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1 AN ELECTRONIC SUNDIAL COMPASS AND A MEASUREMENT
METHOD USING THE COMPASS TECHNICAL FIELD 5 The present
invention relates to a compass, and more particularly to an electronic
sundial compass and a method of megsurement by the compass which
accurately measures and indicates the direction or the position based on
a shadow cast by the sun. BACKGROUND OF THE INVENTION 10

AN HDEETRDNG tReTsirgetio acepratshais e guikgdAS iRy iNadsMBTHOD USING
example_ construction, decoration, sailing, military etc. Generally, a

THE Hgyﬂglﬁ@%eedle such as a magnetic compass is used in the aforesaid

fields to determine the direction. The magnetic compass uses the nature

of the magnetic south pole and the magnetic north pole of the Earth and

ndi irection through a rotary device having a needle. In a
TECI{@@?&iHE@pIicaﬂon, the Earth's magnetic field around the magnetic
mpass might be interfered with other magnetic fields or iron-containi .
RS aR ) PP PR Ch oo e o A eI SRR Setlo T e romie
sundigfuciipies ahthiningtleopretisedieetion. Igefiicandpaiondsviceckivif&? measures
. manufactured by the company PHILIPS is a two dimensiopal magnetic
and RS LD RIS SPEGRELIRP ESECTOP A RAGRHGTIY Boise: 20
Semiconductor device KMZ52 uses the magnetoresistance (MR)
technology and the flipping technology to eliminate any signal shift. An

tronj ﬁﬁw{;g 'ﬁ igned to use this type of sensors can be
BAC%%WE&?&?% e art, for example, an electronic compass which

ses a.circuit to compensate the Earth's magnetic field and&n i
L T RS BRI S o

y the ntrinsic characteris sensor
constascdiaclakedrinible ctndimg, Emdjinesrieg. 2&8nPrdbuct \Wepdetitohmtied such as a

s IS NBS S TR I  BEAIRa e
comp@i¥iaseMpassimeasititsnagnmiigularivelsieishdarpangnitiohitehraitis the Earth
and é%}i?{gggsa‘%h\éa%?r%gtgo%sI%:?xr(])agahnda d%t%n'ggﬁégeh%&rgago&g gle nerédlgrrz]icﬁcal
application, the Earth’s magnetic field around the magnetic compass might be interfered
with other magnetic fields or iron-containing metals nearby. Therefore, an effective

magnetic field compensation is crucial for obtaining a precise direction.

Semiconductor device KMZ52 manufactured by the company PHILIPS is a two
dimensional magnetic field sensor which 1s specifically used for an electronic compass.
Semiconductor device KMZ52 uses the magnetoresistance (MR) technology and the flipping
technology to eliminate any signa} shift. An electronic compass which is designed to use
this type of sensors can be found in the state of the art, for example, an electronic compass
which uses a circuit to compensate the Earth’s magnetic field and the imprecision induced
by the intrinsic characteristics of the KMZ52 sensor as disclosed in Electronic Engineering

& Product World, Volume 4, 2003,

Another type of devices for determining the direction is a gyrocompass. According to
the principle of a rate gyroscope, the gyrocompass measures the angular velocity component

of the Earth’s rotation at various positions and determines the orientation of the mendian by
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2 calculating the angular velocity of the Earth's rotation, or determines the

north direction by making the rotor axis of a gyroscope approach to the

meridian and swing along the meridian under the influence of the gyro

moment generated by the Earth's rotation. 5 BRIEF DESCRIPTION OF

THE INVENTION Regardless of whether using the magnetic needle or

using the electronic compass to measure the direction, the accuracy of
calcuthiengn SesureniertalitibecdfbetBerhysthetabnar actdeistiodnet the Eatihdirection by

: ic field ifself I e r i fi e
e e ARl A P ricin
undedei atibrscbetivhe gythenitaniis gregretdpdle &adhifreroediarientation.

Although compensation has been performed by a method of using a

circuit, the accuracy is not desirable and new factors which affect the

precision are introduced by the electrical characteristics of the measuring
BRIFFeMCE (pRIPSEODUC I THE BrueRird & mplexity of gyrocompass device,

the expensive costs 15 and the existence of speed. variation, there is a

need for a device and a method which can still determine the direction

Brecisbtpanithebetisingsihe Jeomagrsissnecdiseopresaattiveiidieprociderass to
meas%r%od@@a%?rg&}/dﬁ? Qg@%&élﬂgcg h&u S z%@a%ﬁ%%ﬂg @?F%‘%’ %ﬁgﬁ@@l by the

needle, a sensorand a circuit device, wherein the sundial is a straight
charaggetigesiof pedichibtt ey e Aetddtatiflre nutitiontbentistofidthe! other magnetic
fieldd ARt !C%géngrglne_gg I%a? qgg‘ Sn%g[a?g PEN da{glc'fgalgrti? H}grﬁ '%r”e‘? r.%g'{aoztaté%@u%rt hc?eviations

positioning needle; the“sensor is secured on' the housing, when the
betwpasitienizginecdlaistiotatdd tnd thosttigndhattthepositithingineedipensation has
overlap with the syn shadow of the sundial needle,.the sensor. detects the
been RS SnbB VIO e SHEE0 e OB BB SRRt P actors
whicHeiMieetabafiguribin iheiaomhasd device cbamparesiiheritygsaid the measuring

. measured value with the inherent sun shadow angle, and outpuyt the 25 .
doviiREFSfive VARIS ORI BAHIP BV A HE RRHCAR S AU o BERSLES costs

and HRASHsTBRASHIeMeBtvANAIBE! Msped! afithel iRventienits thal saitkt@NRASSh can
device further.comprises a rotating disc, wherein the centre of the

Still JRSeTRIAfG TSR BRI SRS LR R B e T (it L BrE By

The present invention provides a compass device comprising a housing, a positioning
needle, a sundial needle, a sensor and a circuit device, wherein the sundial 1s a siraight
needle-shaped object being secured at the rotation centre of the positioning needle and is
perpendicular to the plane of rotation of the positioning needle; the sensor is secured on the
housing, when the positioning needle is rotated to a position that the positioning needle
overlap with the sun shadow of the sundial needle, the sensor detects the measured angle
vatue of the object under measurement; the circuit device configured in the compass device
compares the aforesaid measured value with the inherent sun shadow angle, and output the

difference value through a display device to indicate azimuth of the object under

measurement.

Another aspect of the invention is that said compass device further comprises a rotating
disc, wherein the centre of the positioning needie and the centre of the rotating disc are on
the same axis and the positional relationship between the positioning needle and the rotating

disc is fixed, said semsor includes two components: a light source and a photosensitive
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the same axis and the positional relationship between the positioning
needle and the rotating 30 disc is fixed, said sensor includes two
components: a light source and a photosensitive 3 element. The present
invention further provides a compass device comprising a housing, a
positioning needle, a sundial needle, a‘reference disc and a device for
calculating the intrinsic sun shadow angle, wherein the sundial needle is
elemanstraight needle-shaped object 5 being secured at the rotation centre of
the positioning needle and is perpendicular to the plane of rotation of the
Phsitiomiag needigothéurdfergmoeidisc hasapgie ildvitnationioising «380using, a
osit'de €% a(ag Ca? " ro&a tF r\lx\ggﬁigosmlpe%?&gg ecgls% %?1 he %%‘r}ggea (I)“? (\Jl\én:%Ta ing the
POSIURRE Eo&?l% ing Reedfe i8Totated 04 position whic fhe positioning needle™
intrineMeslapshadibvihen gisn shadowht thedahdisldheedte sthegdenseditetbeped object
hei the measured angle value of the object.under 10 measurement; thed. E b
i R BB SSTRAVA TR S Qo BB LT G s St Rt ar to the
plancehiOiet Aeoaaicuiatedbia adipuiteafdhe o bjestundersapasungraéntoriitgion of 1 to
resent invention further provides a method of measuring.the position ., .
. %ggsﬂlomng

360 qRgitg oAb BAEL VR, NSRRI SEB L BRAE Y The 8

need RORWRNISINY 3 NRUSHG FRREIT ngineadie rranpdiaimesdietahtrsessaiow of
and a circuit device under the sunlight, securing the straight

the syadink-aeriedBantiaion ST BEMHEST AR8IPoIIBRING e dIkigH gunder
measRfPERdigidarinihe planeRbroiation ebihe.ResiieningAredia. Rthadow angle

rotating the positioning needle toward the object under measurement,
to calppipiothtiagireibokthe nigsheadie ByamBeise it to overlap with the
sun shadow of the sundial needle, and outg&%ig? the angle information of

the TGRS FRRYERRE B ASE rPINEISES objtet eAIHam AR BRE NG using a

compafeseR-sUL AL anoleRng: displaying the azimuth of the object

under measurement by using a circuit device. The northern part of the

BAkhs RdScisinRWRASHIg AU Aokt I he fuiainerb iscdifferentiiem Wedie, a
magnetic north of the geomagnetism. Since the orientation measured by
sensqp eNsresEiih GeHiEG TS Rdhsrianiiaisnsar i the g ts dgchiembangithundial at

the r%ﬂ&?b‘éﬁt@r@@&@%sitionmg needle and perpendicular to the plane of rotation of the

positioning needle, and rotating the positioning needle toward the object under measurement,

- and rotating the positioning needle again to cause it to overlap with the sun shadow of the

sundial needle, and outputting the angle information of the angle difference between the
object under measurement and the inherent sun shadow angle, and displaying the azimuth of

the object under measurement by using a circuit device.

The northern part of the Earth’s axis is known as the true north. The true north is
different from the magnetic north of the geomagnetism. Since the orientation measured by
the present invention is the orientation and the angle based on the north and south directions
of the Earth’s axis, but not the orientation and the angle based on the geomagnetism.
Therefore, the direction measured by the present invention is the true north direction which

is the real orientation of the Earth.

The present invention can determine the azimuth of the measured object by using sun

shadow. The position is determined with high precision and is free from interference of the
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geomagnetism. Therefore, the direction measured by the present

invention is the true north direction which is the real orientation of the

Earth. The present invention can determine the azimuth of the measured

object by using sun shadow. The posiﬁon is determined with high

precision and is free from interference of the 4 geomagnetism. The
geomapitation Thelgathionizs ks thaencal oudbtiothfastéraatibfaciitatemdecilitates

readout of pasition data., The structure, of the electronic.sundial compass
the SeSEHE B BSBE T oS ST S e e A e e R st
inver/oWh B BREEFREGCRIARIRN G THEDRIAWBIGESW he present invention

is now further described with reference to the drawings, in which: Figure 1

is a three dimensional view of an electronic sundial compass according to

the an embodiment of the present invention; Figure 2 is a schematic

BRIBHdgFsaraPStrodtial Bdsenibly/watatdnship of the compass device 10
accord

ing to,an.embodiment of the present invention: Figure 3 is a. _—
T ER R B/ Ari Y LA LRGBS 61 RoMpaLe e vaich
according to an embodiment of the present invention; Figure 4 is a

FigurscPeMatic diagram Rl acieyit deyice aeeding {0 an-8MRAdimeRt@bing the an

present invention; 15 Figure 5 is a work flowchart of an electronic sundial
embasbmprzsy de/jresaticerdinigos an embodiment of the present invention;
and Figure 6 is a schematic diagram of an electronic sundial compass

Figurtelibeavshamgtidiestie SURRYHIEECETIRG o AHERBBEAEHIOFdmpass device
acco&fﬁ%efgtaw\ém%%%% REFALERPREPGRIRTION OF THE INVENTION

Figure 1 illustrates a three dimensional view of an electronic sundial

Figuf® @B%%c%@l\ﬂﬁﬁcldi@gﬁeﬁd&%t%&ﬁrﬁlr@%ggaﬁﬁgpémﬁepémﬁrﬁé‘%&@ Becording
e

the housing of the electronic sundial compass device is a cuboid
to anconhodsingnaop dkitivalsgineeliBcrv1 and a sundial needle 102.

Figure 4 is a schematic diagram of a circuit device according to an embodiment of the

present invention,;

Figure 5 is a work flowchart of an electronic sundial compass device according to an

embodiment of the present invention; and

Figure 6 is a schematic diagram of an electronic sundial compass device working under the

sunlight according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a three dimensional view of an electronic sundial compass device 1

‘according to an embodiment of the present invention, the housing of the electronic sundial

compass device is a cuboid comprising a positioning needle 101 and a sundial needle 102.
The positioning needle 101 is in a shape of a flat straight bar having two ends and one of
them is relatively tapered.  Colored straight lines 107 with a color different from that of the
positioning needle are drawn from the centre of the front side of the positioning needle

towards the tapered end by the various methods in the state of the art such as painting, and
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The positioning needle 101 is in a shape of a flat straight bar having two

ends and one of 25 them is relatively tapered. Colored straight lines 107

with a color different from that of the positioning needle are drawn from

the centre of the front side of the positipning needle towards the tapered

end by the various methods in the state of the art such as painting, and 5

preferably the straight lines are in white color. The sundial needle 102 is a
prefefidyalonstatiht AndsstrgighviéedieishapBitohjedelvvictilis| S8credine #lengated

entre of the positigning needle, 10 gig'een'lr h ce 0

s e A B R 2 o AN Ry ecar

101 abé remroyedifrotartheticestréaof tifelpositioring n€ddeositemthe eedie 101, The
.electranic_sundial compass deyice 1 is not in operation. Preferabl e

sund G L SR BRI o R b ARG A arhen e

electisitisceediprictecinswhitécant thendoprobifeatiater-dnefephints dowesdite of the

. the tapered e 03 of the positioning needle. The positioning needle.101
PO GO TR PR OaH R RER ALER SyPRACtS hSRBIE EAaIE i 0 te
top ofBStaie-ptithe prlisyabwadrganicighassesnhetdlsfaloyssivieatisoteedle. The

bamboos, Preferably 10 poly-methyl methacrylate which can be

PositiGRIBRISSH By 4l CRIEPRBIRATES AL TR High & SYARW i TrE g idtervailable
in thelegkQnigsundialsompass deyisads fuithes, inthides;aaypehtiBbdf) bréferably

main housing 202 and asynchronous rotating disc 203. Both the upper
poly-giaitnd aHatRdsy MEHFBBRS TR ESEY 208 e BSEi8Raped. The back

side of the positioning needle has a main pivot 204. The upper dial 201

Apdlisiiatad iRiHgwe 2 AN 5t SylensHbaa fotanAl fsapats sevice 1 further

inclu@eReeisstiaiienain Rvetédied the pagitioningBeedectintn AswayBs Both
illustrated in figure 3. The end of the main pivot 204 has a shape_which

the uppstcies b 18P GievarrRneyn ERIFHELE To At gaiSE 2 8RB thaf fivhback side of
the p@lﬁ%ﬁl%s%@é@e HREWEER @%&%&ipnmm@%ﬂa%@l%@ﬁﬁbfm@ﬁ%%%z and

rotating disc 203 remains constant, i.e., the synchronous rotati(;lg disc
t

the siolientogeeialingithithe PdstformgIritie 109 whsnPPrthedpaitibairgsitioning
need!%e%’;]%Qw@%keﬁié%{@‘i&‘{%gu}ﬁ'%.maf%&ié% 8Os fixp0RRthe4 has a shape

~ synchronous Totating disc 203, and the main housing 202, the upper dial
whicR@datthepdsitiomivide néduleviohrarosetpiennaiismelihtedisni the imiaitye position

betw@é%otmng%%’sﬁ? }IQ i@&éﬂae i%séﬂgqmegsynchronous rotating disec 203 remains constant,
i.e., the synchronous rotating disc 203 rotates together with the positioning needle 101 when
the positioning needle 101 rotates. Alternatively, the main pivot 204 is fixed on the
synchronous rotating disc 203, and the main housing 202, the upper dial 201, the positioning
needle 101 are sequentially mounted on the main pivot 204, combining the positioning
needle 101 with the synchronous rotating disc 203 by a similar method such that the
positioning needle 101 rotates together with the synchronous rotating disc 203. As
illustrated in figure 3, a plurality of sensors 304 are fixed of both sides of the synchronous
rotating disc 203 in the main housing 202 in the radial direction of the synchronous rotating
disc 203. The preferable sensors consist of two components: a light source and a
photosensitive eiement. One arrangement of the light source and the photosensitive
element 1s to fix both on the separating plate 301 in the main housing 202 along the same

radius but with different distance from the centre.  Another arrangement of the light source
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needle 101 with the synchronous rotating disc 203 by a similar method
such that the positioning needle 101. rotates together with the
synchronous rotating disc 203. As 25 illustrated in figure 3, a plurality of
sensors 304 are fixed of both sides of the synchronous rotating disc 203
in the main housing 202 in the radial difection of the synchronous rotating
disc 203. The preferable sensors consist of two components: a light
and tisophogoanthisi vphadtosensitie felainentoDthe athengalneittof thadighnous rotating

disc Z;(T)gutrg%gbai@%thigg%%s?n%% ig%ﬁ%laegr:i%n %ﬂ.%h%)éﬁgar%sgt‘gs%cgh?Sggﬁ;?éﬁéﬁgng to the

main housing ong radiu
nrevidifferentodistancefrosnttie photoserdiiothelcananganters phthedight sodrede or a

6 and the photosensijtive element is to fix them on_.the other side of the
photog%%ﬂygngggsl;gi%n %i%&ui%ﬁt?ao%lsﬁgvu\fn)%hwgt}%ginseﬁcsju%ingaiofc the 209 are
form&Dmpasssgevdceshdavespappingiodbienpreyitissandngerensiminerdisc 203 in

the photosensitive element can be a phqt itive diod .
Ordefp%tg;s‘éhg’iﬁvélﬁaﬁé’i%. 9%5 %ﬁ?ﬁl‘étfa"t‘é% %%%ﬂzlcévdeﬁ] dlff)ip egée%%(}ebar Since the

synctE0H6:2Q8ahe S dermesh yniranspakentangd AentltanspasentsegisaRibg, said
synchronous rotating disc 203 in order to facilitate the output of gray .
g 203

sensogh R ity T deBY BETF YY" SRS SHridhrSHRT YRRty
resul@nd tharpesitigningpesdig.l Bds1ataies SYRChEONOUSHe SaidiSensRis804 of the

_can sense the variation in the angle of the synchronous rotating disc 203
positiEngiRgE S fHeadEfon of the positioning needle 101, the angle
information of the 10 positioning needle is measured. Optionally,

fotraatis. JeTBIT SO HANRIaFB Bt edcoR e S arrdRe Brtrge Pl gigper dial

201, ?(Qleﬁc%lﬁ%?@ﬂ@l%’%ﬁﬁﬁérﬁdﬁﬁﬁﬁg%ﬁiiﬂ&fé@ﬂ@r%@%@ffﬁa@ﬁ% SPYIBG ircular
the whole circular disc into four regions evenly. The four lines for

disc issotionnirRgions foarbegidivs Aremhiancdl: ipeattioniag de I iREtiBIE RAith isemarked
in a QYRGS AH:RQHBA %QMH%W%?&%B% easlo MG 0-Yegrae I GONRIRINY O degree

"north" are marked on the line, and subsequently 1-360 degrees are
contaimdirkehaviehlgrin masksskwiséhdindetiopndrimabesararbe In Weee e marked

evenR RRIE TS Qﬁ}&!]%iﬁ'? g 99@%&%@%@9‘9%1&%9%&5@% Qlfsers to determine
ovement of the positioning needle 101 from the upper dial 201 without
the pgsitigithey ciredindeticale@ptioraityywisinformikonastimeenenigedle 101 from the
upper dial 201 without using the circuit device. Optionally, the information of heavenly
stems and earthly branches can also be marked on the surface of the upper dial 201. For
example, multiple concentric circles can be formed on the surface of circular disc. These
concentric circles are divided into 24 parts evenly starting with the first part covering 7.5
degrees from both sides of the 0 degree. Beginning from the first part covering 7.5 degrees
from both sides of the 0 degree, the 24 parts are marked in a clockwise direction with: Zi
(F), Gui (Z); Chou (71), Gen (K}, Yin (5); Jia (F), Mao (JlI), Yi (Z); Chen (=), Xun
%), i (E1); Bing (), Wu (%), Ding (T); Wei (5R), Kun (359), Shen (§9); Geng (5%), You
(B, Xin (F); Xu (H), Qian (), Hal (%) and Ren (7F2), 12 parts labeled with Zi, Gui,
Chou, Mao, Yi, Chen, Wu, Ding, Wei, You, Xin and Xu are marked as “Yin” (“§i”) and the
remaining parts are marked as “Yang” (“FH™). 8 parts labeled with Qian, Zi, Gen, Mao,

Xun, Wu, Kun and You are marked as “Heaven” (“X), 8 parts labeled with Gui, Yin, Yi, Ji,

Ding, Shen, Xin and Hai are marked as “Human” (“ A”). The remaining 8 parts are
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stems and earthly branches can also be marked on the surface of the

upper dial 201. For 20 example, multiple concentric circles can be formed

on the surface of circular disc. These concentric circles are divided into

24 parts evenly starting with the first part covering 7.5 degrees from both

sides of the 0 degree. Beginning from the first part covering 7.5 degrees

from both sides of the O degree, the 24 parts are marked in a clockwise
markelrectibarivitti i), JiadEnMadE), i) (here (drbedms(K@&li ¢, the Chou,

Chou ($), Gen (a)- Yin (‘90 25 (n), Ji gE); Bing (Nj)XWu O, Ding (T); Wej, ___
Gen oo, SRuATeIneSReASHERBrG ) Ybe T N RMAST XUl MRk () AheR (£ 7=

nd Ren 12 parts labeled, with-£Zi, Gui,=&ho 9, YixChen, i

the ity B, BT TS oy 2 i S IS, ke o
“Li PeEs afig: marked,Asnd 86 4B thaBBaHs tahefed with Qiat;«dy Genm, Main are

Xun, Wu, Kun and You are marked as "Heaven" 8 parts labeled with Gui,
markins YDUT, 305Dingnhba Xiradandi-fricamanidcdss Flimah( A", T above
. remaining 8 parts are 7 marked as "Earth" wherein the Ren, Zi and Gui
inforgadi onARREES daciiaH IR oL B8 R TPR AR St and the
earthfi8rdidhMaRIRAd Kl E asked @sindhemtibe Chen, Xun and Ji are

marked as "Xun" (" ") , the Bing, Wu and Ding are marked as "Li" ("r i"),

g]ﬁ WE}‘%&&%U @&IS((EIQI;@E%H@%%@Q@@ fisun aena gl auwiand Xigaaie glasses,

5 marked as "Dui" ("A") and, the Xu, Qian and Hai are marked as "Qian"
plastiesy PpRiakh o nfdHARtion mdREs fﬂ@?ﬁtat%%pe@ﬁle "l‘g’ref%rre%rﬁl? %repar‘Sd by

acrviifeieatianaiibedhaavenatams Aad e earthly, branehaswhemeeading] and

the position information. The aforesaid upper dial can be pregared from

the mpiy Piraerits-andl REcBgahie fiessesl PIRgbs OB IOHRPRIRREAIS frelies. the
mainSBRiRL e art, e tniahb Prenared Ry A GasnrenitpienbuiadigReos RNGt which

~ coated with matt silver paint, the positioning needle 101 and the main
is anpotRo4aed s B Prephee FAPSOISIPASHE (F GG et TSR FEdspgiating plate

301, Apgl g MARHAUSING: 203 canberarasetMcHR P1RRHESy A 203 can be

"material in the state of the art which is an insulator and can mount the
prepaeddorsicasilypetendde Usty twapraidhes saidrspaeatihal prigesensor 304 can detect

the signal variation when the synchronous rotating disc 203 is moving.

The inherent sun shadow angle refers to a true anomaly at a certain time instance and at
a location of certain latitude and longitude. The inherent sun shadow angle is the inherent
nature of a measurement point which will be changed over the time, latitude and longitude
and does not change with other factors, and said time, latitude and longitude are local
information. There are many methods for calculating said angle in the state of the art, for
example, using methods as disclosed in website of the Clear Sky Institute

(hitp://'www.clearskvinstitute.com/xephem/), or using methods as disclosed in the website of

the British Sundial Society (hitp://www sundialsoc.org.uk). The contents of the above

websites were disclosed before the application date of the present application and were

incorporated herein as prior art.

~

As illustrated in figure 3. the electronic sundial compass device 1 further includes
devices for processing and displaying the output data from the sensors 304, including four

parts: a computing circuit 401, a memory 402, an input (date, time, latitude and Jongitude)
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301, for example, transparent organic glasses, the synchronous rotating

disc 203 can be 15 prepared from any materials in the state of the art

provided that said sensor 304 can detect the signal variation when the

synchronous rotating disc 203 is moving. The inherent sun shadow angle

refers to a true anomaly at a certain tirfie instance and at a location of

certain latitude and longitude. The inherent sun shadow angle is the
devicinh@lent displre 604 ardasurertrentopotit whidie vwilithpusingnejecnvéd kthean be a

.. time, latitude and longitude 20 and does not change wi a T

singl L T OISR e St TRR e ar L o LT Ehm o e o AE) or
applidmisy speitied nfeseatdutating Saiglanglerirsthemstateeofdhreraat, forcalculating the

) example, usin et%ods s disclosed in website of the Clear Sky Institute
mhe@ﬁim}\ﬁﬁa#%%g?%u 8 BEER %Jﬁlﬁlé?nl ,81}651?5&% rsrgg 1008 g?’/cﬁ'sclosed

in the website of. the British Sundial Society (httn:7/www.srmdiaiso .
FRa. 7005 e oo e DG s Bt E TR b s e
devicappligatian date ofstheupresentapplicatidre afd wélke incenporatddzherain be an

as prior art, As jllustrated in figyre 3,.the electronic sungi mpass .
Elec‘ﬂ@ﬁéél?{aﬁ?m‘?e i%%%?agk\/%?%?}gr‘bc W&a@%&%@y. ggfhea o%?ﬁﬁ?iame
mem&ta1amhB-sensos3Q4ainatisding fougiRaksinfoeomputiageoidiug 401ha local
. memory 402, an input (date, time, latitude and longitud device 403,a ., .
time @e&istay 54 BRH R0 T REBHipBthg TREOD cll gae & tiquid
crystaIBYERENIP MVCIORIOESS SO Fi JoF-axamnie:-a imiel ARieeessad tafiialiRrinformation

. (MCU) or an application-specific integrated circuit (ASIC) for storing th
are inpphinla BraaRBRTEMP S Ihn&rBHt gﬁwh%mmﬁwﬁmw@&%m% above

inforfigihgrenh SR hadew-angle A 15d beuslatedimeslatitide RRgAngitude.  The

of the measurement point are input by an input device 403 into the
inherfsfraussiadosictinale thangd tirmangle f@;@g@g gabebEesn the measurement point and
the shieSHIgAIV-Erasabie Pragrammalie ReadiQriy.MamotdERRR@M) O e actual

nonvolatile memory to store the date, time, latitude and longitude
aziminfomnnatiomecrordinglapeheridbakitipiey Z0de. Tihe ippletc\itcanalennipriay the
.~ abutton input. The displa o ligui C ' s
oA PR A0S Bk e e gt Al TR Rat R o =o€ e
select buttons. A low-voltage DC power supply, preferably 9-12V DC power, is used to

- power said device and a switch is used to control the entire circuit device.

Selectively, the present invention can also use a general global positioning system
(GPS) 406 to obtain local information. Subsequently, local latitude and longitude
information is obtained by checking a look-up table, and the inherent sun shadow angle 6 13
calculated according to a given time. The advantage of using the GPS is that the users do
not need to enter information and can automatically obtain latitude and longitude

information when using the electronic sundial compass device.

In order to increase accuracy of the test, the present invention further provides an
electronic sundial compass 1 which a calibrating equipment can be selectively added to,
including: levels 113 are placed at the surface of the electronic sundial compass device 1,
preferably spirit levels for observing the position of a bubble to determine whether said
compass device 1 is placed horizontally; turntable fine tuning control wheels 114 are placed

at any position of the electronic sundial compass 1 except the botiom surface and are
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are input into the memory 402 by the input device 403 and the memory

402 input the above information into the computing circuit 401 to obtain

the inherent sun shadow angle 8. The inherent sun shadow angle 0 and

the angle difference N between the measurement point and the sun

shadow as read from the sensor 304 afe input into the subtractor 405. The

actual 15 azimuth a is output and displayed on the display 404. The
conndtiggdlay 404 eain atéeodidplaythsesinbbromatisnatoney dsth@BemadrhdQ®sitioning

and the inherent sun shado le 0 by.pressing the select,buttons.
recd )L SRS R L Lot FOTRAAbl) B30 REer L fhbir. Thersfore
by cd@wRIngaifedevigenanst awitab ismsddddisontrakihe@ntvk wlietlitlddviaases the
Selectively, the present inyeption ¢can also use a general global . .
SyCHERRHNG SHSHETR 0 (€36.8) A0 CBRAIRTOA WMo TS & rotetion with a
smallSiRseqUERLIYhincallatiugecan ddongitusientaiopnationdscahtaified bying control

checking a look-up table, and the inherent sun shadow angle 0 is

wheel g etk obiing o a giVERtRE, TRETAMNG HERR%S: HERy R Yices (ot

show&k?%p eUserRdaitnRbARed io.ChtReinigrMationiand ek atamnatieaiaced at the
obtain latitude and longitude information when using the electronic

surfaggirifiallorfipRisanire\fERd L RPBHRASE 1O iMeTcHSENERS A8y Hifdtssieen the
electiGeRLINYERTRRIV e BraVERs BN nRleHIORIcIHAAALEOWRES T WRIGHon of a

a calibrating equipment can be selectively added to, including: levels 113

nearcareRitstddl bittie warreedosahibaldby opferstrrirdstorisass dave i figure 6 is
ensuﬁf{g rably SRUIGIENRIS I P RRRLYIRG M position OF 2.bukkle, o determine

r
whether said compass-device 1 is placed horizontally; turntable fine

'ibi%{ﬂ_g sopfelyhesis i araPlacedatabany Reaiianefiiaclertaniompass 1

sundial compass 1 except the bottom surface and are 9 connected to the
of therirspivor20tothendyneniBricus sttt disaesuapahenpbitdAigmarked at a
posit?%egﬂet%%MQ ale$¥he QEQ&? lé’ﬂﬁ@]&?%@%%‘%? Vol g%;]b 33 me%(?_'}ﬁgasuring an
above. Therefore, by controlling the main pivot 204, the turntable fine
objettumimglconfrshwiretl Tdrcaasgs the beildttgohe nsaoratiens disarzeguagitient point

113 5%)%’1@06?3% rmrﬁ snuen%gé?a%(l)& B%SQF?&:“%@S‘J%'%Q%M A ﬁaﬁ*&%@ﬁ%’?ﬂ&r 5}? object
above function can be mpﬁ’emente any levels of fine tuning controf
whiclvirestaibytHerstateofthe artateteasttweratestkenjcttitstaficence edge 116 paraliel

fo the 6 ajeszclzjtrggggcp E)rcll %’é%%?ﬂ rrll%tion of the electronic distance measurement devices. The
position of the electronic sundial compass 1 is calibrated to a horizontal level via levels 113
m step 502, and the positioning needle 101 is rotated toward the measurement point 115, the
aim of this step is to determine the position of the object under measurement so that the
sensor 304 detects an initial value. The positioning needle 101 is rotated and the tapered
end 103 is pointed toward the sundial 102 and projects a shadow under the sun in step 503.
The turntable fine tuning control wheels 114 are adjusted such that the tapered end 103 of
the positioning needle 101 and the colored straight line 107 overlap with the sun shadow of
the sundial needie 102 projected under the sun in step 504. Step 503 and step 504 aim at
making the sensor 304 detect an end value to be compared with the initial value from step
502, so that the sensor 304 can obtain the angle difference ¢ between the object under

measurement and the sun shadow. The sensor 304 reads the angle difference ¢ between

the sun shadow and the measurement point 115 in step 505. As mentioned above, this
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shown), for example, ultrasonic range finders or infrared distance meters,

are placed at the surface of the electronic sundial compass 1 for

measuring the distance between the electronic sundial compass | and

surface of the object respectively whe 6he position of a 10 nearer object

is being measured so that the reference’edge 116 as shown in figure 6 is

ensured to be parallel to the object under measurement (e.g., a
angle woikbbach}fdrigueetbtandigurebitustrate thadovcenges chdsihg thele of the

electronic.sundial.compass 1. of thepresent inventi gl%rﬁ ic-i%nt =g
meaﬁgﬁﬁl}%ﬁt?%nrﬁlaea“éﬁrggrﬁserﬁep%?iﬁﬂt %%ffwgé?zﬁ% aH gg&%n on'the stirface.
the fafdheneleriponicaundidlicombpassiicinsteptb Qi of chendasuringdan tBasurement.

object.which is farther away, for exampl building, the user.places .
The R IRB B I 118 G B Re Coriial S s FUs g o pnsiude
inforrabiret 6Rk:dvhilaHormeasuringPaarobjesit \iltichtis nearpytifar @xamplélaor the

. ornament, the user can keep.the reference edge 116 parallel .io the object .

latitogs 8 RHBIORIAEIGH the WISETRAFRE AIRELSde e bSUPRIUR Bevisae™ or

calcuibi@cPOSian pfidetlectonisRndiaticompassdilis cabbiated thynulac undergo

horizontal level via levels 113 20 in step 502, and the positioning needle
transss o oRateD SOVPRTALHE G HSHIE e PR 110 BE R S B aat

to determine the position of the object under measurement so that the

SUGor 0ETAS B SEE oM OGO ER 1  EaeRerred
embncldhe 1arRaR 8RdAR3cis RaiBleshiowarsdhe sungiahiOandinsejactsians and

shadow under the sun in step 503. The turntable fine tuning control
variajtseisd 9 eraSaiAIsteBVaeh thabtHdWEREdEIRE 206 tAE nVention would
not bPESHIAING predie IR Landdasaclpiedisiinighidine 107 overlap with the

sun shadow of the sundial needle 102 projected under the sun in step

504. Step 503 and step 504 aim at making the sensor 304 detect an end

value to be compared with the initial value from step 502, so that the

sensor 304 can obtain the angle difference p between the object under

measurement and the sun shadow. The sensor 304 reads the angle

difference rp between 30 the sun shadow and the measurement point 115

in step 505. As mentioned above, this 10 angle <p is the difference

between the inherent sun shadow angle 0 and the angle of the

measurement point a which is the azimuth of the object under

measurement, i.e., pp =0 - a,
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the following step is required to obtain the azimuth a, of the object under
measurement. The computing circuit 401 is switched on in step 506, the
date, time, latitude and longitude 5 information stored in the memory 402
are input into the computing circuit 401 or the latitude and longitude
information is determined through a GP$ positioning system for
calculating a local inherent sun shadow angle 0. Finally, the above

CL :ulae undergo transpose calculation to obtain the azimuth a =0 - N of

€ object under measurement. While this invention has been described in

eﬁ&a&l a&q,%e (g&cgo é'gun preferred 10 embodiments, it should be
appreciat y one s |n the art that many modifications and

V%”EBBEE&";‘ g&@&{o&{ﬁé‘g Rlespbvious, fihetefois. thescope afithe prasentevice,

invention not be Timited By the content as disclosed specifically
whertieréin sa1dig &S is 2 Atredghpassdtfedhcpasbaipriseshighisusiiged at the rotation
ositignin | [ g I n e £
o B S SR ST e Spion o
positsadugedtaditheotationr Sscermecdf shetipositiening noedl¢harpbistioning needle is

endlc lar lane.of rotatlo ofthe osm ing needle: the s
rotes LD SR O 1 LN WA R e LA 0 A AT e
needl@psilie:ogeﬂsat theepisitioning suesat] lmpiceridps wﬁlazthéafmn sidtoneefithanent; the

dlal ne Ec]ile t es nsor detect thg ngeasured valueegg ané_lobﬁef e
Cmuﬂ é,“i%@gg g%}p@{ﬁ?s Vice" conmgured i é"é%nrglpas‘ge Vige” VY

with aamiRiest the ah@&@mmgw redi anglevaius T8aith eduaherentisudisplay device
shadow, an utput an difference value through a display device to

to indifrieAgI A, %Hﬂfht ?@%}6}8 ?Wﬁ@?%?é‘?féﬁrement 2. The compass

fdh vice accord| to claim furth a rotating disc, wher
O S S B e IR oy erein
the cefitthe SameaxdnandthaiRositional delatiorship heiweeditiexpositidningme axis

needle and the rotating disc is fixed, 15 said sensqr inc a light
and 146 el %&%ﬁ%?&%ﬁ%‘@%m&ﬂ%“%%ﬁ?ﬂ&s@éégﬁ B disg to 1xed:

said §48U0r hehdcshalastenized ndhapissishaietitfe clement.

-~

3. The compass device according to claim 1 or 2, characterized in that said circuit
device includes a computing circuit, an input device, a subtractor and a display, wherein an
input device or a GPS system inputs local information into the computing circuit to obtain
the inherent sun shadow angle, the inherent sun shadow angle obtained from the computing
circuit and the difference value of angle information between the object under measurement
from said sensor and the inherent sun shadow angle are input into the subtractor to obtain
the azimuth of the object under measurement, and the azimuth is input into the display for

display.

4. The compass device according to claim 3, characterized in that said circuit device
further comprises a memory, said memory is installed between the input device and the
computing circuit and is directly connected to the display; said memory stores the local

information and provide the local information to the display for display directly.

5. The compass device according to claim 1, 2 or 4, further comprising an upper dial

and a separating plate, said upper dial and said separating plate are located between the
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device includes a computing circuit, an input device, a subtractor and a
display, wherein an input device or a GPS system inputs local information
into the computing circuit to obtain the inherent sun shadow angle, the
inherent sun shadow angle obtained from the computing 20 circuit and the
difference value of angle information bétween the object under
measurement from said sensor and the inherent sun shadow angle are
positipng intedheasdbtractorttogofitainntherazipttiobthdivtjeot vadesompass device,
the ce(r%?rg% rsear%e%}g%n MHI %ﬁ%ﬁ% %teq?tllselsn ‘ st I{E'ito (ghl igﬁsig!ﬁ){e%%ﬁe%g lséyd‘%ot-gﬂgg disc
pass devicé according to claim 3, characterizedwin that said circuit
are oflehécer@b duitherncoriprises rafirenconyn gaithfoemonyni sin statedt b emvead upper

. . the input device and the. computing cjrcuit and is directly connected to the
dial, s ReHAERER d?;)’lgffgrté)sl?lgg E%If{ ffYithation and provide the local

information to.the display for display directly. 5. The.compass device . ..
BecOTB g At 1 B Ay BT A nber D A grizod n that

said pepatating Wede:; saidflippenidinl badsaidseparatiad gldtenarétecatathecting the
between the 12 positionin %eedle ag\c}i? e rotating disc and are

t
centrp L IRERASK FREE BRFSGIAULINPRESFEVIBE, the centre of said upper dial
nd the centres of said positioning needle and said rotating disc_areon . .
&e éﬁ?ﬁé’%&é PSEYTR Fedéeg ]r%ef%rseﬁigéng@g}% ?r%érpm?a?%n(%%é 1:;ecotratlﬁecgmlmsmg

level@nisRiduupRetodiadl saidetepadating qlataiis diseshdo meusntaaitiséngdoss Swherein
6. Any one of the compas? device as claimed in claim 1, 2, or 4

the leyels, the e HIRGC LU S RATTHATY (B8 A6 TE P SIARgh PP W Gt stevices

are 1daRepeshendandilises connecting the centre of the positioning needle and
the tapered end. 7. Any one of the compass device as claimed in claim 1,

2, orrhfusthprearatsm@olauglsofingiitiningaanisak-aheelsaansidrevels are spirit
electronic distance measurement devices, wherein 10 lt]he Ieveés, the fine
a%

levelgy SHg COMPATVHAAIS BRtHHR SHELTBRIC TSRS Felhant fbyrass two said

electiBidagRIBLOMsRHSHABicdhie compass device according to claim 7,
characterized in that said levels are spirit levels, said compass device has

o saichfinadiasing.contiphwheeishandiat, leasistiens@icheedle, a sundial needle, a
reference disc and an inherent sun shadow angle computing device, wherein the sundial
needle is a straight needle-shaped object which is secured at the rotation centre of the
positioning needle, and is perpendicular to the plane of rotation of the positioning needle,
the reference disc has 1-360 degrees angle information and rotates with the positioning
needle on the same axis, a measured angle value of the object under measurement is
detected when the positioning needle rotates to a position that the positioning needle
overlaps with the sun shadow of the sundial, said measured angle value is compared with the

inherent sun shadow angle to calculate the azimuth of the object under measurement.

10.  The compass device according to claim 9, characterized in that said positioning
needle is a flat straight bar with one tapered end and lines connecting the centre of the

positioning needle and the tapered end.

11. The compass device according to claim 9 or 10, comprising levels, fine tuning
control wheels and/or electronic distance measurement devices, wherein the levels, the fine

tuning control wheels and the electronic distance measurement devices are located on the
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electronic distance measurement devices. 15 9. A compass device,
comprising: a housing, a positioning needle, a sundial needle, a reference
disc and an inherent sun shadow angle computing device, wherein the
sundial needle is a straight needle-shaped object which is secured at the
rotation centre of the positioning needle; and is perpendicular to the plane
of rotation of the positioning needle, the reference disc has 1-360
housidegrees angle information and rotates with the positioning 20 needle on

the same axis, a measured angle value of the object under measurement
18 détbetedmytaen dhelpositoring rieediénotatedhaseatpositon that gaed levels are

spirit %%clﬂ g nn ar;](ag%lale Ogeexﬂggss l\{glstq t(?]?/w tlh ﬁe | H% 193: %ﬁe%'ijsngf%’a%QéLs two said

measuret alue s compare erent sun shadow ang eto
electealculiteibe mzinutimohtlhievddgect under measurement. 10. The compass

device according to claim 9, characterized in that said positioning 25

haedle isethiidtcdtracghirtay pesitionesapssredrengsadeiicresooumingstihg Tiges of:

centre of the positioning needle and the tapered end. 11. The compass

device acconging dovdtainydorsioy @dmpsrismguewtfmine nghilty oMl needle,
a Senv%r%eelg‘ and/g{tectlg\%tggrd}gdgl f«‘lence111 Cement devices, wherein the

evels, un|ng CORtr the electronic distance

qeasHeme Cg@s joas g s%%%e% O&Ha?ail% %ves'aa -2 TRSEAMRASS. of the

device accor |ng racterized in that said levels are spirit
positieuilg, maiticandpass gevicedihas iwaisaiditeofuinipwhbtls peritariegsicedie,
and two said electronic distance measurement devices. 5 13. A method of
measuring position using a compass device comprises the steps of:

BRSNS BEomRRSRASYSRIRIMPINY NG SRasianng ARg S, @

sun e énsor and a circuit device under the sunli ght, and

SEGUINg Ane, A SE90L ggﬁ%%ﬁesgg%ﬁdﬁ%ﬁéﬁﬁﬁg' RLIDe Lt CENME the sun

of the "posn ning ne€dle and to be perpen ar o the plane of rotation
shadoﬁvthéthesmmahgam&jlmdlo and

outputting the difference value of the angle information between the object under

measurement and the inherent sun shadow angle, and
using a circuit device to display the azimuth of the object under measurement.

i4. A method of measuring position according to claim 13, characterized in that

comprises the steps of:

~ calcutating the inherent sun shadow angle by a computing circuit in the circuit device,

and

calculating the azimuth of the object under measurement according to the difference

value and the inherent sun shadow angle.

15. A method of measuring position according to claim 13 or 14, comprising the

steps of:
calibrating the position of the compass device by using levels before measurement, and

overlapping the positioning needie with the shadow of the sundial needle precisely

through fine tuning control wheels, and



rotating the positioning needle toward an object under measurement, and
rotating the positioning needle again to overlap the positioning needle with
the sun shadow of the sundial needle, and outputting the difference s
value of the angle information betweewe object under 15 measurement
and the inherent sun shadow angle, and'using a circuit device to display
the azimuth of the object under measurement. 14. A method of measuring
phsiting docewiigood|dimcb8;rehardoted Zsd ienthag tonmpidsestine displeved on
the e.f&&@%%“&fg{‘ﬁé%‘gﬁ@&%ﬁ%ﬁ%gf nd%\tllaeds? Y68l !ﬁ}?qié?ac%onngﬁlsjgnagvcgg lfnlgulgﬂt o the
circuit device, and calculating the azimuth of the object under
objecmenisy resemntaceording to the difference value and the inherent sun
shadow angle. 15. A method of measuring position according to claim 13
or 14, comprising the steps of: 25 calibrating the position of the compass
device by using levels before measurement, and overlapping the
positioning needle with the shadow of the sundial needle precisely
through fine tuning control wheels, and 14 adjusting the position of the
compass device by reading the information displayed on the electronic
distance measurement devices to make the compass device parallel to
the object under measurement.



