Backup Camera System

Installation On F-250 Truck
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Installing The Audiovox RVMPKG4 Rearview Mirror Display
I installed the Audiovox display mirror by strapping it onto the existing mirror, according to the provided instructions. Running its wire over to the passenger-side column was easy, because it fit well inside the gap between the rigid edge of the headliner and the windshield.

To hide the wire from the mirror behind the windshield column, I removed the two bolts that hold the passenger-assist grip in place, and carefully un-snapped the plastic trim on the column. The wire then fit inside the column, all the way down to the underside of the dash. From there, I routed the display wire under the floor mat to a position where it could be plugged into the Audiovox control module underneath the passenger seat.  (I have a heavy-duty rubber mat on top of the factory carpeted mat. This double floor mat is thick and heavy enough to hide and protect the wire; so there was no need to run the wire under the door threshold.)
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10224000.jpg Audiovox RVMPKG4 Rearview Mirror Display, shown with power off. The RVMPKG4 system has two separate video/audio channels. The primary channel is designed for the supplied backup camera with its monaural microphone, while the auxiliary channel supports video input and stereo sound, as from a DVD player. A small toggle button (not visible in this picture) on the bottom of the mirror frame switches between the two channels. The display has two rear-facing speakers built into it. A brightness control wheel and a volume control wheel are accessible on the bottom edge of the mirror frame. Standard wiring of the system powers the backup camera (feeding the primary channel) only when the transmission is in reverse, and blocks the auxiliary channel unless the parking brake is applied.
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10224001.jpg This picture shows the wire to backup display mirror hidden in gap between headliner and top edge of windshield. Note the straps that hold the display securely to the original mirror.  Also, the bottom edge of the right speaker can be seen in this picture.
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10224002.jpg Prying off the two caps from the passenger-assist grip reveals the four bolts that attach it to the column. After removing the grip, the plastic column trim can be un-snapped enough to run the display wire inside the column, and down behind the glove box.
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10224004.jpg This picture, taken with the camera tilted to one side, looks through the glove box opening. The taped-down wire has been routed from the Audiovox RVMPKG4 display unit, behind the edge of the headliner, and inside the windshield column. From this point, the wire runs across the floor and connects to the control module located under the passenger seat.
Installing The Audiovox RVMPKG4 Rearview Control Module
I braided the control module's three power wires (red , black, and pink) loosely together, ran them from the passenger seat, underneath the passenger-side floor mats, up under the dash, then across to the ignition harness at the steering column. Using a 12V test light, I found a wire that provided +12V in the IGN position only. Because this wire is bigger than the module's red wire, I used solder rather than a quick splice for this important connection. (An earlier test had shown that a bad connection here causes an unstable image in the display.)
The Audiovox instructions state the module's pink wire should to be connected to a point that provides a frame ground only when the parking brake is applied -- apparently to prevent playing movies via the auxiliary input channel while driving.  But I use that channel for a second rear-view camera, so I grounded both the pink and the black wire to the frame of the truck. The image from that secondary camera appears on the display unless (1) the toggle button on the mirror display is set to block it, or (2) it is overridden by an image from the primary (reverse gear only) camera, or (3) the key isn't in the IGN position.
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10224003.jpg Audiovox RVMPKG4 Rearview Control Module, shown with two cameras connected. The system has two video/audio channels. The primary channel (seen here as the bottom pair of connectors) supports monaural sound only, so it has no red connector. I used the primary channel for the XO Vision HTC35 Backup Camera. That camera has no microphone, so the white audio connector isn't used. The auxiliary channel  (seen here as the trio of connectors at the top) supports stereo audio.  I plugged the Audiovox RVMPKG4 camera into the yellow connector, and its monaural microphone into the white connector. The braided wires supply power to the module. The module and the connectors will be hidden under the passenger seat, and the wires will be hidden under the heavy floor mats. 

Installing The XO Vision HTC35 Backup Camera

The XO camera is sold as a video-input device only (no display or control module is included). Its body is an aluminum cylinder, with locking nuts threaded onto its rear barrel. The threaded rear barrel is about an inch in diameter, and is designed to allow mounting the camera through a hole in the vehicle. I was lucky to find a suitable hole in the bumper of my truck, at the left of the license plate. But after I removed the plastic grommet that was in the hole, the camera's rear barrel wouldn't quite fit. I decided to make it fit by hand-filing the rear barrel. Naturally, that ruined the threading, so when the barrel finally fit into the hole, the locking nut would only catch the first one or two threads. To get a snug fit against the bumper,  I made a couple of ring spacers from wire solder to fill the gap. I wrapped black plastic tape around the nut and the barrel as well as I could, to help prevent the nut from backing off. Removing the tail gate and the license plate made it much easier to access the area behind the bumper. The camera seems fairly secure in the bumper, but time will tell.
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10224005.jpg This is the XO Vision HTC35 Backup Camera, installed in the rear bumper.  The hole in the bumper plugged by the camera is actually for the jack-handle crank to operate the spare tire hoist. The hole can still be used for that purpose by temporarily removing the camera, being careful not to damage its wire. If the spare is needed frequently, a crank with a swivel joint (or a flexible section) can be devised that will slip into the hoist-access tube from above the bumper.
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10224008.jpg This is the XO Vision HTC35 Backup Camera as seen from the backside of the rear bumper. The rear barrel of the camera has been filed to fit an existing hole in the bumper. Black plastic tape has been wrapped around it, to help stop the locking nut from backing off.
The truck has enough ground clearance to use a creeper without lifting the truck. Under the truck, I found an access hole (about 1.25" diameter) into the cab. It gave access to the extended cab's back seat, on the passenger side. The flanged rubber disk that plugged the hole was easily removed, revealing the underside of the floor carpeting. I pushed a hat pin up through the carpeting so I could locate the hole from inside the cab. There, I saw the pin sticking up, only five inches or so from the bolt that holds the jack to the floor. I removed the jack bolt, and pushed one end of the XO camera's video cable through the hole in the carpet at the jack nut. I worked the video cable underneath the carpeting toward the hole in the floor marked by the hat pin, and got it through. Under the truck, I pulled the video cable along the frame of the truck to the back bumper, where I plugged it into the mating video wire on the XO camera.
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10224009.jpg  In this picture, the front of the truck is at the left. At the top can be seen  the access hole into the passenger-side back seat. Here, two cables have been passed through the hole, and the flanged rubber plug has been replaced and taped.
To get power to the XO camera, I removed the passenger-side taillight assembly, soldered the +12V wire of the camera to the backup light's +12V wire, and soldered the XO's GND wire to the backup light's GND wire. (Quick splices can be used, but may cause an unstable image.)  The inner edge of  taillight assembly is held by two screws that can be seen when the gate is lowered. The outer edge is held by two metal pins snapped into nylon grippers. I was able to release these by forcing my fingertips between the edge of the red lens and the truck body, then pulling the lens toward the back of the truck. (It took quite a bit of force pull the pins out of the grippers.) 
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10224014.jpg This picture shows the metal pins that secure the outer edge of the taillight assembly. They snap into nylon grippers fixed to the body.
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10224013.jpg The green connector is for the backup light on the passenger side. Underneath the black plastic tape are soldered connections that provide power and ground to the XO camera. Note the split plastic conduit, needed to protect the wires from sharp edges and friction against the truck body. 
My first test of the  XO camera showed a good image of what was behind the truck, but it was upside down. (There's no "top" mark on the camera I received.)  It took some time to get the image straight, because it was necessary to remove the black tape from the barrel, and rotate the camera body. The most difficult part was re-fixing the camera barrel with the spacers and the  nut, then wrapping the plastic tape without rotating the camera away from the straight position.

Installing The Audiovox RVMPKG4 Rearview Camera
I was resolved not to drill any holes in my like-new truck, unless there was no alternative. From a short length of bright-finished perforated steel (about 3/4" wide and 1/16" thick), I cut a strip long enough to go from the license plate's top right mounting screw and extend about 3" past the right edge of the plate. To help avoid rust, I painted the steel strip black after I had smoothed its sharp edges. I drilled a small hole in the top right corner of the license plate, in line with its mounting holes. I re-attached the license plate to the bumper so its top right mounting screw would hold the steel strip in place behind the plate, with the strip extending out to the right.

Using the screws, washers, and nuts supplied with the camera, I bolted the left side of the camera through the license plate and the steel strip, then bolted the right side of the camera to the right end of the steel strip.
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10224016.jpg The Audiovox RVMPKG4 backup camera, installed off the top right of the license plate. The steel strip on which the camera is mounted extends behind the license plate, and is secured by the license plate mounting screw. The left side of the camera bracket is attached by a nut and bolt through a hole drilled at the corner of the plate. That bolt goes through the bracket, the plate, and the steel strip. (The steel strip, unlike the camera bracket, was not supplied with the camera.)
I ran the camera's video/audio cable through the opening in the bumper behind the license plate, and plugged it into the supplied long cable. I ran the long cable along the same route I used for the XO camera's video cable, and plugged it into the auxiliary input on the Audiovox control unit under the passenger seat. (See picture 10224003.jpg above.)  I was able to get the flanged rubber-disk plug back into the floor hole, except for the rear edge of it where the two cables entered. Reluctant to cut the disk to accommodate the wires, I used tape to help seal the cable-entry edge against splashed rain, mud, and slush. (See picture 10224009.jpg above.)
To get constant power to the Audiovox camera, I had to run a wire from the battery to the driver's side taillight area, because there was no existing un-switched power at the back of the truck (not even in the trailer wiring harness).  I soldered an in-line fuse holder to one end of a 16-guage wire, inserted a 7-amp fuse, then pushed the other end of the wire through split plastic conduit.  Where necessary, I joined separate lengths of conduits together with black plastic tape. I crimped a ring terminal onto the free end of the fuse holder and clamped it near the battery (on the passenger side of the truck) so I could pull the conduit taut during the tying process. I ran the conduit down through the engine compartment and under the truck, using wire ties wherever I could. I was careful to avoid letting the conduit touch the exhaust system or any moving parts.

After I had run the wire-containing conduit, I added another length of conduit sufficient to bring the wire up into the driver's side tail lamp area, and connected the Audiovox camera's +12V wire to it with a quick wire splice. ( I also connected the light in the cap of the truck, which had been incorrectly wired to a switched source.)

Although I didn't want to invite rust by drilling into the truck body, I had to use a sheet metal screw to get a good frame ground inside the taillight area.
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10224012.jpg  The yellow wire, seen at the top edge of the red insulating boot on the battery, connects to the "+" terminal of the battery to a fuse holder which holds the orange fuse, barely visible behind the black hose in the foreground. The output wire from the fuse holder is soldered to a red wire that runs inside the black split-plastic conduit, back to the driver's taillight area. 
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10224015.jpg The driver's taillight area, showing wires for the cap light and the Audiovox camera. Note that no connection is made to the backup light for the Audiovox; it gets +12V directly from the battery. The sheet-metal screw attaches the camera's ground wire to the body. The quick wire splices seen in this picture were installed by a previous owner, to supply power to the cap's stoplight. (I removed a splice that had connected the cap light to the parking light, and connected the cap light to the new battery wire.) 
Wire Runs
I bought a wired backup system because it seemed that most reviews of the Bluetooth systems complain of interference from other devices. It's necessary to protect the wires from road debris and to prevent constant rubbing against the truck caused by vibration and truck motion. For this purpose, I used 3/8 diameter split-plastic conduit and  plastic cable ties.
I  pushed two cables (one for the XO and one for the Audiovox) through the split along the length of the conduit, then tied it to the truck's frame with plastic cable ties.  I used black plastic tape to secure any joins between conduit sections.
Attaching cable ties to a dirt-laden frame above your face while lying on a creeper can be difficult and messy. I didn't wear glasses, and paid for it by spending too much time washing my eyes out during the job.
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10224010.jpg This is the wire from the battery to the driver's taillight area, tied up at the trailing edge of the front wheel opening. Note the taped joint between two sections of the plastic conduit. (The black bracket at the bottom of the picture holds the running board.)  I also used the plastic conduit to protect  the wires that power each camera. In all, I used five or six 6-foot packages of conduit, including the +12V run from the battery to the driver's taillight.
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10224011.jpg This is the battery wire tied up in the area of the right front shock absorber.
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10224017.jpg This shows the wire from XO camera, protected by black plastic conduit, as it goes up into the passenger's taillight area (left) from the rear bumper area.  
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10224018.jpg This is the wiring from the Audiovox camera as it goes up into the driver's taillight area (right).

System Performance

The system works well. Whenever the transmission is shifted to reverse, the XO camera instantly causes a long view of what is straight behind the truck to appear in a 4-inch square display area at the left third of the display mirror. Otherwise, when the transmission isn't in reverse, and the toggle button (on the bottom frame of the mirror) isn't set to block auxiliary signals, the display mirror receive image and audio signals from the Audiovox camera.

When neither camera is showing an image, the entire display acts as a darkened rear-view mirror. The dark reflections are similar to having your mirror always set for nighttime. After becoming accustomed to it, using a darkened mirror in the daytime isn't a problem.
Unlike the XO camera, the Audiovox camera can be aimed up/down. I aimed it down, so it will show what is near the truck's rear bumper.

Both cameras show a "fisheye" image, apparently to increase the field of view, and both cameras make things seem much farther away than they really are. "Object in display are closer than they appear." It'll take some practice to learn to use either camera's image to judge distance.
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10224019.jpg The key is in the IGN position (engine not started), and the transmission is in reverse. The garbage can is 20 inches behind the center of the bumper. This image is from the Audiovox camera, which is aimed downward. The fisheye view gives a wide field, but introduces distortion that makes things look farther away than they really are. (The edge seen at the bottom left of the image is the bumper.) Three layers of glass (cab, cap front, cap rear) are between the mirror and the reflected car and garage, seen in the display mirror at the right of the camera's image.
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10224020.jpg The key is in the IGN position (engine not started), and the transmission is not in reverse. The garbage can is 20 inches behind the center of the bumper. This image is from the XO camera, which looks straight back. The fisheye view gives a wide field, but introduces distortion that makes things look farther away than they really are. The arrows drawn on the picture point to a pickup truck about 100 feet from the camera. Note how far away it looks in the camera image, compared to the reflection in the mirror.
The audio from the Audiovox camera's monaural microphone is good. You can clearly hear a person speaking in a normal tone at the back of the truck when the engine is running and all windows are closed. This would be useful in case you shift into reverse while people are walking behind the truck in a parking lot. Their voices could be an early warning before you look at your mirrors.
.
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