018 -0.004  0.011(626KkmMbaseline) - ry T 0034 0012 -0p12  dol3
Vertical| 0.004 0.045 0.025 0.009 Vertical -0.031 -0.003 -0.020 0.00
WGGA/NWRA East -0.050 0.024 -0/017  0.02 BALL/GFTN East | -0.009 0.02 -00004 0.0p2
(average 600 kmbaselip@ly, | 0106 0083 -0p18 0.05](@verage 570kmbaseliRgl | 0036 0.0p7 -0015  0.041
Vertica| -0.050 0.001 -0.024 0.014 Vertica| -0.048 -0.014 -0.037 0.00

4
L
9
6
B8
TABLE 2Displacement vectors for each combination relative to the | DBBO/WGGA/NEWC | East -0.035 -0.026 -0,031 -0p2
local solution for Glen Innes run 002 (values in meters). (average 220 km baselif@yth | -0.031 -0.002 -0/016  0.008
0
4
3
4
6
9

Vertica| -0.020 0.017 -0.008  0.00¢
WGGA East -0.024 -0.009 -0/018 .0p4
(280 km baseline) North | -0.028 0.000 -0.014  0.006
Vertica| -0.02F 0.015 -0.016  0.01
WGGA/GLBN/NEWC |East -0.0( 0.004 -0/002  0.002
(average 210 km baselipg)yth | -0.029 0.0p3 -0.015  0.049
Vertica| -0.020 0.017 -0.009  0.00¢

TABLE ®isplacement vectors for each combination relative to
the local solution for Bathurst Calibration run 7 (values in meters).

+5I8P2$*%6($102"%/$ BS L)4$"0"/"%/$ #CHHSEHHE RBAS B
1' 1(6$S #$,%&!"153#$ BS1)#$3' Ch#-+#1"#$06(S1$1) HQSBH+S |
1 H1#H($%13$ (SIS 1)HS 3 +#'1' 1$ BSOS S(EL)?65
MB$1)'($"0"/"%/$4%+%1' 1$'($" 2% +#3$ B LA A%
206+'(1$B +$j5(1$1)#SQQA(#" 13$35+061' |5 BRBRMBMH%+S
SHW2H"T#32$" ++#%1" 1$*1)$ 145 4%+% 1SS BN
SHIGURE?D
LHTEXS" 206+ (1S +H(5/1($ Yo+#$ 2+#(HI1#3S B HBLIHS ;/#
MUH($3%1%S$ 4 %5(#S BS( &G %!11$4%+ B0 IHSAS A+ %'
#1%1' 1D$,%-"1&$11#+2 /%1 1$3"$$"5/1$%!386!+#/'%

Absolute LIDAR Comparison
Ground control points serve two purposes in a LEDARY:
nt The calculation of statistics to describe vertical accuracy,
TABLE DS dthat is, quantifying the match of the surface to the locgl
H18$2 '11($" ,251#3$5('1&SL)HEL* $+'3HAY+HIMHK'/FL height datum.
2%+#3$*'1)S1)#$/ "%//0$3#+'4#35( /51" 1$5¢T&H(HBAHSn The calculation of a surface adjustment to enable trans-
=THBES= 1#$1)#$)'&)$%""'5+%"0$%") #4#3$1$1 )#A%NVEE2 formation of the LiIDAR points to fit the local height
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FIGURE S8ubtraction surface for Bathurst
Calibration run 7 (AIR2 vs. BALL).

FIGURE Bunway vertical profile at the
Bathurst Airport calibration site.
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FIGURE Trajectory comparison for Bathurst Calibration run 7 (031318).
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OIB(H((*B8U- #-$ HIS 0I$28+ #3P) + & PRGOS L+(#-6$1&
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Conclusions

A precise wide-area positioning technique forragrtrajecto-

ry solutions provides both relative and absotuteaies simi-

lar to those derived from using a local GNS Shedestation.

Trajectory \ Meaﬁl Min. - R
AIR2 (commercial software) D.008 -0.074 | 0.097
AIR2 -0.102 -0.177 -0j002 0.1
BALL -0.102 -0.177 -0j002 0.1
BALL/GFTN -0117 -0.191 40.015 | O.
DBBO/WGGA/NEWC -0.089 +0.161 | 0.009
WGGA -0.098 -0.170 0,000 0.1
WGGA/GLBN/NEWC -0.090 +0.164 | 0.008
TABLE €omparison of LIDAR surface against ground control
AIR2 (commercial software) D.000 0 082 | 0.089
AIR2 0.000 -0.075 0100 .09
BALL 0.000 -0.075 0j100 0.0
BALL/GFTN 0.000 -0.074 0.102 |O.
DBBO/WGGA/NEWC 0.000 +0.072 | 0.098
WGGA 0.000 -0.072 0,098 0.0
WGGA/GLBN/NEWC 0.000 ;0.074 | 0.098

Irrespective of which reference sites are useacanchlibra-
tion and antenna modeling issues are addressalosdlue

TABLE ®&omparison of block-shifted LIDAR surface against
ground control points (all values in meters).
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comparison with ground control is well within #guired

accuracies. (0$'0!$)+#@52.&" (+#$+:$"$19JI$#!'[+&ES- )%@ANE BRig/adiakdrne LIDAR and imaging specialist working in

"-$KORJI#!'>9IM$ B/OH$ )+ 1*'6$ "$*!"-'$ +#I$ - (181G ">

a consulting capacity for specialized LiDAR survey company Network
Mapping (United Kingdom).
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M"*1-C6$'#$"(&; +&H#ISL (=5 R$-.& %! <P(#$ 0! $HI &AL R " Branagement Authority in Bathurst, Australia.
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Infrastructure and Geodesy branch at the NSW Land and Property
Management Authority in Bathurst, Australia.
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Manufacturer
NovAtels WayPoint GrafNav softwgravw.novatel.comps
used for comparison purposes.
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FIGURE G@omparison of LiDAR surface and ground control
&17.(&IS (HIILHBHS 28+ #3$ - &Y6I<-$ +&$ )+ G Y+ ONS:

FIGURE 10sual operational comparison of LIDAR surface and

ground control points.
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