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© Copyright ~ PNI Corporation 2005
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laws.

Revised June 2008; For most recent version visit our website at www.pnicorp.com

PNI Corporation

133 Aviation Blvd, Suite 101

Santa Rosa, CA 95403, USA

Tel: (707) 566-2260

Fax: (707) 566-2261

Warranty and Limitation of Liability. PNI Corporation ("PNI") manufactures its TCM products (“Products”) from parts and components that are
new or equivalent to new in performance. PNI warrants that each Product to be delivered hereunder, if properly used, will, for one year following
the date of shipment unless a different warranty time period for such Product is specified: (i) in PNI's Price List in effect at time of order acceptance;
or (ii) on PNI's web site (www.pnicorp.com) at time of order acceptance, be free from defects in material and workmanship and will operate in
accordance with PNI's published specifications and documentation for the Product in effect at time of order. PNI will make no changes to the
specifications or manufacturing processes that affect form, fit, or function of the Product without written notice to the OEM, however, PNI may at
any time, without such notice, make minor changes to specifications or manufacturing processes that do not affect the form, fit, or

function of the Product. This warranty will be void if the Products’ serial number, or other identification marks have been defaced, damaged, or
removed. This warranty does not cover wear and tear due to normal use, or damage to the Product as the result of improper usage, neglect of
care, alteration, accident, or unauthorized repair.

THE ABOVE WARRANTY IS IN LIEU OF ANY OTHER WARRANTY, WHETHER EXPRESS, IMPLIED, OR STATUTORY, INCLUDING, BUT
NOT LIMITED TO, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR ANY PARTICULAR PURPOSE, OR ANY WARRANTY
OTHERWISE ARISING OUT OF ANY PROPOSAL, SPECIFICATION, OR SAMPLE. PNI NEITHER ASSUMES NOR AUTHORIZES ANY
PERSON TO ASSUME FOR IT ANY OTHER LIABILITY.

If any Product furnished hereunder fails to conform to the above warranty, OEM'’s sole and exclusive remedy and PNI’s sole and exclusive
liability will be, at PNI's option, to repair, replace, or credit OEM'’s account with an amount equal to the price paid for any such Product which fails
during the applicable warranty period provided that (i) OEM promptly notifies PNI in writing that such Product is defective and furnishes an
explanation of the deficiency; (ii) such Product is returned to PNI’s service facility at OEM’s risk and expense; and (jii) PNI is satisfied that
claimed deficiencies exist and were not caused by accident, misuse, neglect, alteration, repair, improper installation, or improper testing. If a
Product is defective, transportation charges for the return of the Product to OEM within the United States and Canada will be paid by PNI. For all
other locations, the warranty excludes all costs of shipping, customs clearance, and other related charges. PNI will have a reasonable time to
make repairs or to replace the Product or to credit OEM'’s account. PNI warrants any such repaired or replacement Product to be free from defects
in material and workmanship on the same terms as the Product originally purchased.

Except for the breach of warranty remedies set forth herein, or for personal injury, PNI shall have no liability for any indirect or speculative
damages (including, but not limited to, consequential, incidental, punitive and special damages) relating to the use of or inability to use this
Product, whether arising out of contract, negligence, tort, or under any warranty theory, or for infringement of any other party’s intellectual
property rights, irrespective of whether PNI had advance notice of the possibility of any such damages, including, but not limited to, loss of use,
revenue or profit. In no event shall PNI’s total liability for all claims regarding a Product exceed the price paid for the Product. PNI neither

assumes nor authorizes any person to assume for it any other liabilities.
Some states and provinces do not allow limitations on how long an implied warranty lasts or the exclusion or limitation of incidental or

consequential damages, so the above limitations or exclusions may not apply to you. This warranty gives you specific legal rights and you may

have other rights that vary by state or province.
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2 PNI ~E]# TCM3&TCM5

AT TCM3/TCM5., IR F: T —3 AR A 5 TR B e T W 977 . TCM3/TCM5/5L & — /MR
RIOUREIE K1, ARTHRER, = PERE A AR A M I HL 145 R AL A A5 A
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TR TS AL E, AT LU T 2 360° g I AR ST P (X TCMS), TCM & H iz E2 iy
(ks =Sttt i, —HhbiRH L L AR m A AR R . /NI AR, TCM3/TCMS 1 il & LR
P ER SRS XL A #AL PNI A F] ) TCM3/TCMS5 BN AR Z m ks, maPEREAY FH K+

TCMB3/TCM5 &5 T PNI 22 7 I IR AT S R0 =l sl 52 v e e R BOR, AT BRI PR L o A%
AR AINIE LT £E-40 £ 85°C [IABE FREAThRE o DA ILAE Al v R L0 H & Rt AR A 1Y

TCM3/5/5L AL A HARH G H TV 2 N, AL

e B I A A S

e e A

PRI F (IMU Inertial Measurement Unit)4E i
DIE N

BOGIERAX

B8

BT A VFZAENN ], TCM3/5/5L $24t T R E r i dr & v . VFZ S EHAE N T g fe ), Aihpr,
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2.1 PHEEER

J5 L FAE
il <7 0CIRI NG FE 0.5° 0.3° % RMS
fHUARE>7 001K 5 0.8° 0.5° % RMS
Iy R 0.1° 0.1° % RMS
=R 0.05° 0.05° J¥ RMS
SN IV | 85° 85° i3
[1] EREMIEHET+3 sigma A0S B

W vk
o S 0 +80 +80 uT
Wi vt e o) W 2 +0.05 +0.05 uT
Tk i B A +0.1 +0.1 uT

BRI
1R RS L 0.2° 0.2° Deg RMS

. 0.2° for pitch <65°
.2° fi tch <65°
B R 0-2%for piteh <65% 1 o for pitch <80° | Deg RMS
0.5° for pitch <80° | 1 0 far nitch <8A°
S +90° pitch

WAl +80°
1*14{&?? +80 1800 rel Deg
1BURE > P <0.01° <0.01° Deg
izt A 0.05° 0.05° Deg RMA
[1] Repeatability is based on statistical data at 3 sigma limit about the mean.

K IE
ZH TCM3 TCM5
g IE f H
WA IE H il

PR A
FRFL (LXWxH) 3.5x4.3x1.3 35x4.3x1.3 cm
Hi 12 12 0
RO WRAT 22 e 3 e WRAT 22 e/ 3 e
EETTA AP AT T
RS232i% 4% e 9-pin 9-pin
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[oRmpy -2

SRR <50 <50 =
PRARAEIR <1 <1 =
/N KA 20 20 KAE IR
RS-232 Jl {5 300 to 115200 300 to 115200 baud
% X Y
B YR R
Parameter TCM3 TCM5 Units
P R 36to5V 36to5V VDC
M/ Max: 29 22 A
Typ: <20 <20 m
AR L 14 - 18 14 - 18 mA
PRIRASE 0.6 0.6 mA
FRIE R
BN
T AR -40° to 85° -40° to 85° C
FERAIE -40° to 125° -40° to 125° C
=5l Up to 2500 G’s per MIL-STD-810F
13l Qualified to MIL-STD-810F
pTAES Non-condensing/Qualified to MIL-STD-810F
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2.2.1 TCM3/TCM5
TCMB3/TCMS BRik 2 EN5 ST 77, Ui AT Molex ¥ 452 3810 5% 1 b 71T 34

|' =
ng‘ﬂ r. mu"[‘-,

r[”53u303ﬂ o
L |
[[m.m]‘j . =
AN _ )
O @ © a Ef’
@ - J_
i5; L=
(43 000 ) —*7
L1693 )
(27022 ]\ ? |:| [ il
Vo106a -
0

sl 15831)
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2.2.2 18 F~FE 45 3EHD

B 1800k 25 =

P 12415 L I00%E 20 —J

(DMolex p/n 51146-0900
@Molex p/n 50641-8141

TCM3/TCM5 & s X

LY

1
2 K NC

3 s R2-232 i
4 Bt NC

5 5% NC

6 1 NC

7 i TxD

8 i RxD

9 AN 5VDC
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3 TCM3&TCMS5 [223%

AT DU RAE B R G ICE, HfE AT TCM3/TCM5. fE# I R 4iH 2% TCM3/TCM5, Fidibl

P

N

45 TCM3/TCM5 Z 7 v /< % 42

FIH] TCM Studio F&/7 1Pt TCM3/TCM5
BV e A

% TCM3/TCM5

M P RIE

PRI 2 1, T LAl TCM Studio 7E#E I R GELANEAT Y, 2% 4.1 75,

3.1 HWREE
TCM3/TCM5 [ D ECAF & — 4245, T T B R 2N IR I R 4« 2825 1) K i 5 22 fe Al TCM3/TCM5 ILiE,
A IR G Zr) E X WF .

PNI AR T — /M7 DBO #23k k4, iR PNI SR 45 B .
TCM3/TCM5 & s X

F1 Bt

1 & Y5

2 K NC

3 s R2-232 i
4 Bt NC

5 5% NC

6 1 NC

7 i TxD

8 W RxD

9 AN 5VDC
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3.2 I AHTT

TCM3/TCMS (1)1 371 BAT KN Zh A IV, RIS (R A IE A AR 2 RE W 16 M 15 PR A R I3RS . (Hh
TORUEIA B AR 1Pk RE, 576 228 TCM3/TCMS (1 W i A7 LA JL AU W

TCM3/TCMS5 KB S+ A B AN

TCM3/TCM5 wJ Ll 7 ke IE R EHLR G 7 AL B & k4% . TCM3/TCMS #4771 8RNl 5ok 3
VO E+80uT . U AT AT — ANl () 37 it FE R IX AN, T84 TCM3/TCMS5 AN e #5 BIURG 1 110 7 4045 Lo
FE223% TCM3/TCM5 HIIHiE, BLEE 2 ERA IR, ZEIN W ERIIZ S DL R Al gefd TCM3/TCM5
AR TR LAT o 284N TR, KT IS B4 ) 0 A% TR B ANV AR G, IR, I REAA) T el ) T ik 2525
TCM3/TCM5 F) 22357 B NIz 85284k R R IR

H AT A 1B AN e AR AL S5 R A TR g, DRI, o TIE 3 AT IR, NARHF TCM3/TCM5 RE L E &
G AR IR . Z5WR UL, HAR B A T SR BRI S AR B R AR AR A, & TCM3/TCM5 A~
W BCLE B AT BE K R 3 Y AR B

TCM3/TCM5 NEZsl L AE IR B LU A e IO B

TCM3/TCMS5 (1) 223 B NZ -5 RIZNZS), =% AESIRE

TR

WA 12 22 HEAETT R B IR B, T 17 i 2R B DX A Y P R B A s 00, 3010 %5 R T E 1 e A L

N T8 RIS IRNE T R R A ICELAE — B IO, SRS R Bl At oot B, R LS dE T
B R R S A2 I A S

N T8 A B W 5 S AR AR R BB 2 N, T EEREAT LA (K

FELZEARTAE O, RATREZ e AR R ge, LRI, MEPERED v, U 7578 ) oK)
AT, BATEBUR A BEM A 13 AV F A AR i
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3.3 Pl ZEE TCM3/TCM5

1Kk TCM3/TCMS (1) RS RIAS AL ATl b (B 359343 A TCM3/TCMS HL AR OS] R A7 41

TCM3/TCMS [ L] hrsE S AR @M AL, A iREWTS,  DRIAE 2R e A% BUE A7 A FEHEARRT 55, A
e LA HLBR AR 1930 5l HE1E

] 1
#
o
Ez
g3
s -
B [z.a?n*ggg;
[~ ez
T 7 CLEARAMCE FOR
Se. & 4-40 UNC FASTEMER
oo O
T
(mn . [
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(-
Y 200040026
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TCM3/TCMS [ 2 AR I R s M, T U2 kA e AR AL B B o BT (027 sl T A AR T 11 €
(22 BN 3k o

ER: THEPRERERRRERRTH, FAREER TCM3/TCMS HEIR .

"Z' DOWN D°
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4 TCM3&TCMS5 [ F

TCM Studio
H P g
R
N VKNG

4.1 TCM Studio

TCM3/TCM5 #fFidiit PC ) COM 152815 TCM3/TCM5 b2 A1 (Il A, s fit 17— AN e 5y i i 3t
HITEE R, R AT DA AL, SHEHESSAREACT 8 A0k A dy & . TCM3/TCMS DA i 3
TCMS/TCMS [y H 74 H s A% s A0 A B e (R 5 3 AR PP 1R I H AR RAE 2 ¥) TCM3/TCMS 1)
Hidls ASCAHI T 2R A o X SR A S AE R 4632 2] TCM3/TCM5 [ i 3k #5315 A 4 1) TCM Studio F2/7
B, mTLLE) PNI ) R www.pnicorp.com 7[5 5 (1 A o

18 i £k Bide i

1. #{iz))"TCM Studio.exe” B & I HLIN 1 TAEH X T
2. %) Quesa.dll ] windows system 5 # system32 W E3 N, Quesa & —/ OpenGL i 785 %,
% A'e TCMStudio 1) 3D BALEEANEE T4,

® Windows2000/NT #1%: /WIinNT/System32 {3k
® Windows XP # J1 %3: /Windows/System32 43

¥ TCM Studio %353 Mac OSX R4 H:

1. Jiz)"TCM Studio.exe” I B HU K TAF H 3 1.

2. ¥ Quesa ffif# ) 2: /Library/CFMSupport
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WIRIER:
1. P 38400 1E IR
2. EREEENHRINY
3. fiidi<Connection>#4
4, —HEEPIRRIT AR, BEARIEERA, PSS s Bos k.
1. ERYLIERER e R
2. siili<Power Down>4#4l
3. FEHIN EBEE R R R
4. fidi<Power Up>#44i
BB

— HOERAE K, TCM Stduio 2 idk BRI BEE . BHRASBIAS, He b— AP iRd mid
<Connecti>fZ4l, Bt BRI T X IPRr R TE R .

4.1.3 BCE W H

W T <SAVES I B A 2R

Mounting options:
T MASETUE KOs FH R IR, RN ASIFXIRE o [R5 DUk 2 e ¥ 73 2 2heade T
B S Ui

Standard: EFEZIANS, TR AR TCHIRT 2 RE(Z Bl WL A AR T F) o

Standard 90 Degrees: JEFEIZIN, TR LR ICHIK - 2238, (H2 22 BN k517 EHLR A AT
D7 s AL e 90 FE 1K) 5 1) o

Standard 180 Degrees: EFRIXIUNT, FM ERALEFICHIK 2248, 222 BN k48 1n EHLRSEIE
7 EwE 180 FERI T 1A
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Standard 270 Degrees: EFIXIUN, FM ERALIEFICHIK 248, 222 BN k48 1n EHLRSEIE
AT 75 WL et 270 JERI 7 1

X Sensor Up: 4z, M b AL o T 5 2238 (X flife &2 T H) .

X Sensor Up Plus 90 Degrees: “iE£ZIN, FMR b AL ol I 5 2225 (X filfe RS E ), [H)
IV A LR GE R HT 7 IR e 90 .

X Sensor Up Plus 180 Degrees: ik FiZIN, TR ohE T B 222 (X SiL as 1), [A)
AT MR G T 7 i 180 J& .

X Sensor Up Plus 270 Degrees: 4k, AL ohE T B 222 (X L as 1 1), [A)
AT MR G 7 L e s 270 J .

Y Sensor Up: ki Iy, AR RO TR TR B 2R (Y Bl G a1 B

Y Sensor Up Plus 90 Degrees: “iE£ZIN, FMR b AL ohl T 5 2225 (Y fife RS T ), [H)
IV A LR GE R HT 7 U e 90 .

Y Sensor Up Plus 180 Degrees: MiEF LI, TR AL R IT R T8 5 2 de(Y Rt 2R E), [F)
I ARG HT 7 e 180 B

Y Sensor Up Plus 270 Degrees: MiEFZIN, AR AL R IT R TE 5 2 de(Y Rt 2R E), [F
IV WL R GE R HT 7 U e 270 B .

Z Sensor Down: YEEFEIZINN, AR E A5 R I I 2k (Z Bl I AR T ) .

Z Sensor Down Plus 90 Degrees: Y4ikFiZI, M E AL A IC I TR 1 2035 (Z AL I as 76 1),
[F] I ML AR GE (R w7 U T 90 g o

Z Sensor Down Plus 180 Degrees: “YiEREZIN, TR AR B o Hl 1 B 225 (Z Bt K ER T 1),
] N ML RGP 7 e 180 J& o

Z Sensor Down Plus 270 Degrees: “HiEFZIUN, TR AR B o H 1 B 2025 (Z Bt K ER T 1),
[ B ML R G R H 7 I £ g% 270 % o
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North Reference:
Magnetic: *{“Magnetic’ ik Iy, 5 B st 7 Ar s A Tt .

Ture: 4"True”#k i, FRrsl AT 3db. il " True”Bii, 752/ "Declination” % [
RN R R . 1552 TCM R A 487 10 325 LLSRIBUCE £ (1145 ..

Endianess: EFAE K Ao Uik it N, BRI Kt

Filter Setting: 14 0(JCUEN), 4, 8, 16 mi# 32 AR AL, I HAIZ Ll fEvH 507 L2 JirEEAT FIR
PEW . HEATUER T ME SR ECE AR GE , (ER A EE RIS, BRUCREE T 32 1.

Acquisition Parameter:
Mode:
® 4"Poll"pik i, TCM Studio 2 ML ZH i K&, — FLIE 2R HALAL ) Hdis
TCM Studio F5 72 LL"Poll TimeHE H B2 E(8 Ay 1] b I 1] 75 T K& . W SRp BB pk 0,
Il TCM Studio 2= 7E#E M Etl J5 L2 KR — I8 -

® YPushBri, AR BT ARG, — PR R R IR AL,
7" Interval Time” e FHE i 7 1 B 6], A5CL 5 2 DAY 16 0B 10 4212 4 s
0 BRI T B A O BEALIS S AR RIS SE F ALK 25 SR RIS (0 K

Acquire Time:
“Acquire Time" % B AHE T BALLH RAERTR], XANEH T TBIAL NS 3 B, SR AL 5
P FE P B AL B TR S K

Flush Filter:
AU BCE 2 T R A o 1 B S S RAEE, Bl — BTG 1Y 32 S RAEEHCRFEE L T
I AAE BT IMANHRAE RN, 28— AR S8 . (X FELL R, "Acquire Time 4
BB R HEAME, AETHS AL BITE RIS S o MG R T7 S SRATZH B LR VB3I I IS FH B 1)
32 MRFEH

FER: WY Flush Filter gk, B4 EdE s &6 3% 5 2 1.

AP RERE:
Stability Checking:
FEBRNING O, BEALAE bR B AR CRAE T T A SRAF i 2 e D S S A B 3 ML AR E
By o IR AL AE bR SRR R AE AR R R E R RSE A o IR AN RRUE B R A B T Ok
B AR T, RIS B S AF ORE R, (& XA 2 58 2 BN 1) o 4n SR T AN B %0,
RRAAERR T IR IR B A g I a], S Y AER T hn 0 i TR s NARAARL, W0RE B EOZ S
AR EAH -
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Automatic Sampling:
WRERE A BRFE, BEALKG A0 A d /NGRS e PR I 0 N, BT RAE . WL H P 75 2
IR 5 2 1A ), IS 2 B 1 TRz . — B &, 7E Calibration T[fi[f)<Take sample>
PR oS . mlili<Take sample>$ 8l 7E il /2 4 A IR Ol N RR AT — Kb g KAt

Calibration Points:
FH o] CLE HERbR o (M) s . mT DA 2 1 B/ IMW s EC 12 A4S VBTSRRI 12 AN 5,
T AL 7KV N 75 20 i 3y e /D 180 JiE,  de/b—IRAE I R AR iy R, 52— UK I [l R A7 ) R

Enable 3D Model:
— LN RG] REA H & BE AL RE J) KR 3D B, By UIX RS0 0C X — D) fE

Default:
XN ALK TCM Studio B k) I K BRIA K & .

Revert:
ALK AE TCM Studio F& /PR M e &, HWoRTEbE4E L.
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4.1.4 FRERIE

T AR RERIABEE HELF A I IRORG B S e A O b 78 ot
Samples:

1. fiii<Start>JH T i br e

2. BN AN ERAE, BT ERAE NN, — EE BN AN, BT ) B IR
FEARE AT —UCRHE o 77 s} 42 /05 2 30 JE 1A B0 Ht A REEAT SRAE o WA A At [R] 1) I 2
FEORHRAE o h s I IG5 B e B A A8 o BB AN I A RARE 5. — HIR B Pl B8 1R 2
Ho DR E 52

i BT EA2 AR BT ORI IIFRE . FEIX 12 D rirh, BT EAE KT I A 2/
Jig#e 180 &, e/b—UKIE R AN A7 [ (ISR -

Results:

1. SERbRE G, “Coverage”d < WonbrE e X, Y, Z (MME SR T 7Ebw s o &A1) _E i Eefdi
ME—[{)—Fp il Z (HK T 50%M VAR — L8 BRI B MR . L uT A o R 11X
SESRAE R AR ZE , IXAMEDBUINEGT . R 2 AN AP IPE S, WS i <Start>JT 46— VO
(FIh55E -

TR BhuT S s IR DA R AR A€ IR AN s BRI (K 5 07 o U AR 2E A A P v P A )
Ty bR € N (K13 AN—BURAE, AT RE S OIS I H ARG FEAR ZE I Do

2. WERFRE L ER, W idi<Save> 1 HL R A7 g « WIRERATIEFX A 2HL, WA T 2 A B2 s
iy 2 HO AT RRE o

Current Configuration:
Stability Checking: #7x Stability Checking i 172 15 4 2 3% .
Automatic Sampling: 7~ Automatic Sampling JE I & 75 # 4] 1% .
Number of samples is: 7 4HiAs & H T H I RAEEL

Options: .
Audible Feedback: #n5iik+#t TCM Studio, {EFRAERPSGL H— DN RFEES .

Clear:
AL B PR bR e . — HLE S, ARADB W B R TRARAE o
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4.1.5 PR T

Current Reading:

N<GO>LHIGE I, WAL I Ua% I 0L, BURATER AR . 4L+ <Stop>1% il sl #hn %, #s
AL R A

Contrast:

B iR 1 S
Acquisition Settings:

X R TR BEE LR R .

3D Model:
B HUR 2B 0 AR Rz s o B2 HAZ A ) 132 ) 5 1+

4.1.6 HI LR AT
1. RS & N Data” % [ .
2. ffif] Shift-Ctrl-Click fI Ctrl-Click ik - £ A~ i .
3. midi<GO>f Tl NEHE,  siiti<Stop>z {5 iE £ s A .
4. riidi<Export>4 HAF B fR A7 B — AN SCAF .
5. Miii<Clear>$% g bk a1 £

T Bk AR S/ 2R E, —AMFRid o 1/60 #5.

4.1.7 ARG F A

Export:
HeFE<Export>FHIKE RGEIC K RAF 2] — A S

Graph
B AL T —AN250(OK,Y) B I A7 5 1) A28, 12 P 3 e 008 BB DML 1) S 7 R P TCMUASEZE 0 6 3] 10 s
HVRRRER MR, RIS ) AR 2] b S RO 1 25080 1 e A L
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4.2 HPE

FTAT V) B SRS REAE S22 (NP BT AT AP IOPERE, IXANIAEE M Bl 37 56 4 it BRGS0k AR AR K 2 4L
UL, T DR A BT IZAEIN FB S ABORR A IR I LRGeSk G s R, A2
FegRBRLy, WA AL LB AL AR R K A

M HAT AR R, 0] LU I TCM3/TCMSR )X 48 J=y o 17 e 1 RO G 8, ot I/ D0 M Bkl 7
CAVHSE B A7 A R R P BRI o ST I A2 REFP I, TCM3/TCMSHGREAT— R A X 70
e B ML, NOIRLE t R i AL R 2 (CBRANIA BEANER OS5 ) R Ul Y bt sk )
PRy (RIFTFRES) .

PL R fe 2 H A2 AETCM3/TCMS 7 L2 2B B RE 6 I ok DI 1 N LR e P 2L R i s = el ok
i, BRI R R SE IR (RIS I R T R R AT B ER T K B

TCMB3/TCMS 1) = Zifil 3 vh R =2 B v i) > B L2 e RE M BURE I SEORAM T 7 A2 K R B . T
FAIgERNE, T HATHER IORRE , B BN B AR BRSO EE T E N R R .
T TCM3/TCMS I e s [ 2 T EHLRG L b, MENARGE ISR, XA R R R R R
AAZ, AEAFTCMI/TCMSEATAT HURMARITR 7 1) A8 BEAS BURSHIIEIE o 106+ 7 [ AR T 251X I R 4, A2
AP T ) EASREREATRE R MR g o 1K i e MR T2 T 0, B BN AL A i SR 0 L, A
SBPG BB 2 A [ b2 NG DL (1 R B AR 1 37 o

o BIALREHHT bR i b B 12,

o BRYLTFEAT/KOT T bR 2 /0180, ALFE A K IE [ R — KA ) IR R IS 5
1. FERRE LR R T REMIMIRE, 1K AE A3 B e 70 00 R 3R S vh i 8

o RN DURE IS R T B 2 (K 77 AL A ] IR RE S EAT Y 51 RFE, T RE S BLAR (314 o

o VERicoveragelfJ LU,  LuAZI AR D) 255 (10 A il AR AT
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4.2.1 FrE R B

HER AR 28 7RI T SRR AR E S BN R E - AIRI R E A LR 284 i 2B TCM Studio —Evaluation
Softwareifi 43 48

FrsE (132 H AR 2 TCM3/TCMS AL IE tH ENLAR S AL AL WL . 9 IETCM3/TCMS s 2 238 E E LR 4L
R, AEARAE N A RGNS SIE e IMRA . A e s i 2180 MK T3, (HaE0h TiA%
AERIREIE, i EE360E M/ T el Rl AEAE I Fp AT RS T BE 2 (K AN R BRE A

T TCM3/TCMS /LA (15 £ v B A I8 B B (KRS 1, B2 T ZEAE RN S RE N (R il R
IBERE AVEH 40, JATCM3/TCMS 1 J5 7 A7 JARKS 2 AE A0 PR i [ P9 #Ef -

4.2.2 TR AL R

DA D o P P A o P ) B o R e U A S A A PR PR o SRS TR P9 2 SO0 AR R A7 5 o] ) A S
FEPTAT I3 1) 1 B RIS S (1 o SR 2R L A A B R R il 1) 8 B in b4 8 52 (1 i o0 B, P BA
Ref RS % T TT LA P 1 B P SRR AT A

BRME R I e ERTLSA A RN E WA R B AR A SE AR T I 45 R o B ok, b L BAT o (1w 5
Ho TR EHIHE T R T UMW e il B ) AL, AR KR ORISR A1)
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4.2.3 B AR

TCM3/TCMSA PRI S v KIS AR T 743 51 T3 (dRma et I3 1 o WRARSR R4 D B S RE X R 7 580 L
TCM3/TCMS5HEMS MR RIET IR, AR P A8 B e A ARURESEE

TCM3/TCMSA I RR-A SEIE A 5 R (1547 o %75 PR s Tk — 80 R A s, JUBEHE .
A RRBL A R I, AR ASGE SCAIEHLE h O RIS (1 A B BRI L3 P L Rl e e . PRk 53
AR UL LA AT IE e, T LAI Rl e S AT EL AT o

XHFTCM3/TCMSIf 75, 4 HL B AR I 17 b i BRI IE 1) (0 1B0RE, = v AR K A7 Tk 1v) B B PR I A
I ER

MNORTH HEADING
OR DIRECTION OF
TRAVEL

NEGATIVE i e

o |
e e
HOE_EL - POSITIVE

Ay
[ ™ # NEGATIVE
2 g

POSITIVE ™ .

PITGH
AXIS

TCM3/TCM5h5#E %2z 77 =X
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4.2.4 B/ BRI ETRE

) Fl TCMStudio N 1 F& ¢ R 71 BRI 2k 45 v] LU TCM3/5/5L & #1840 dE 4T b e, it dn 2 I35 4 .
TCMStudioN: FHFE 711 BT A T RE AR T LA TOCMAR A (1) — 3kl WSO S B, %k B vl LA A R 3 iR
KT R MEUIFEE T — A SECREER T T3, AN T IRIG A fbs e BOR, WA s £
(FIRAF R

1) TCMEL4LERASF, 5 TCMStudiod il {7i%E#:, $1 FFconfiguration T .
2) FCERAR BT
YEFilter Settings % 1 H1 1% & 432,
Calibration Setting: i%E#¢ Stability Checking check box
#%EH Automatic Sampling
HePEbR g nifich 12
3) AiiiSaveiz#l
4) A7 broE vl

VERG — BITURHEAT REEARE R, FETUE IRAE R A B, Sl B SRAERE A 2 A R R R 4R o
FEARE I RE R, WAZRE S 245 2 (AL, XL B I AR TG BRI A, i KBRS bz
(5 — A R — AR R . AT ERE AR AN E, 11 LTy SO 12 BT R A
TR MARE AL
®  OJZ+/PNIEFHIE
® Q0+ FHR

®  180+/NIIE [ EIVE
® 270/ +/NE A ] R
A FI50%E

® O+ EIR
® Q0L+ MIIE[IHIR

®  180+/ME i n) BHIE
® 270/ +/NUIE M EIR
BEALHAL-50/F

®  OJZ+/RIE M ER
®  Q0JE+/]N )4 ) BHIR
®  180+/IIE I BIR
® 270+ o [n B
5) fRIFHATEE
6) AiiliStartiZdl, ZAF O 8RAE
7)) BEEERHB N AL, KZAIN0RE, R E H A% AR
8) HH FIRDIRE 125 AR A 5
9) fiiiSavediil{isE
10) b 25 Yok B R frResults & 1 H, LAX, Y, ZI1) 7 a5 0 (%o by A ) DA K 137 5 B8 AR HE 22K R
(UT AT )0 78 55 O R A5 704 LU 43 LR R IR AN Bl ) A% S 25 00 2R ECREAME I R . BRAR IR 2@ X, YIS
31E85%LL b, AL B iEZE 499y S5 7E50% LA N o ARUEZETFSr BOZLF T-0.1uT . b 221550 RO R I
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4

=3
He
N

Minimum 12 good user-
calibration points. Additional
points can be added including

upside down if possible.

Alternate Roll between
points - odd number:
points positive roll,
even negative roll.

F
\ ? )ﬂ”"‘a;f_'f: }
: o o

ERAMERIF AR . WERAEARE M RE T, SRR IR AR TR R AR, I AAME4s RIS
IR EARZE, ST AN IO ML PR 5 M 75 ] e A A 20 LU AL .

T.;jp Views Side Views
4

7 \
' Large Positive |

Pitch g
;%yh

-

N - ., —
i ™ Y
e 12 ‘__J-"",_.-".:‘} 4

/ g b

Large Megative |
Pitch |

http://www.handeas.com
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4.2.5 Hifmfa

Whdw A, MR HEZE, HIACAREACAT T AN IR, AT HUER AN e 8 mT DAL S At 2 B i Y 22 /D>
PERAR TN Bl (K08 TESE T A7 Aok A (0 Rl i 13 AL ARJR A T A 225 A A2 D B b 5B %3 Ol i
LA —FE, RN RS N TR AR AL SR I K AR . T T HiE F AT BENG I B I ARG, 25 [ St A v o
WA it b A S I A 2 0 LAV (Y R A

http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp

4.2.6 FHADRREE

BAEHTIT IR I —FE, TCM3/TCMS 432 21 1) Ja i TR AF N F S 10 R 2 & N 2 HhER (G Lo AT
JREskEY, HNEREERAST, SelRE R BATEE AN 3 TR e . Blln, EnTRede s )
TCM3/TCM5 & TR I MR 77, (2 BARGEN A 24T TCM3/TCMS 1 B AL I ZE i Thr g . X
FERIBR B T H At & e s et 3 —4E. ik, TCM3/TCMS5 B B ARA TAT NS I VAN L 5 A
M RETE SR BE S nT RE & CE BT, WU Bl HoAh A s T El e, A54E,

TCMB3/TCMS RES X T A7 At HUA% s s AV B I A S WA EAT B
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4.3 ZHEHHEIEMY—RS232 O
4.3.1 HIELEH

RS232 il {5 L2 :
ByteCount Packet Frame CRC-16
(UInt16) (1 - 4002 UlInt8) (UInt16)
Frla[;ne Payload
(UInts) (1 - 4091 UInts)
R
1. ByteCount ;& Packet Hf34f CRC-16 fEW [FFTE F 5 1B
2. CRC-16 iI5 M ByteCount JT4; 5] Packet Wity iz Jo— 715 (WS TH I C S
3. ByteCount fll CRC-16 #ftJe: LA K s B 5 & 32 11

4.3.2 ZSEKER
Py
T RZHMERN N |IEEE bR, ANSI/IEEE Std 754-1985

64-Bit(MUREETZ 1)
N SR IR PLR S AR R IR 1K) 64-Bit V7 R, /N 4 AR RO AR . (B R
#iX: ABCDEFGH /huifiz: DCBAHGFE)

63 62 3251 0

5 Exponent Mantisza

{8 v Bl 52 Lk (0<Exponent<2047): v= (-1)° x 2EPenent1023) » 4 “Mantissa

32-Bit(FAREEF M)
N S LR AR I R I 32-Bit VE AL, /NIRRT 4 TR A A S AR A

3130 2322 0

5 Exponent Mantissa

{8 v Bl 52 Xk (0<Exponent<255): v= (-1)% x 28P0nent127) » 4 Mantissa

HEE: 2% ANSI/IEEE Std 754-1985 LISKIUEE 2 115 B o s 13U [R] I 2 28 A FH 1) G PR 2 7 SR
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ERS 32-Bit #H(SInt32)
SInt32 #% T 32bit £ (2 M), Bit 31 ARRAEMFF 5 (0=11, 1=IF)

k3| 2423 1615 &7 0
msh Ish
Big Endian
7 01§ 823 1831 24
sb rmsh
Litile Endian
ES 16-Bit #H(SInt16)
SInt16 4% 16bit 207 (2 B #ME). Bit 15 ACRAEMFF 5 (0=11, 1=IE)
15 87 o
msh Ish
Big Endian
7 015 g
Isk misb
Little Endian
ES 8-Bit BH((SInt8)
SInt8 #% X 3T 8bit £ (2 B #MY). Bit 7 AAERAEMIFF 5 (0=191, 1=1F)
7 o
byte

TS 32-Bit BH(UInt32)
UInt32 #% 303k 32bit 2.
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Kl 24723 1815 87

mek
Big Endian
7 015 23 1631
sh
Litile Endian
TS 16-Bit BH(UInt16)
UlInt16 ¥ FET 16bit 215,
15 87 ]
msh Ish
Big Endian
7 015 5
Ish msb
Little Endian
TS 8-Bit EH(UInt8)
Ulnt8 #% {2+ 8bit £1 .
7 i
byte

A /RE
AR B EAE A H B 0 (B 8 1 (30
7 0
byte

sh

: 18926071289
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4.3.3 FEL MBS

::[;ame PN ik

kGetModinfo TR 1 8 P A
2 kModInfoResp i i kGetModInfo
3 kSetDataComponents T A H P s A R
4 kGetData RIS ZH i
5 kDataResp i W kGetData
6 kSetConfig B ISR A
7 kGetConfig ) 2 HU AL A S R B
8 kConfigResp 7 v kGetConfig
9 kSave TRAT- NS B0 H P bl a2
10 kStartCal HI P b e I o i %
11 kStopCal FJ bR S A 2
19 KSetParam W R P BRI FE T I FIRVER S84
13 KGetParam AR B AT A L T FIRIES 2 5
14 kParamResn AR E RN THIFIRIEB S HL, A kGetParam
15 kPowerDown AR FER
16 kSaveDone N kSave
17 kUserCalSampCount FER— R R A R0k
18 kUserCalScore PRER I
19 kSetConfigDone i W kSetConfig
20 kSetParamDone i N kSetParam
21 kStartintervalMode L i L S dhs e 1) TR B i
22 kStoplntervalMode ABEZH 457 1A A I ) ] B 4
23 kPowerUp PTG D AR A moe it i Pl A4 R ik
24 kSetAcqParams WEAL A REE SR
25 kGetAcqParams B LIRS RES
26 kAcqParamsDone i i kSetAcgParams
27 kAcqParamsResp i i kGetAcgParams
28 kPowerDownDone Wi kPowerDown
29 kFactoryUserCal THEH P bRE 528
30 kFactorUserCalDone g S kFactoryUserCal
31 kTakeUserCalSample FEAR 8 IR HRAE— AN s £ s

1 18926071289
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KgetModInfo(frame ID1)
iy M T AR R L A S . 1% AT payload 17, 5811 kGetModInfo &t 41 F

0005 01 EFD4

0005 FHiilEK
01 kGetModInfo iy %
EFD4 CRC-16 #5654

kModInfoResp(frame ID2)
=i 2 H 0 Y kGetModinfo il Payload #73 GL45 [ 1 IR A 5 LA RS ZH IR AR IR AT o

}4— Frame ID )\4 Payload ><

2 Type Fevision

Fkumta ;\4 umtaz—#— UIntSQ—)‘

kSetDataComponents(frame 1D3)
i 4 M T BB A A B ARGy, XA A T AR ) Bids (W kGetData). Payload 6
I3 A R R R Bl 2 DA ASTEI K 1D AL

|~1 Payload ‘;—i
Count ID, 1D, D, D
}4— UIntB—)I(— Ulnt8—>k— U|nt8—>|<— UIntB—)\(— UIntB—»I
-1

AT AT, payload {73 WY i AR -

}47 —— — Payload —— 4,(

3 2 5 24

Frame ID ID Count Heading ID Pitch ID

AT W HE N (kGetData frame), &t 24 5 23 it IO 44 1545 i Payload 343 1D FIIR P -
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RS B IRT

pErsy  WRRF (decimal)

kHeading 5 Float32 degrees 0.0° to 359.9°

kTemperature | 7 Float32 ° Celsius -40° to 85°
False (Default) =

kDistortion 8 Boolean True or False no distortion
False (Default) =

kCalStatus 9 Boolean True or False not calibrated

kPCalibrated | 21 Float32 G -1.0t0 1.0

kRCalibrated | 22 Float32 G -1.0t0 1.0

kiZCalibrated | 23 Float32 G -1.0t0 1.0

kPAngle 24 Float32 degrees -90.0° t0 90.0°

kRAnNgle 25 Float32 degrees -180.0° to 180.0°

KXAligned 27 Float32 uT

KYAligned 28 Float32 uT

KZAligned 29 Float32 T

kSetDataComponents&kDataResp #4234 S8 7Y

kHeading

kTemperature

kDistortion

kCalStatus

kPCalibrated,kRCalibrated&klZCalibrated

Eial R WA VA I

RGN, TR — M7 982 C 2081 7 +80uT.

HUAREAL, FoR R . False(BRil)= WATRE.

T AR E MBI R A

MNP FRR AR AR AT RAE, B AR AR IR, R £3°C.

kPANngle kRANgle AR FE (IR AN BIR) M JE S, A fA 45 1--90°%1 90°, HHIR f451--180°%1 180°,

kXAligned,kYAligned,kZAligned

I o 5 ML 17 0 P DR A £

1 18926071289
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kGetData (frame 1D4)
%A A WAL TR S I s, v A payload. 5E#£(1) kGetData iy 4 A0 5 -

00 05 04 BF71

0005 FHA5it#L
04 kGetData 774
BF71 CRC-16 K614

kDataResp(frame ID5)
A 2 WL kGetData fir Wi . Payload [ZE— AN R R T 1% Wi 2 /04 1D FNEHE 20 i,
X 1D 1 ¥)F H kSetDataComponents i & .

I: Payload ‘:I
Count ‘ D, 7 Value ., ‘ 1D, ‘ Value, ‘ Dyt ‘ Value ‘
le— Uints—sle— Uina—le Sp:e[élﬂc sl Uinta— )« Spgmc sl Uinta— e SDLDCmC
)5
D SR UL A 7 R AR A PR, UG SO
2 5 359.9 24 10.5
ID Count Heading ID Heading Pitch ID Pitch
Output Output
(Float32) (Float32)

kSetConfig(frame ID6)
Z i 2 WO AL ) A FE S HGHEATRCE . Payload (55— /N3 B M ID 5, Jamn oy — A HARKE, —
/\ b@ﬂﬁ*/\ﬁo

}1 Fayload )|

Config ID Value

F Jints 4"‘_ Specific _bl

NS
BC B fd w1, payload K< i LA R s oA
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Declination |ID

R EARIRRF

10.0

Declination
Angle
(Float32)

ENINE

kDeclination

Float32

-180° to 180°

kTrueNorth

Boolean

True or False

False

kBigEndian

Boolean

True or False

True

kMountingRef

10

UInt8

1 = Standard
2 = X axis up
3 =Y axis up
= -90° heading offset
5 =-180° heading offset

= -270° heading offset
7 = Z down

8 =X+90°
9=X+180°

10 = X + 270°
11=Y +90°
12=Y +180°
13=Y +270°

14 = Z down + 90°

kUserCalStableCheck

11

Boolean

True or False

True

kUserCalNumPoints

12

UInt32

12 -50

50

kUserCalAutoSampling

13

Boolean

True or False

True

kBaudRate

14

UInt8

0-300

1-600

2-1200
3 -1800
4 —2400
5 —-3600
6 —4800
7-7200

8 — 9600
9 — 14400

10 — 19200

12

kDeclination

kTrueNorth

EieR kA T RS E | VA I on P 8 4 TS =) (e | o VA

1 18926071289
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kBigEndian WE BB AR EAT o
kMountingRef & EAIS % )7L

Standard: 20 2R TR K- 2k (Z Rl A% [k 2 1 )

X Sensor Up: HIEFZIAN, AR LKA J oo B 202 (X il A J s T 1)

Y Sensor Up: HEFZIAN, AR IR A% RO aR B 2R (Y Bl J s 1 1)

Standard 90 Degrees: JEFFIZIN, T _E ML ICHKT ke, (UL 22 BV kA 17 EHLRSEIE AT 5

I BT 90 JE 17 1) o
Standard 180 Degrees: ZE# %I, FM ML ICHKT ke, (HZ L2 BVET SRR 7 EHLRGEIE A7 i
2 180 5 1A

Standard 270 Degrees: JEFZIN, FACE ML ICHOKT 2238, (HZ 22 BTk 3 17 BN LR S 5 i
£ JiEde 270 BE 5 1) o

kUserCalStableCheck £ F bz i F b I AObs s, W0 SRl 15 &l FALSE, #EAR e ISR AT i —
WA AT 23uT I, BT RN . WA SO TRUE, BRI ) 4G 30uT A
SEAH, HLGHT—ANRFE s Skl 5uT, iR A8 TE 2mg 2 N, LA EI T e KAt o
kUserCalNumPoints  JH /by s i 72 o 1 e KR s 2

kUserCalAutoSampling eI/ e il B A b s, Wil i & sl TRUE, BE4DKE SR A B F
A BEE IRAE A8, WU B E o FLASE, 415 %545 kTakeUserCalSample 4, 1E 4 i kEn K i
A TR — AN KAE S5 5uT (AL I 34T KA

kBaudRate 4. TR R BOE T EW LS, R B RRAE AL

kGetConfig(frame ID7)

A AW RIS N B SR E A . Payload (35 5 BRI B A5 B MK 1D 5

‘{— Payload —h-‘

Config |ID

}4— umua—»‘

kConfigResp(frame 1D8)
Z AW kGetConfig WKW N, . Payload £ H5HC B A5 BN 1D LUK % 2 5

: 18926071289 http://www.handeas.com



}4 Fayload ><

Config ID Value

}‘7 Jints 44% Specific 4"

R
R ERA B E LW A, payload K22

1 10.0

Declination ID Declination
Angle
(Float32)

kSave(frame 1D9)
@vaHW%mEm%ﬁﬂ%Fhmm R ORAFAE A, WIRICE S BN B & 45 R A2 A1 B L)
IR ORAY . 1% S WIAH payload. X ME——AMERL RAEAS BB WA A 2

kStartCal(frame 1D10)
A WA TR T bR, b R TP AR T 2 A A% A 24, A PBIC A5 B & FIR JEIBCE. .

kStopCaI(frame ID11)
AT MR {5 b2 ORI UH SRR E 453 A R 2L

kSetParam(frame ID12)

a2 WU P RE T R A RIS B VH FIR 9E3 & . Payload (55 — AN 15 Rl v 8 ik g vk x 77
mﬂﬁ%i, I T DR A I T N B v e I v L. Payload (5 =AM TR R FIR JE
Wy AR BRI 4, BN 2 Floatéd Kk n. B Rn LA E T 32, &/ 0.

[ |
[* Payload 4l

Parameter ID Axis 1D Count Value, Value, Value, Value,,

|<— Ulnt8—>|<— Umtg—’|‘—umte—>|<_5pecmc _>|<_S|:|e-::|f|c_’|‘_Spemfc_"‘_Spe-::lflc_’l
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SHINRRE

Settings

Parameter ID

KFIRConfig* 3

Format

AxisID (UInt8) + Count (UInt8) + Value (Float64) + Value (Float64) + ...

#E# FIR SEW AL R B HUE

2 Count ‘

oON O O WN -

NN DNDNDNDNNDMNN-DA A A A A aaaaaao
OO O WON-20 0o ~NO”OG P~ WDND-~-~O

4 Tap Filter

04.6708657655334e-2
04.5329134234467e-1
04.5329134234467e-1
04.6708657655334e-2

8 Tap Filter

01.9875512449729e-2
06.4500864832660e-2
01.6637325898141e-1
02.4925036373620e-1
02.4925036373620e-1
01.6637325898141e-1

06.4500864832660e-2
01.9875512449729¢e-2

‘ 16 Tap Filter

07.9724971069144e-3
01.2710056429342e-2
02.5971390034516e-2
04.6451949792704e-2
07.1024151197772e-2
09.5354386848804e-2

01.1484431942626e-1
01.2567124916369e-1

01.2567124916369e-1
01.1484431942626e-1
09.5354386848804e-2
07.1024151197772e-2
04.6451949792704e-2
02.5971390034516e-2
01.2710056429342e-2
07.9724971069144e-3

32 Tap Filter

01.4823725958818e-3
02.0737124095482e-3
03.2757326624196e-3
05.3097803863757e-3
08.3414139286254¢e-3
01.2456836057785e-2

01.7646051430536e-2
02.3794805168613e-2

03.0686505921968e-2
03.8014333463472e-2
04.5402682509802e-2
05.2436112653103e-2
05.8693165018301e-2
06.3781858267530e-2
06.7373451424187e-2
06.9231186101853e-2
06.9231186101853e-2
06.7373451424187e-2
06.3781858267530e-2
05.8693165018301e-2
05.2436112653103e-2
04.5402682509802e-2
03.8014333463472e-2
03.0686505921968e-2
02.3794805168613e-2
01.7646051430536e-2

1 18926071289
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kGetParam(frame ID13)
2 A WU T A WL ) VRIS VAR S I FIR J89% W E . Payload 155 —A~771 4 KFIRConfig ID, Ffi
Ja T N R 51 1D

[e—————Payload ———| Axis IDs

. kXAxis =1
P ter ID Axis D
arameiear XIS kY iS

e UInts — sl Uints —»| KZAxis

kPAxis
kRAXIS

KIZAXis =

non
o LB

kParamResp(frame 1D14)
WL T T U BN B TR IR AR 1Y FIR JE iR . Payload 155 — A7 B4 ID, =171
NRIAT 2 D YE PRI AU KR, R TR 7O YRR (98B R AL, AN Float64

|«

| Payload »|
Parameter ID Axis 1D Count Value, Value, Value, Walue_, .
N Filter Top D ID ID
|<_ UIntE—i-|4— UIntB—)—I-t—Uln.B—r Value Specific Specific Specific

kPowerDown(frame ID15)

AT WU TAEREA S8 A RTINS WA payload, HBIZLIKAMEIR R 5g b, A4l RS232
IR EER 5, AHRIRRR Rx BB 2 S o ARATAOR LG B I~ AP RE AL AR IR DI RERE X, e Ik
OxFFh.

kSaveDone(frame ID16)
%M Y. kSave Wi, Payload 45— UInt16 4fi5/0hY, 0000h R/n& Az, 0001h KIRFEAL 4L
P B Y A AR T R R

|-<— Payload —>|

Error code

le—Uint1s —|
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kUserCalSampCount(frame ID17)
AT WU RAE T — M RUG RIEN . Payload B4 T KAEVHEUE, Yo/ 1 3 50

|<— Payload —>|

Sample count

e Ulnt32 —»|

kUserCalScore(frame 1D18)
%) payload B4 T ARE 145y, 1135 LL— R I Float32 {Eok % 7~: stdDevErr, xCoverage,
yCoverage, zCoverage, magBearth, magHI.

I-‘. Payload

i

stdDevErr xCoverage yCoverage zCoverage magBearth magH]I

+— Float32 ‘>|<— Float32 H\i— Float32 —]-|<— Float32 —>|4— Float32 —b\d— Float32 —>|

StdDevErr: FEFE KA miRIHLI7 00 BEARME 2255 1%
XCoverage: X it 1 R FEB S5 1 H 4 Ll o
YCoverage: Y it 1 F R FEE G 1 H 4 Lo
ZCoverage: Z it JivH#eRAEE SR M H 7L,
MagBearth: MR E FERFE s v 50 H IR sk il 37 i s
MagHI: K afi, —EA 0.

kSetConfigDone(frame 1D19)
WU T Y. kSetConfig i, XMV payload i#47.

kSetParamDone(frame 1D20)
WU T Y. kSetParam i, %W payload 4

kStartIntervaIMode(frame ID21)
Zetiy At FH 1 A A 2 ] 7 14 s I ) iy o 25000 (1L kSetAcqParams). il 7 payload 4>

kStopIntervaIMode(frame ID22)
Ztiir WU 1B EAE — 2 A IR TR) )RR J 4 LB it o WA payload #4>

kPowerUp(frame ID23)

WU AL PRI AR MR (1 I AL 1Y o 1% AT payload, Ay E2H S5 A TR DIFERLCR , RS232
GBI TX LA AR TIRES, P DU SR IR R (12— A 719
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kSetAcgParams(frame ID24)
WA WU T BB A P L SR FE 2. Payload ML %

I{ Payload :-:I

PollingMode FlushFilter Sensorfcglime | IntervalRespTime

|<—UIntE—>|<—LJIntE-—>l(—FIGat32—>-|<— Fluat32—>|
PollingMode: & i il 2 /M A8 £t i 07 ARG . BRI TRUE(FRFRA )
FlushFilter: %% FIR filter %434 AE fi3k47 flushing AxGA7, ERIAH FLASE (%45 flushing)

SensorAcqTime: ALEEERFEM N RIS TR ARG . BRIAKTAIY 0.0 B, IXEME AL SN E—UCRFE G S
AT IR IRAE

IntervalRespTime: &R ZAE ML i th it (I 1] )RR . BRIACH 0.0 A, IX IR LA AE 58 BERAT: JH 3]
Ji S B R IE K o

kGetAcgParams(frame 1D25)
WU T A BI KRS H . WA payload 77

kAcqParamsDone(frame ID26)
%W T . kSetAcgParams i, %% payload #4) .

kAcqParamsResp(frame 1D27)
Z A AW 1 Y. kGetAcqParams . Payload ¥4y V1% 1 L5 kSetAcqParams MiAH [F] ] payload.

kPowerDownDone(frame 1D28)
PZMWUH -1 Y. kPowerDown . FondH O 2 i Dy 31 kPowerDown Mit, 1EAEHEARTIFERE L. 1Mtk
H payload 43

kFactroyUserCal(frame 1D29)
ZWUH TIE R P b€ 1 R EL . 1M AT payload #545), 1% Wi 11 kSave Wiz 5, FHTEER AL bR
B -

kFactroyUserCalDone(frame ID30)
Zi T 5. kFactoryUserCal i, %4 payload 43

kTakeUserCalSample(frame ID31)
ity W] AR AE P s e R R AR E R . 1WA payload 7).
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4.4  TBIAES

4.4.1 Binary TCM High Performance Protocol C Header File & CRC-

16 Function

I type declarations
typedef struct

{

UInt8 pollingMode, flushFilter;

Float32 sensorAcqTime, intervalRespTime;

} attribute  ((packed)) AcqParams;

typedef struct

{
Float32 stdDevErr;
Float32 xCoverage;
Float32 yCoverage;
Float32 zCoverage;
Float32 magBearth;
Float32 reservet;

} __attribute  ((packed)) CalScore;

enum

{

kGetData,
kDataResp,
kSetConfig,
kGetConfig,
kConfigResp,
kSave,
kStartcCal,
kStopCal,
kSetParam,
kGetParam,
kParamResp,
kPowerDown,
kSaveDone,
kUserCalSampCount,
kUserCalScore,
kSetConfigDone,
kSetParamDone,

// Frame IDs (Commands)
kGetModInfo =1, //1
kModInfoResp, // 2
kSetDataComponents,

13

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
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kStartintervalMode,
kStoplIntervalMode,
kPowerUp,
kSetAcaParams,
kGetAcgParams,
kAcaParamsDone,
kAcaParamsResp,
kPowerDoneDown,
kFactoryUserCal,
kFactoryUserCalDone,
kTakeUserCalSample,

/l Param IDs
kFIRConfig = 1,

/I Data Component IDs

kHeading = 5,
kTemperature = 7,
kDistortion = 8,
kPCalibrated = 21,
kRCalibrated,
klZCalibrated,
kPAngle,
kRAnNgle,
kXAligned = 27,
kYAligned,
kZAligned,

21
I 22
I 23
I 24
I 25
I 26
27
/I 28
I 29
/130
I 31

/I 3-AxisID(UInt8)+Count(UInt8)+Value(Float64)+...

/I'5 - type Float32
/I 7 - type Float32
// 8 - type Boolean
/Il 21 - type Float32

/I 22 - type Float32
/I 23 - type Float32
/I 24 - type Float32
Il 25 - type Float32
/I 27 - type Float32
I/l 28 - type Float32
/1 29 - type Float32

/I Configuration Parameter IDs

kDeclination = 1,
kTrueNorth,
kMountingRef = 10,
kUserCalStableCheck,
kUserCalNumPoints,

kUserCalAutoSampling,

kBaudRate,

/I Mounting Reference IDs

/I 1 - type Float32
/I 2 - type Boolean

/1 10 - type UInt8
// 11 - type boolean

/112 - type Ulnt32

/I 13 — type boolean

/1 14 — UInt8

kMountedStandard = 1, // 1

kMountedXUp,
kMountedYUp,

kMountedStdPlus90,
kMountedStdPlus180,
kMountedStdPlus270,

/7 2
/7 3
/7 4
/7 5
// 6

1 18926071289

http://www_handeas.com



/I Result IDs

kErrNone =0, /10

kErrSave, /N

/I function to calculate CRC-16
UInt16 CRC(void * data, UInt32 len)
{

UInt8 * dataPtr = (UInt8 *)data;

UInt32 index = 0;
/I Update the CRC for transmitted and received data using

/I the CCITT 16bit algorithm (XAM6 + XM2 + XA5 + 1),

UInt16 crc = 0;
while(len--)

{
crc = (unsigned char)(crc >> 8) | (crc << 8);
crc A= dataPtr{index++];
crc A= (unsigned char)(crc & Oxff) >> 4;
cre A= (cre << 8) << 4;
crc A= ((crc & Oxff) << 4) << 1;
}

return crc;
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4.4.2 Binary TCM Protocol C++ Communication Examples

The following 4 example files, CommProtocol.h, CommProtocol.cp, TCM5.h and TCM5.cp would be

used together for proper communication with a TCM3, TCM5 or TCM5L module.

NOTE: The follwing files are not included in the samples code:  SystemSenPort.h; Processes.h,

TickGenerator.h.
4.42.1 CommProtocol.h File:

#pragma once

#include "SystemSerPort.h"
#include "Processes.h"

1

I This file contains objects used to handle the serial communication with the unit. Unfortunately, these files are not
available as the program was written on a non-PC computer. The comments in the code should explain what is expected to be
sent or received from these functions so that you can write this section for your specific platform. For example, with the
TickGenerator.h, you would need to write a routing that generates 10msec ticks.

1

I

/I CommHandler is a base class that provides a callback for incoming messages.
I

class CommHandler

{
public:
/I Call back to be implemented in derived class.
virtual void HandleComm(UInt8 frameType, void * dataPtr = NULL, UInt16 dataLen = 0)
¢
5

I
/I CommProtocol handles the actual serial communication with the unit.
/I Process is a base class that provides CommProtocol with cooperative parallel processing.
The Control method will be
/I called by a process manager on a continuous basis.
I
class CommProtocol : public Process
{
public:
enum
{
/I Frame IDs (Commands)
kGetModInfo=1, //1

kModInfoResp, /12
kSetDataComponents, // 3
kGetData, 114
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kDataResp, 115

/I Data Component IDs

kHeading = 5, /I'5 - type Float32
kTemperature = 7, /I'7 - type Float32
kPCalibrated = 21, /I 21 - type Float32
kRCalibrated, /I 22 - type Float32
klZCalibrated, /I 23 - type Float32
kPAngle, /] 24 - type Float32
kRANgle, /1 25 - type Float32
}
enum
{
kBufferSize = 512, /I maximum size of our input buffer
kPacketMinSize=5  // minimum size of a serial packet
}

/] SerPort is a serial communication object abstracting the hardware implementation

CommProtocol(CommHandler* handler = NULL, SerPort * serPort = NULL);

void Init(UInt32 baud = 38400);

void SendData(UInt8 frame, void * dataPtr = NULL, UInt32 len = 0);
void SetBaud(UInt32 baud);

protected:

CommHandler * mHandler;
SerPort * mSerialPort;

UInt8 mOutData[kBufferSize], minData[kBufferSize]; UInt16
mExpectedLen;
UInt32 mOutLen, mOldinLen, mTime, mStep;

Ulnt16 CRC(void * data, UInt32 len);

void Control();
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4.4.2.2 CommProtocol.cp File:
#include "CommProtocol.h"

/I import an object that will provide a 10mSec tick count through a function called Ticks()
#include "TickGenerator.h"

1
/I SerPort is an object that controls the physical serial interface. It handles sending out
/I the characters, and buffers the characters read in until we are ready for them.
1
CommProtocol::CommProtocol(CommHandler* handler, SerPort * serPort)
: Process("CommProtocol")
{
mHandler = handler; /I store the object that will parse the data
when it is fully received mSerialPort =
serPort; Init();

1

/I Initialize the serial port and variables that will control this process
1

void CommProtocol::Init(UInt32 baud)

{
SetBaud(baud);
mOldinLen = 0; /I no data previously received
mStep = 1; // goto the first step of our process

}

1

/I Put together the frame to send to the unit

1

void CommProtocol::SendData(UInt8frameType, void * dataPtr, UInt32 len)

{
UInt8 * data = (UInt8 *)dataPtr; /l the data to send
UInt32 index = 0; /I our location in the frame we are putting together
UInt16 crc; /l the CRC to add to the end of the packet
UInt16 count; /I the total length the packet will be

count = (UInt16)len + kPacketMinSize;

/I exit without sending if there is too much data to fit inside our packet if(len > kBufferSize -
kPacketMinSize) return;

/I Store the total len of the packet including the len bytes (2), the frame ID (1),
/I the data (len), and the crc (2). If no data is sent, the min len is 5 mOutData[index++] = count >> 8;

mOutData[index++] = count & OxFF;

/I store the frame 1D
mOutDatafindex++] = frameType ;

/I copy the data to be sent
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while(len--) mOutData[index++] = *data++;

/I compute and add the crc crc =
CRC(mOQutData, index);
mOutDatafindex++] = crc >> 8 ;
mOutDatafindex++] = crc & OxFF ;

/I Write block will copy and send the data out the serial port
mSerialPort->WriteBlock(mOutData, index);

I

/I Call the functions in serial port necessary to change the baud rate

1
void CommProtocol::SetBaud(UInt32baud)

{
mSerialPort->SetBaudRate(baud);

mSerialPort->InClear(); // clear any data that was already waiting in the buffer

I

/I Update the CRC for transmitted and received data using the CCITT 16bit algorithm (X*16 + X*12 + X*5 + 1).

I
UInt16 CommProtocol::CRC(void * data, UInt32 len)

{
UInt8 * dataPtr = (UInt8 *)data; UInt32 index =

0

UInt16 crc = 0;

while(len--)

{
crc = (unsigned char)(crc >> 8) | (crc << 8);
crc A= dataPtr[index++];
crc A= (unsigned char)(crc & 0xff) >> 4;
crc A= (crc << 8) << 4;
crc A= ((crc & 0xff) << 4) << 1;

}

return crc;

1

/I This is called each time this process gets a turn to execute.
1

void CommProtocol::Control()

{

/I InLen returns the number of bytes in the input buffer of the serial object that are available

// for us to read.
UInt32 inLen = mSerialPort->InLen();

switch(mStep)
{
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case 1:

{
/I wait for length bytes to be received by the serial object if(inLen >= 2)
{
/I Read block will return the number of requested (or available) bytes
that are in the
/I serial objects input buffer.
/l read the byte count
mSerialPort->ReadBlock(mInData, 2);
/I byte count is ALWAYS transmitted in big endian, copy byte count to
mExpectedLen to
/I native endianess
mExpectedLen = (mInData[0] << 8) | mInData[1];
/I Ticks is a timer function. 1 tick = 10msec.
/I wait up to 1/2s for the complete frame (mExpectedLen) to be received
mTime = Ticks() + 50 ;
mStep++ ; /I goto the next step in the process
}
break ;
}
case 2:
{

/I wait for msg complete or timeout if(inLen >=
mExpectedLen - 2)
{

UInt16 crc, crcReceived; /I calculated and received crcs.

/I Read block will return the number of requested (or available) bytes
that are in the
/I serial objects input buffer.
mSerialPort->ReadBlock(&mInData[2], mExpectedLen - 2);
/l'in CRC verification, don't include the CRC in the recalculation (-2)
crc = CRC(mInData, mExpectedLen - 2);
/I CRC is also ALWAYS transmitted in big endian
crcReceived = (mInData[mExpectedLen - 2] << 8) | mIinData[mExpectedLen - 1] ;

if(crc == crcReceived)
{
/ the crc is correct, so pass the frame up for processing.
if(mHandler) mHandler->HandleComm(minData[2], &minData[3],
mExpectedLen - kPacketMinSize);
}
else
{
/[ crc's don't match so clear everything that is currently in the
input buffer since
/Il the data is not reliable.
mSerialPort->InClear();

/I go back to looking for the length bytes.
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mStep =1 ;

}
else
{
/I Ticks is a timer function. 1 tick = 10msec.
if(Ticks() > mTime)
{
/I Corrupted message. We did not get the length we were expecting within 1/2sec of receiving
/I the length bytes. Clear everything in the input buffer since the
data is unreliable
mSerialPort->InClear();
mStep =1 ; /I Look for the next length bytes
}
}
break ;
}
default:
break ;
}
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4.4.2.3 TCM5.h File (For TCM3, TCM5 and TCM5L Modules):

#pragma once

#include "Processes.h"

#include "CommProtocol.h"

//

// This file contains the object providing communication to the TCM3/TCM5. It will set up the
unit and parse packets received
// Process is a base class that provides TCM3/TCM5 with cooperative parallel processing. The

Control method will be

// called by a process manager on a continuous basis.
//
class TCM3/TCM5 : public Process, public CommHandler

{
public:

TCM3/TCM5(SerPort * serPort);

~TCM3/TCM5Q) ;

protected:

CommProtocol * mComm;
UInt32 mStep, mTime, mResponseTime;

void HandleComm(UInt8 frameType, void * dataPtr = NULL, UIntl6é datalLen = 0);
void SendComm(UInt8 frameType, void * dataPtr = NULL, UIntl6 dataLen = 0);

void Control();
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4.4.2.4 TCM5.cp File (For TCM3, TCM5 & TCMS5L Modules):

#include "TCM3/TCM5.h"
#include "TickGenerator.h"

const UInt8 kDataCount = 4; // We will be requesting 4 componets (Heading, pitch, roll,
temperature)

//

// This object polls the TCM3/TCM5 unit once a second for heading, pitch, roll and temperature.
//

TCM3/TCM5: : TCM3/TCM5(SerPort * serPort)
: Process(*"TCM3/TCM5™)

{
// Let the CommProtocol know this object will handle any serial data returned by the unit
mComm = new CommProtocol(this, serPort);
mTime = O;
mStep = 1;
3
TCM3/TCM5: : ~TCM3/TCM5()
{
3
//
// Called by the CommProtocol object when a frame is completely received
//

void TCM3/TCM5: :HandleComm(UInt8 frameType, void * dataPtr, UIntl6 datalLen)

{
UInt8 * data = (UInt8 *)dataPtr;

switch(frameType)
{
case CommProtocol: :kDataResp:
{
// Parse the data response
UInt8 count = data[0]; // The number of data elements returned
UInt32 pntr = 1; // Used to retrieve the returned elements
// The data elements we requested
Float32 heading, pitch, roll, temperature;
if(count != kDataCount)
{
// Message is a function that displays a C formatted string (similar to printf)
Message(''Received %u data elements instead of the %u requested\r\n",
(UIntl6)count,
(UIntl6)kDataCount);
return;
3
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// loop through and collect the elements
while(count)
{
// The elements are received as {type (ie. kHeading), data}
switch(data[pntr++]) // read the type and go to the first byte of the
data

{

// Only handling the 4 elements we are looking for case
CommProtocol : :kHeading:

{

// Move(source, destination, size (bytes)). Move copies the specified number of
// bytes from the source pointer to the destination pointer.
// Store the heading.

Move(&(data[pntr]), &heading, sizeof(heading));

// increase the pointer to point to the next data element type
pntr += sizeof(heading);

break;
3
case CommProtocol::kPAngle:
{
// Move(source, destination, size (bytes)). Move copies the
specified number of
// bytes from the source pointer to the destination pointer.
// Store the pitch.
Move(&(data[pntr]), &pitch, sizeof(pitch));
// increase the pointer to point to the next data element type
pntr += sizeof(pitch);
break;
3
case CommProtocol::kRANngle:
{
// Move(source, destination, size (bytes)). Move copies the
specified number of
// bytes from the source pointer to the destination pointer.
// Store the roll.
Move(&(data[pntr]), &roll, sizeof(roll));
// increase the pointer to point to the next data element type
pntr += sizeof(roll);
break;
3

case CommProtocol::kTemperature:
{
// Move(source, destination, size (bytes)). Move copies the
specified number of
// bytes from the source pointer to the destination pointer.
// Store the heading.
Move(&(data[pntr]), &temperature, sizeof(temperature));
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// increase the pointer to point to the next data element type pntr
+= sizeof(temperature);

break;
3
defaul t:
// Message is a function that displays a formatted string
(similar to printf)
Message("'Unknown type: %02X\r\n", data[pntr - 1]);
// unknown data type, so size is unknown, so skip everything
return;
break;
3
3
count--; // One less element to read in
3

// Message is a function that displays a formatted string (similar to printf)

Message(‘'Heading: %f, Pitch: %f, Roll: %Ff, Temperature: %Ff\r\n", heading,
pitch, roll,

temperature);

mStep--; // send next data request

break;
¥
defaul t:
{
// Message is a function that displays a formatted string (similar to printf)
Message(*'Unknown frame %02X received\r\n", (UIntl6)frameType);
break;
¥
}
¥
//
// Have the CommProtocol build and send the frame to the unit.
//
void TCM3/TCM5: :SendComm(UInt8 frameType, void * dataPtr, UIntl6 datalen)
{
if(mComm) mComm->SendData(frameType, dataPtr, datalLen);
// Ticks is a timer function. 1 tick = 10msec.
mResponseTime = Ticks() + 300; // Expect a response within 3 seconds
¥
//
// This is called each time this process gets a turn to execute.
//
void TCM3/TCM5: :Control ()
{
switch(mStep)
{
case 1:
{
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UInt8 pkt[kDataCount + 1]; // the compents we are requesting, preceded by the
number of...
// ...components being requested

pkt[0] = kDataCount;

pkt[1] = CommProtocol: :kHeading; pkt[2]
= CommProtocol: :kPAngle; pkt[3] =
CommProtocol: :kRAngle; pkt[4] =
CommProtocol : :kTemperature;

SendComm(CommProtocol : : kSetDataComponents, pkt, kDataCount + 1);
// Ticks is a timer function. 1 tick = 10msec.

mTime = Ticks() + 100; // Taking a sample in 1s. mStep++;
// go to next step of process

break;
¥
case 2:
{
// Ticks is a timer function. 1 tick = 10msec.
if(Ticks() > mTime)
{
// tell the unit to take a sample
SendComm(CommProtocol : :kGetData) ;
mTime = Ticks() + 100; // take a sample every second
mStep++;
¥
break;
¥
case 3:
{

// Ticks is a timer function. 1 tick = 10msec.
if(Ticks() > mResponseTime)

{
Message('No response fromthe unit. Check connection and try
again\r\n");
mStep = 0;
3
break;
3
defaul t:
break;

: 18926071289 http://www.handeas.com





