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Abstract of Bachelor’s Thesis Academic Year 2010

Automatic Calibration Positioning System
by ZigBee Nodes

Recently, real space information is collected via sensor network and shared in virtual
space, such as environment called Ubiquitous Computing or Internet of Things. Lo-
cation information is indispensable when using sensor data. GNSS(Global Navigation
Satellite System), which is commonly used for positioning in outdoor environments,
cannot be used in indoor environments because of unreachable radio waves. There
are various positioning systems for indoor localization accordingly.

In this thesis, I propose an indoor positioning method using ZigBee, and report
the result of performance evaluation. ZigBee is a low-cost, low-power, wireless mesh
networking standard, and also has a function of sensor network. Indoor position-
ing system by ZigBee calculates distance between sending and receiving nodes using
RSSI value of message packets, and estimates its position by a triangulation. It is
important to find accurate logarithmic relationship between Received Signal Strength
Indicator(RSSI) and the distance. Using sufficient reference points, about 6 nodes,
positioning accuracy can be maintained even if using linear approximation instead of
nonlinear formula. Linear approximation makes it easier to implement software-based
3D positioning system in a low-power ZigBee chip.

In addition, I propose ACPS(Automatic Calibration Positioning System) protocol,
where each reference point calculates its own parameters which show appropriate
relationship between RSSI and distance used in positioning, and sends to target node.

I show that ACPS improves 13.4% of 3D positioning accuracy by experiments.

Keywords
1: Positioning System, 2: ZigBee, 3: Software, 4: Automatic Calibration, 5: RSSI

Keio University, Faculty of Environment and Information Studies

Tatsuya HIROISHI
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good

OO0O0D0O00 B.1 locationCalculatePosition

/* hiroishi calculation x/
void locationCalculatePosition( LocRefNode_t *ref, LocDevCfg_t *node )
{
LocRefNode_t *pRef = ref;
// Rev—B Chip have LocEng Ver 1.0 w/ cap=8, Rev—C have LocEng Ver 2.0 w/
16.
const byte stop = ( ( CHVER == 0x01 ) ? LOC_ENGINENODE_CAPACITY REVB
LOC_ENGINE.NODE_CAPACITY_REVC) ;
byte idx;

int RefDist [BLINDNODE MAX REF NODES] ;
int xvar, yvar, zvar;

int xtmp, ytmp, ztmp;

long e;

long M[6], V[3];

byte RefCnt = 0;

byte CalcCnt, 1i;

/x B N u RSSI R N U */
xvar = pRef—>x; yvar = pRef-—>y; zvar = pRef-—>z;
/* RN~ B N Z o x/
for( idx = 0; idx < stop; idx++ )
if ( pRef—>rssi == || pRef—>rssi > 80 ) break;
RefDist [idx] = ( pRef—>param_sxpRef—>rssi 4+ pRef—>param_i*32 ) / 64;
RefCnt++;
pRef++;

/x g [ ¢ @ BN u Z o */
for( CalcCnt = 0; CalcCnt < 10; CalcCnt++ ) {
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pRef = ref;
for( i = 0; i < 6; i++ ) M[i] = 0;
for( i = 0; i < 3; i++ ) V[i] = 0;

pRef—>x — xvar;

pRef—>y — yvar;

ztmp = pRef—>z — zvar;

e = xtmp*xtmp + ytmpsytmp + ztmpxztmp — RefDist[i]* RefDist[1i];

for( i = 0; i < RefCnt; i++ ) {

M[0] += 2xxtmpx*xtmp + e;
M[1] 4= 2*xtmpx*ytmp;
M[2] += 2xytmp*xytmp + e;
M[3] 4= 2*xtmp#*ztmp;
M[4] += 2xytmpx*ztmp;
M[5] 4= 2*ztmp#*ztmp + e;
V[0] —= xtmpx*e;
V[1l] —= ytmpx*e;
V[2] —= ztmpx*e;
pRef++;
Sol (M, V);
if(V[0]*V[0] + V[1]*xV[1] + V[2]*xV[2] < 10) break;
xvar —= V[0];
yvar —= V[1];
zvar —= V[2];
}
/x BN u X V x/
node—>x = V[0];
node—>y = V[1];
node—>z = V[2];
if ( CHVER == 0x01 ) node—>min = LOCMIN;
else node—>min = 0;
}
/* ) o x/
// "Mz = V” T
void Sol(long* m, longx* V)
{

float dmO, dml, dm2, dm3, dm4, dm5;
float dv0O, dvl, dv2;
byte f = 0;

dm0 = (float)m[0]; dml = (float)m[1l]; dm2 = (float)m[2];
dm3 = (float)m[3]; dm4 = (float)m[4]; dmb = (float)m[5];
dv0 = (float)v[0]; dvl = (float)v[1l]; dv2 = (float)v[2];

// M LDL

// M = LD(L"T)

if( dm0 = 0 ) f = 1;

dml = dml/dmO;

dm3 = dm3/dm0;

dm2 = dm2 — dmlxdmlxdm0;

if( dm2 =0 ) f = 1;

dm4 = (dm4 — dml*dm3+dmO)/dm?2;

dmb5 = dmb5 — dmO*xdm3*dm3 — dm4xdm4d*xdm?2;
if( dmb == 0 ) f = 1;

//
// U X Vv
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if( f=—1) {
v[0] = 0; v[1l] = 0; v[2] = 0;
return;

}

// O i E @

//

// D(L"T)z =y

// Ly =V

/)y O i @

dvl = dvl — dmlx*dvO0;

dv2 = dv2 — dm3xdv0 — dmdxdvl;

/) D(L"T)s = y
Ve @
dv2 = dv2/dmb5;
dvl = (dvl — dm2xdm4xdv2)/dm2;
dv0 = (dv0 — dm3*dmO*dv2 — dmlxdmO*dvl)/dmO;
x l
v[0] = (long)dv0; v[1l] = (long)dvl; v[2] = (long)dv2;
return;
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